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1.2

Introduction

General

The Yukon Government (Energy, Mines and Resources Assessment and Abandoned Mines Branch)
has assumed responsibility for the Faro Mine Complex, and Denison Environmental Services (DES)
has been awarded a contract to provide care and maintenance services to Yukon Government at this
site. As part of the ongoing work, a number of projects are planned as part of the early remediation
of the project to reduce the risk of impacts to the environment. One of these projects is the
construction of a permanent diversion of Vangorda Creck at the Vangorda /Grum mine site as shown
on Figures | and 2.

The existing flume diverts Vangorda Creek around the pit. Failure of the flume during a major flood
event, could result in excess water the flooding of the pit with a significant increase in the volume of
contaminated water. SRK has examined a number of alternative long-term options for this diversion.
The current preferred design (as of February 2010) for the new diversion follows a near-surface route
varying in grade from 1.5 percent in the upper reaches to a relatively steep grade of approximately

11 percent in the lower reach of the Phase 1 construction. A plan view of this alignment is shown on
Figures 3 and 4 and the profile is shown on Figure 6.

The proposed channel (February 2010 design) is located to the north of the Pit and would be
constructed in two phases. The first phase would extend from a new intake structure located about
500 m north of the existing diversion headworks on Blind Creek road to the existing plunge pool and
dropbox structure at the haul road. The total length of the initial phase of the diversion would be
about 1325 m. The future second phase of the work would extend the diversion by about 180m to
intersect the original Vangorda Creek. YG contracted SRK Consulting (Canada) Inc. (SRK) to carry
out a geotechnical field investigation and to provide preliminary engineering designs for the
construction of the new diversion. The geotechnical field investigation component was carried out
between May 28 to June 19, 2009 and involved the excavation of a number of test pits, as well as, a
drilling program along the centerline of the originally proposed diversion alignment. During the
field investigation, Yukon Engineering Services (YES) completed a land survey along the alignment
of the proposed diversion. This report presents a preliminary design of the Vangorda Creek
Diversion, based on the YES survey and the results of the recent field investigation, and focuses on
moving ahead with the concepts behind the currently adopted design.

Background

The development of the Vangorda Pit in the early 1990s required the diversion of Vangorda Creek
around the perimeter of the pit. Between 1991 and 1992, the diversion was realigned due to the
changing footprint of the pit. Since the cessation of mining activities at Faro Mine in January 1998,
the diversion channel has been maintained in order to ensure a slow rate of pit filling while a
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long-term management plan for the site is developed. In 1999, there was a rock fall from a near
vertical slope, which overlooks one section of the flume. This rock fall necessitated emergency
replacement of approximately 39 meters of the flume.

The flume is also subjected to continuous pressure annually from ice build-up. The cross braces
have buckled and many of the seals between each of the flume sections were damaged. Seepage loss
from the flume is partially collected in an underdrain beneath the lower reaches of the flume but
most of the seepage actually flows beneath the flume discharging into the plunge pool at the outlet of
the diversion. The quantity of leakage is considered minor and is believed to not significantly impact
the groundwater nor the stability of the pit walls.

The existing Vangorda Creck Diversion system consists of the following components:

= Headworks comprising an 8 m high earth dam and a 1.5 m diameter culvert within the dam
which direets the water into an 800 m long, 2400 mm dia. half round CSP culvert section.

= A plunge pool or stilling basin located at the end of the culvert sections.

s A 3000 mm diameter drop box structure, a 2000 mm CSP culvert, and a 1600 mm outfall culvert
convey the discharge from the plunge pool beneath the haul road and back into Vangorda Creek.

* Two 1000 mm diameter culverts at the headworks provide an emergency spillway to the
Vangorda Pit for events that exceed the 100 year event.

The following list summarizes the key parameters of the original design for the flume:

e The diversion channel was designed to accommodate the 1:100 year event, with a peak
instantaneous flow of 10.0 m/s.

s The diversion channel was designed to be reasonably watertight. Hence, the use of a half-round
corrugated steel pipe (CSP).

s The upstream headworks was designed to retain water to the 1:100 year level of 1168 m
allowing for one metre of freeboard. The dam crest was built to Elevation 1169 m.

e A 1.5 mdiameter CSP was designed to convey the water through the upstream collection dam.

e The main diversion channel was designed with the CSP flume in a riprap-lined trapezoidal
section. A longitudinal slope of 0.5% was selected to ensure subcritical flow within the section,
which was considered preferable for this application. However, the as-built grade is steeper than
0.5% in the lower reaches of the flume, which could cause overtopping of the channel during
supercritical flow conditions. Icing conditions and uplift of the CSP flume in the flatter sections
of the diversion are chronic maintenance issues.

e During the 100-year flood event the depth of water flow in the channel is expected to rise to a

maximum of 0.73 m.

In general, since construction of the flume, the system has successfully conveyed Vangorda Creek
during normal runoff events. However, in June 2004, a rainfall-on-snow flood, estimated to have a
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1.3

2.1

2.2

2.2.1

return period of 100 years, damaged the piping system and nearly overtopped the headworks dam.
The following year, an overflow spillway was installed in the headworks dam to prevent overtopping
and redirect the flow into Vangorda Pit.

This event also necessitated reconstruction of the flume and upgrade to the culvert that empties into
the drop box. The original design and alignment has not changed.

Project Schedule

TBD

Site Description and Current Conditions

Location

The centerline of the proposed ‘long-term’ Vangorda Creek Diversion is located on the hillside
approximately 50 to 100 m upgradient of the existing Vangorda Creek flume. The location and
existing surface conditions are shown in Figures 3 and 4.

Site Conditions

Field Investigation

To determine the site conditions of the proposed Vangorda Creek Diversion alignment, a
geotechnical investigation was completed in June, 2009 by SRK. The ficld work involved field
reconnaissance, higher resolution survey coverage, the excavation of 12 test pits, and the completion
of seven boreholes and additional laboratory testing on a glacial till and two silty sand samples.

Additional survey coverage was gained along the length of the proposed Vangorda Creek Diversion
with emphasis placed on the areas near the most north-castern end of the alignment, (expected
entrance of Vangorda Creek to the diversion), as well as near the most southwest extents, (where the
diversion will again reconnect with the natural alignment of Vangorda Creek).

The test pits were excavated using a thumbed CAT 345 C Excavator, operated by Denison
Environmental Services (DES) personnel. The depths of the test pits varied from about 1.25to 6.4 m
below the existing ground surface.

Boreholes were drilled through the use of a 3-person crew using Geotech Drilling Services Ltd’s
track mounted double rotary Fraste Multi Drill — XL, with ‘overburden drilling with eccentric bit’
ODEX and diamond core drilling capabilities. The depths of the boreholes ranged from about
11.0 m to 21.3 m below the existing ground surface. During ODEX drilling cutting samples were
retrieved and Standard Penetration Tests (SPT), as well as split spoon sampling was performed.
During diamond core drilling, core was recovered and logged. Standpipe piezometers/monitoring
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2.2.2

2.23

wells were installed at four locations along or near the VCD alignment at borehole locations
SRK09-DHVDO01, 04B, 05 and 06.

Test pit and borehole locations are presented in Figure 3 and detailed findings from the geotechnical
investigation can be found in Appendix I.

Surface and Topography

Upstream and downstream of the proposed diversion, the channel of Vangorda Creek has a gradient
of about 5%, a base width of approximately 4 to 5 m and sideslopes of 2.5 horizontal (H): 1 vertical
(V). On the sides of the creek, alluvial sand gravel, cobbles and boulders up to 1.2 m diameter have
been historically observed (SRK, 1990). Near the intake location of the proposed Vangorda
Diversion (see Figures 3 and 4), the elevation of the natural creek is about 1199 m. The sidehills
slope down from north to south varying in grade from 15 to 25%.

The majority of the ground along the most northern half of the proposed Vangorda Creek Diversion
alignment appears to have been largely undisturbed by mining activities. The more southern portion
of the proposed diversion has been moderately disturbed by mining activities such as roads and
buildings. Undisturbed ground along the formally glaciated hillslopes neighbouring Vangorda Pit
are well vegetated with native trees, scrub and low profile vegetation. The vegetation along the
southern portion of the hillsides in closer proximity to the Vangorda Pit, is less dense than the
northern slopes.

Subsurface
Soil

The soil encountered in the test pits and drillholes generally followed a sequence of organic rich
topsoil overlying glacial till above metamorphic bedrock consisting predominantly of phyllite. The
phyllite bedrock generally was subjected to moderate fluid flow and occasional igneous granodiorite
intrusions were encountered at depth. In the lower 200 m of the proposed diversion, the overburden
primarily consists of predominantly run-of-mine waste rock. It should also be noted that near the
north-central portion of the alignment there is a deep section of silty sand, as illustrated in the profile
along the alignment in Figure 6. Generalized soil descriptions are presented below:

o Topsoil: dark brown to black, fibrous, consisting of an organic matt with soft silts, clays, some
sand and some to trace gravel. Frozen sections were often observed near the base of this unit.
These frozen sections are believed to be remnants of the winter frost. Permafrost is not expected
in the new alignment.

« Glacial Till: greyish brown to medium brown moderately to well graded, silty sand to sandy silt
with gravel, sub-rounded cobbles, boulders, some clay and exhibiting generally medium
plasticity. Glacial till is the main unit comprising the overburden, however near the southern

PMH/JBKsdo

Vangorda Grosk Divorsion_Dagn_Rpt_1CY001 031_JAK_PB_PMH_20100428_DRAFT docx, Apr. 26, 10, 10:28 AM April 2010



SRK Consulting
Faro Mine Complex, Vanggrda Creek Diversion, Design Report - Draft Page 5

extents of the diversion, near the existing plunge pool, there is also a road/fill material
component to the overburden.

» Silty Sand: this unit appears to be glaciofluvial or glacialoutwash brown-yellow permeable
silty sand with some to trace gravel and clay. The plasticity of this unit varics from low to
extremely low.

Bedrock

The bedrock-overburden contact is at greatest depths in the north-central and southern extents of the
proposed Vangorda Diversion alignment, the estimated bedrock contact is illustrated in the Figure 6
profile. Generally the bedrock in this area can be characterized as phyllite. The till becomes
shallower near the central portion of the alighment and the bedrock outcrops near the proposed
intake structure.

In general, RQD (Rock Quality Designation) is poor, ranging from 25 to 50% with some thicknesses
of very poor RQD characterized by higher intensity fractures and planar foliation breaks.

A slightly higher fair quality RQD, with an expected range from 50 to 75% and slightly lower
hydraulic conductivities, are expected to be encountered near the proposed intake structure.
However, the latter is based primarily on visual observations as drilling access was restricted to this
area. More foundation and abutment investigation is expected to be required prior to construction.

In order to determine the acid rock drainage (ARD) potential of the rock and soil removed during the
excavation of the channel, samples were tested from five holes drilled during SRK’s Vangorda
Diversion Field Investigation in June 2009. A total of 17 samples were collected representing three
types of material: granodiorite, phyllite and till. Samples of till were collected from bagged material
from the upper portions of the drill holes. All samples were submitted to CEMI in Vancouver, BC.
Results of the testwork are provided in Appendix II.

The results indicate that most of the potentially acid generating (PAG) samples have an acid
potential (AP) of less than 10 kg/tonne which is probably representative of all of the rock in the
region. Itis concluded that the exposed rock in the excavation for the diversion is unlikely to
produce appreciable amounts of acidity or metal leaching — especially from the walls. However, it is
recommended that the PAG rock removed during the diversion excavation be disposed of in the
Grum dump and incorporated under the cover. It is also recommended that extraction tests be
performed on the weathered phyllite to assess metal content and to confirm that a mitigation plan
would not be required for the bedrock sideslopes of the new channel.

The depth to the water table was not rigorously assessed during the field investigation. However, a
number of piezometers were installed in some of the drillholes to allow the water table to be
monitored prior to construction. Water inflows into the excavations should be expected, especially
around the central portion of the proposed diversion alignment (0+850 towards 1+050).

PMHABK/sdc

Vangorda Greek Divorsion_Dsgn_Rpl_1CY001 031_JBK_PE_PMH_20100428_DRAFET docx, Apr. 20, 10, 10:20 AM April 2010



SRK Cansulting
Faro Mine Complex, Vangorda Creek Diversion, Design Report - Draft Page 6

3

3.1

Design Considerations and Objectives

Review of Project Alternatives

The original closure plan for the Vangorda Pit presented in the 1990 Water Licence involved the
redirection of Vangorda Creck back into the pit to form a lake. Flow was to then discharge via a
spillway into Vangorda Creek on the south side of the pit. Portions of the pit walls and pit floor were
to be covered with till to control metal leaching and acid generation. Based on the results of an ARD
evaluation completed by SRK in 2003, it was determined that flow through the pit has the potential
of meeting water quality objectives in Vangorda Creek but would require many ancillary measures
including maximum input dilution, clean up of the waste rock dumps and pit walls and insitu water
treatment of the initial pit lake. As it was recognized that a more rigorous geochemical assessment
of this option would be required before it could be considered a serious contender, the Pit lake (Flow
Through) option was not included in a review of diversion alternatives prepared for Deloitte and
Touche dated April 2003.

In the April 2003 study the following alternative schemes were evaluated:

s Option 1: Upgrading the existing flume diversion in an open channel around the north perimeter
of the Vangorda Pit, removing the drop box structure, excavating through the existing haul road
and relocating the plunge pool;

e Option 2: Rediverting the creek back along the alignment of the original creek bed and
constructing an open channel within the partially backfilled Vangorda Pit; and

e Option 3: Realigning Vangorda Creek into an open channel located above the Vangorda Pit over
to Dixon Creek to the south.

As the recommended closure plan is based on a stabilize-in-place approach, Option 2 was excluded
from further evaluation. Option 3 was also excluded based on a study completed by EBA
Engineering in August 2005, which concluded that the stream flow of Dixon Creek is so small that
there is no continuous surface channel of Dixon Creek for a considerable distance downstream from
the proposed point of entry of the diversion channel. Significant potential environmental impacts to
the upper watershed of Dixon Creek by the diversion of the full flow of Vangorda Creek would
require extensive and major engineering works to mitigate.

The approach adopted for the proposed diversion of Vangorda Creek presented in this reportis a
variation of Option 1, the main difference being the final alignment. Option 1 had the Vangorda
Creek routed north of the pit, closely following the present route of the Vangorda Creek Diversion.
The channel would have been slightly re-aligned and also widened and deepened. A plunge pool
was to be constructed at the bottom of the diversion to dissipate energy before discharging into
Vangorda Creek. The risk of eventual pit failure remained a concern and the decision was made to
push the alignment further north outside any possible impact of a pit wall failure. Several secondary
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3.2

3.21

benefits would also be realized with this alignment. Firstly, the new diversion could be constructed
while maintaining the existing diversion channel. Secondly, the original diversion channel, although
no longer protected by the half-round CSP flume, would remain to provide overflow capacity in the
event of a flood event occurring that exceeds the selected design capacity of the new diversion.
Thirdly, the original channel would minimize inflows to the Vangorda Pit by intercepting leakage
from the upper diversion and also runoff generated by the small intervening catchment between the
intake structures of the new and old diversions.

SRK concluded that while the proposed alignment presents issues related to energy dissipation and
erosion protection because of the steep grade in the approximately 500 m long lower reach, measures
to mitigate the associated risks can be incorporated into the channel, and it remains one of the two
preferred options. Compared to the current diversion, the proposed system will accommodate higher
flows, will minimize the impact of glaciation, provide a more natural stream appearance and require
less maintenance, over the long term. Currently, Vangorda Creek flume requires annual upgrades
and maintenance.

This report primarily focuses on the design of a diversion channel for a proposed alignment
completely beyond the perimeter of the Vangorda Pit. The single most challenging element of this
new alignment is the steep reach at the lower end of the diversion. Given uncertainties associated
with the design of erosion protection for steep channels, SRK was requested to investigate
alternatives to the current design to identify layouts with milder maximum slopes. The
memorandum prepared to summarize the alternatives analysis is presented in Appendix VIIL The
key finding of the memorandum was that the so-called pushback option (Option 1 described above in
Section 3.1) should be retained as a candidate option for providing a closure diversion. The
pushback option would run along benches of the open pit, but would have a maximum longitudinal
gradient of about 7%, or much less than required for a channel completely outside the perimeter of
the pit. The risk of pit wall failure could potentially be mitigated by provision of a buttress at the toe
of the north pit wall.

Flood Hydrology

Introduction

The overall diversion system has been designed to accommodate the 500-year flood (estimated peak
instantaneous flow of 30 m’/s). However, given the challenges of designing a channel to safely pass
such a large event down a slope of 11% (Phase 1 construction), it was decided to design the new
channel to accommodate a lesser event such as the 200-year flood (peak instantaneous discharge of
13 m’/s). In the event that floods occur with peak flows in excess of 13 m'/s, the design incorporates
a feature in the headworks of the diversion that will direct the excess flow down the old Vangorda
Creek channel. This flow would then pass along the route of the existing flume diversion, which will
be retained after closure. If the bypass flows exceed the capacity of the existing diversion, flow will
be directed into the Vangorda Pit.

PMHIIBK zda
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3.2.2

The following hydrological studies were completed:

e A technique for estimating the instantaneous peaks of floods on Vangorda Creek for a range of
return periods from 100 to 500 years.

e Summary of a recent comprehensive flood study prepared by the Alberta government. This
study is relevant to the design of the Vangorda Diversion because it can be used to help identify
potential conservatism in the flood estimates made for the Vangorda Diversion.

= A technique for estimating the volume characteristics of floods on Vangorda Creek for a range
of return periods. The need for this second flood-estimation technique is related to the design of
the proposed intake structure for the diversion, as explained later in this section.

Figures developed in support of the hydrological analyses are presented in Appendix V. The
remainder of this section presents the estimates of flood hydrology that have been adopted for the
design of the new diversion channel.

Peak Instantaneous Flood Estimates

The intake of the proposed diversion channel, as shown on Figure 3, will control a drainage arca of
17.7 km® . The incremental area draining laterally along the full length of the diversion (at end of
Phase 2) will be approximately 1.8 km®. Thus, the total catchment arca for the proposed diversion is
estimated to be 19.5 km” (see Figure 5).

The flood hydrology of Vangorda Creek was estimated using a technique known as Regional
Analysis. This entailed performing three broad tasks. Firstly, a search was made of government
streamflow gauging networks to locate stations that measure flows from relatively small drainages
and have long periods of record. To find an adequate sampling of such stations, the networks of
Environment Yukon, Water Survey of Canada and the US Geological Survey were searched. The
second task involved fitting the annual series of peak flows at each regional station to theoretical
frequency distributions to estimate peak flood rates for a range of return periods from 2 to 500 years.
The final step involved identifying trends that could be used to transpose the flood estimates at the
regional streamflow gauging stations to Vangorda Creek. Appendix V presents the working plots
used to identify the key trend upon which the flood hydrology was transposed, namely plots of unit
flood discharge versus contributing catchment area. Using the figures presented in Appendix V, the
peak instantaneous discharges for the 200-year and 500-year floods were estimated to be 13 m’/s and
30 m’/s, respectively. SRK has adopted a nominal design life for the new diversion of 100 years.
The chances of floods greater than the 200-year and 500-year floods occurring in a 100-year period
are 40% and 18%, respectively.

The existing Vangorda Diversion has been in operation for 19 years. The largest flood over this
period occurred on June &, 2004. Using high water marks at three locations along the diversion, the
instantaneous peak of this flood was estimated to fall in the range of 10 m’/s to 12 m’/s.
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3.2.3

Flood Volume Estimates

As stated above, the new diversion has been designed to accommodate the 200-year flood event.
However, the overall diversion system will be designed to survive the 500-year flood event. During
this latter event, flow down the new diversion will be limited to 13 m’/s (i.e., magnitude of 200-year
peak instantaneous discharge) with the remaining flow being directed into the existing channel of
Vangorda Creek. This excess flow will then pass into the existing flume diversion and rejoin the
new diversion at the Phase I plunge pool. If the flow exceeds the capacity of the retained channel,
the excess flow would enter the Vangorda Pit.

Increases in the amount of water allowed to enter the pit will result in a decrease in the maximum
discharge rate that the new diversion would be required to handle. A preliminary trade-off analysis
was carried out to determine an optimum split between these two components of flow.

The handling of extreme floods with both the diversion and the pit storage allows for a smaller
design discharge to be specified for the diversion channel than would otherwise be possible. Asa
first approximation, the capital costs associated with the construction of the diversion can be
considered to be proportional to the design discharge. The decreased capital costs associated with
the resulting smaller diversion would, however, be offset by increased water treatment costs because
the water entering the pit would have to be treated prior to being released to the lower Vangorda
Creek catchment. A limit exists as to how far the tradeoff between the diversion size and pit storage
can go. The amount of water allowed to flow to the pit cannot exceed the buffer storage that would
be dedicated in the open pit for dealing with such water. Otherwise, the risk exists that the open pit
would fill and spill contaminated water to the receiving environment.

For the first iteration of the new diversion design, the assumption was made that the diversion would
be sized to handle all flows up to the 200-year event (or 13 m’/s). If the flow event exceeds 13 m'/s,
then the headworks has been designed to divert the excess flow down the original Vangorda Creek
Channel towards the existing diversion and the Vangorda Pit. The diversion of this water would be
controlled by an erodible fuse plug built into the headworks dam. The plug has been designed to
readily erode during the rising limb of an extreme flood at the point where the 200-year flood
magnitude has been exceeded. The final design of the headworks dam and the erodible plug will
require further analysis of the structure’s hydraulics using a backwater model. However for the
purpose of this design report, the hydraulics were approximated using the weir formula for a broad-
crested trapezoidal weir. A potential geometry for the spillway would be:

= base width of permanent spillway = 12 m;
e sideslopes of permanent spillway = 2H:1V;

¢ clevation of base of fuse plug, or crest elevation of permanent spillway = 0.55 m above local
invert of diversion channel; and

s clevation of crest of fuse plug = 1.40 m above local invert of diversion channel.
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Figures 11 and 12 illustrate the design concept.

With this configuration, the full flood hydrograph of all events with an instantaneous peak of 13 m’/s
or less would be directed to the diversion. No flow would pass to the open pit.

When the flow in Vangorda Creek exceeds 13 m*/s at the new diversion intake (an event expected to
oceur about once every 200 years), water would begin to overflow the fuse plug and would attack the
highly erodible downstream slope of the plug. The material associated with the fuse plug would be

removed, leaving a wide spillway available to divert flow to the existing flume and possibly the open
pit. The removal of the fuse plug would reduce the driving head, thus reducing the inflow to the new

diversion below the design discharge.

If the 500-year flood hit the Vangorda Creek, the fuse plug would erode during the rising limb of the
flood hydrograph. When the flood reached its peak (30 m’/s), a flow of 13 m*/s would be directed to
the diversion, while the remainder of the flow would pass over the spillway and eventually reach the
existing diversion and the open pit.

Overflow to the open pit would continue until the flow in Vangorda Creek dropped to about 3.5 m'/s.
At that point, the water level in the stream would drop below the crest of the spillway and all of the
Vangorda Creek flows would be directed into the new diversion. Within a few weeks of an event
that activated the overflow spillway, a new fuse plug should be constructed within the headworks.

An analysis was undertaken to estimate the volume of water that could potentially spill to the open
pit if the diversion system was hit by the 500-year flood. The basis of the prediction was a flood
frequency analysis of eight streamflow records at gauging stations within the Yukon and east central
Alaska. An emphasis was placed on utilizing the records of stations with small catchments and long
records. The flood frequency analysis is presented in Appendix V.

The flood frequency analysis provided the basis for estimating the shape of the 500-year flood
hydrograph at a daily interval. For the purpose of the present analysis, it was only necessary to
identify the portion of the hydrograph with daily average flows greater than 3.5 m’/s (i.e., greater
than the flow required to activate the spillway of the intake dam once the fuse plug has been
removed). An examination of the constructed hydrograph revealed that a total of four days during
the 500-year flood would have daily average flows greater than the threshold required to activate the
spillway (see Appendix V for more details). Thus, the excess flow to the pit would amount to about
970,000 m’.

To put this quantity into perspective, the average annual inflow volume to the Vangorda Pit is about
420,000 m’. The average annual flow of Vangorda Creek at the inlet of the new diversion is
approximately 7 million m®. Thus, the estimated spill to the open pit during a 500-year flood would
be roughly equal (on a volume basis) to roughly double the average annual inflow to the pit, and
about 14% of the average annual flow of Vangorda Creek at the proposed intake location. Assuming
the pit is at or near to the recommended maximum level, this would result in a water level rise of

PMHABK sde

Vangordn Crook Divaraion_Dsgn_Rpt_1CY001 031_JBK_PB_PMH_20100428_DRAFT deex, Apr. 28, 10, 10:28 AM April 2010



SRK Consulting
Faro Mina Complex, Vangorda Creek Diversion, Design Report - Draft Page 11

3.3

3.3.1

about 12 meters. The adopted estimate of the 500-year flood hydrograph was based on envelope
curves and, therefore, is probably a conservative estimation of the true flood regime of Vangorda
Creek (i.e., probably high estimates of actual flow during period when flows would be great enough
to cause spillage to the open pit).

It should be noted that with minor changes to the erodible plug dimensions, expected after further
modeling has been completed, slight changes to the predicted excesses flow volume may result. The
final estimate of the excess flow into the pit would be presented/confirmed once the embankment
arrangement has been finalized.

To consider this information in an economic analysis, it is necessary to estimate the long-term
average spill to the pit that would occur as a result of flood events that caused erosion of the fuse
plug. If the erosion is to be initiated during events with instantaneous peaks of 13 m’/s (200-year
return period), then one would expect the fuse plug to fail 2 or 3 times during a 500-year period. The
average inflow to the pit during the failures would probably be less than the 970,000 m® computed
above (i.e., some of the exceedances would likely be caused by events between the 200-year and
500-year floods). If, as a first approximation, it is assumed that all spill events result in a flow
volume of 970,000 m” to the pit, then the total inflow over a 500-year period would average about
2.4 million m’. If averaged over 500 years, the average annual inflow to the pit from spillage is
calculated to be 5,000 m®, or 1.2% of the current average annual inflow rate to the pit.

Accordingly, the penalty for not designing the diversion ditch to handle the instantaneous peak of the
500-year flood is that the mine will have to treat an extra 5,000 m’ of water per year, on average.
Given these favourable results, the adoption of the 200-year flood event for the new diversion over
of'a 500 year event is an acceptable risk.

Headworks

Dam and Erodible Plug Functions

The principal function of the new headworks at the intake of the new Vangorda Creck Diversion is to
direct flow into the diversion and to limit the flow to a maximum of 13 m/s using an erodible plug.
The primary design objectives for the headworks structure are:

s Long-term stability;
s Seepage control;
s Accommodation of excessive flow from primary Vangorda Diversion channel; and

= An erodible plug.

These objectives are further developed in the following sections.
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3.3.2

Consequence of Failure and Long-Term Stability

Failure of the entire headworks dam embankment is very unlikely to result in any fatalities, so the
“environmental, socioeconomic and financial” consequences are most relevant. Failure of the
headworks dam would release ‘geochemically clean® water and sediment into the downstream
environment. The environmental impact would be localized and of short duration. It is expected
that if a full failure of the headworks resulted that most of the sediment would settle out as it
progresses downstream through the existing diversion channel (retained after the steel flume sections
have been removed), or will settle in Vangorda Pit. By applying the stability criteria provided by the
Canadian Dam Association (CDA) and applying the CDA guidelines shown in Table 1, a “very low”
consequence of failure classification was adopted for the Headworks structure.

Table 1: CDA (1999) Dam Classification in Terms of Consequences of Failure

Potential Incremental Consequences of Failure fal
Consequence Category Socioeconomie, Financlal &
Life Safety™ e

Environmental
Very High Large number of fatalities Extreme damages
High Some fatalities Large damages
Low No fatalities anticipated Moderate damages

Minor damages beyond owner's
Vary Low No fatalities o) g ¥

property

Notes to Table 3.1

a) Incremental to the impacts which would occur under the same natural conditions (flood, earthquake or other event) but
withaut the fallura of the dam. The consequence (i.e. loss of life or economic losses) with the higher rating determines which
category is assigned to the structure. In the case of tallings dams, consequeance categories should be assigned for each
stage In the life cycle of the dam.

b) The criteria which define the Cansequence Categorles should be astablished between the Owner and the regulatory
authorities, consistent with societal expectations. Where regulatory authorities do not exist, or do not provide guidance, the
criteria should be set by the owner to be cansistent with socletal expectations. The criteria may be based on levels of risk
which are accaptable or tolerable to society.

¢) The owner may wish to establish separate corporate financial criteria which reflect their ability to absorb or otherwise
manage the direct financial loss to their business and their ability to pay for damages to others.

As is discussed more fully in the design section of this report, the headworks dam is expected to be
constructed primarily of general fill consisting of a granular material that is obtained from either
borrow area(s) or from works excavation that is free of organics, well graded and heterogeneous with
a grain size distribution that meets the fill specification (see Technical Specifications document).
Foundation settlements are expected to be negligible in the phyllitic bedrock observed around the
headworks location. However, some foundation modification to ensure stability and to control
settlement should be expected.
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3.3.4

The slope stability requirements for earth and rock fill dams specified by the CDA guidelines and by
the International Committee on Large Dams (ICOLD) are summarized in Table 2 below.

Table 2: Minimum Factors of Safety from CDA (1999) and ICOLD

Loading Condition Min::l;r:f:;ctar Slope

Steady state seepage with maximum storage pool 1.5 Downstream

Full or partial rapid drawdown ) 1.3 Upstream

End of construction before reservoir filling 1.3 3§;|::;r::m ol
Earthquake (pseudo-static) 1.1 Downstream

The maximum height of the headworks structure is about 3m with sideslopes of 2:1 (H:;V). As the
dam is lined and as seepage through the dam would be minimal, conformance of the structure to the
above stability criteria has been established.

Seepage Criteria

Seepage control through the foundation and through the embankment is provided by using an
upstream cutoff and a synthetic liner. Seepage through the embankment would be limited primarily
by the upstream cut-off trench and low hydraulic gradient due to the length of the flow path by
which water must travel under the dam.

Erodible Plug and Accommodation of High Flow Events

Extreme floods will be handled by a combination of diversion and temporary storage of water in the
Vangorda Pit. To implement this strategy, the headworks will have to incorporate a feature that will
split the flow into two components, one directed to the diversion and the other directed to the open
pit. Two methods were evaluated for splitting the flow: a fixed-invert spillway and a spillway
partially filled with an erodible plug (also known as a fuse plug).

Early in the design process, the fixed-invert spillway was rejected because it would lead to a higher
frequency and greater volume of spill to the open pit than would be experienced with the spillway
and fuse plug combination. To limit the flow down the diversion to 13 m*/s for all events up to and
including the 500-year flood, the invert of the spillway would have to be set at a fairly low elevation.
Without a fuse plug, the water level in the stream would rise above this invert on a nearly annual
basis, thus resulting in frequent spills to the pit.
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3.4

3.41

An erodible plug in the headworks dam embankment would minimize the number of times the
overflow spillway would be activated. The crest of the erodible plug would be set at an elevation
that would only allow overtopping during events greater than the peak of the 200-year flood, or a
discharge of 13 m*s. The erodible section should be designed to collapse and fail gradually as it is
overtopped. As the structure fails, the excess flood discharge can then be released without
compromising the main diversion structure. Limiting the maximum flow in the new diversion to
13m*/s provides a safety factor that would ensure the functionality and stability of the stepped chute
structures proposed for the steep grades in the lower reaches of the of new diversion. Specific design
criteria adopted herein for the erodible plug design are:

» Hydraulic capacity of overflow spillway equal to difference between 200-year and 500-year peak |
instantaneous discharges, or 17 m’/s.

» Geometry and material placement required to ensure failure of the erodible section.

e Foundation requirements to withstand the erosive action of flow over the washed out erodible
plug section during the extreme flood event.

s The requirements for an exit chute/apron designed to lead flow from the erodible dam section
into the previous or original alignment of Vangorda Creek.

e  Minimum requirements for long-term maintenance.
Energy Dissipation
Alternative Solutions

To achieve an optimized alignment for the proposed Vangorda Creek Diversion, SRK evaluated a
number of channel configurations, alignments and grades. Parameters including the volume of
excavation, hydraulics, constructability, static and geotechnical stability were assessed. Consistently
the most favourable diversion arrangements exhibited a low grade section near the diversion intake,

transitioning into a long steeper grade of 11% in the lower Phase 1 reaches.

Conveying the diversion design discharge of 13 m/s down an approximately 460 m long Phase 1
channel segment with a 11% grade requires some form of energy dissipation. A number of
alternative solutions for energy dissipation were evaluated. These included a uniform-sloped chute,
a stepped chute cut into the bedrock and the glacial till sections (the latter being concreted) and a
series of step-pools.

The uniform chute option was discarded early in the assessment due to the high velocities and large
sized riprap that would be required. The option to construct concrete steps was considered but was
dropped due to the high volume of concrete required. It also proved to be very costly and
impractical. The study then focused on the two remaining options: the stepped chute and step-pools.
Both of these options would require cutting into the bedrock and the overburden (till with some
smaller sections of road fill material expected). Appendix VIII presents some additional information
on the alternatives analyzed.
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As shown in longitudinal profile on Figure 6, the steep slope section is expected to be partly in
bedrock from about STA 0+870 to STA 14200 and partly in overburden from STA 1+200 to
STA 1+300.

Review of diamond drill holes completed in the bedrock shows phyllite rock materials that are highly
foliated and of variable strength between R3 and R4 (25 — 100MPa), with frequent foliation parallel
jointing, and occasional sub-vertical jointing. Based on core alpha angles, the exposed rock mass
will have a foliation orientation that is sub-horizontal to horizontal. Experience at other cold
temperature sites with similar bedrock shows the phyllite to be susceptible to damage related to
freeze-thaw cycles with water entering the open foliation/jointing, and splitting the rock along the
sub-horizontal foliation planes. This process will be aggravated by the cutting of ‘steps’ into the
phyllite. The phyllite would typically not erode much due to water flow, but it is felt that the
freeze-thaw cycles will initiate this erosion especially in the areas of the cut steps. Although the
erodibility potential of the phyllitic bedrock can be assessed, as presented in Appendix III, it is more
difficult to determine the rate of erosion and hence the requirement for the placement of riprap layer
over the bedrock in the steps to slow the erosion process.

A discussion on the two options is provided below.
Step-Pools

Step-pools exist in nature and in theory would appear to be an ideal solution. Until recently, little
was known about the forms and processes of step-pool channels. However, over the past two decades
significant advances in the theory of step pool sequences have been made (Chin et al., 2008). In
evaluating this option SRK conducted an extensive literature review for a step-pool design.
Appendix VI presents a memorandum summarizing the preliminary step-pool design. A
comprehensive list of the papers utilized in assisting to establish the concepts, theory and criteria for
the step pool design is presented in the reference section of this report.

As commented by NHC in their review of the Step-pool concept (See Appendix VII), most of the
studies are qualitative and lack the essential detail to provide an acceptable comfort level for a final
design. There is a general lack of engineering based criteria for step-pools. By observing what
happens in nature, step-pools are very effective in dissipating energy. However, the stability of any
riprap lining that would be used as erosion protection in the pools, against the turbulent flow
conditions is difficult to determine. The other concern is the stability of the large boulders that
would be used to form the steps against rotation or toppling. Furthermore if there is a failure of one
step-pool, a progressive failure of the subsequent pools (56 in Phase 1) could occur.

Stepped Chute

For the long steep slope section we have in the lower reaches of this diversion, a stepped chute cut
into the bedrock and overburden is the preferred solution. The primary concern with this approach is
the erodibility of the bedrock and the glacial till overburden. As discussed above, the phyllite
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3.4.2

3.5

3.6

bedrock would typically not scour significantly as a result of water flow, but there is a high potential
for erosion caused by freeze-thaw cycles, due primarily to the near-horizontal orientation of the
bedrock fractures. We are unaware of any method for reliably estimating the rate of bedrock erosion
caused by freeze-thaw cyecles. Given the concerns of the stability of the riprap lining in the step-pool
approach plus the potential for glaciation in the pools that will be left undrained, the stepped chute
approach remains the preferred option despite the erodibility potential of the bedrock foundation.
Design details of the stepped chute approach are provided in Section 4.

Plunge Pools

The primary function of the plunge pool in Phase 1 of the Vangorda Creek Diversion is to dissipate
energy in the flow prior to entering the existing drop box system at the base of the diversion. The
existing plunge pool at the base of the flume diversion will be expanded to accommodate flow from
the new diversion and any overflow from the existing diversion. The plunge pool locations are
shown in Figures 3 and 4.

The base and sideslopes of the plunge will be lined with riprap to provide erosion protection and
resistance to excessive scouring.

Erosion Control

Erosion protection using riprap will be required in most sections of the new diversion to ensure the
long-term stability of the structures. Following the guidelines set by the United States Department
of Agriculture (USDA, 2007) and the British Columbia Ministry of Environment, Lands and Parks
(BC MELP, 2000) consideration of riprap size, material strength, density, angularity, durability,
geometric ratios, gradation, bedding, piping potential, and channel curvature were included in the
design and construction considerations. Riprap sizing is presented in the design section of this
report.

Surface Water Management

It is expected that in a number of locations along the proposed alignment, hillside runoff above the
diversion will need to be directed in the new channel. This will be achieved by the construction of
riprap lined channels or half round flumes running down the sideslopes of the diversion. In addition,
where applicable, the side slopes of the diversion should be hydroseeded. Hydroseeding will not
only increase the aesthetics of the diversion channel but will give the benefits of increased slope
protection, surface water management and slope stability.
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4

4.1

Design

Overview

The proposed horizontal alignment for the new diversion is shown in Figures 3 and 4. Several
vertical and horizontal alignments were examined to optimize the cut and fill volumes. As shown on
Figure 6, the chosen vertical alignment follows a near-surface route varying in grade from

1.5 percent in the upper reaches to a relatively steep grade of 11% in the lower reach of Phase 1
before entering the plunge pool and the dropbox system.

As discussed in Section 3, the selected design flood for the new channel is the 200-year event which
is estimated to have peak flow of 13 m’/s.

As discussed in Section 3, a stepped chute approach is presented in this report as the preferred option
for energy dissipation in the steep sections of the diversion. As explained earlier, a number of
mitigative measures have been included in the design to provide structural stability of the channel
particularly in the steeper sections and to provide reasonable erosion control. Details are provided in
Section 4.5.

Riprap is the primary means of erosion control where applicable. The riprap size and depth vary
depending on the channel grade and configuration. Nonwoven geotextile filter fabric has been
specified where riprap is placed on sand or cohesive soils such as the glacial till. No filter fabric has
been specified where riprap is placed directly on the weathered or more competent phyllite bedrock.
The design will also include placement of a synthetic LLDPE liner (approximately 2,400 m’) which
would be placed over the section of the channel that is to be excavated in the silty sand (see

Figure 8). The channel is primarily cut with the exception of two short sections along the channel
where fill is required on both sides. In general, the channel has sideslopes of 2H:1V and base widths
varying from 3 to 6 m. Those sections in competent rock would have sideslopes of 1.5H:1V. In
those sections of the channel where the total length of the sideslope exceeds the practical reach of an
excavator, 5 m wide benches have been included in the design. These benches would double as road
access on either side of the channel. Phase 1 of the projects ends at the existing plunge pool which
will be upgraded to accommodate flow from the new diversion. The pool will be widened and
deepened where required. Riprap erosion protection will be placed on the base and sideslopes of the
upgraded pool. The existing outlet from the plunge pool is a 2000 mm diameter CSP culvert which
will be retained until Phase 2 of the project is constructed. Also retained will be the 3000 mm drop
box structure and the 1600 mm culvert beneath the haul road which takes the flow to the original
Vangorda Creek channel. In Phase 2 of the project, the haul road will be removed and the new
channel will be extended through the breached road to a new plunge pool before discharging into
Vangorda Creek.

It is estimated that Phase 1 of the project will require about 160,000 cubic meters of excavation and
the placement of about 10,000 cubic meters of riprap. The Stepped Chute approach for the steep
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4.2.1

422

section of the diversion will require the placement of boulders in Phase 1. It is estimated that about
300-475 boulders that have an average diameter in excess of 1 m will be required. Most of these
boulders would be sourced from within the mine site. The total excavation for both phases is
estimated to be about 206,000 m’.

Subsurface conditions along the alignment vary from glacial till to both weathered and competent
graphitic phyllite bedrock. The test pits indicated that the weathered phyllite would be easily
excavated by machine. Although the more competent phyllite encountered proved difficult for the
excavator in the test holes, it may be possible to rip the material when completely exposed. For the
purposes of this design report, it is assumed that there is about 26,000 m’ of phyllite rock (weathered
and competent) that will need to be removed in Phase 1. It is estimated that about half of this will
require blasting.

Channel Entrance and Headworks

Figures 11 and 12 (Drawings V-11, V-12), shows a plan and detailed section views of the channel
entrance and headwork components.

Channel Entrance

The Vangorda Creek Diversion channel will be field fit to maximize the diversion intake contact
with Vangorda Creek. The channel invert elevation of 1199.6 m will be tied into the natural
Vangorda Creek. Based on field observation of competent bedrock outcrops near the creek edge,
some degree of blasting effort is expected to be required. The diversion inlet will have a downward
gradient of about 1.5% and will require riprap protection on the side slopes as well as on the base of
the channel. Similar to station 0+000 the base of the channel will be approximately 3 m wide with
1.5H: 1V side slopes along the northwest extents.

Primary Earth Dam Embankment

Prior to construction of the primary earth dam embankment “knobs™ of bedrock currently upstream
of the future dam site will likely have to be removed/blasted to the 1199 m elevation.

The design for establishing the crest elevation was determined from the site topography as well as
from the peak discharge for the 500 m flood event. The east access road traverses adjacent to the
Vangorda Diversion until it transition onto the top of the dam surface.

A temporary cofferdam will be set up to divert Vangorda Creek into the constructed Vangorda
Diversion Channel. The cofferdam construction will allow for dry working conditions required for
the placement of the dam fill material. Any water retained behind the coffer dam would be pumped
into the constructed diversion.

Figure 11 (Drawing V-11, section H) details the embankment design. The existence of the
headworks will force water to form a pool at the diversion intake. This pool will act as a bedload
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trap so that sediments may fall out of suspension and decrease the bedload transport into the
diversion. Having a lower bedload transported in the diversion is favourable for the long-term
stability and functionality of the stepped chute structures. To allow for a minimum freeboard of 1 m
the crest of the dam embankment has been established at 1202.1 m.

Some foundation work may be required, such as stripping or grouting, to ensure that the dam has
adequate foundation conditions. To reduce seepage loss through the foundation, an upstream cutoff
and installation of a synthetic liner would be constructed. This cutoff would extend across the whole
width of the creeck and be somewhat similar to an impervious upstream apron. The synthetic liner
would be installed at a 2H:1V slope down 3 m vertically from where the toe of the dam embankment
touched the existing ground. The expected trench created to construct the cutoff and install the liner
would be backfilled with compacted suitable general fill. Basic liner tie-in details are presented on
Figure 13, and are also outlined in the Preliminary Technical Specifications Draft document. The
proposed dam embankment would be constructed with 2H:1V upstream and downstream side slopes.
The crest width would be approximately 10 m. The main section of the embankment would be
constructed of general fill. The upstream and downstream slopes would be protected by sandwiching
two layers of geotextile filter fabric between a 60 mil LLDPE liner (approximate quantity 960 m).
Riprap would then be placed on the upstream and downsteam slope to protect the liner and add
additional protection for the expected overtopping associate with the failure of the erodible plug. A
minimum riprap thickness of 0.6 m should be placed on the upstream and downstream faces.

Further finite element stability modeling will be performed to check the preliminary dam design.
This modelling is scheduled to be completed before the final dam design drawings are issued for
construction.

Erodible Dam Plug

For this preliminary stage of design, the hydraulics of the headworks were approximated using
broad-crested weir formulae. The hydraulic calculations were set up to represent the conditions at
the arrival of the instantaneous peak of the 500-year discharge, 30 m’/s. At this point, the fuse plug
would have already failed and been washed away. One of the key findings of the calculations was
the base width of the overflow section of the dam would have to be about 17 m (further details
presented in section 3.2.3).

The function of the erodible plug is to divert flows in excess of 13 m’/s first into the existing
Vangorda flume alignment then secondly into the Vangorda Pit. In addition to the diversion of
excessive flow, the erodible plug acts as a safety measure to accommodate the possibility of
glaciation processes blocking the upper diversion reaches.

The preliminary modeled hydraulics for the erodible plug section are an approximation of the true
hydraulics. Before release of the final design drawings, a more accurate representation of the
headworks hydraulics will be made using a backwater model (e.g. the US Army Corps of Engineers
HEC-RAS program).
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The base of the erodible plug has been established at el. 1200.15 m, or 0.55 m vertically above the
diversion channel invert at its inlet. The top elevation of the erodible plug would be at 1201.00 m, or
the water level at the headworks when Vangorda Creek is flowing at a rate of 13 m*/s. Therefore,
the overall height of the erodible plug design section is 0.85 m.

The fuse plug consists of a thin 2m downstream inclined till core with a highly erodible sand and
gravel material behind it to ensure that effective erosion and washout results. The key element when
constructing the erodible plug is the relatively impervious core. The till core prevents washouts from
occurring for discharges less than the 200-year design flood. As the impervious core is expected to
be generally above the normal water level against the upstream dam face, the core has the potential
to dry and crack. Filters consisting of sand and gravel are suggested to cover the core to prevent
piping and premature washout (Khatsuria, 2005), thus sand and gravel is specified on either side of
the inclined core. The predefined erodible plug extents are designed to fail in a controlled manner.
Slope protection consisting of riprap and the geomembrane liner is placed on both sides at 2H:1V
slope. In addition to the slope protection, these coarse materials are used to assist in segregating the
components of the non-overtopping portion from the highly erodible body of the plug.

Utilizing the 13 m*/s flood discharge through the erodible plug opening, treating it again as a broad
crested weir and by employing the model studies conducted by USBR, the lateral erosion rate (after
the initial breach) for a given erodible plug embankment design and flow depth can roughly be
estimated by ER = 14.6*Hf + 48 (where ER = lateral erosion rate in m/hr, and Hf = height of the fuse
plug in meters) (Khatsuria, 2005). By utilizing the latter empirical relationship we can roughly
estimate that for our fuse plug the rate of failure might be expected around the magnitude of
(14.6*0.7 + 48 =) 58 m/h. These estimations have evolved from model structures (Khatsuria, 2005).
It is understood that over time the fuse plug material will slightly compact due to traffic, vegetal
growth and from the weight of the armoring material. This would again reduce or lower this lateral
failure rate (experienced after the initial breach). The time for the initial breach is harder to estimate
and therefore slight allowances have been made to ensure that the erodible plug section overtops and
washes out at the time the design discharge hits.

In the event that the erodible plug is overtopped and washes away, expected to happen
approximately every 200 years, all flows in Vangorda Creek greater than about 3.5 m*/s will result in
spillage at the headworks. The fuse plug should be reconstructed within a few months of its failure.

The performance of the erodible plug in the headworks dam is critical to the overall design of the
diversion. It is therefore recommended that a live test be carried out on the headworks dam in the
first year to provide comfort that the plug will erode when it should. This test would involve
damming off the entrance to the new diversion to force overtopping of the fuse plug portion of the
headworks dam and failure of the erodible section. Assuming the plug erodes, the headworks dam
should be repaired and the erodible section of the dam rebuilt.
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4.2.4

4.3

Exit Chute/ Apron

Figure 11 shows the area where an exit chute would be constructed from the erodible plug section of
the earth dam embankment into the original Vangorda Creek Channel. This channel requires riprap
protection. To ensure that the channel does not clog by the eroded dam plug material and to provide
a more favourable geometry, a portion of the neighbouring slope is expected to be excavated or
blasted. As well, the riprap can be utilized to develop additional buttressing force against the
downstream toe portion of the diversion dam which will remain after the erodible plug has washed-
out. Due to the presence of the downstream geomembrane liner the function of the riprap becomes
primarily to protect the liner and not the main dam embankment itself. A portion of the
neighbouring slope is expected to be excavated or blasted to provide a more favorable chute
geometry to promote flow into the original Vangorda Creek alignment.

Channel Configuration and Layout

A schematic of the Vangorda Creek Diversion channel layout is presented in Figure 4

(Drawing V-4). Figures 7 to 10 (Drawings V-6 to V-9) show “typical” design cross-sections at
various stations along the alignment. The long section or profile is presented in Figure 5

(Drawing V-5). These designs represent the general design approach based on the anticipated
geotechnical site conditions. Slight modifications or field-fits are expected to be made at the
discretion of the on site engineer. The Vangorda Creek Diversion has an approximate length of
1506 m and drops from el. 1199 m at the northern headworks intake to el. 1102.5 m at the southern
re-entrance into Vangorda Creck.

Site conditions and the Manning’s equation were used to determine the ditch geometry based on a
design flow rate of 13 m*/s. Given the site-specific topography, the diversion was broken into three
segments, based on the optimized and most practical final design grade. In general, the channel has
sideslopes of 2H:1V and base widths varying from 3 to 6 m. However, in those sections which are in
competent rock, sideslopes of 1.5H:1V can be constructed. The channel grades and geometrics
utilized in this design report are presented in Table 3 below.

All sections of the channel were designed to contain the maximum flow depth plus 1.0 m of
freeboard. The 1.0m freeboard was adopted to increase the design factor of safety and to allow for
possible variance in the sideslopes from 2H:1V to 1.5H:1V. Additionally this 1.0 m of freeboard
will allow for increased flow capacity while the erodible section of the dam is progressing to failure,
likely to be briefly required when a greater than 200 year storm event occurs. In the event that some
basal freezing results in the channel, then again this freeboard should limit/avoid channel overflow.
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4.4

Table 3: General Channel Configuration Details

Channel Reach | Approximate Length | Slope Grade | Base Width | Side Slopes™ | Freeboard

Upper 0+000 to 0+820 1.50% 3m 2H:1V im
Transition 0+820 to 0+875 5.26% 3to6m 2H:1V im
Lower (Phase 1) 0+875 to 1+325 11% 6m 2H:1V im

“The general channel configuration for the lower Phase 2 saction is currently designed at-13% however the alignment and
final grade of this section is expected to be slightly redesigned based on Phase 1 construction.

** Side slopes expectad to be raduced to 1.5H:1V in bedrock sections.

Side slopes will be steeper in a portion of the upper 1.5% grade reach where bedrock 1s expected to
be encountered, approximately from station 0+000 to 0+075. For the lower 11% Phase 1 reach a6 m
channel base has been specified to accommodate stepped chute construction and to reduce the
expected depth of flow on this steep section. Arcas where the channel passes through soil or
weathered phyllite bedrock will be covered with non-woven geotextile in addition to the required
riprap armoring. Over the sections of the channel excavated in the silty sand (See Figure 8) the
placement of a synthetic LLDPE liner (approximately 2,400 m®) is specified.

Based on piezometric data and field investigation observations, some degree of excavation
dewatering is expected to be needed to facilitate construction of the Vangorda Diversion. Secure
dewatered conditions would likely assist in speeding construction and assist in ensuring proper
engineered as-built conditions. A dewatering plan should be further developed with contractors
when construction commences.

Due to the associated diversion construction activities there is a heightened potential for the total
suspended solids to be temporarily increased as the diversion first experience the flows diverted from
Vangorda Creek.

Riprap Requirements

The requirements for riprap can generally be divided into five categories as follows:
= Headworks riprap;
s Riprap required for the 1.5% grade, 3m wide base channel typically with 2H: 1V side slopes;

» Riprap required for the 11% grade, 6m wide base channel with 2H: 1V side slopes to be
constructed in Phase 1. (This is fully detailed in section 4.5 ‘Stepped Chute’);

= Riprap required for the 5.26% grade, 3 to 6m wide base, 2H: 1V side sloped transition zone
channel; and

e Riprap required for the plunge pool structures.
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4.5

As suggested by the USDA and BC MELP riprap guidelines, a riprap blanket thickness of 2 x D50
has generally been adopted for all areas, excluding section of the stepped chute and for protection of
the headwork dam liner. It should be noted that D, is defined as the particle size such that x% of the
particles in the soil or rock matrix are smaller than. The USDA sizing method was adopted at this
stage of the design for determining the main riprap size requirements. The USDA riprap sizing
method assumes angular rock is used; larger sizes are required for round rock. The required riprap
size is a function of the roughness (or Manning’s n), depth of flow and flow velocity. Estimates of
channel roughness were made using the empirical relationship developed by Rice et al. 1998,
resulting in estimates of Mannings’s n falling in the range of 0.04 to 0.065. Table 4 summarizes the
basic riprap requirements for components of the Vangorda Creek Diversion.

Table 4: Basic Riprap Requirements for the Vangorda Creek Diversion

Rip-rap area Description Requirement Comment
Upstream face of dam Dsg = 0.54m Angular, FOS=1.2
Headworks
Downstream face of dam Dsg = 0.80 m Rounded, FOS=1.2
Diversion Channel 1.5% upper reach Dso = 0.30 m Rounded, FOS=1.2
Diversion Channel 11% lower Phase 1 reach Dsp = 0.63m USACE , FOS=1.2
Diversion Channel 5.26% transition reach Dsp = 0.50 m Rounded, FOS=1.2
Plung Pool Phase 1 Dsp = 0.50 m Angular, FOS=1.2

Piping of the soil underlying the riprap could lead to failure of the riprap protection. The segments
of the diversion excavated in the phyllite bedrock are typically expected to not require a riprap filter
layer, with the possible exceptions of areas where the bedrock is observed to be highly fractured.
Where the alignment overlies overburden, a non-woven geotextile is required as a filter layer for the
riprap. Based on field observations, the glacial till appears to be poorly graded and, as a result, a
long-term filter may self-form as the geosynthetic deteriorates.

Stepped Chute

The approach would involve constructing a stepped chute in the bedrock and overburden foundation
in the steep sections of the diversion (STA 0+870 to STA 1+325). Each step would be a nominal 1m
in height and the bench length between steps would be 9.0 m for Phase 1 construction (spacing will
likely be reduced to around 7.0 m for Phase 2 construction). The base of the channel would be 6 m
in width.
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4.5.1

Each step in the bedrock sections will be cut out of the phyllite. At each step, large boulders (mean
diameter of 1.3 m) would be concreted into the foundation. These boulders are mandatory in the
overburden sections; however, in the bedrock sections these have been included as a recommended
contingency item at this stage. The boulders in the bedrock section would act as hardpoints to
mitigate erosive effects on the bedrock. These boulders will be placed in an arch formation to
provide additional stability through the transfer of a portion of the fluid forces to the banks of the
channel. To stabilize these boulders against sliding or rotation, it is proposed to install 100 mm
diameter concrete filled, galvanized steel pipes up against the boulders. The aforementioned pipes
are referred to in this document as ‘retaining piles’. The retaining piles would be buried to depths of
about 3m into the bedrock. The bench sections of the stepped chute in bedrock would be excavated
with a relatively flat grade. No measures to prevent erosion of the phyllite bedrock exposed in the
flat bench sections of the chute would be applied. However, it is proposed that an adaptive
management approach be taken for the bedrock erosion potential. The rate of erosion would be
carefully monitored during the first few years of operation and if it was found that the rate of
bedrock erosion was impacting the structural integrity of the diversion, mitigative measures such as
placing a concrete surface over the flat section of stepped chute would be implemented.

The portion of the stepped chute founded on overburden would require erosion protection. Itis
proposed to provide this protection with a minimum 0.5 m thick layer of concrete grouted or
mortared riprap placed on the flat bench section of the chute. Concrete filled galvanized pipes would
also be required to stabilize the anchor boulders, however, the embedment depth would increase to
about 5 m. Voids in boulders forming the steps would be grouted. During construction of the
stepped chute, a high degree of site management and supervision is required to ensure that the energy
dissipation measures are constructed in accordance with the specifications.

Figures 13 shows a plan and sections through a typical section of the stepped chute structure. As
well, Figure 14 shows a typical profile through a section of the stepped chute. The stepped chute
introduced will cause the dissipation of energy and create grade control during high flows. When
developing the stepped chute design, the risks and benefits associated with changes to the step
arrangements, geometry, and material sizing were taking into account.

Step Chute Boulder Sizing

The boulders were sized using two force diagrams, one assuming failure by sliding and the other
assuming failure by rotation. The algorithms for applying the force diagrams are documented in
papers by Lenzi, 2001 and Fischenich and Seal, 2000. The rock sizes estimated by these techniques
are probably conservative because they look at the rock in isolation. They do not account for
additional resistance forces realized by the interlocking contacts with neighbouring rocks, which can
be substantial. The published techniques indicated that boulders forming the steps would require
diameters ranging from 1.0 to 1.3 m.
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4.5.3

454

Boulder Placement

Four to six boulders are required per step. The boulders should be arranged in a broad upstream
facing U or V or crescent shape with pointed, curved or apex pointing upstream. This crescent shape
takes advantage of the additional strength gained from the “jammed state” (Church , 2007) while
promoting the alignment of the flow towards the centre of the channel, thereby helping to maintain a
constant downstream scour position and limiting excessive bank erosion.

The boulders should be placed along the side of the channel and between these boulders on the
outside channel flanks. Transverse boulder work is required in the overburden foundation sections to
limit lateral erosion around the steps. The step boulders should be ideally be ‘seated’, dug in the
overburden section or cut into the phyllitic bedrock and conereted in place. Based on site conditions
in the overburden sections additional riprap and boulder material may need to be placed against the
downstream face of the step to provide additional buttressing support and to reduce the likelihood of
scour undermining the steps. The latter will have to be reassessed during construction and will be
determined if required at the discretion of the onsite engineer. Some preferable boulder
arrangements are detailed in Figure 13 and 14. Note that the long or A-axis of the rock should
ideally be orientated parallel to the direction of flow to obtain the most stable configuration.

Stepped Chute Geometry

The weir height, or the difference in elevation of crests of neighbouring steps should be 1 m. Steps
should be created consecutively with a crest to crest spacing or step length (L) of approximately 9 m
(1m weir height/ 0.11 slope grade = 9 m). The base of the channel should be 6 m. Figure 13
illustrates the stepped chute in plan and typical section. The profile detailed in Figure 14 illustrates
the arrangement of the dimensions required to derive the desired 11% slope grade. On average the
channel slopes between steps are expected to be constructed with slight slope to limit/avoid the
formation of a pool/ponding.

Stepped Chute Lining

It is proposed that a minimum 0.5 m thick layer of riprap be placed on the flat bench overburden
section of the chute. This 0.5 m does not account for some material being slightly embedded into the
overburden foundation. The riprap would be concrete grouted or mortared in place. The riprap
specifications (Dsoand gradation) should be consistent throughout the full length of the chute.

Owing to the importance of interlocking forces between rocks, a weak zone in the chute could lead
to a catastrophic failure of the chute. Again, concrete grouting or mortared in place has been
specified to increase the factor of safety for the rip-rap lining specified in the overburden sections,
and to reduce the potential chance of castrophic chute failure. Based on the USACE method a chute
with a 11% slope, 6 m base width and a design discharge of 13 m*/s would require a Dsp of 0.63 m.
Riprap protection with a D5, of 0.63 m has been determined to remain stable on a chute.
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4.6

4.7

4.8

Plunge Pool

Figure 15 shows details and the typical arrangement of the plunge pools. The end of Phase 1
construction will tie into the existing plunge pool. The water level will be controlled by the inlet of
the pipe leading to the drop structure, which in turn feeds the culvert running under the haul road. At
the design discharge of 13 m”/s, the water level in the pool would rise to approximately elevation
1127.8 m. The base of the plunge pool will be set a minimum of 0.30 m below the invert of the
existing 2000 mm CSP pipe. The primary function of the plunge pool in Phase | of the Vangorda
Creek Diversion is to dissipate energy of flow existing the stepped chute and to generate adequate
head to pass flow into the pipeline leading to the drop structure. The riprap lining of the existing
pool is expected to be upgraded to a minimum thickness of 0.5 m and the sideslopes regarded to a
maximum slope of 2H:1V. Overall, the final base geometry of the Phase 1 plunge pool is expected
to be about 25 m in width by approximately 25 to 30 m in length.

In Phase 2, a plunge pool will be constructed at the outlet of the diversion in order to dissipate the
energy of the water before it re-enters Vangorda Creek south west of the pit. Generally the base of
this pool is expected to be 25 m in length by approximately 15 m in width with 2H:1V sideslopes
and will be lined with riprap (D50 = 0.5 m).

Access Road

In order to construct the channel in those sections with long side slopes, 5 m wide benches have been
incorporated into the design. These benches will also provide permanent access roads to the channel.

Quantity Estimates

The quantities and volumes used for the Vangorda Creek Diversion project were based primarily on
the results of the 2009 SRK field investigation findings, through the use of Gemecom GEMS® 3D
modelling and AutoCAD Civil 3D" drafting software, as well as through cross-section checks along
the alignment. All volumes in Table 5 and 6 below are reported as in place volumes; no bulking
factors have been applied.

The Vangorda Creek Diversion (VCD) was divided into three regions and then further subdivided
into the two construction phases. The estimated excavation volumes are summarized in Table 5 for
the final four options assessed.
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Table 5: Comparison of Estimated Excavation Volumes for Various VCD Geometries

Geometry
=-0+000 to 0+825 ~0+875 to 1+506 Volumes (m’)
Option at a 1.5% grade at a~11% grade
Base Width | o 1o stopes | B2 Wit | o e Slopes | Phase1 | Phase2 Total
(m) (m)
1 (5] 2H:1V 3 - 2H:A1V 159,902 42,066 201,968
2 3 2H:1V 3 2H:1V 150,171 38,632 188,803
3 3 2H:1V 3 15H:1V 123,484 38,632 162,116
4 6 2H1V 3 1.5H:1V 133,210 42,066 175,276
Notes:

1. The transition zone geometry from station 0+825 to 0+875 was kapt constant
2. Table does not account for any overexcavation,

To more fully satisfy the design criteria, Option 1 was selected out of the options detailed above in
Table 5. Table 6 below presents a detailed breakdown of the estimated geological materials
expected to be encountered during construction, as well as estimates of the required cut/excavation,
fill and riprap volumes for Option 1.

Table 6: Preliminary Summary of Estimated Vangorda Creek Diversion Volumes

Volume (m°)
Iteam
Unit Total
Topsoll 30,5682
Overburden/Till 130,942
; 201,
Excavation/Cut Silty Sand 11,588 01,968
Phyllite/Bedrock 28,846
Phase 1 13,353
Fill - 13,353
Phase 2 0
Phase 1 9,180
Ripra 11,456
e Phase 2 2,276
P
Step Boulders T 414 697
Phase 2 222
Phase 1 2,837
-E ti 2
Stepped Chute Over-Excavation Phase 2 1123 3,960

Notes:

1. The Volumes presented are solely for the Vangorda Craek Diversion channel and do not include the headworks
components.
2. Step boulders are assumad to be halfway between a sphere and a cube.

Table 7 below presents a preliminary breakdown of estimated material quantities expected to be
encountered and utilized during the headworks construction.
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Table 7: Preliminary Summary of Estimated Headwork Volumes
i Volume (Bm°)
e Unit Total
Topsail 0 - minor
Foundation and Key ) Overburden/Till 150
Blast 250
Trench Excavation/Blas Weathered Bedrock 50
Drill/Blast Bedrock 50
Main Embankment General Fill (not bulked) 1,272 1,272
i i 360 360
Embankment Protaction Riprap .
Erodible Plu Sand and Gravel 92 110
4 Compact Core Material 18
Other Exit Chut/Apron Riprap 918 918

4.9

Cost Estimate

The equipment rates in Table 8, were used to develop the unit rates for handling soil and rock
material for the various material types. Equipment rates are based on the rates published by the BC
Government in the 2008-2009 Blue Book. Unit rates are based on in-house experience, the CAT
performance handbook and the 2008-2009 Blue Book. In addition the aforementioned, unit rates
were developed to include the equipment type and amount of trucks required, travel distance,
average grade, load, haul, dump and place for the simplified material types.

Table 8: Preliminary Equipment Unit Rates

Model Equipment Rates ($/hr) Operators
Compactar

CAT CP74 105.97 1
Dozer

CAT D7 201.02 1
Drill

Air Rotary, 200 cfm compressor ) 34549 2
Excavator

CAT 336CL ] 187.67 ] 1
CAT 345 28767 1
Lifting

TL642 81.97 1
Loader

CAT 972 193.12 1
Truck

CAT 740 219,22 1

Note: Fuel rates are not included in the above table.
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The productivity of the rock and soil moving operations was controlled primarily be the number of
trucks selected to haul material. Unit rates would vary depending on the actual number of trucks
used. A preliminary estimate for the construction costs associated with the Vangorda Creek
Diversion (based on the older November 2009 design, see additional comments in section 4.10) is
presented in Appendix IX.

Technical Specifications

SRK has prepared a preliminary draft of the technical specifications for the Phase 1 Vangorda Creek
Diversion Channel Construction. The first revision of the document (Revisions A ) was issued for
review in November 2009. This document was based on the November 2009 design. The

February 2010 revision (Revision B) of this document has been update to reflect the step chute
concept at the current time (See Appendix IV).

Post Construction Monitoring

A post construction monitoring program should be implemented upon completion of each phase of
the Vangorda Creek Diversion construction. This program should be designed to monitor the
physical and environmental stability during and after the closure period. Routine inspections should
be done to ensure conformance of the diversions implementation/construction with the closure plan.
Regular inspections should be performed by both the owner, or owner’s representative, and by the
design engineer (SRK), or another qualified geotechnical engineer. Inspections should be more
frequent over the first year, after the initial phase of construction has been completed. Subsequent
year’s inspections can be reduced to once per year. The initial increased frequency of inspection will
allow for the functions and characteristics exhibited by the diversion to be observed. With the
information and observations gathered, design revisions, upgrades and contingency measures can be
implemented in the following year. This initial phase of modifications will allow for a more optimal,
robust, and long term functioning diversion, as well as assisting with finalizing the alignment and
design of the Phase 2 component.

Some of the key items which should be inspected include:

« Embankment seepage, settlement, erosion, piping, cracking;

« Erodible plug, settlement, erosion, piping (it is recommended that in the first year a live test be
carried out on the headworks dam to provide comfort that the plug will erode);

¢ Diversion blockages, channel settlement, lateral movement, erosion, cracking, icing,
concentration of high flows in corners;

e Performance of riprap (e.g. around headworks, plunge pool, stepped chute, general diversion),
s Performance of geosynthethics and geomembrane sections;

* Water quality in the diversion; ensure geochemical standards are met/upheld;
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e Performance of stepped chute, erosion (step erosion, scour between steps, lateral erosion around
steps), sediment load, settlement, deformation, steel pipes and step boulder function; and

= Side slopes of diversion channel, slope stability, surface water management measures.

Survey markers should be established on the embankment as well as at various locations along the
diversion channel to quantify settlement and lateral movements. These should be surveyed monthly
initially and then less frequently if movements are negligible.

Finally, the contingency plan should be further defined and developed to better address any possible
disruptions to the facility.

Final Remarks

This report primarily focuses on presenting the work done to date on the preliminary Vangorda
Creek Diversion design. The preferred approach presented in this report to address the steeper
sections of the proposed diversion alignment is the stepped chute approach. This approach would
involve cutting a series of steps into the channel base that have a rise of lm and a tread of 9 m. The
primary concern with this approach is in regards to the erodibility of the bedrock and the glacial till
overburden, To address this concern, the following strategy is recommended. Build the stepped
chute section of the diversion in the rock as designed with erosion protection on the till only.
Monitor the erodibility of the bedrock foundation in the stepped chute over the first few years of
operation and make any modifications necessary to protect the integrity of the channel.

The alternative approach to the above the North Wall pushback option discussed in Appendix VIIL
This option involves upgrading the existing flume diversion to a riprap lined open channel around
the north perimeter of Vangorda Pit. The prime advantage of this option is the maximum channel
gradient for Phase 1 of the project would be limited to no steeper than 7% over a distance of about
220 m, which compares to the 11% slope over a distance of 460 m for the main option presented in
this report. In Phase 2 however, the gradient of the channel from the plunge pool to Vangorda Creek
would still be on the order of 10%, but over a much shorter distance and in a less critical section of
the diversion. The main disadvantage of this option is the need to construct this diversion in the
winter as Vangorda Creek would need to be diverted around the construction zone using pumps and
pipes. It may also be necessary to buttress the pit wall below the diversion to provide an increased
factor of safety against failure in the long term. This option also removes the flexibility of retaining
the existing flume as a back up in the event flows exceed the design event.

Along the currently proposed diversion alignment, approximately from stations 1+150 to 1+500, it is
unknown if the base of the diversion channel will be in overburden or bedrock. It is recommended
that an additional three drill holes be drilled in the lower reach to determine if the overburden
stepped chute design will be required to be constructed in this section. Drill hole locations would be
chosen approximately at locations around station 1+200, around the existing plunge pool
(approximately around station 1+300) and through the existing haul road (around station 1+375).
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Alternatively if the latter drilling is not done it is recommended that this area be highlighted to the
bidding contractors. Further, if drilling in this section of great uncertainty is not undertaken, then
additional time for field fitting and design revision will likely be required and should be planned for
accordingly.

This report, “Fare Mine Complex, Vangorda Creek Diversion, Design Report - DRAFT”, has
been prepared by SRK Consulting (Canada) Inc.

Prepared by

Peter Healey
Principal Engineer

Patrick Bryan
Associate

John Kurylo
Staff Consultant

Reviewed by

Cameron Scott
Principal Engineer

All data used as source material plus the text, tables, figures, and attachments of this document have
been reviewed and prepared in accordance with generally accepted professional engineering and
environmental practices.
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1
1.1

1.2

Introduction

General

The Yukon Government (Energy, Mines and Resources Assessment and Abandoned Mines Branch)
has assumed responsibility for the Faro Mine Complex, and Denison Environmental Services (DES)
has been awarded a contract to provide care and maintenance services to Yukon Government at this
site. As part of the ongoing work, a number of projects are planned for 2010 to reduce the risk of
impacts to the environment. One of these projects is the construction of a permanent diversion of
Vangorda Creek at the Vangorda /Grum mine site.

The existing flume which carries Vangorda Creek around the pit is in an advanced state of disrepair.
Failure of the channel would likely result in flooding of the pit and consequently, an unmanageable
increase in the volume of contaminated water. A new channel is proposed to the North of the Pit
and would be constructed in two phases. The first phase would extend from a new intake structure
located about 500m north of the existing diversion headworks on Blind Creek road to the existing
plunge pool and dropbox structure at the haul road. The total length of the initial phase of the
diversion would be about 1325m. The future second phase of the work would extend the diversion
by about 125 to intersect the original Vangorda Creek.

Y G contracted SRK Consulting (Canada) Inc. (SRK) to carry out a geotechnical field investigation
and engineering design for the construction of the new diversion. The geotechnical field
investigation component was carried out between May 28 to June 19, 2009. The investigation
involved the excavation of a number of test pits and a drilling program along the centreline of the
proposed diversion alignment. The report presents the results of that investigation and provides the
in interpretation of the insitu surface and subsurface site conditions.

Background

To allow for the mining activities in the early 1990’s at the Vangorda Pit, a diversion of the
Vangorda Creek, upstream of the pit, was required. A general overview of the Vangorda and Grum
mine developments including the development of the conceptual design for diversion are presented
in the December 1989 “Vangorda Plateau Development, Water Licence Application™. In 1990, as
part of the preliminary geotechnical and hydraulic design of the Vangorda Creek Diversion, an initial
field investigation, consisting of mainly test pitting, was done downslope of the currently proposed
diversion.

Since its construction in 1991, SRK has completed yearly inspections of the existing Vangorda
Creek Diversion flume and the surrounding Vangorda areas. A detailed inspection of the original
Vangorda Creek Diversion, performed after the flood in 2004, which necessitated the upgrade and
reconstructions to the current diversion, can be found in the “Vangorda Creek Diversion Inspection
Report, June 2004”. In addition to the latter, a field inspection of the overall pit wall conditions was

JBH/sde
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carried out during a site visit in 2002 and the finding presented in the, “Engineering Analysis of
Vangorda Pit Wall Stability” report.

Field Activities

The Vangorda Creek Diversion (VCD) geotechnical field investigation was carried out between
May 28, 2009 and June 19, 2009 by SRK site staff. The SRK site investigation team consisted of
John Kurylo (onsite from May 28 to June 19) and Peter Healey (on site from June 2 to 4).

SRK carried out the following tasks as part of this program:

e  Drill rig selection/organization

= (eneral Site Reconnaissance

s  Surficial geology visual interpretation

= Road clearing/ development of drill access

= Excavating of twelve test pits

= Test pit stratigraphy logging/classification

s Drill hole layout

s Diversion alignment ground survey, 1m survey resolution

e Drilling, seven boreholes (deepest one being 21.34m-deep)

= Borehole cuttings logging

= Simplified geotechnical rock core logging

e Standard Penetration/in-situ density testing

s Disturbed and undisturbed (split spoon) sample collection

= Well installation, four standpipe piezometers

=  Groundwater flow/piczometer measurements

= Soil samples, core sample and gain size analysis testing

Throughout the field program the winds were generally moderate to slight with daytime temperatures
reaching highs of 22°C (average) and lows down to 10°C (average). Conditions ranged from sunny

clear skies to overcast with periods of intense rainfall. All field work was completed under the

supervision of SRK site staff.

JBK/edc
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3
3.1

Investigation Methods

Test Holes

All test pits were excavated using a thumbed CAT 345 C Excavator, operated by Denison
Environmental Services (DES) personnel. A field traverse of an access route along a preliminary
alignment of the VCD was first flagged by utilizing a handheld Garmin GPS unit. Trees and
vegetation were cleared by the excavator along the flagged alignment creating a pathway for drill
access. After sections had been cleared for access, test pits were excavated. Test pitting progressed
from the northeast extent to the southwest of the proposed diversion alignment. Test pit locations
were selected to provide an even spatial distribution over the extent of the diversion alignment; these
locations were slightly field fit to encountered site conditions.

Test pits were advanced until the excavator reached refusal on bedrock, frozen ground, dense cobble
rich till or on boulders, SRK field staff logged and photographed the excavator progress as well as
soil and rock conditions encountered. For safety test pits greater than 2m depth or with steep
unstable side slopes were not entered. When unable to enter a test pit, changing soil stratigraphy and
overburden samples were gathered from the excavator’s bucket for closer classification and visual
examination. Upon completion of the field test pit logging the test pits were backfilled with the
excavated material and compacted through tamping with the back of the excavator bucket.

Grab samples were taken of overburden glacial till when encountered during the test pit excavations.
One test pit sample from SRK09-TP02 (second test pit excavated) was delivered to EBA
Engineering’s soil testing laboratory in Whitehorse (see Section 3.5 for results). Notes and
photographs were taken on the remaining soil samples. After the test pits had been backfilled the
locations of the test pits were flagged and later picked up as waypoints in the ground survey.

The surveyed coordinates and total depth of the completed test pits are provided in Table 1. Figures
1 and 2 show the test pit locations excavated in the Vangorda Creek Diversion field investigation

area.

Table 1: Test Pit Locations

Ground Surface

Test Pit ID Northing’ Easting’ Elevation (m) Total Depth (m)
SRKO09 - TPO1 6903901.9 594771.2 1200.5 3
SRK09 - TP02 6903868.3 594708.7 12022 6.2
SRKO09 - TP03 6903799.6 594629.4 12026 6
SRK09 - TP04 6903779.8 594516.7 1202.5 5.8
SRK09 - TP05 6903753.3 5944086.1 1201.9 2.5
SRKO09 - TP06 6903710.5 594250.5 1193.4 2.8
SRK09 - TPO7 6903692.5 594175.2 1190.5 1.25
SRKO09 - TP08 6903701 594043.8 1189.2 5.8
SRK09 - TP09 6903689.7 |  593948.4 1186.8 2.1
SRKO09 - TP10 6903654.5 5938710 1178.9 1.6
SRKO09 - TP11 6903607 4 593797.2 1166.4 4.3
SRK09 - TP12 6903507.8 593728.5 1150 6.4

1. UTM Projection NAD 27, Zona 08 V.,
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3.2 Drilling

Boreholes were drilled by a 3-person crew using Geotech Drilling Services Ltd’s track mounted
double rotary Fraste Mulii Drill - XL. The Fraste Multi Drill was supported by two Morookas,
MST-1500 and MST-1600 series, transporting the drill rods, bits, accessories, general equipment, as
well as the air compressor. This drill was selected as it has the capabilities to drill through cobble
and boulder rich overburden through the use of the *Overburden drilling with eccentric bit” or ODEX
drilling method as well as diamond core capabilities for bedrock drilling. All boreholes were vertical
and were completed using drill steel with either compressed air during ODEX, or water during
diamond core drilling.

During ODEX drilling, air is injected down the hole to return the air, soil and rock chips (cuttings)
generated from the percussion action of the ODEX bit, to a cuttings sampler spout at the ground
surface via the interior of the drill steel. Cutting samples were generally collected by hand or in a 20
litre pail placed under the cutting spouts at defined intervals and stratigraphic changes. In the case of
the diamond core drilling, water is injected down the hole to assist with the diamond drilling and the
core is lifted to the surface in the core sampling assembly/rods. All holes were commenced with
10.16 cm (4-inch) ODEX bit drilling until bedrock was reached. HQ or 63.5 cm diameter diamond
core drilling resulted in four of the seven boreholes. Core runs were collected to gain a better
understanding of the geotechnical bedrock conditions. Boreholes were advanced to refusal in either
weathered phyllite or more competent fractured phyllite bedrock and were drilled to final depths
below the expected diversion invert, as determined using AutoCAD.

In addition to rock core sampling Standard Penetration Tests (SPT) as well as split spoon sampling
was performed periodically to gather in-situ samples and overburden density measurements. These
tests were performed by removing the ODEX bit and entering the casing with soil sampling and
hammer assembly or coring equipment.

SRK field engineering staff John Kurylo supervised the drill, logged the recovered core and soil
materials, and collected representative soil samples for geotechnical testing. Two in-situ split spoon
soil samples from SRK09-DHVDO04A and SRK09-DHVDO04B, drilled adjacent to and within 5m of
cach other, were collected and delivered to EBA Engineering’s soil testing laboratory in Whitehorse.

Borehole locations were determined and marked after the test pitting activities and staked during the
ground survey. The surveyed coordinates, depth and orientation of the completed boreholes are
presented in Table 2.
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4

Investigation Results
Test Pits — Surficial Geology

Complete test pit logs are provided in Appendix A and photographs are provided in Appendix B.
Test pits are named in the order they were excavated, starting at the northeast extent of the diversion
and working down alignment to the southwest. Locations of the test pits are shown on Figures 1 and
2 as well as in Table 1 and Appendix A.

The depth of the test pits varied from 1.25 m to 6.40 m. Based on field test pit classifications of the
soils and weathered bedrock, the stratigraphic profile consists of the following:

s 0.1-0.9 m(0.5m average) dark brown to black, fibrous topsoil, consisting of an organic matt
with soft silts, clays, some sand and some to trace gravel. Typically sections near the base of the
topsoil stratigraphy were observed to be frozen. There appears to be a deeper pocket ranging in
thickness from 0.9-1.5 m closer to the central extents of the proposed VCD alignment around
SRK09-DHVDO05 and DHVDO06. This topsoil layer was covered by overlying shrub, grass and
tree vegetation and was observed to be wet to saturated with some surficial ponding observed.

e In about one third of the test pits a layer of medium brown, soft, wet, silty sand to sandy silt with
some clay, gravel and cobbles was encountered beneath the topsoil. This layer typically ranges
from 0.1 to 0.3 m and contains a high organic content with some root mass. This stratigraphy
appears to be an extension of the upper topsoil layer and would likely be stripped as part of the
upper organic rich topsoil layer. Near the top of this stratigraphy occasionally a creamy thin
0.1 m thick volcanic ash or tephra layer was observed to be transitioning into this unit.

e The next stratigraphic unit encountered was a glacial till. Typically this material was a greyish
brown to medium brown, silty sand to sandy silt with gravel, sub-rounded cobbles, mainly
igneous boulders and some clay. This layer is variable in thickness but typically is greater than
I m. This material was observed to generally be dense, moist, exhibiting medium plasticity and
was the predominant overburden material observed.

e Near the south-western portion of the VCD alignment, closer to the area where the diversion will
again reconnect with the natural alignment of Vangorda Creek, there was approximately 2 m or
greater thickness of rock road fill material over the glacial till overburden unit. This is depicted
in the SRK09-TP12 log.

¢ The underlying phyllitic bedrock is undulating and fractured to heavily fractured and weathered.
Refusal of tests pits on bedrock occurred at depth typically around 1.3 m to 6.4 m below the
original ground surface, however test pits SRK09-TP02, 03 and 04 never reached bedrock. The
undulating bedrock shows deep pockets and shallow knolls and excavation at any location can
vary significantly. The weathered extent of the phyllitic bedrock, which was rippable by the
CAT 345 C excavator, showed signs of oxidization and heavy fracturing and ranged from 0.1 to
3.5m in thickness (average thickness being closer to 1.5m).
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4.2

Figures 3 to 6 present typical cross sections through the site investigation area near the areas where
test pits were excavated, illustrating the interpreted subsurface profile as described above.

Boreholes — Subsurface Investigation

For unconsolidated and loosely consolidated silts and clay rich overburden section, the drill rods fell
almost entirely under their own weight as the ODEX bit was cleared with compressed air. Soft
ground conditions did not provide sufficient resistance and the rods frequently become ‘caked’ with
soil fines resulting in a slower rate of progression. Poor cuttings sample recovery was achieved in
unconsolidated and loosely consolidated soils. Good cutting sample recovery was achieved in the
dense, often cobble and boulder rich overburden glacial till sections. Recovery from the cuttings
spout was constant so that the layering of the stratigraphy was typically preserved. However,
precision in depth determination was estimated to be approximately 0.5 m. During diamond core
drilling poor recovery was observed in heavily quartz intruded or fractured bedrock while good to
excellent recovery was achieved in more competent bedrock. Although general geotechnical rock
core alpha angle trends were recorded, as no drill orientation to correlate runs together was know, the
angles presented may vary by £180° intervals.

The Geotech drilling team commented that some hydrofracturing resulted when diamond drilling
with down borehole injected water in the heavily fractured phyllitic bedrock. The resulting
hydrofracturing could be observed as the casing became lodged down borchole as it was removed.

In one instance as result of the weak fractured phyllite bedrock, as well as from the additional
induced drilling hydrofracturing, a HQ core barrel was lost down borehole SRK09-DHVDOS at
approximately 10.7 m depth (the inner tube and head assembly was retrieved). This hydrofracturing
phenomenon was observed on site in the weak fractured phyllite bedrock typically close to regions of
historic metamorphic fluid flow, observed as competent quartz veins, and not encountered when
ODEX drilling with compressed air.

Complete stratigraphic logs of the completed geotechnical boreholes, the SPT blow count data and
the installation details for the monitoring wells are provided in Appendix C of this Investigation
report. Photographs of the core runs drilled are presented in Appendix D. Boreholes are labelled in
a similar manner as the test pits, starting at the northeast extent of the diversion and working down
alignment to the southwest. Locations are shown on Figures 1 and 2. The following sections
summarize the results of the drilling program.

SRKO09 - DHVDO1

Borehole DHVDO1 was drilled to a depth of 11.02 m. Sample recovery from DHVDO1 was
generally excellent. Approximately 0.1 m of topsoil then 2.2 m of weathered phyllite was found to
overlay phyllitic bedrock exhibiting near horizontal planar cleavage. The phyllite bedrock was
generally moderately to heavily fractured and jointed displaying heavy micro defects and soft red
brown staining. Typically this rock was of poor quality, Rock Quality Designation (RQD) in the
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range of 29 to 46% and the jointing and foliation breaks were found to be orientated in the range of
60° to 90 and 110" to 120°. Upon completion of the borehole a monitoring well was installed.

SRKO09 - DHVDO02

Borehole DHVDO02 was drilled to a depth of 14.33 m. Sample recovery from DHVDO02 was
generally good to moderate, moderate in poor quality rock. Approximately 6.7 m of glacial till
overburden was found above 6.6 m of granodiorite rock overlying weathered, highly planar fractured
phyllitic bedrock. Generally the granodiorite lithology was extremely weathered for the first 0.6 m
then exhibited heavy hematite alteration, hard red staining, and moderate micro defects. Variable but
generally weak poor rock quality, RQD 20 to 31% was encountered. Typically the jointing in the
granodiorite was observed to be orientated in the range of 50° to 65°.

SRKO09 - DHVDO03

Borehole DHVDO03 was drilled to a depth of 14.17 m. Sample recovery from DHVDO03 was
generally moderate to poor. Approximately 8.7 m of glacial till overburden was found above 3.4 m
of granodiorite rock overlying interbedded phyllitic and granodiorite bedrock. From the cross
cutting relationship it appears as if the granodiorite intruded the phyllitic bedrock unit around this
area. Generally the sections of the granodiorite runs recovered were of strong but very broken and
poor quality rock, RQD in the range of 21%, and the phyllite core recovered showed moderate
strength and fair rock quality with lots of micro defects and foliation breaks, RQD in the range of
46%. Typically the jointing in the granodiorite was observed to be orientated in the range of 60° to
75°, while the phyllite joint and foliation orientated was in the range of 65° to 80°.

SRKO09 - DHVDO4A

Borehole DHVDO04A was drilled to a depth of 21.34 m. Sample recovery from DHVDO04A was
solely from ODEX cuttings and was generally excellent. Approximately 0.9 m of topsoil was found
over a massive silty sand layer 18.7 m in thickness. The cuttings from the silty sand layer werc
characterized as brown-yellow silty sand with some to trace gravel and clay. Upon drilling through
the silty sand layer the granodiorite lithology was first encountered for approximately 0.6 m then the
subsurface profile transitioned into the phyllitic bedrock. The bottom of the borchole was observed
to be dry at the time of drilling.

SRKO09 - DHVD04B

Borehole DHVDO04B was drilled to a depth of 21.34 m. Sample recovery from DHVDO04B was
solely from ODEX cuttings and was generally excellent. Borehole DHVD04B was drilled near to
DHVDO04B as an additional borehole to gain more geotechnical data about the massive silty sand
unit encountered in DHVDO04A. Approximately 0.9 m of topsoil was found over massive silty sand
12.2 m in thickness. The massive silty sand stratigraphy was observed to have reduced by 6.5 m
from the thickness observed in the neighbouring DHVDO04B indicating that the maximum thickness
of this stratigraphy is likely on the order of 19 m as observed in DHVDO04A. This lithology is more
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typical of water deposited type sediments, perhaps glacial fluvial or more likely from a glacial
outwash channel origin. The cuttings from the silty sand layer were characterized as brown-yellow
silt and sand with some to trace gravel and clay. Upon drilling through the silty sand layer
weathered phyllitic bedrock was encountered. The bottom of the borehole was observed to be dry at
the time of drilling; however, a monitoring well was installed at the base of the silty sand layer to
confirm expected local hydrogeological site conditions.

SRKO09 - DHVDO05

Borehole DHVDOS was drilled to a depth of 15.65 m. Sample recovery from DHVDO05 was
generally moderate to excellent. Approximately 1.5m of topsoil then 4.5m of weathered phyllite was
found to overlay phyllitic bedrock exhibiting near horizontal planar cleavage. The phyllite bedrock
was generally very heavily fractured and jointed and displaying heavy micro-defects, soft red brown
staining and frequent foliation breaks. Typically the rock mass was poor to very poor quality, RQD
0 to 51%. Jointing and foliation breaks were found to be orientated in the range of 70° to 85°and
110° to 125°. A monitoring well was installed at this location.

SRKO09 - DHVDO06

Borehole DHVDO06 was drilled to a depth of 17.98 m. Sample recovery from DHVDO6 was solely
from ODEX cuttings and was generally excellent. Approximately 0.9m of topsoil was found over
16.5m of glacial till which overlaid weathered phyllite. Water could be heard entering the borehole
at depth during the monitoring well installation at this location.

The interpreted subsurface profiles are presented in typical cross sections through the site
investigation area near the areas where boreholes were drilled, Figures 3 to 6. The results from the
field borehole SPT density testing and in-situ sampling are presented in Table 4.
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Table 4: Field Standard Penetration Testing Results
EBlows

Locationy Depth (Type):z ist6" 2nd 6" 3rd 6" h e N Values
SRK089-DHVDO1 1.47 -1.93 m (SM/BR) 37 (rock) 19 22 41
SRK09-DHVDO02 2.44 -3.00 m (SM/SC) &4 4 7 9 11
1.22 (SM) 3 75 5 10
; 2.74 (SM/GM) 10 23 17 40
SRK09-DHVDO3 4.27 (ML/SM) 11 36 (cobbles) 23 (stopped) =
7.32 (SM/GM) 21 36 Rock (stopped) ~
0 (PT/SM) 4 7 8 15
SRK09-DHVDO4A 2.74 (SW/SM) 5 12 20 - 32
7.32 (SW w. GM) 12 23 27 50
4.27 (SM) 12 16 15 31
SRK09-DHVDO4B 585 (sm) 17 21 39 60
SRK09-DHVDO5 1.22 (PT/SM) 3 3 : 15 18

4.3

1. UTM Projection NAD 27, Zone 0B V.

2. Soil type is designated soil symbel according to the Unified Soil Classification System (USCS); See Table 3.
3. Field N values calculated = sum of blows from 2nd and 3rd 6" intervals.

Standpipe Piezometers

Standpipe piezometers were installed to provide data on groundwater flow and pore water pressure
that should be expected during the VCD construction. Water level readings were taken from the
piezometers in detail on July 19, 2009 prior to leaving site. These measurements were taken after

completion of piezometer installation and then left to allow time to pass so that piezometric pressures

could stabilize and more accurate head measurements could be obtained. The well logs/piezometer
as-builts are presented in Appendix C. Table 5 below presents the piezometric measurements

gathered on July 19, 2009.

Table 5: Piezometric Measurements (Taken on July 19, 2009)

Top of Saraaned Dapthz (m) Height to top | Water Level
Location/Well ID4 Scraeny s Units of Casing Elavation
(m) 4 To Water | Total Wells (m) (m)
SRK09-DHVDO1 7.92 GM/BR 4.505 11.852 0.794 1187.79
SRK09-DHVDO04B 8.35 SM DRY 12.065 0.687 < 1188.44
SRK09-DHVDO05 4.57 Fracturad BR 2.667 8.400 0.731 1188.56
SRK09-DHVDO6 9.14 SM to GM 8.707 13.043 0.715 1169.71

1. Please refer to 'Table 2: Geotechnical Borehole Locations' for GPS coordinates and original ground surface elevation.
2. Measured vertically down from criginal ground.
3. All monitoring wells/standpipe piezometers installed had a 3.05m length screen.
4, Soil type is designated soil symbol according to the Unified Seil Classification System (USCS); see Table 3 notes for further

details.

5. Includes length of pve In casing above original ground level.
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4.4

4.5

Ground Survey - Topography

The results of the 1m resolution ground surface GPS site survey conducted by YES is shown in
Figure 1. Additional survey coverage was gained in the areas near the most north-eastern end of the
alignment, (expected entrance of Vangorda Creek to the diversion), as well as near the most
southwest extents, (where the diversion will again reconnect with the natural alignment of Vangorda
Creek). The opposite side of Vangorda Creck was surveyed in order to provide assistance with final
design of the VCD earthern intake structure. Near the south-western portion of the VCD alignment
the road fill material was observed to be thinner in thickness to the west. Based on the survey
contours and field observations it is estimated that this fill material trends from approximately 18 to
22 m in thickness, moving from west to east (near the southwest extents of the proposed VCD
alignment). Photographs of approximate road fill thickness and ground conditions near the
southwest diversion alignment extents are provided in Appendix F.

Laboratory Testing

Three overburden samples were subject to basic geotechnical classification testing, with the primary
results summarized in Table 6. Complete laboratory sheets are included as Appendix E.

Table 6: Particle Size Analysis Test Results (ASTM D422 & C136)

Soil Type (Field Sample Location g::g :ilzl: Sand Gravel 'gzl:::;:
¥ i af

Classification) [Lab ID] (%) (%) Size (%) | Size (%) (%)
SAND TILL - gravelly, - i
some silt to silty, trace clay (Sz;R(ll.EJDna)Tplg(szf 6 21 39 35 9.5
and cobles a H
SAND - trace gravel, silt, SRK09-DHVD0O4B
clay (7.32m) [DHO4]' ! 7 85 8 el
SAND and SILT -trace to | SRK09-DHVDO4B
some gravel, trace clay (8.85m) 3 5 35 51 10 8.0
and cobbles [DHVDO4E]

Note 1: Values have been extrapolated from the laboratory results prasented in Appendix E and grouped by material
proportion and grain size as classified by the Modified Unified Soil Classification System.

The samples tested were classified as dense well-graded silty sand with some gravel, typically
referred to as a glacial till, and as silty sand. Water content of the samples is estimated to vary
around 9.5% in the glacial till to 6.9% in the silty sand stratigraphy leading to an average moisture
content within the overburden of 8.1%. During the excavation some boulders were encountered,
primarily in the glacial till overburden stratigraphy, these are not reflected in the grain size
distribution curves. The larger boulders are expected to be encountered occasionally within the
material and would be separated manually from the soil matrix or worked around then fractured into
smaller portions to be removed.
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5

Final Remarks - General Site Conditions

Based on the completed geologic field investigation outlined in this report, the development of the
Vangorda Creek Diversion will encounter the following subsurface geology:

= Topsoil; dark brown to black, fibrous, consisting of an organic matt with soft silts, clays, some
sand and some to trace gravel.

s Glacial Till; dense, greyish brown to medium brown, silty sand to sandy silt with gravel, sub-
rounded cobbles, boulders, some clay and exhibiting medium to low plasticity.

s Silty Sand; brown-yellow permeable silty sand with some to trace gravel and clay.
e Granodiorite; salt and pepper grey to pink grey in colour, generally fair to poor rock quality.
s Weathered Phyllite; grey, highly fractured, planar cleavage, oxidized, very poor rock quality.

= Phyllite; grey, fractured, quartz veined often altered poor quality erosive rock.

The development of the Vangorda Creek Diversion area will include clearing trees and thick
vegetation, as well as grubbing the remaining scrub and low profile vegetation. Typically the
overburden glacial till is expected to be removed with a excavator, as was demonstrated during test
pitting. It should be noted however, that with increasing depth harder denser till was observed. In
areas where the resulting overburden excavation will be greater than six meters or in areas where the
denser till is observed to be cobble and boulder rich, progress can be expected to be slow and
additional effort beyond excavator digging and dozer stripping should be expected. The weathered
phyllite layer generally appears to be favourable for mechanical ripping activities. This weathered
phyllitic bedrock unit is expected to be able to be ripped on average for one meter of vertical
excavation before refusal on more competent rock results.

Based on piezometric data, water levels were observed to vary from approximately 2.7 to 8.7 m
below the original ground surface; frequently above the expected elevation of the proposed
Vangorda Creek Diversion invert. In addition to the aforementioned saturated and frozen soil
horizons were observed near surface during the field investigation activities. Water inflow on the
order of magnitude from 2 L/min to greater than 3 to 5L/s should be expected throughout most of the
Vangorda Creek Diversion construction.

At the time of this report only one set of piezometer water level measurements had been collected. A
a piezometer monitoring program will be implemented so that additional hydrogeologic data can be
collected for further analysis. The piezometer monitoring program for the Vangorda Creek
Diversion will comprised bimonthly to monthly piezometer measurements taken until the
commencement of the Vangorda Creek Diversion construction activities.
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This report, “1CY001.031.002 — Vangorda Creek Diversion, Geotechnical Field Investigation,”
was prepared by SRK Consulting (Canada) Inc.
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SRK Consulting

LOCATION: Vangorda Diversion Preliminary Allgnment

PAGE:

OF 1

; P FILENo: FARO (1CY001.031) DRILL TYPE: Excavator
Engineers and Scientists
BORING DATE: 2008-06-01 TO  2008-06-01 DRILL: CAT 345C Excavator
DIP:  90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 6903901.90 N 58477120 E DATUM: UTM NAD 27,08V
| SENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS |(SAMPLE TYPE
[ TIEeareg [F?ula!msd for drill access first then excavated - Bentonita Grout Sﬂnd E Topsoll Gravel E Remaulded DC Dilamond Core
ST PIT. RNY Bentonite Boulder [T Sand Undisturbed GS Grab Sampla
D Cultings Clay [[TT]sit - L S8 Split Spoon
Cement D Cobble EI:[ Core
WELL - STRATIGRAPHY ~ SAMPLES
DETAILS | g WATER CONTENT
& WATER 4
€| E =|E - f & and LIMITS (%)
E |z | LEVEL-m (O}s 2 |[ZEH|8|=| &
- EE m [<o|E|lWl
il i =4 £ |ES(2|3| &
=l =1 E o DESCRIPTION - ﬁ E 5lo = W, Ww w
[} oW F—e—
20 40 60 80
1200.50) : : ‘
0.00 ORGANIC] VEGETATION MATT
1200.30)
0.20 Dark TOPSOIL ‘
E 1200.00)
0.50 Medium brown subangular to rounded clast. COBBLES, SAND,
some gravel and silt. TILL.
n 1199.50 . \
1.00 Medium brown subangular to rounded clast. COBBLES, SILT, 1
I‘ SAND, some gravel. TILL.
b |
o |
j
& L
|
o |
£ * i
§| | | i
£ |
q |
§} -
E‘ |
gl i
Grab sample taken at 2.75m.
L. 1197.60} i 1BE--GmI: o 0
2,90 Refusal on BEDRGGK
a = g 1197.50
E 10 300 | ENDOF HOLE
3
s \
g




snK COMHIting LOCATION: Vangorda Diversion Prellminary Allgnment PAGE: 1 oF 1
2 el FILENe: FARQ (1CY001.031) DRILL TYPE: Excavator
: Engineers and Scientists {
i BORING DATE: 2008-08-01 TO  2008-06-01 DRILL: CAT 345C Excavator
DIP:  90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: B903868.30 N 504708.70E DATUM: UTM NAD 27, 08V
GENERAL_GDMMEHTS; WELL PLUG MATERIAL LEGEND S0IL LEGEND SAMPLE CQNTTWN3 SAMPLE TYPE
_?_:IEeSa_rres I_rrnutelmad for drill access first then excavated | [l Bentonite Grout [ sand | E=] Topsoil [555) Gravel| [><] Remoulded DC Diamond Cora
: ESS Bentonite (] Boulder 377 Sand #7 undisturbed GS Grab Sample
™79 cutings Ciay  [[TT] sit B Lost S5 Split Spoon
Cament [L7] Cabble ) &
WELL STRATIGRAPHY SAMPLES
:5;":“ E WATER CONTENT
[ TER t
|z | E z|E PRE-TE: f and LIMITS (%)
2 LEVEL-m |G|+ 3 |z |2|&| §
E|E == & gl 54| =
| 2|5 Z E5|2|3]| 5
(== ﬂ =) DESCRIPTION b i: 2|8|0 o WP w w,
| o|d
1202.20) 20 . 40 ! 60 80 |
0.00 VEGETATION MATT/moss it ] |
ey 1
1201.80) ks
0.30 Dark brown silty CLAY (frozen) with some sand and gravel 1‘ Ak | |
A LA,
B Seepage observed at~0.5m fs l
1
1A
A=
F L4 1201.20 _ 1
1.00 Dark fo medium greylsh brown GRAVEL, GOBBLE, SILT some R
i clay. This OVERBURDEN was frozen and became slightly more L4 o
= frozen with depth. 2
- ) L
5 /;' sl |
i 2 Conslderable more boulders observed after 2m depth. [
|
: | |
|
L |
3 |
[ 4 1198.20 .
| 4.00 SILT and GRAVEL some cabbles, boulders and some to frace
clay; medium plasticity.
Grab sample taken at 4m.
- GRAIN SIZE LAB RESULTS:
- 6% Clay  21% Sii g ol o |@
39% Sand 38% Gravel
|
i i
|
— 6
- 1196.00)
8.20 END OF HOLE - Refusal on frozen ground
'II- I




'SRK Consulting

g 2

LOCATION: Vangorda Diversion Preliminary Alignment

PAGE: 1

OoF 1

i iz FILE No: FARO (1CY001.031) DRILL TYPE: Excavator
Engineers and Scientists
BORING DATE: 2009-08-01 TO  2009-06-01 DRILL: CAT 345C Excavator
DIP: 90.00 AZIMUTH: CASING: NA
) TEST PIT LOG COORDINATES: 6903799.60 N 58462940 E DATUM: UTM NAD 27,08V
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS |[SAMPLE TYPE
Clea{‘eg rTaute.frnad for drill access first then excavated | [l sentonite Grout [Fdsand | F=1 Topsoll %5 cravel| [><] Remoulded DC Diamand Care
L RALE Bentonite Boulder [7-] Sand ] Undisturbed GS Grab Sample
[a_] cuttings clay [qpsie | [ Lost SS Split Spoon
Cement [ ¥] Cobbile [J[] Cere
WELL STRATIGRAPHY SAMPLES
:fvr:_::-; E 2 WATER CONTENT
t'l E LEVEL = % iy [=] [+ = - [ and LIMITS (VU)
| -m 19 2 |Z4|8|z| &
ElE =4 @ |<m|E &
58 | ArHEHE
als Qe DESCRIPTION = E 2|18|3| 2 W, woow
i : o|E F—e—
- 1202:60 | 20 40 80 B0
0.00 n VEGATATION MATT (moss, bush)
- 1—"200?; Gray SILT
" 202,30 [Taht brown TILL Iols of cobbles, bouldars and sand some silt and
3 trace clay. No water observed
Raots to 0.5m
|
I F 1201.10
- 5 1.50 Medium to dark brown TILL lots of cobble and boulders, sand
soma silt and traca clay.
|' 2 Grab sample taken from gravel and cobble rich section at =2m
depth.
[ B 0 0
- 5 1199.60 _ |
- 10 3.00 Dark brown-grey SAND some cobbles, gravel and some clay |
[
1| |
!
. |
K] = 4 :
? |
|
g [
'gl 15
{ g |
1 r° B
1
|
;|
!
E 1196.60) _
L 20 8.00 | END OF HOLE - Refusal on boulders and frozen ground,
Nao seepage observed in test pit.
1
T i




snK cons"",'ng LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1  OF 1
Enai ms ienfist FILENe: FARO (1CY001.031) DRILL TYPE: Excavator
BORING DATE: 2008-08-01 TO  2008-06-01 DRILL: CAT 345C Excavator
DIP: 90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 6903779.80 N 594516, 70E DATUM: UTM NAD 27,08V
GENERAL COMMENTS: - WELL PLUG MATERIAL LEGEND S0IL LEGEND SAMPLE CDNUfﬁﬂNS SAMPLE TYPE
fI:_"E';{_Egl?mﬁ’md for drill access first then excavated | [l Bentonite Grout [Z5i7]Sand | E=7] Topsoil [feas Gravel| [5<| Remoulded DC Diamond Core
' Bentonite (o Boulder Sand | Undisturbed GS Grab Sample
B d cutings Clay  [[TT] sit Lot 5SS Split Spoon
Cement Cobble [ Coere
WELL STRATIGRAPHY SAMPLES
] :Evr:.ll-léi E . % WATER CONTENT
= ' E
N i = =
| x| LEVEL-m |O :II: E" g x5 E 3 and LIMITS (%)
o |k 2|5 o (Xg|Elul &
W w > |w > | & Z2|0| ©
alo ME DESCRIPTION > > 215|0 = We W W
i ©|E —e—
1202.50 B ) 20 40 80 80
0.00 VEGATATION MATT/maoss R |
K 1202.20 Ao
0.30 Frozen dark/black organic rich TOPSOIL R L
1202.00 AL
E 0.50 | Greyish brown, COBBLES, GRAVEL and SILT, some bouiders, '
sand and clay i I
L]
- 1 |
’ B
A LY
B i
SH s i
I 1n
= o g
L E d
1 |
h | lal o [
3 1188.50 e |
B 10 3.00 Medium grayish brown, fightly packed greylsh brown, GOBBLES, fg |
s GRAVEL and SILT, some boulders, sand and clay. More silt then ‘
above; low plasticity. Lt L[l \
i i |
| ol
U
- 4
|
5' - 15
— 5 m . T
Grab sample taken from ~5-5.5m depth d
| ! |
1BS—GraI: 0 0 I
9|
; |
1196.70| Excavator progressed al a slower rate/harder digging in this test
5.80 [\ pit due to the high frequency of boulders observad.
B ND OF HOLE - Refusal on tightly packed grey boulders
|




2 SRK Consulting

LOCATION: Vangorda Divarsion Preliminary Alignment

| ] Ao FILENe: FARO (1CY001.031
Engineers and Scientists ’

PAGE: 1

OF 1

DRILL TYPE: Excavator

l

BORING DATE: 2009-06-01 TO  2008-08-01 DRILL:  CAT 345C Excavatar
DIP:  90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 690375330 N 594406.10E DATUM: UTM NAD 27,08V
GENERAL CDMMENTS.: WELL PLUG MATERIAL EGEND SOIL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
gg;;egl_'l?“l’"'mad for drill access first then excavated | [l Bentonite Grout [.]Sand | E="] Topsoil [§3a4 Gravel| [5<] Remoulded DC Diamond Core
’ Bentonite EaulderSEmd % Undisturbed GS Grab Sample
(@] Cuttings Cay [TTIst | M Lost 55 Split Spoon
Cement @ | Cobble [ cere
WELL STRATIGRAPHY SAMPLES
: :ir:;:i ? 3 WATER CONTENT
= E
' = L = 8,
x - | LEVEL-m |(O|, 2 %E 5lz| g and LIMITS (%)
= = o |[fTo|lE|lw| &
G <k ws| o=
W | @ = | o Z|0| &
a4 E u DESCRIPTION UE, >2(5|o| = We W W
°le —e—
1201.90) ) o i « a‘u
0.00 ORGANIC/ VEGETATION MATT, mass shrubs eic.. o o I
1201.80 i
0.10 TOPRSOIL, lots of organics b
[ ot
:umﬂ\:}
iy
1201.60 Bt
0.30 Grey SILT, some sand and clay LA
1201.50 4l
0.40 Highly WEATHERED and oxldized brown PHYLLITE with soma Lo
| quariz vains w
: WU |
VY |
: WY |
|
A |
| AT |
- 1 [ara)
A Y ;
I \i [’i ﬁ |
|
|
_ 1200.40) 1
5 1.50 Hard digging, less weathered grey PHYLLITE. ~0.3cm think planar
cleavage sheeis ‘
i |
- 2
1199.40
2.50 END OF HOLE - Refusal on bedrock




SRK Consulting

Engineers and Scientists

FILENo: FARO (1CY001.031)

LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1

OF

1

DRILL TYPE: Excavator

BORING DATE: 2009-06-02 TO  2008-06-02 DRILL: CAT 345C Excavator
DIP:  90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 650371050 N 58425050 E DATUM: UTM NAD 27,08V
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND S0IL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
Cleared route/road for drill access first then excavated | [l gentonite Grout [F=]sand | E=1 Topsoil B%a] Gravel| [5<| Remoulded DC Diamend Core
TESTFIT. Bentonite ¥ &l Boulder [777] Sand 4 Undisturbed GS Grab Sample
F 8] cuttings cay [[[T]sit | Lot S5 Split Spoon
Cement %] cobble [ Core
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
®|E| &WATER | E 2 |ew|2 f and LIMITS (%)
T |z | LEVEL-m D2 Dﬁm—n‘:g
= == @ w | Elw| @
il 5|8 = |BS(2|3]| 5
== u_'.l =1 DESCRIPTION i:; t E s5lo e WP w W,
] ol
2 4
nd - (20 40 60 80
0.00 TOPSOIL, lots of arganics R e
SW of SRK08-DHVDOS Exas ey
s
1193.20 - et
0.20 Siilier TOPSOIL to really weathered phylite -]
1193.10) -1 7]
0.30 | Highly WEATHERED grey PHYLLITE, easy for excavator (o fp. ﬁ\
I WY |
= gy
| VAP |
v |
EI [ ViRYs)
| arn
i 1191.60 WY
“" 1.80 WEATHERED PHYLLITE; still able to be rippad but slightly more M
o | competent than above. Ak
seepage/ waler inflow al =1.81m depth, On the order of 2 L/s.
2
El i
&
- |
2
E 190.60)
& 1.81 END OF HOLE - Refusal on bedrock
f 191.4
280




SRK Consulting

LOCATION: Vangorda Diversion Preliminary Alignment
FILENe: FARO (1CY001.031)

PAGE:

OoF 1

DRILL TYPE: Excavalor

“RK FAF

| Seepage: ~2Lmin at ~1.1m depih.

BORING DATE: 2008-08-02 TO  2008-06-02 DRILL: CAT 345C Excavator
DIF: 90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 690369250 N 58417520 E DATUM: UTM NAD 27,08V
jGENERAL COMMENTS: WELL PLUGiMATERIAL LEGEND SO0IL LEGEND SAMPLE CONDITIONS |SAMPLE TYTE
__?Elsa_nl'_updnr?utermad for drill access first then excavated | [l Bentonite Grout [C5JSand | E=] Topsell [Zzed Gravel DC Diamand Cara
) Bentonite Boulder ;.2 GS Grab Sample
F ™ cutiings Clay  [[TT]si S8 split Spoon
Cement [¢ | Cobble
WELL STRATIGRAPHY - SAMPLES
:ETA“-;’-; E WATER CONTENT
WATE :
& % = ? g |2l 3 f a and LIMITS (%)
; LEVEL-m | O =X
= |'x  a (=] L [+ (=]
== = E m ([To|lE|lw| @
i | & £ 2 (ES5(2|3| &
al|la M= DESCRIPTION 5 ?: E 1 E - w, Ww W,
w o o
1190.50 P p Lol '_“_'
0.00 | ORGANIC/ VEGETATION MATT (moss, fools, elc..) F ~ 1
2 |
1150.40 :\_""—‘:‘7‘ |
0.10 Black frozen organic TOPSOIL st ] |
A0 | |
1190.25] L '
0.25 | Cream/white TEPHRAJ volcanic ash
I 1180.20] )
0.30 Compact/denae organic rich SILT, some clay, gravel and sand v
&
I
i 1]
g,{{‘n |
|
P ,Jl t. i
[ b
L T f}‘
A1
||
-r’/‘-
4/|
4 /
E i
REAE
/4 “)
'-}/!
1189.70 LA L E
0.80 Rippable WEATHERED PHYLLITE. Bedding dipping at —20 to 25 s
degrees from the horizontal. W
| % - ‘_
WPl

STTTTERENCT T Sige " umpdatas

] 11323% ﬂ END OF HOLE - Refusal on bedrock




' SRK Consulting

Engineers and Scientists

TEST PIT LOG

FILENe: FARO (iCY001.031)
BORING DATE: 2008-06-02 TO
DIP: 90.00 AZIMUTH:

B OIAIMEL s TR AT M § T T e g

LOCATION: Vangorda Diversion Prellminary Alignment

2009-06-02

L i )

PAGE: 1

QF 1

DRILL TYPE: Excavator

DRILL:

CAT 345C Excavator

CASING: NA

COORDINATES: 63903701.00 N 594043.80E DATUM: UTM NAD 27,08V

GENERAL COMMENTS: WELL FLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
$IEE§$EI"T°”'E"W" for drill access first then excavated - Bentonite Grout Sand E Topsoil Gravai E Remoulded DC Diamond Core
d foo] Bantonite Boulder [7 ] Sand | F Undisturbed GS Grab Sample
| (& cuttings Clay [T sit s S Split Spoon
| Cemeant E Cobble [I:] Cora
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
& WATER .
vl z|E 4 |oxl|E Fl o | anaumrs
ilx| teveom |8l -BEFIEAR:
E | = == 8 m|E|lw| &
& o o = ws|o|= =
ala @& DESCRIPTION 5(E2|Z(8] 5w w w
i o | —e—i
1189.20 2‘0 i \ b ‘ HP
0.0 Dark brown (o black TOPSOIL, organic rich  —~—
B Soft ground near test pit location. Ground deflection observed as st ey
the excavalor progressed through this area and as wall tha rirty
excavalor experlenced minor settlement into the topsail, oAty
1188.70 it
0.50 TILL. Lots of COBBLES, GRAVEL and slity SAND, occassional J-daickel
B boulders | 4
kgl
Ll
1 "Wh jl
k) '.é
.._ N |N|
E 1187.70) = ] afe:
5 150 | Salurated soll. Operalor commented thal this soil was vary dense ¢ 27
and heavy to move, Medium brown SILT, CLAY and GRAVEL,
some cobbles occassional boulders. £
Heavy/quick seepage: - 5L/s seepaga observad at 1.5m depth. :
- 2 Excavalion experience slufling as waler lowed intot he opan test
ok pit. i
! B . '._'.' _.'
d |
s |
10 * e =
: 1185.70 ;
) ) 3.50 Very densa CLAY and SILTY TILL.Medium brown SILT, CLAY ¥
a and GRAVEL, some cobbles occassionsl bouldars.
f 4 7
EI I
E
- 1184.20| L n
%[ 5 5.00 Shighlly WEATHERED grey PHYLLITE
I - \d \;ﬂ '| BS-Gral 0
:Q i
1 e
i 118340 _ EArs
580 | END GOF HOLE - Refusal on bedrack
S
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snx cons""ing LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1  OF 1
Engi and Sciantist FILENe: FARD (1CY001.031) DRILL TYPE: Excavator :
BORING DATE: 2009-06-02 TO  2008-068-02 DRILL: CAT 345C Excavator
DIF: 90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 6903654.50 N 59394840E DATUM: UTM NAD 27,08V
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS | SAMPLE TYPE
?E;;Egi;ﬂuwmﬂd for drill access first then excavated | [l Bentonite Grout [o--2] Sand Topsail [J5ag Graval| [5<] Remoulded DC Diamond Core
. Banishite Boulder [=] Sand | B Undisturbed GS Grab Sample
¥ cuttings Clay  [[TT] st B Lost 5SS Split Spoon
Cement Cobble El] Core
WELL STRATIGRAPHY i SAMPLES
:'\fvr;;sn E 5 WATER CONTENT
= | E .| E
] ¥ = 1 = B,
| o LEVEL-m | & 5, % E 5 E 8 and LIMITS (%)
E|E == 0 mlE|ld| &
4|y i AFHEIHE
M| u @& DESCRIPTION 5 22|82 = We W W
i O|¥ —e—
1186.80 . 20 40 | 60 . Blﬂ ‘
0.00 VEGETATION MATT (moss roots, eic,.) 1 [VEGE TATION MATT
1188.70| (MOss, rools, grass, shrubs)
0.10 Frozen black TOPSOIL, lots of organics, some sand, silt and
graval
1186.40
0.40 Dark gray brown to black GRAVEL, SILT, SAND, trace clay, some [
organics and cobbles, TILL |
g 1185.80
1.00 WEATHERED PHYLLITE, rippable. Some redish oxidation
staining. Planar near horizontal bedding. Evidence of small scale
folding can be seen.
|
i + |
ufl- §
g L
#
¥ |
2
g 1184.70] No seepage observed in lest pit.
2.10 END OF HOLE - Refusal on bedrock |
\




SRK Consulting

LOCATION: Vangorda Diversion Praliminary Alignment

PAGE: 1

OoF 1

RK FAR 3 ﬂa [ 20030,

mﬁw:.f 'm% i

1?7.3$

Seepage ~ 3-6L/s at Tm depth.

1.00
177.7
1.60

END OF HOLE - Refusal on bedrock

; s FILENe: FARO (1CY001.031) DRILL TYPE: Excavator
Enginesrs and Scientists
| BORING DATE: 2009-06-01 TO  2009-06-01 DRILL: CAT 345C Excavater
| DIP: 90.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 620365450 N 593871.00 E DATUM: UTM NAD 27,08V
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND S0IL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
Glea;_apdlfl?ute!mad for drill accass first then excavated - Benlonite Groul  [o:-3 Sand E Tapsall Gl’BVBl Remouldad DC Diamand Core
TEST PIT. Y Bentonite [a_] Boulder {75 Sand ] Undisturbed GS Grab Sample
B 9] cutings cay [Irse | N tost SS Split Spoon
Cement [™] cobble (W] Core
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
& WATER ! =
& ? = ? g |leglB>=] a and LIMITS (%)
LEVEL-m |© = =]
|z x =] w | = |eE o
== = k= M <dm(E|Ww =
G & <8 £ |EE|2|8]| 5
ala il (& DESCRIPTION 3 ‘E_: 2(5|al 2 We W W
= 3|y o
0 60 B0
1178.90 R0 L
D.00 | VEGETATION MATT (moss, rools, grass etc.) ~— |
Uﬁlr‘?-.aﬁ-\ Water observed ponded near area ]
5 Dark TOPSOIL high silt and sand contant some gravel. s g
ol 1
2 ]
1178 Bﬁl Ex,:’-;p:
025 | highly WEATHEREDY fractured and siighiyl oxidized grey brown \TRVRI
PHYLLITE. Sub horizontal dip (~20deg). Can see evidence of w
folding. m
1177.90 , A
1.00 \ Slighlly dense/ more competent WEATHERED PHYLLITE /




00507

W FAR

SRENCE

FRUJEA valiyuiud LIvHEISIUN FIE nivesugauans BURENUVLE, @Mnwua=Iirii
snK OQnsu’ting LOCATION: Vangorda Diversion Preliminary Assignment PAGE: 1 oF 1
T FILENo: FARO (1CY001.031) DRILL TYPE: Excavalor
Engineers and Scientists
BORING DATE: 2009-08-02 TO  2008-06-02 DRILL: CAT 345C Excavator
DIP: 80.00 AZIMUTH: CASING: NA
TEST PIT LOG COORDINATES: 6903607.40 N 503797.20E DATUM: UTM NAD 27,08V
GENERAL GOMMENTSV: WELL PLUG MATERIAL LEGEND SOIL LEGEND : SAMPLE CONDITIONS |SAMPLE TYPE
%‘;_;Hgl;_!ﬂutﬂfmﬂd for drill access first then excavated | [Jll Bentonite Grout [ZidSand | F=] Topsail [F304 Gravel Remoulded DC Diamond Core
’ 5y Bentonite (7] Boulder [25| Sand | ZZ undisturbed GS Grab Sample
} m] cutiings cay [TT7sit | [ lest S5 Split Spoon
[e3v | Cemant ‘E Cobble [ ] Core
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
& WATER y
AR = |E 2 |ex|B 21 o | anaumms @
- | x| LEVEL-m |O|+ o |[Zuw|E|lE| @
E|E s 2 |uZ|5|¥| ¢
1=
oy E 4 DESCRIPTION E E3(5|8| S W, Woow
o t Q| W =
e
20 40 60 B0
1166.40 A i ,
0.00 L VEGETATION MATT (moss, grass, rools, organics) O =
166.3% “Medium brawn sandy TILL. Rounded GOBBLES, SILT, SAND, HEHEH
.03 some gravel and trace clay and boulders Hed
FE 1165.90 :
0.50 Medium brown sandy TILL. SILT, SAND, some gravel, cobbles
and trace clay and boulders |
|
1
. 1164.90)
— 5 1.50 WEATHERED gey PHYLLITE. Planar near horizontal cleavage. [
7 No oxidization observed |
2
a B |
1| |
3 . —— _
- 10
| 1162.90) o B i
3.50 Grey PHYLLITE. Much more compelent than section above.
é‘ L
4
116210 | ——
4.30 END OF HOLE - Refusal on bedrock




FRUJEL D Vangoraa LIversion rigig mvesugauan

snK consu""ng LOCATION: Vangorda Diversion Freliminary Alignment

TEST PIT LOG

Engineers and Scienists

FILENe: FARO (1CY001.031)
BORING DATE: 2009-06-02 TO  2009-06-02
DIP: 90.00 AZIMUTH:

BUREAVLE, ONNRUI=Ir 1L

PAGE: 1

oF 1

DRILL TYPE: Excavator

DRILL:

CAT 345C Excavator

CASING: NA

COORDINATES: 6903507.80 N 593728.50 E DATUM: UTM NAD 27,08V

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS | SAMPLE TYPE
%r;sa;_apd"r?ulnlmad for drill access first then excavated | [l Bentonite Growt [F=]sand | =] Topsail F254 Gravel Remoulded DC Diamond Core
: Bentonite Boulder [+7::3] Sand | Undlsturbed (35 Grab Sample
Cuttings Clay [U]S“‘ - Lost 5SS Split Spoon
Cement [_] Cobble [ Core
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
T E fE‘\’iv:LT Bl 4 |ewl|B f a and LIMITS (%)
E|l=x -m 2= o |Zu|8|x| @
| & St = ([85|2(3]| 5
alao Iil" =1 DESCRIPTION E E a 5l o b WP w W,
m ol —e—
S 2ID 40 &0 BIU
0.00 | FILL, brough to area Io build road surface. Comprised of B
overburden/till with some weathered phyllite. Similar to the soil
abserved at the W wall of the Grum 'Slot Cut' area. Dark grey
SILT, some sand and gravel, trace clay.
|
m =
l 5
1148.00 __ I _
2.00 | Medium brawn sandy silly TILL. SAND and SILT some cobbles ot
B and gravel, FE
1147.80 - ;
2.40 ORGANICS. Waod, rools, lots of tree remains. |
I 1147.39 |
2.70 | Dense brown TILL. Clayey SILT and GRAVEL some 1o lrace
cobbles
10
i
!'C 1
|
al 1146.20
) 3.80 Dense cobble rich TILL. SAND, COBBLES, some silt. Seepage
| near base of layer. .
L
i
- 15 145.40] Seepage: Observed at ~ 4.5m depth, ~5U/min flow.
&-gg HYLLITE. Rippable, wet, neal horizontal planar
%I a0 | Cleavage.
&
i |
B | |
IE - 20} 1 ‘
1143.60) ‘
6.40 END OF HOLE - Refusal on bedrock
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Appendix B
Test Pit Photographs



Test Pit #

Ry ik Commalting

VANGOUVER

A
g

= de la mine Faro

+ Faro Mine (losure

Job Na:

Filenama:

1CYD01.031

APPENDIX B - Tasl Pit Pholographs

Faro Mine Complex

Vangorda Creek Diversion Field
Investigation

Test Pit Photographs

Date

Approved: Photo Page:

" July 2008 IBK

1




Test Pit #4

'—w— SRK Consulting | _w- ;}‘_ Vangorda Creek Diversic
v wnmms:mmm "’.;‘J“';'\ +* Faro Mine Closure Investigation
Al = de la mine Faro Test Pit Photogra p
Wb acveorsen Faro Mine Complex Ot Rppmmel
Filename:  APPENDIX B - Test Pil Photographa p July 2009 JBK




Test Pit #6

+ SRK Consulting | e ‘ Mengora szsezg[;it\ia:;smn Field
V Engnoen aaseentss | @2¢+* Faro Mine Closure
‘k “armoiure de lamine Faro Test Pit Photographs
uoe Tevegron Date: Approvad: Photo Page:
S e e Faro Mine Complex July 2008 b 3




Test Pit #8

I k Dis ion Field
=V/=SRK Consulting | v\ o ety
it espiand ".‘ﬁ +* Faro Mine _losure
k “armuiure de lamine Faro Test Pit Photographs

Job Na: 1CYD01.031 Approvad: Photo Page:

Faro Mine Complex Pate i 4

Filename:  APPENDIX B —Tast Pit Pholographs July 2009




BOREHOLE LOG

= SRK Consulting

Enaineers and Scienis

BORING DATE: 2009-07-07
DIF: 80.00 AZIMUTH:

FILENe: FAROD (1CY001.031)

PROJECT: Vangorda Diversion Field Investigation

TO  2008-07-07

LOCATION: Vangorda Diversion Preliminary Alignment

BOREHOLE: SRK03-DHVDO4A
PAGE: 1 oF 3

DRILL TYPE: Odex4"/Diamond
DRILL:  Froste, Track Mounted
CASING: Steal

COORDINATES: 6903770.70 N 594493.30E DATUM: UTM NAD 27,08V

| GENERAL COMMENTS:

Massiva silty sand unit encountered at this locatlon. B Eentonite Grout Sand
Hole has been backfilled with cuttings and then capped S
with bentonite chips to surface. Bentonile

WELL PLUG MATERIAL LEGEND

IE Cuttings
_ Cemant

SOIL LEGEND

E Topsoll Grarvel
[ Boulder -] Sand
clay [T 5it

b m] Cobble

SAMPLE CONDITIONS |SAMPLE TYPE

E] Remoulded

DC Diamond Core
Undisturbed GS Grab Sample

Lot S Spiit Spoon

DEPTH - ft

DEPTH -m

WELL
DETAILS
& WATER
LEVEL -m

STRATIGRAPHY

ELEVATION - m
DEPTH -m

DESCRIPTION

SYMBOL

TYPE AND
NUMBER

WATER CONTENT
and LIMITS (%)

N or RQD

W, W W

—e—i
20 40 60 8O
PR | |

RECOVERY %

10|

gy £ 20080

=15

I FAR
——

e

Organic rich TOPS0IL
STP done from surface, Om,

SPT Sample: 15t 10em are a organic rich topsil to vegatation mat.
Black to dark brown organic rich SILT, some clay and sand, with
trace lo no gravel. A amall amoun tof intarmixed white tephra layer

observed near 0.4m depth.

High moisture content to saturated; medium plasticity
Blows

4 1st 8"

7 2nd 6"

8 3rd &"

b

)

LTI LD

P ™ T S P "W 0

p Sl e A 'Y B

Black to dark brown organic rich SILT, soma clay and sand, with

trace (o no gravel.

Medium yellowish brown siity SAND, some gravel

S5-5PT

1196.61

1199.36]
74

Light yellow-brown coarse SAND, some silt and gravel, race to no

clay.
SPT done at 2,74m depth.

SPT Sample: Light brown coarse sand, some sill and gravel, lrace

to no clay.
Blows

5 1st 6"
12 2nd 8"
20 3rd 8"

5489

ngﬁl yellow-brown coarse SAND then fine sand saction, some sill,

frace to no clay, trace to no gravel

NN

[=]
-
tn




PROJECT: Vangorda Diversion Fleld Investigation BOREHOLE: SRK09-DHVDO4A
snK consu’ting LOCATION: Vangarda Divarsion Preliminary Alignment PAGE: 2 OF 3
; ) FILE Ne: FARO (1CY001.031) DRILL TYPE: Odex 4"/Diamond
Engineers and Scientists
BORING DATE: 2008-07-07 TO  2009-07-07 DRILL:  Froste, Track Mounted
DIP: 90.00 AZIMUTH: CASING: Steel
BOREHOLE LOG COORDINATES: 6903770.70 N 59449330 E DATUM: UTM NAD 27, 08V
GENERAL COMMENTS: WELL FLUG MATERIAL LEGEND | SOILLEGEND SAMPLE CONDITIONS |SAMPLE TYPE |
Massive silfy sand unit 3nmumer?d at fhidﬁ lﬁﬂﬂﬂon- - B sentonite Grout [5=lsand | F= Topsoil Gravel| [><] Remoulded DC Diamond Core
Hole has been backfilled with cuttings and then cap = = "
S EART e o aitu = Bentonite Baulder |:3.;] Sand g i GS Grab Sample
B 1 cutiings cay [TT7sit | B tost SS Split Spoon
Cement Cobble [ o
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
L]
u:_' ,? & WATER - g 4 o = f a and LIMITS (%)
Tz LEVEL-m | Oy o |2 & E 2|l g
= = (= m m|=|W ©
oo <o w=|a|= i
w | w = |l o =Z2| 0O =3
W w @ (& DESCRIPTION E F2|8|e| = e W W
o o d
20 40 &0 B0
B 1194.78) _
: 7.32 | Light brown dense SAND with gravel and some ailt %
i SPT done at 7.32m depth. / ol s0 |&
25 SPT Sample: Light yellow brown, dense sand with gravel, some % 0
A 1194.1 silt and trace to no clay; fairly well sorted but trending towards the .
B 8 7.9'2 finer envelope. Molsture from the drill rods observed at the top of
the sample.
S GRAIN SIZE LAB RESULTS:
1% Clay 7% Siit
85% Sand 8% Graval
Blows
= & 12 dste* =y
3ol 23 2nd6
‘ 27 3rd 68"
Light yellow brown SAND with some fines, silt and clay
- 40 ==
_ B |
* |
— 35[
"
E: 12
o - [1189.91 7
B 12.19 Light yellow brown SAND with some fines (mainly siil). and some
graval
B 13
PE s 1188.38
B 13.72 Light yellow brown SAND with some fines (maily silt), and some
0 14 gravel; maily fine sand and fines, low plasticity
!




BOREHOLE: SRK09-DHVDO4A
PAGE: 3 OoF 3

PROJECT: Vangarda Diversion Field Investigation
LOCATION: Vangorda Diversion Preliminary Alignment
FARD (1CY001.031)
BORING DATE: 2009-07-07 TO
DIP: 90.00
COORDINATES: 6903770.70 N 58449330 E DATUM: UTM NAD 27,08V

_ SRK Consulting
| Engineers and Scientists

FILE No: DRILL TYPE: Odex 4"/Diamond

Froste, Track Mounted

2009-07-07 DRILL:

AZIMUTH: CASING: Steel

| BOREHOLE LOG

 GENERAL GOMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS | SAMPLE TYPE
Massive silly sand unit encountered at lhi: location. B Eentonite Grout Sand | = Topsoil [E2%] Gravel Remoulded DC Diamond Core
Hole has bean backfilled with cuttings and then capped | < "
Iwﬁha beanglor;ta; chEil:a ;uBsurfaua‘ . e Bentonite m Boulder Sand GS Grab Sample
[ 18] cuttings cay [[]snt | [ Lost S5 Split Spoon
Cement [a_4 Cobble ] Cem
WELL STRATIGRAPHY SAMPLES
| DETAILS E WATER CONTENT
@|e| awater |le LleelzlE] o | andumms )
+ | 4| LEVEL-m |8 o |Zu|2|z| o
= | B = n |Zn|E|lyl =
| & 3|6 = |ES|2(3]| 5
W | ol DESCRIPTION 5 |£2(8|g| = | W W W
= | o | W
w [
20 40 &0 80
| | i PR I
- 50
1186.56 i ‘
15.53 Light yellow brown SAND with some gravel some silt and some
trace clay GS-Gralp ol o
Grab sample of the light yellow brown SAND with some lines (silt 1
18 and clay), and some gravel taken at 15.54m dapth. =
I— 55|
17
18
Gl
g : [
18 |
F 1182.80)
g 10.20 | Light yellow brown SAND with some graval, silt and some lo trace
B clay. PHYLLITE FRAGMENTS starting ta be obsarved in cuttings
182,44
| P 18.66 Cuttings: IGNEOUS BEDROCK, Appears to be similar to
;[: o granodiorite unile previously observed around this area. + E
b | 20 1181.98 L ==
i 20.12 Cultings:fine powder with light o pinkish brown GRANODIORITE |
rock fragments % |
:‘E - + 8 |
E 1181.37 T |
- 20.73 | Cutlings: Apppear to ba transilioning back Into the PHYLLITE unit.
B 21 Phyllite chips exhibit planar cleavage as expected. l I R ‘ —
: i \
%l'_ i 1180.76)
e 21.34 | END OF HOLE
1.

'ERENCI
Gl
¥ F 1 01T




SRK Consulting

Engineers and Scientists

BOREHOLE LOG

FILE No:
BORING DATE: 2008-08-09
DiP:  20.00 AZIMUTH:

PROJECT: Vangorda Diversion Field Invesligation
LOCATION: Vangorda Diversion Preliminary Alignment
FARQ (1CY001.031)

TO  2009-086-09

BOREHOLE: SRK09-DHVDO04B

PAGE: 1

OF 2

DRILL TYPE: Odex 4"/Diamond

DRILL:

Froste, Track Mounted

CASING: Steel

COORDINATES: 680376040 N 504488.10E DATUM: UTM NAD 27,08V

GENERAL COMMENTS:

WELL DETAILS: (June 19th, 2009)
-Depth lo water = DRY

-Total depth of well= 12.065m

WELL PLUG MATERIAL LEGEND
- Bentonite Grout Sand

Bentonite

SOIL LEGEND
E Tapsall G.ravel
W 9 Boulder [£27] sand

SAMPLE CONDITIONS

E Remoulded

Undisturbed

SAMPLE TYPE
DC Diamond Core
GS Grab Sample

-Height ta top of casing/pve= 0.687 (] Cuttings cay [Tr7sn | I Lost S5 Split Spaon
-A amall amount of moisture appeared to be at the Core
| base of Ihe plezometer, Comant [T cobkie LI
WELL STRATIGRAPHY SAMPLES
DETAILS | g _ WATER CONTENT
«|e| swater | e L lew = and LIMITS (%)
2| 2| wevep-m |32 3 (2%(8(%| 5
= = m m|E|wWw o
B & < = |82|2|3| &
'ola § o DESCRIPTION = F_; 2|z|8| 8 W, Woow
@ k-
20 40 60 80
— 1202.00] . | ; i
Bfﬁ.l":“_ 0.00 Dark brown/black TOPSOIL |
! er . Pe |
B \ ﬂ“% |
[l \§1zo1.09 —
e 0.91 Light to med yellow brown coarse SAND and GRAVEL with swilt
& @
* D p
f 5 & h & 4
1 i L 1
= 6 1200.17]
' Pa 9783 In medium yellow SAND soma silt
L | ) a . ‘ S
| b @ |
X ' Q |
i Pa
l ' @ ofi190.26
‘ - g @ [ 274 | Lighi brown SAND, some siit \
L ™ ‘
- 10: ? @
£| 8
@ 0
i_ L B [
1 | o
1 ‘4 @ [
L . F . '
. @ Pli1o7.73
:?| I w 9| 4T Finer light yellow-brown SAND some silt, some to trace graval 7 :’/
b 2 i a SPT dane at 4.27m dapth. §S-5PT / ol =1
- 15 B SPT Sample: light brown sand and gravel, some silt, fairly well 1 / o
A 5 % P graded, moist. %
El i a9 Blows
| L@ ol l® @ Y 12 1ste” |
{[o @ 16 2nd6° ’
Lo 15 3rd 6"
a i ‘
%[ i B m{
i g q
| . a ‘
1. 4% J
g & P9 “
; & \




PROJECT: Vangorda Diversion Field Investigation BOREHOLE: SRK09-DHVD04B
SHK consu"ing LOCATION: Vangorda Diverslon Prelminary Alignment PAGE: 2 oF 2
3 S FILENo: FARQ (1CY001.031) DRILL TYPE: Odex 4"/Diamand
Enginesrs and Scientists
BORING DATE: 2009-06-09 TO  2008-08-09 DRILL: Froste, Track Mounted
DIF: 9000  AZIMUTH: CASING: Steel
BOREHOLE LOG | cooromares: sommenso n ssssssioe oarom: umnaozr,oev
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
WELL DETAIES: (ay, 1615, 2000] B sentonite Grout [ocdsand | E= Topsoil f22d Gravel| 5] Remoulded DC Diamond Core
-Depth to water = =T
Total dapth of well= 12.085m > Bentonite Boulder [} Sand Undisturbed GS Grab Sample
-Height to tap of casing/pve= 0.687 B ¥ cutings cay [Irpstt | Lost SS Split Spoon
-A small amount of mui.sture appeared to be at the Gemant E Cobble m Core
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
1]
| E| &WATER | _E 2 |exl|2 4 and LIMITS (%)
- = E LEVEL-m | Oy = E w = o 3
= m w
B | <l AFHEIHE
olao ﬂ =1 DESCRIPTION ﬁ t E R = WP w wp
O | W
L [+
20 40 60 80
= , i il
E \\N & 7.01 Madium 1o light brown silty SAND, soma cobblas, trace clay. [
AN & |
1193.15 .
8.85 | Light brown silty SAND, trace gravel, simiiar (o spill spoon sampie ?
S85-5PT i
al 8.84m 2 / 0| 60 |&
SPT done at 8.85m depth. 1]
SPT Sample: ~42cm recovered, medium to light brown very silty
sand, lrace clay. Hit a cobble on one end; low plasticity
Blaws
17 1st 8"
21 2nd@' L
38 3rd 8"
119154, GRAIN SIZE LAB RESULTS:
- 5% Clay  35% Silt
51% Sand 10% Gravel
Medium to light brown sandy SILT; low plasticity [
1190.72
11.28 Medium brown to greyish slity SAND and GRAVEL, Starting to
see PHYLLITE FRAGMENTS in cuttings. Planar cleavage of

phyllite observed.

is 1188.89|
13.11 WEATHERED PHYLLITE, cutlings: medium brown very sity sand

1188.44] SPT altempled at 13.41m depth, ss-sPTI of o
13.56 SPT Sample: ~Scm very sandy silty medium brown 3 |
gravel(weathered phyllite) then 13cm of slightly more Intact 4
weathered phyllite. Molsture from the drill rod was noted at the top

~ 14

of sample.
On the highly weathered phyliite can see some oxidization,
END OF HOLE




SRK Consulting

Engineers and Scienists

BOREHOLE LOG

FILENo: FARO (1CY001.031)

DIP: 90.00 AZIMUTH:

PROJECT: Vangorda Diversion Field Investigation

BORING DATE: 2008-086-07 TO  2009-06-08

LOCATION: Vangorda Diverslon Preliminary Alignment

BOREHOLE: SRK03-DHVDO5
PAGE: 1 OF 3

DRILL TYPE: Odex 4"/Diamond
DRILL: Froste, Track Mounted
CASING: Stesl

COORDINATES: 690369220 N 59411860 E DATUM: UTMNAD 27,08V

firs

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS | SAMPLE TYPE
Y;EL;??L?&?S;%E :n 9th, 2009) - Bentonite Grout Sand E Taopsail Gravel Remoulded DC Diamond Core
Total dapth of well= 8.400m AN Bentonite (a2 ] Boulder Sand GS Grab Sampla
g::jlgrgm top ofmcrﬂ:lntg;%\:c'-'- f(l}.i'!a"lm - o b @ Cuttings cay [T77sn | I Lot SS Spiit Spoon
s became stuck at 35', left In ground then revisite - Care
an.Jyne Bih to relreve (lost only the bit) Cement [ ] Cobble (0]
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
E L ]
® | E| AWATER |_E o232 4 and LIMITS (%)
+ | LEVEL-m [B 8 |zE|2|&| &
E|E s 2 |so|E|y| @
t
ala & & DESCRIPTION = [25(2(8| 5| w, w w
= n |EZ S8 =
— & s
20 40 60 80
1190.50) _ 2 i |
ey e'ey boveey| 0.00 Dark brown black organic rich TOPSOIL et | [
2 2020 |
: =0 |
& alamy |
E Sy
: o |
¥ e o | i
H e
oy Black organic rich silty sand and gravel some clay, organic fich gl
é | TorsoiL A ss-spT /g al < ,
[| SPT done at 1.22m depth. e 1 /
8 | SPT Sample: Topsail for first 10cm then black arganic rich silt, m ﬁ 0
& £ -1 sand, gravel some clay for 10cm then for the next 15cm is a dark WL VA
\' brown silt, clay, gravel(phyliite chips) some sand and trace w
\ \ organics exhibiting medium plasticity. A i,-_l i —r—
Blows 'T‘ ﬁ ﬁ
\ \ 2 qster el
= 3 2nd 8"
15 3rd 6" m
£ 1187.7¢| | Dark brown gravely SILT and CLAY, with some phyilite fragments, | 1474\
- 274 some sand and trace organics; medium plasticity [TV ‘
1B7.6 Highly weathered PHYLLITE exhibiling near horizontal planar w |
o 3 2.84 | || cleavage i
B Weathared PHYLLITE BEDROCK. Cutting: black grey silty sand w DC-Run 45 0
l \ \ wilh lois of phyllite chips, some gravel \d !,ﬁ l 1 ‘
| Weathered PHYLLITE BEDROCK | e f-'\ ‘
\ \11:2'199 RUN: Dark grey soft highly weathered PHYLLITE. Appears break A
B G quite easlly on folllation, W
Just past 2.84m casing started to wash down due to natura of
: ::x \k wealhered phyllite. Grey water obsered to be coming out of w
" | By N Eeen cuttings spout (on the order of ~1/3 L/s) w
OF=10 ‘i ﬁ m’
E J=8(Rz) Valal ?C"Run 7
F=1: Alpha angles ~70deg
™ IRS= R2 Yy
‘ s Microdefects: heavy, weak; ILarge scale straight planar joints wilh \d \d '|
| medium soft Infill A
4 - : Rubble zone (RZ) at 2.89m to 3.12m
- 5 118547, "RON: Grey brown highly weathered PHYLLITE LV
503
‘ OF =41
| i J=7; Alpha angles~110deg '
g[ - CJ=2; Alpha angles open-70, closed-30deg |
F=26; Alpha angle -105-110deg.
| IRS= R2/R1
| - Microdefects heavy, weak; Large scale Joints: stralght; Staining: DC-Run ag 13
soft red brown = 3
g — B UN: Grey weathered PHYLLITE. Green grey weathered chlorite
i 20 altered phyllite to 5.63m then more compenent —
‘ OF=34 =
: - _ J=11; Alpha angles, weathered-120, more compatent ~100 —
§I 1183.95  CJ=2; Alpha angles —120-125deg =
| I 655 [\ F=17; Alpha angle ~95-105deg.
) b IRS= R3/R2
Microdefects heavy to mod, weak; Large scale [oints: straight




PROJECT: Vangorda Diversion Field Investigation BOREHOLE: SRK09-DHVDOS

SRK cons"’ting LOCATION: Vangorda Diversion Praliminary Alignment PAGE: 2 OF 3

it o gtk FILE No: FARO (1CY001.031) DRILL TYPE: Odex 4"/Diamond
Engineers and Scientists
BORING DATE: 2009-06-07 TO  2009-06-08 DRILL:  Froste, Track Mounted
DIP: 80.00 AZIMUTH: CASING: Sleel

BOREHOLE LOG COORDINATES: 690389220 N 594119.60 E DATUM: UTM NAD 27,08V

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE

WELL DETAILS: (June 18th, 2009) B centonite Grout [ sand Topsoil 2324 Gravel| [><| Remoulded DC Diamond Gore
-Depth to water = 2.667m Undisturbed @5 Grab Sample

“Total depth of well= 8.400m AN Bentonite b1 Boutdar [ Sand
-Height 1o top of casing/pvc= 0.731m =] cutings Cey ([Tfsit | [ Lost SS Splt Spoon

! i isited
Dﬂsjs became stuck at 35", left In gm;ﬁ? hen revisite Samant Cobble [W] Gore

WELL STRATIGRAPHY ) SAMPLES
DETAILS

& WATER
LEVEL -m

WATER CONTENT
and LIMITS (%)

W

DEPTH - ft
DEPTH -m
DEPTH -m
SYMBOL
TYPE AND
NUMBER
N or RQD

DESCRIPTION w W

P

ELEVATION - m
CONDITION
RECOVERY %

—
Zp 40 60 &0

RUN: Grey PHYLLITE, some quartz veins

OF=33

J=§; Alpha angles ~75deg

CJ=3; 2 open 1 closed Alpha angles ~85deg

F=21; Alpha angle ~95-105deg.

IRS= R3/R2

Microdefacts heavy, weak; Large scale joints: straight, linear.
Infill: soft for close jaint

— 25|

— 8 1182.42 _
8.08 RUN: Gray chiorile allered PHYLLITE, can see Iols of evidence of

fuid flow/quartz veln Intruslons

- OF=53

B J=B+14(Rz); Alpha angles ~115-120deg

CJ=6; Alpha angles =150deg

F=28; Alpha angle —85-100deg most at 100deg.
RZ from 8.08 to B.18m

el IRS= R3/R0, moslly in the R1 range
30 Microdefects heavy, weak; Large scale Joints: siraight undulating
i to stepped.
- RZ at B.22m
RZ al 8.50m
11;2590 “ RZ at 8.67m
RUN: Grey PHYLLITE. More competent, can see minor
sulphides, minor quartz vaining.

— 10 OF=23+3(MRz)

B J=14; Alpha angles —~75-85, 105 & 55deqg

CJ=1; Alpha angles ~7T0deg, twisted/folded

F=8; Alpha angle ~70-80deg.

IRS=R3

Microdefects heavy, sometimes break; Large scale Joints: straight
undulating to samll scale straight stepped. Staining: minar, hard
white

102 51

- 11 1179.43
11.07 | RUN: Graygreen PHYLLITE, highly quariz Intruded, Large quartz
veins, chlorite alteration and sulphides observed

OF=20

J=12; Alpha angles -120-125 & 110deg

CJ=1; Alpha angles ~BSdeg

F=6; Alpha angle ~85 to/most at 105deg.

IRS= R4/R3

12 Microdefacts heavy, sometimes break

1177.80 ;
12.60 RUN: Grey-green PHYLLITE, quariz intruded. Chiorile alteration

obsarved. Most joints associated with quartz veins

QOF=50

— 13 J=11; Alpha angles ~70dag

CJ=2

F=34; Alpha angle ~105deq then twist at 12.98m to ~75-80deg.
IRS= R3/almost R2 |n areas

Microdafects heavy

102 15




PROJECT: Vangorda Diversion Field Investigation BOREHOLE: SRK08-DHVDO0S

snK consu’ting LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 3 OF 3

) 4 FILE No: FARO (1CY001.031) DRILL TYPE: Odex 4"/Diamond
Engineers and Scientists
BORING DATE: 2009-06-07 TO  2009-06-08 DRILL:  Froste, Track Mounled
} DIP: 90.00 AZIMUTH: CASING: Steel
I BOREHOLE LOG COORDINATES: 690369220 N 594119.60E DATUM: UTM NAD 27,08V
.GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SO0IL LEGEND : SAMPLE CONDITIONS |SAMPLE TYPE
WELL DETAILS: (June 19th, 2009) B Gentonite Grout [oSand | E= Topsoll [325] Gravel <] Remoulded DC Diamond Core
ol deptt of wat 8.400m Bentonite (™3 Boulder 73] Sand | B2 Undisturbed GS Grab Sample
-Height to top of casing/pvc= 0.731m [ ] cuttings Clay [[J]] s - Last 55 Split Spoon
Rods bacame stuck at 35", left In ground then revisited " C
s o1f 1 colrioys flose G} Igl bt Gement [7] cobble (W] Ger= i
WELL STRATIGRAPHY SAMPLES
DETAILS E WATER CONTENT
#|E| awater | e L lewlZ Tl o | andumis @)
= == @ |f@|E|lul
o 'E-J <o = |w=(g|3]|
a4 E o DESCRIPTION > E 2(8|8] S| we w w
o\B e
I [+4
20 40 80 80
1176.38 |
1412 | RUN: Grey-green white PHYLLITE, quartz intruded (thin quartz
- veins). Chlorite alteration observed. Highly fractured, some
B sulphides obsarved
i OF=54+4(MRz)
J=10+8(Rz); Alpha angles =70 then a twist after 14.48cm then
115deg DC-Run ga| 7
B IRS= R3/almost R2 In areas )
=43 Microdefects heavy ‘
RZ at 14.96m
- RZ at 15.04m |
[ L 1174.85
i 15.65 END OF HOLE
~ 16 1
| | | |
L 55|. \
I — }
d
|
] | |
18 ‘
i el \
5 |
q | |
w =
El 18 ‘ = |
gl |
- 85 ‘
g} — 20 L :.—
i |




SRK Consulting

PROJECT: Vangorda Diversion Fleld Investigation

LOCATION: Vangarda Divarsion Preliminary Alignment

FILE No:

FARO (1CY001.031)

BOREHOLE: SRK09-DHVDO0G

PAGE:

OoF 3

DRILL TYPE: Odex 4"/Diamond

BORING DATE: 2009-06-08 TO  2009-06-09 DRILL:  Froste, Track Maounted
DIP: 90.00 AZIMUTH: CASING: Stesl
BOREHOLE LOG COORDINATES: 6903852.80 N 593822.10E DATUM: UTM NAD 27,08 V
' GENERAL COMMENTS: WELLPLUGMATERIALLEGEND SOIL LEGEND SAMPLE CONDITIONS |(SAMPLE TYPE
WELL DETAILS: (June 19ih, 2009) B sentonite Grout [ Sand | =1 Topsoil (58] Gravel Remoulded DC Dlamond Core
:gztztlhdl:p‘t::a};:aﬁf?;gﬁm by Bentonite (Z] Boulder [777] Sand } Undisturbed GS Grab Sample
| ~Helght to top of casing/pve= 0.715m m Gultings Clay []I]jsm - Lost S5 Split Spoon
\ Mud on electrode of water tape (appeared to likely be =T Gainsnt E‘ Cobble m Core
_more of 3 silly clay),
WELL STRATIGRAPHY SAMPLES
DETAILS | g WATER CONTENT
® | E| &WATER | E e and LIMITS (%)
‘| LEVEL-m |Q|. = xlolz| §
EIEl o |EE 2 |<d|E|d| &
il S | s £5(2|3] &
ol a M= DESCRIPTION E = E sl o z W W WL
3 oW —e—
20 40 80 80
1177.70) . , i M
Frveel [20.028] 0,00 | Darkich TOPSOIL T
I \ \1175.79 , )
_— 0.91 Mediurn brown sandy GRAVEL and COBBLE rich TILL
i 1176.48] i i
- & Bl h g 122 Light to medium brown sandy SILT, TILL, trace to no clay
= ak le® 4 (9 &
- pe(lea
|- 2Iex
B el Il T ]
2 q @4 213 More fines present. Medium to almost rusty brown sandy SILT SR
o e @ with some gravel and trace clay. PALRE
l_ (s a P
i @ Igneous BOULDER, appeared granite lke. [
| - @ Brown sandy SILT with some gravel and trace clay.
=z 3 s
l 101 ® & Igneous BOULDER, granile ta granodiorite like.
i ®q|®® |ii7435 , - '
/ - [ (& 3.35 Medium red brawn sandy SIL1/ TILL. Gdex would slow In section
| 3PS - ‘:' when It hit large cobbles/ boulders.
£| . pPogpe@
- @|1173.74] _
= ! &n@ @ 3.06 Brown sandy SILT/ TILL, some gravel trace clay
5 & 417349
gl B |t & (|8 ®[ 427 | lgneocus BOULDER, granite ke
; [ lva (|@e [17320
[T 4,50 |~ Back into silly sandy TILL, Medium brown, silly SAND some gravel Jaalll
@ » | po@ 17319 Fourper, granie e TE
" - |ee ||@ ® *F
€I i > @ I ) I I
g i "‘E Y 9y 28
1 Be®elingy
: LA & &
s ‘ @ & | 9 533 3 Brown, sandy SILT ____ _il
G‘.[ £ @ (g 1; 392 Brown, sandy SILT, some graval and trace clay. Slarting to see 1T T
&= &dloe : phyllita gravel in TILL as well as granite like fragments. " |
. F e e @ - !
- B E [ — I = —
gl— 20/ @ I% & o AL |
- P e & R N s
@ 4583 m (640 Madium brown siity SAND/TILL some gravel. Seeing more flaky &2
| - L] ,j Ea shiny, mica like, fragmetns In odex cuttings.
d [ foe e |
[ — 7@ @ I:ZQ & |
| : eio®
i N
s g\
[ \ :
Ld Ik NN\ 1169.78




PROJECT: Vangerda Diversion Fleld Investigation BOREHOLE: SRK08-DHVD06
: snK consu’ting LOCATION; Vangorda Diversion Preliminary Alignment PAGE: 2 OF 3
5 Fooiap FILE No: FARO (1CY001.031) DRILL TYPE: Odex 4"/Diamond
Engineers and Scientists
BORING DATE: 2009-06-08 TO  2008-06-09 DRILL:  Froste, Track Mounted
- DIP: 80.00 AZIMUTH: CASING: Steal
BOREHOLE LOG COORDINATES: 6903652.80 N 59382210E DATUM: UTM NAD 27, 0BV
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND S0IL LEGEND SAMPLE CONDITIONS |SAMPLE TYPE
WELL DETAILS: (June 19th, 2009) B senonite Grout E72:] Sand =T Topseil [#5%] Gravel| [(><] Remoulded DC Dlamend Core
:?;F;Tdt:pﬁ.ag;;ﬁf%& am Bentonite B 4 eouider Sand Undisturbed GS Grab Sample
-Helght ta top of casing/pve= 0.715m Cuttings cay [IIfsit | Lot SS Split Spoon
Mud on electrode of water tape (appeared to likely ba Cabbl Core
more of a silly clay) Cementl E] abble [ = .
WELL STRATIGRAPHY SAMPLES
DETAILS | E WATER CONTENT
i
®| | SWATER | E ™M f : and LIMITS (%)
x|z LEVEL-m |O|+ o |2 EE g
1 SHIHHE
al|a ME DESCRIPTION 2 [E2(B|8| 2| W w W
i olg ——e—
ZID 40 60 B‘D
E % w Medium brawn silty SAND/TILL some gravel. '
X il [ 1169.17)
i B8.53 Into a very rocky TILL. GRAVEL, SAND soma silt, and some
g cobbles
[1188.86 .
| 884 Another boulder, granadiorite like.
— 9
: 1188.56 - _ |
30 9.14 Racky TILL. Starting to see more fines in cuttings again. Medium
brown sandy SILT some gravel.
— 10 J1167.64
| 10.06 Brown GRAVEL and SAND, some silt, cobble and boulder rich,
TILL.
= i ‘11167.03 ‘
10.67 Medium ta rich brown sandy SILT TILL with cobbles.
i i Encounted a bit of water in tlll while drilling. Observed through ‘
44 cuttings spout. —
T 166.42
1128 | Brown sandy SILT TILL wiih cobbles. Not seeing as much waler in
this region. \
12 ‘ —|—
ok }1165.51 ,
12,18 Wet SAND and GRAVEL some silt and some 10 trace clay,
B Water observed in cuttings/ out cuttings spout again at 12.19m.
- 1164.90 : '
E 12,80 Wel SAND and GRAVEL some it and some 1o trace clay. Higher
13 sand and gravel content.
; 1164.28 ,
13.41 Wet SAND and GRAVEL some silt and some 1o trace clay. Still
< quite moist.
45
14 1163.68
14.02 | Medium brown, sandy TILL with some siit, gravel and some fo
trace clay
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DHVDOZ

06/06/09
BOX 1

732 to 1370.5 cm

BOX 2

1370.5 to 1433 cm
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* Faro Mine Closure
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Vangorda Creek Diversion
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Photographs
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DHVDO03

07/06/09
Split Spoon 1
~1.22 m depth

g | DHVDO3
07/06/09

Split Spoon 2

~2.74 m depth

o Vangarda Creek Diversion
SAK Consulting l‘
Ermeas e ey Pt FamMma Closure Core Bow/Split Spoon
Al T de a mine Far Photographs
R [ ] Im
e APSENCEE D o e Complie mem o= ]d 5




T '.':,1 P TEr R OO R e DHVDO3
2| ?LFEIE; 3] | e 07/06/09

5 6.7 8 9 ”” 2 Split Spoon 3
~4.27 m depth

DHVDO03

07/06/09
Split Spoon 4
~7.32 m depth

N - = ..-_‘
1 2 =="3 4 5 6 7 8 9 10 11
e T i | il deotah |
£ 3 456 7 8 9 1812.3‘456?8926123455?991%@2

[ ey

SR Consuliing -J‘-‘-u"' O A e
Engoesn snd ks & Faro Mine Closure Core Box/Split Spoon
A celmina Fam | Photographs
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L e = I, R0 ) W
» 14" (s 16l += 17 = 18
7 8 9 401 2 3 45 67

- i R 1
2 4 56 7 8 9

LT

'DHVDO4A

07/06/09
Split Spoon 1
Ground Surface

; i Dbl gl ) S S R A A
45 6.7 89 1012 34 567 89 7 89 4912 3 4 5

1]

" DHVDO4A
07/06/09

Split Spoon 2
~2.74 m depth

r Vangonda Creek Diversion
SR Consulting | ="\, '
B et ol 2l Faro Mine Closure Core Bax/Split Spoon
hFu.'n.:!-!;n e ka mine Fam mm.
=T [ L] - q
W APRENDIE D T M S Ay 3000 - i




Igneous cutting
observed at ~20 m
depth.

Sand cutting observed
at ~18.29 m depth.

Phyllite cutting
observed at ~21m
depth.

DHVDO04A

07/06/09
Cutting Samples

£ Vangorda Creak Divarsion
SR Consulting | -/,
Ergeoesn i S (.~ Faro Mine Closure Core Box/Spiit Spoon
Farnsiurs da la mine Fano w
= oo BOMOLON TSI 3
Lvs RO Pt s Complec T N el
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DHVDO04B

09/06/09
Split Spoon 1
~4.27 m depth

DHVDO04B

09/06/09
Split Spoon 2
~8. m depth

; Vengorda Crask 06
SR Consulting Ty )
Proteus s S ¢ 1" Faro Mine Closure Core Box/Spiit Spoon
Farmatun da ks mine Fam w
e oo ACYDMGIT
e Faro Mine Complex e = T




Light brown silty sand,

cutting observed at
~10.4m depth

Weathered phyllite (a
silty dark grey with
rock fragments)
encountered at
~13.41m depth

10 Ll

DHVD04B

09/06/09
Split Spoon
attempt
~13.41 m depth

o

!'-4?:

“V Faro Mine Closure mwuw
‘-,F e o la mina Farmo

Vangonda Creek Diversion

Ao e 1CTRNLOE

e Wt SPEENDEE [




DHVDO0S

07/06/09
Split Spoon 1
~1.22 m depth

. T O L =~

DHVDO0S5

08/06/09

BOX 1
289.5 to 808 cm

s mm————

Engiremn s Sz _"irf*':: Faro Mine Closure Core Bax/Split Spoon
"ﬁl“-\!!lji{;‘..lu e ka mina Fam mw
P s SEYD0LOR ==
Fero Ming Compilex J




ey sty ore: 0 ¥KINIcdy  mwn i
O LODATL O ROr e

g CUR4 BURL Bl Bp z.vwl._.__.e‘.‘.
uoodg pdgog 0] Wns0);) SUly OJed 7|

Loy !—_} i L5

=S
- 4 "

v — = A A =
s e P ST B o R e PTE T e E i -
o B J Aﬁ

I.II...:.n.lI__.lﬂ!Fﬁum_-u :

Wwo GLEL 0} 808

¢ X0d
60/90/80

S0AAHA

e — I s = — - \lluﬂﬁmh-‘.“-bjw.
gmlwn&ﬁ.umqinpdﬂ.uggr 4 - rB" 7




¥ n.u_._ - wun...&_ HH.S_L E— a.”.u_uawu%.d.d“q“
sydesBoroyd pl.._l!_._nnn 1. g
uoodg yidgren aiog =000 uz_E Emu_ ,..\_.1_. o R e
Ko™ Supynsuod NYS

Eum.hntﬂmwﬂ
¢xog |
60/90/80

S0AAHd




DHVDO06

08/06/09
Cutting Samples

Igneous (granodiorite
like) boulder encountered
at ~4.27m depth.

observed at ~3.96 m
depth.

Sandy silty rocky

(cobble and boulder
rich) till cutting
observed at ~6.40 m
depth.
s Vangonda Creek Déversion
*""‘Eﬂ?_m };f:-'?;—' Faro Mine Closure Core Bax/Split Spoan
Fannelue ge la mioa Fam w
i e M Conglex P N il




Wet till, cuttings
comprised of sand and
gravel with some silt at
~12.19 m depth.

Sandy silty till with
gravel, cutting
observed at ~16.76 m
depth

Weathered phyllite (a
silty dark grey with

DHVDO06

08/06/09
Cutting Samples

rock fragments)
encountered at
~17.37m depth.
b Vanganda Creek Diversion
*mm ‘:-"-'-Ll{:* Faro Mine Closure Core Bow/Spiit Spoon
Al T dala mine Faro Photographs
e GBI Faro Mins Complex e 0




Appendix E
Laboratory Test Results



PARTICLE SIZE ANALYSIS TEST REPORT

ASTM D422 & ©136
Project: SRK Project 1CY001.031 Client: SRK Consulting Inc.
Project No.: W14101280 Client Rep.:
Site: Faro, YT
Material Type: Date Tested: By: BS
Sample No.: TPO2 Saoll Descriptionz: SAND TILL - gravelly, some sllt to
Sample Loc.: silty, trace of clay
Sample Depth:  4.0m USC Classification: SM Cu: 871.0
Sampling Mathad: Ce: 1.3
Date sampled:  23-Jun-2009 By: BS Moisture Content: 9.5
Particle Sand Gravel
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PARTICLE SIZE ANALYSIS TEST REPORT

ASTM Da22 & G136
Project: SRK Project 1CY001.031 Client: SRK CGonsulting Inc.
Project No.: W14101280 Client Rep.:
Site: Fara, YT
Material Type: Date Tested: By: BS
Sample No.: DHVD 04 Soil Description”: SAND - trace of gravel, trace of silt
Sample Loc.; trace of clay
Sample Depth:  7.32 USC Classification: SM Cu: 45
Sampling Method: Cei 1.0
Date sampled:  23-Jun-2009 By: BS Moistura Content: 6.9
Parlicle = Sand Grav
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(mm) | Passing
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PARTICLE SIZE ANALYSIS TEST REPORT

ASTM D422 & G130
Project; SRK Project 1CY001.031 Client: SRK Consulting Inc.
Project No.: W14101280 Client Rep.:
Site: Faro, YT
Material Type: Date Tested: By: BS
Sample No.: DHVD 04B Soll Description®: SAND and SILT - trace to some
Sample Loc.: gravel, trace of clay
Sample Depth:  8.85 USC Classification: SM Cu: 16.0
Sampling Method: Ce: 23
Date sampled:  23-Jun-2009 By: BS Molsture Content: 8.0
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Appendix F
Site Photographs



Note: All photographs displayed in this Appendix were taken between May 28", 2009 and June 12", 2009.

Photographs are presented progressing from the NE to the SW extents of the Vangorda Diversion alignment.

Fhoto 1 & 2: NE end of Alignment - at Vangorda Creek edge Close-up view of phyllltac bedrock observed on
Diversion opposmg (more N) side of Vangorda Creek.

Photu 3& 4: NE end of dwcrsmnahgnment looking ~SW down ahgrmnentback towards DHVDO1
(the red outline shows close up of bedrock observed near the W limits of photo 13).

Photo 5: Near DHVDOI — NNE view looking towards Vangorda Creek (blue).
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Photo 6 & 7: ESE of DHVCO06/ down slope from Test Pit #10 — Phyllitic bedrock noted in existing drainage ditch;
note that the slope shown is at ~25° to the horizontal.

Photo 8: In Between TP#1 and TP#2- Evidence of

Minor mass movement. Note head scarp,
~25m SW of DHVDO1.

Photo 9: Near Looking ~SSW down cleared drill access
route from TP#4 towards location of DHVDO4A drilling &
activities. Photo Taken before drilling activities commenced. &

+ SRK Consulting | .« . Vangorda Creek Diversion Field
\/ Engmmms:mmn «“giik‘{'.-i* FEI'D Mlne Closure Investigation
alllim. 7 declamine Faro Site Photographs
Job No: 1EY001.031 i ata: ved: Photo Paga;
Filaname:  APPENDIX F - Sila Photographs Faro Mine Complex P July 2009 e JBK sl 2




Photo 10: SW view towards location of TP#11 excavation (taken prior to excavation).
Note main haul access road in the distance.

w : . 2 3

Photo 11: Looking NE from main haul road towards the Vangorda Pit. Near expected
SW end of diversion alignment.

Photo 12: SE view, over bank adjacent to main haul access road. Note the flow through
the existing culvert re-entering the original flow path of Vangorda Creek .
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Photo 12: WNW view, of bank adjacent to main haul access road. Note the large volume of waste
rock/road fill material which has been placed.

e e T,

Photo 13: NNE view, of bank adjacent to main haul Photo 14: SSW view, of culvert flow entering Vangorda Creek,
access road. as well as the toe of bank adjacent to main haul access road.
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Photo 15: NW view, of toe of bank adjacent to
main haul access road.

Photo 16: Close up of silty glacial till overburden observed
under a thin layer of organic rich topsoil. W of Vangorda
Creek and S of the toe of the main haul road.

Photo 17: N view, of toe of bank adjacent to main haul access
road and transition again into vegetated soil overlying expected
phyllitic bedrock.

Photo 18: NNE view, of culvert flow entering
Vangorda Creek, as well as the toe of bank adjacent
to main haul access road.
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ML/ARD Assessment of the Excavated Rock
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_w_ SRK Consulting RS
. . . Copper Cliff, Ontario POM 1NO
\/ Engineers and Scientists Canada

sudbury@E@si.com
www, Srk.cam

Tel: 705.682.3270
Fax: 705.682.9301

Memo

To:

CcC:

Peter Healey Date: December 9, 2009

From: Madeleine Corriveau
Kelly Sexsmith

Subject: ARD Potential for Rock from the Project #: 1CY001.031

Vangorda Creek Diversion Channel

1

Introduction

In order to determine the acid rock draining (ARD) potential of rock encountered during the
construction of the Vangorda Creek Diversion Channel, samples were tested from five holes drilled
during SRK’s Vangorda Diversion Field Investigation in June 2009.

Methods

A total of 17 samples were collected representing three types of material: granodiorite, phyllite and
till. Sample descriptions are provided in Table 1. The rock samples were collected from
geotechnical drill core, and were typically 0.1 m in length. Samples of till were collected from
bagged material from the upper portions of the drill holes.

All samples were submitted to CEMI in Vancouver, BC for:
e Acid base accounting (ABA) including modified Sobek neutralization potential (NP), total
inorganic carbon (TIC) and sulphur species; and
e Elemental analysis by ICP.

A subset of the weathered rock samples were also submitted for shake flask extraction tests. Leach
extraction tests were performed at a 3 to 1 liquid to solids ratio, with a contact time of 24 hours.

ARD Potential
A summary of ABA results are provided in Table 2.

Total sulphur content of granodiorite and till samples was near or below the detection limit of 0.02%.
These samples also had low NP ranging from 2.7 to 5.7 kg CaCO/tonne. All NP/AP ratios were
greater than 2 indicating negligible potential for ARD (Figure 1).

Phyllite samples on the other hand, had a wide range of total sulphur content ranging from <0.02 to
1% (median 0.17%). Nearly all sulphur was present as sulphide-sulphur with sulphate-sulphur
content for all samples near or below the detection limit of 0.01%. Neutralization potential was low
(ranging 1.9 to 3.7 kg CaCOs/tonne), with the exception of one sample that had a moderate NP of 26
kg CaCOs/tonne. Five of the ten phyllite samples had NP/AP ratios of less than 1 (Figure 1)
indicating they are potentially acid generating (PAG). However, given the relatively low acid
potential of most samples, the net amount of acidity that is likely to be produced is relatively low.
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Results for the phyllite samples were examined in greater detail to see if there were any variations in
the lithology that would be indicative of increased potential for ARD (Table 3). Samples with
higher sulphur content tended to be associated with quartz veining. However, the sample with the
highest sulphur content did not have quartz veins recorded in the sample description. There were no
strong spatial patterns in the data, with PAG intervals noted in two of the three drillholes with
phyllite, and non-PAG intervals occurring in close proximity to the PAG intervals. Therefore,
segragation of PAG is not expected to be feasible at this site.

4 Metal Leaching Potential

Shake flask extraction tests were completed on five of the weathered phyllite samples to determine
the potential for metal leaching. A summary of leachate chemistry is provided in Table 4.

Leachate pH for three of the samples was circum-neutral ranging from 7.2 to 7.4. Two of the
samples (DHVDO05 3.4-3.5m and DHVDOS5 5.4-5.5m) had mildly acidic leachate pH (6.3 and 5.5,
respectively). Leachate conductivity was loosely negatively correlated to pH with the highest
conductivity (193 uS/cm) reported for the sample with the lowest pH. The highest sulphate
concentration (87 mg/L) was also reported for this sample.

Shake flask extraction results were compared to ten times the CCME guidelines for the protection of
aquatic life (CCME 1999) to screen for parameters that were elevated in the test leachate. Dissolved
metal concentrations were generally low with only one sample (DHVDO05 5.4-5.5m) slightly
exceeding the screening criteria for aluminum, cadmium, and iron.

5 Conclusions and Recommendations

The results of the static testing indicate that the granodiorite, the till, and half of the phyllite samples
would be classified as potentially acid consuming. The remaining phyllites were classified as
potentially acid generating. Most of the PAG samples have AP of less than 10 kg CaCOs/tonne,
indicating that the total amount of acidity that could be produced from these materials is relatively
low.

Phyllite is the dominant type of rock in the walls of diversion ditch. The test results suggest that
localized ARD and metal leaching is possible in some of this material. However, given the relatively
small surface area of the ditch walls, the low sulphur content and modest amounts of soluble metal
found in this material, it is unlikely that the exposed ditch walls are would have an appreciable effect
on water quality. Inspection of the pit walls and seepage monitoring is recommended to confirm
these findings.

Phyllite will also be the dominant type of waste rock that will be produced during construction.
Given the much larger surface area expected for waste rock, some management plans are
appropriate. Potential options for disposal of this material include:

1) Disposal in a random location in the Grum dump,

2) Disposal above the sulphide cell of the Grum dump, where it would ultimately be covered
or,

3) the upper part of the Vangorda pit where it could be used as a cover for highly sulphidic
waste rock that is currently stored in the pit.

All three options would provide adequate control of seepage water quality and would not be
expected to have an appreciable effect on the net loading from these areas.
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Table 1: Sample Descriptions

Sample ID Rock Type Description

DHVD02 13.0-13.1m Granodiorite | Granodiorite, hematite alteration/slightly weathered

DHVDO3 10.0-10.1m Granodiorite | Grey granodiorite, ferric/hemitite altered

DHVDO1 2.8-29m Phyllite Grey green phyllite with minor veining

DHVDO1 5.0-5.1 m Phyllite Grey green phyllite with minor/sparse veining

DHVDO1 9.7-9.8 m Phyllite Heavily quartz veined/intruded phyllite

DHVD02 13.5-13.6 m Phyllite Weathered phyllite bedrock

DHVDO03 11.7-11.8 m Phyllite Dark grey phyllite bedrock. Lots of foliation breaks.

DHVDO5 11.8-11.9m Phyliite Dark grey soft highly weathered phyllite. Breaks easily on foliation

DHVDO5 15.4-15.5m Phyllite Green grey weathered chlorite altered phyllite. _

DHVDO05 3.4-3.5m Phyllite Grey chlorite altered phyllite, lots of evidence of fluid flow/quartz
vein infrusions ) ) -

DHVDO05 5.4-5.5 m Phyllite Grey-green phyllite, abundant, large quartz veins, chlorite
alteration and sulphides observed.

DHVDO5 8.2-83 m Phyllite Grey-green white phyllite, thin quartz veins, chlorite alteration,
highly fractured, some sulphides observed.

DHVDO3 1.22 m (-3/8") | Till Grey brown sand and gravels, some silt; gravel is comprised
mainly of phyllite .

DHVD03 2.74 m (-3/8") | Till Light brown silty sand with some gravel

DHVDO03 7.31 m (-3/8") | Till Medium to light brown sandy silt with some gravel and some to
trace clay

DHVDO4B 2.74 m (-3/8") | Till Light brown sand, some silt

DHVDO05 1.22 m (-3/8") | Till Topsoil, then black organic rich silt, sand, gravel, some clay, then
dark brown silt, clay, gravel (phyllite chips) some sand and trace
organics
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Table 2: Summary of ABA Results

Sample ID Rock Type | Paste pH Total § Sulphate | Sulphur Diff. AP Modified NP | Equiv. CaCO3 | NP/AP
Std. Units %S %S % S kg CaCO3/t | kg CaCO3/t kg CaCO3/t Ratio

LOD ) 0.01 0.02 0.01 #N/A #N/A 0.2 #N/A #N/A
Method Code _ Sobek Leco HCI Leach Calc. Calc. Modified NP Cale. Calc.
DHVDO2 13.0-13.1m Granodiorite 9.15 <0.02 <0.01 =0.02 =0.6 3.2 0.5 5.3
DHVDO03 10.0-10.1 m Granodiorite 7.85 =0.02 =0.01 <0.02 <0.6 3.3 0.7 5.5
DHVDO1 2.8-2.9m Phyllite 8.02 0.15 <0.01 0.15 4.7 27 1.4 0.6
DHVDO01 5.0-5.1 m | Phyllite 6.91 0.05 0.01 0.04 1.3 2.7 =0.5 22
DHVDO1 9.7-9.8 m Phyllite 8.37 0.31 <0.01 0.31 9.7 3.6 43 04
DHVDO0Z2 13.5-13.6m Phyllite 7.78 <0.02 <0.01 <0.02 <0.6 2.8 <0.5 4.7
DHVDO3 11.7-11.8 m Phyllite 7.93 <0.02 =0.01 =0.02 <0.6 1.9 <0.5 3.2
DHVDO5 11.8-11.9m Phyllite 8.25 0.22 <0.01 0.22 6.9 3.3 <0.5 0.5
DHVD05 15.4-15.5 m Phyllite 8.30 0.19 =0.01 0.19 5.9 26.2 30.5 44
DHVDO5 3.4-3.5m Phyllite 6.49 0.03 0.03 <0.02 <0.6 1.9 =0.5 32
DHVDO5 5.4-55m Phyllite 6.58 1.00 0.02 0.98 30.6 37 0.9 0.1
DHVDOS5 8.2-8.3 m Phyllite 7.46 0.26 <0.01 0.26 B.1 35 =0.5 04
DHVDO03 1.22 m (-3/8") Till 7.02 =0.02 <0.01 <0.02 =0.6 4.1 <0.5 6.8
DHVDO3 2.74 m (-3/8") Till 7.10 =0.02 0.01 =0.02 =0.6 57 0.7 9.5
DHVDO03 7.31 m (-3/8") Till 7.98 =0.02 =0.01 <0.02 <0.6 2.4 0.7 4.0
DHVDO4E 2.74 m (-3/8") | Till 8.19 <0.02 <0.01 <0.02 <0.6 2.7 0.9 4.5
DHVDO0O5 1.22 m (-3/8") Till 7.7 0.03 0.02 =0.02 <0.6 5.1 1.6 85
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Table 3: Summary of Phyllite Results

Sample ID Description Total S NP/AP
%S Ratio
NP/AP=1 | DHVDO05 5.4-55m Green grey weathered chlorite 1.00 0.1
altered phyllite.
DHVDO1 9.7-9.8 m Heavily quartz veined/intruded 0.31 0.4
phyllite
DHVDO05 8.2-8.3m Grey chlorite altered phyllite, lots 0.26 0.4
of evidence of fluid flow/quartz
vein intrusions
B DHVDO5 11.8-11.9 m | Grey-green phyllite, abundant, 0.22 0.5
large quartz veins, chlorite
alteration and sulphides observed.
- DHVDO1 2.8-29m Grey green phyllite with minor 0.15 0.6
veining
NP/AP>2 | DHVDO1 5.0-5.1m Grey green phyllite with 0.05 22
, minor/sparse veining
DHVDO3 11.7-11.8 m | Dark grey phyllite bedrock. Lots of =0.02 3.2
foliation breaks.
DHVDO0OS 3.4-3.5m Dark grey soft highly weathered 0.03 3z
phyllite. Breaks easily on foliation
DHVDO05 15.4-15.5m | Grey-green white phyliite, thin 0.19 4.4
quartz veins, chiorite alteration,
highly fractured, some sulphides
observed.
DHVDO0Z2 13.5-13.6 m | Weathered phyllite bedrock <0.02 4.7

Authara Initinlanypiat initials

Appendix 1|_Vang_Oiversion_ARD_Palential_1CY001 ﬂﬂ-‘l me 20001200, 11:11 AM, Dec. 5,00



SRK Consulting Page 7 of 8

Table 4: Summary of SFE Results Compared to 10x CCME Guidelines

Sample ID 10x CCME DHVDO1 DHVDO2 DHVDO0S5 DHVDO5 DHVDOS
Guideline 9.7-9.8m 13.5-13.6 m 34-3.5m 5.4-5.5 m 11.8-11.9 m
Parameter Method Units
pH meter 7.31 7.17 6.34 5.48 7.38
Conductivity meter uSfcm 49 27 54 193 15
Total Acidity (to pH 8.3) titration mg CaCO3/L 4.5 3.7 4.7 16.5 , 3.9
Alkalinity fitration mg CaCO3/L 11.4 5.7 3.5 1.5 6.9
Sulphate Turbidity mg/L 12 7 17 a7 3
Dissolved Metals
Aluminum Al ICP-MS3 ma/fL 0.05-1 0.0177 0.0112 0.0104 0.0796 0.01586
Antimony Sb ICP-MS mg/L 0.00019 0.00003 0.00002 0.00024 0.00369
Arsenic As ICP-MS mgyfL 0.05 0.00088 0.00013 <0.00002 0.00042 0.0006
Barium Ba |CP-MS mg/L 0.00088 0.0142 0.00433 0.0211 0.00271
Cadmium Cd ICP-MS mgfL 0.00017 0.000008 0.000005 0.000033 0.00154 0.000014
Calcium Ca ICP-MS mg/L 4.12 3.86 6.71 26.8 1.61
Cobalt Co ICP-MS mg/fL 0.000747 0.00308 0.0019 0.179 0.000185
Copper Cu ICP-MS mg/L 0.02 0.00066 0.00042 0.0011 0.00459 0.00052
Iron Fe ICP-MS mgfL 3 0.008 0.011 0.004 4.34 0.004
Lead Pb ICP-MS mg/L 0.01 0.00119 0.00002 0.000013 0.00165 0.00225
Magnesium Mg ICP-MS mg/L 0.89 0.47 0.93 212 0.18
Manganese Mn ICP-MS mgrL 0.515 0.0114 0.0335 0.0849 0.00338
Mercury Hg ICP-MS ug/L 0.26 <0.01 <0.01 <0.01 0.03 <0.01
Molybdenum Mo ICP-MS mg/L 0.73 0.00018 0.00047 <0.00005 0.00008 0.00034
Micke! Ni ICP-MS mg/L 0.25 0.00687 0.00397 0.00639 0.537 0.0017
Potassium K ICP-MS mg/L 3.06 0.78 1.08 1.98 1.86
Selenium Se ICP-MS mgfL 0.01 0.00011 0.00006 0.00006 0.00294 0.00011
Silicon Si ICP-MS mgfL 1.01 1.65 253 3.43 1.07
Sodium Na ICP-MS mgfl 1.79 0.79 0.82 0.78 0.62
Strontium Sr ICP-MS mg/L 0.0163 0.021 0.0253 0.101 0.00555
Thallium TI ICP-MS mg/L 0.008 0.000012 <0.000002 0.000008 0.000017 0.000014
Uranium U ICP-MS mafL 0.000281 0.000016 0.000006 0.00513 0.000086
Zinc Zn ICP-MS malL 0.3 0.0031 0.0004 0.0029 0.0658 0.0035

Notes: 1. SFE results are compared to CCME Guidelines for illustration purposes only. CCME Guidelines apply only to receiving environments and do not
apply to mine water.
2. Values that exceed the screening criteria are in bold.
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Memo
To: Peter Healy, SRK Date: November 16, 2009
CC: From: Megan Kinsey
Subject: Vangorda Creek Diversion Channel Project#:  1CY001.031.004
Erosion
1 Introduction

SRK Consulting (Canada) Inc has prepared this memo to address concerns presented by North West
Hydraulic Consultants (NHC) in regard to step-pool scour of the steep slope reach in the draft design
for the proposed Vangorda Creek Diversion. This memo will discuss literature on the common
approaches to calculate bedrock scour, the methods applicability to the problem presented and
estimate if bedrock erosion due to water forces is likely to occur.

2 Background

2.1 Design

The proposed Vangorda Creck Diversion is consists of three reaches, the third reach which has a
slope of 13.0% is the cause of the design concerns. A stepped channel design is to be used for the
steep reach to dissipate energy. The step pool design itself in not cause concern rather the method of
step pool lining. In the draft design report for the Vangorda Creek Diversion it was assumed that the
phyllite and weathered phyllite bedrock underlying a large portion of the proposed diversion would
be highly susceptible to erosion (SRK, 2009a). Therefore the stepped channel was designed with
riprap lining to prevent channel erosion. Concerns presented regarding scour and movement of the
riprap lining lead to further consideration of a stepped bedrock chute design. Therefore further
analysis into the erodibility of the phyllite bed rock was required.

The stepped chute system is to be designed for a 500 year, 15 m%/s flood. Key design parameters
include:

s Design Discharge = 15.0 m’/s

o Step height=1.0m

e Channel Width=6.0m

2.2  Bedrock Properties

The phyllite bedrock was generally moderately to heavily fractured and jointed displaying heavy
micro defects and soft red brown staining. Typically the phyllite rock was of poor quality, with
Rock Quality Designation (RQD) in the range of 29 to 46% (SRK, 2009b). The jointing and
foliation breaks were found to be orientated sub horizontally, to horizontally with near horizontal
planar cleavage. The intact rock strength observed varied between R1 for heavily weathered phyllite
to R4 for un- weathered phyllite; R2 was the most common intact rock strength for weathered
phyllite.
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Determination of Bedrock Erodibility

Bedrock erosion is the product of several processes including freeze-thaw, scour due to water forces
and scour due to entrained bed load. This section will only discuss methods to determine bedrock
erosion from water forces. Bedrock erosion due to freeze thaw will only be considered in the most
peripheral sense for the role it plays in bedrock weathering. Methods to quantify erosion and erosion
rate due to water forces are limited and commonly assume that erosion rate is proportional to either
shear stress or stream power. These assumptions are often too simple to describe the full erosional
process of bedrock, but are commonly used to quantify erosion; several methods are discussed below
(Sklar and Dietrich, 2001).

Sklar and Dietrich (1998) present a stream power law that equates erosion rate to the product of rock
erodibility, and channel slope and area to the power of numerical constants. Values are assigned to
the numerical constants by observation assuming that the coefficient representing efficiency of
erosion is constant for the reach being studied (Sklar and Dietrich, 1998). The applications of Sklar
and Dietrich’s stream power law are limited, and only apply to fluvial dominated channels with a
near constant slope of less than 20% (Sklar and Dietrich, 1998). Due to the simplifying assumptions
inherent in the Sklar and Dietrich (1998) stream power model, the application of the model to a
stepped chute system would provide limited results.

The Annandale stream power method does not directly calculate erosion rate, however it uses the
erodibility index method is used to determine scour potential. Scour potential is determined by
comparing the stream power of the water, to a critical stream power of the rock calculated from the
erodibility index (Annandale, 2006). The equation used to correlate erodibility index is determined
empirically, however a similar correlation between critical stream power and erodibility index is
presented in an independent study conducted by van Schalkwyk in 1995 (Annandale, 2006). Stream
power is calculated from the flow properties of the system. If stream power of the water is
determined to be greater than the critical stream power of erosion, erosion is expected to occur.

The USDA has come up with a method to calculate headcut erosion of a vegetated earth spillways
based on shear strength and makes use of several simplifying assumptions (USDA, 1997a). This
method assumes all spillway exit channels are long enough for flow to approach normal depth, as
well channel shape and width are assumed constant for all reaches. The model breaks down the
erosion process into three phases. The first phase consists of the development of concentrated flow
and the destruction of vegetal cover (USDA, 1997a). Phase two is downward downstream erosion
resulting in a vertical headcut; once a vertical headeut is created the flow enters the third phase
(Temple and Hanson, 1994). For the purposes of determining erosion rate in a stepped chute the
third phase would be the only phase of concern, since the chute would not be vegetated and the
vertical headcut would already be established by step creation. However, the USDA method
assumes normal flow before the head cut and the stepped chute system never reaches normal flow, so
this method might not be applicable. As well erosion rate is dependent on the critical shear stress of
the material being eroded, for granular materials this stress would be calculated through and iterative
application of the Shields method. Shields method is dependent on particle size and not applicable to
solid rock faces, therefore the shear stress of phyllite would have to be determined from using
another method before erosion rate could be calculated.

Both Annandale (2006) and the USDA (1997b) take into account the erosive properties of a soil or
rock with the erodibility index. The erodibility index or headcut erodibility index (USDA, 2007b), is
a factor representing the relative resistance of a material to erosion (Annandale, 2006 and USDA,
2007b). This factor takes into account material strength, discontinuities, material orientation, faults
and fissures. The methods used to calculate erodibility index can be found in Annandale (2006) or
USDA (1997b).
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Scour Potential of Bedrock

Using the stream power methodology presented by Annandale (2006) and the bedrock properties
presented above the scour potential of phyllite bedrock in a stepped chute was evaluated. In this
evaluation the hydraulic regime of a step was taken as that of a shallow nappe undergoing headcut
erosion. Therefore erosion of bedrock was evaluated for vertical face of the step as well as the
horizontal face of the chute bed.

The critical stream power of the phyllite bedrock was determined to be between 0.31 kW/m’ and
4.70 kW/m®. The calculated critical steam powers were calculated using the best estimates given the
data available, for a more accurate prediction specific field observations are required. Therefore,
these critical stream power values should be used cautiously, since assumptions were made when
applying the erodibility index criteria. In the field investigation report the phyllite was described as
being highly fractured and folliated, therefore the maximum number of joint sets was assumed and
that the ratio of joint width to joint length is large. As well, for the purposes of evaluating bedrock
scour it is best to assume that all phyllite is significantly weathered. This assumption is to account
for the fact that if the phyllite bedrock at the base of the channel is not weathered at the time of
construction it will likely become weathered by freeze thaw within the design life of the diversion
channel.

The stream power from a shallow nappe was calculated for both the vertical and horizontal faces of
the stepped chute at various different discharge values, using the equations presented in Annandale
(2006). The water stream power, for various flow rates in comparison to the threshold (critical)
stream power for erosion are presented in Figure 1.

Figure 1: Stream Power of Stepped Chute with Discharge
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From Figure lit can be seen that the best estimate of critical stream power of erosion is less than the
stream power on both the horizontal and vertical chute faces. Therefore erosion of the bedrock chute
is expected to occur during all flow conditions.
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1

1.1
1.1.1

1.1.2

1.1.3

General Requirements

Part 1 — General

Documents

This section of the Specification forms part of the Contract Documents and is to be read, interpreted
and coordinated with all other parts.

Revision Summary

Table 1.1 below provides a summary of the revision history of these Technical Specifications.

Table 1.1: Revision Summary

Revision Status Issue Date Major Changes
A Issued for Review November 2009 N/A
B Issued for Review February 2010 Stepped Chute
Definitions

The following definitions and interpretations shall apply to these Technical Specifications:

L.

PROJECT means Phase 1 of the Vangorda Creek Diversion Channel Construction, of which the
Works described in the Document may be the whole or part.

WORKS is defined as the entire completed construction as defined by this Document, or the
various separately identifiable parts thereof, required to be furnished under the Contract
Documents. Works is the results of performing services, furnishings labour, and furnishing and
incorporating materials and equipment into the construction, all as required by the Contract
Documents. CONTRACT DOCUMENTS are defined as the agreement, addenda (which pertain
to the Contract Document), Contractor’s bid (including documentation accompanying the bid
and any post-bid addenda submitted) when attached as an exhibit to the agreement, Contractor’s
proposed plans and schedule, the bonds, the general conditions, the supplementary conditions,
these Specifications, the Drawings, together with all Modifications issued after the execution of
the agreement.

SPECIFICATIONS as defined as the Technical Specifications herein prepared by SRK
Consulting (Canada) Inc. on behalf of the Yukon Government. These Specifications are to be
read, interpreted and coordinated with all the Drawings, Modifications, updated Revisions, or
any other relevant documents produced by the Engineer, and the Yukon Government.
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4. DRAWINGS are defined as all Engineering Drawings, plans, sketches and maps issued for
construction with these Specifications, or subsequently, as deemed necessary by the Engineer.

5. MODIFICATIONS are defined as changes made to the Specifications and/or Drawings, which
have been approved by the Engineer in writing. These modifications can be issued at any time,
including after issuance of these Specifications and any accompanying Drawings and/or other
Modifications,

6. Responsible Parties:

a. GOVERNMENT is defined as the Yukon Government (YG) is also the Owner of the Faro
Mine Site.

b. CONTRACT MANAGER (CM) is defined as YG's representative responsible for the
administration and management of the works. The Designated Contract Manager for the
works is Denison Environmental Services (DES). The ENGINEER-OF-RECORD is
defined as an engineering representative appointed and authorized by YG for the Works
described in this Document. The Engineer shall be a registered Professional Engineer in
Yukon, or a designated site representative under his/her direct supervision during
construction. At the time of issuing this Document, the Engineer-of-Record is a designated
employee of SRK Consulting (Canada) Inc. (SRK).

c. CONTRACTOR is defined as the party or appointed representative of the party that has an
agreement with the Yukon Government to execute the Works defined in this Document.

d. SUB-CONTRACTOR is defined as the party of appointed representative of the party that
has an agreement with the Contractor to execute specialized components of the Works
defined in this Document that cannot be carried out by the Contractor.

e. SURVEYOR is defined as the party or appointed representative of the party that has an
agreement with the Contractor to act as Site Surveyor for the execution of the Works
defined in this Document. The Surveyor shall have equipment and means on site to carry
out horizontal and vertical ground surveys with an accuracy of 10 mm. The Surveyor shall
also have the equipment and means to prepare Digital Terrain Models and Drawings on site
that is compatible with AutoCAD 2008 or AutoCAD 2010. The Surveyor reports to the
Contractor, but will be available for use by the Engineer as required, provided the Engineer
has requested such needs through the Contractor.

f. QUALITY CONTROL AND ASSURANCE TEAM is defined as the individual(s)
working under the Engineer to perform on site quality control and assurance for the works
defined in this Document.

g. LAND OWNER is defined as the party or appointed representative of the party that has the
right of land outside of the mine vicinity.

PMHIAT/ade
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7. ON-SITE MATERIAL is defined as borrow materials obtained from within designated on site
excavations.

8. OFF-SITE MATERIAL is defined as material obtained from sources other than on-site.

9. RECORD DOCUMENTS are defined as the document prepared and certified by a Land
Surveyor, Material Testing Technician, Quality Control and Assurance Personnel, Specialist
Professional, or any other parties documenting any aspect of the Works.

10. PRODUCTS are defined as processed fill material, synthetic products, machines, components,
equipment, fixtures, and systems forming the Works. This does not include machinery and
equipment used for preparation, fabrication, conveying, and erection of the Works. Products
may also include existing material or components required for reuse.

11. SLOPES are defined in all instances in these Specifications and on Drawings in term of
horizontal distance to vertical distance (i.e. 2H:1V shall be read as 2 horizontal unit distance to
1 vertical unit distance).

12. EQUIPMENT means all construction mobile equipment that will be used to complete the Works.

1.1.4 Summary of Works

1. The Contractor will be responsible for ensuring that all the Works defined in this Document be
executed in accordance with all appropriate permits and approvals. Furthermore, the Contractor
is responsible for ensuring that all the Works are carried out in accordance with the
Government’s environmental and safety standards.

2. The Works in this document covered by this Specification is defined as Phase | of the Vangorda
Creek Diversion and includes, but is not limited to the following:
a. Clearing, stripping in work areas from STA 0+00 to STA 1+325.
b. Construction of access roads.
c. Construction of headworks at STA 0-+00.
d. Construction of the Re-aligned Vangorda Creek Diversion — Phase 1.
e. Construction of an expansion to the existing plunge pool.
f.  Construction of carthworks components of stepped chute.
g. Construction of surface water management measures along the channel alignment.
h. Construction and removal of a temporary cofferdam.
1. Construction of an erodible plug.
j.- Breaching of Blind Creek Road.

k. Drilling and blasting in sections along the channel alignment.
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. Grading final surfaces and removal of temporary facilities and structures. ‘

1.1.5 Contradictions

1. Should any contradictions, either implied or read, exist between the Specification and the
Drawings, the Contractor shall:

a. Notify the Engineer.

b. Stop all works that concern the contradiction until the contradiction is remedied or clarified
by the Engineer.

2. The decision of the Engineer is final.

1.1.6 Contractor's Responsibilities

1. The Contractor, in the context of the Works defined in this Document shall:

a. Comply with Yukon Workers’ Compensation Health and Safety Regulations and any other
relevant required health and safety regulations.

b. Provide the Engineer with a copy of their Health and Safety Plan, which has been
specifically prepared for this Project.

¢. Become familiar with the relevant regional and site-specific conditions that deviate from
the Specifications and Drawings, and inform the Engineer when a problem or delay is
anticipated.

d. Be responsible for making its own measurements and installing the Works to fit the
condition encountered.

e. Before proceeding with the Works, examine all Drawings and report to the Engineer any
apparent discrepancies or interferences. The Engineer shall have the privilege of making
minor alterations to the Drawings and the Specifications. All alternations shall be issued
under a covering Works order signed and authorized by the Engineer prior to the start of
alternation, if the alternation will affect the terms of Contract.

1.1.7 Testing by the Contractor and the Engineer

1. Testing the Works:

a. The Engineer will carry out Quality Assurance for the Works defined in this Document,
and will undertake testing at a frequency and at the location specified in the various
sections of these Specifications. The Engineer may undertake any addition testing which
he deems necessary on any part of the Works.
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b. Performance testing by the Engineer shall in no way relieve the Contractor of its sole
responsibility for completing the Works in accordance with the specified requirements.

c. The Contractor shall undertake his own quality control and quality assurance, and shall
submit a copy of his Quality Assurance/Quality Control (QA/QC) program for review by
the Engineer at least seven days prior to commencement of the Works.

d. All quality control or other test data, survey data or the like, collected by the Contractor
shall be made available to INAC, the Government and the Engineer on request.

1.1.8 Submittals

1. The Contractor shall submit information as specified and requested from the Engineer. All
submittals required by the Engineer will be requested through formal transmittal to the
Contractor.

2. The Engineer has the right to request as a Submittal any other information deemed necessary
throughout execution of the Works. This includes information not currently defined as Submittal
information on the Drawings and Specifications.

1.1.9 Changes

1. Any changes that are outside of the Contract agreement shall be submitted to the Contract
Manager for approval via a Change Order. The Contractor shall submit the Change Out with
Engineer’s approval to the Contract Manager.

1.1.10 Construction Schedule

1. The Contractor shall submit a detailed schedule of construction to the Engineer 28 days prior to
the commencement of construction. The Engineer reserves the right to halt the commencement
of specific construction components, if in his opinion there is any risk that the construction
cannot be completed under the optimum weather conditions.

2. The Contractor is responsible for updating and modifying the construction schedule according to
the ongoing progress and delays. The construction schedule shall be made available to the
Contract Manager, and the Engineer upon request. The Contractor shall notify the Engineer and
the Contract Manager 7 days before the scheduled component start date if and when major delay
in the schedule is anticipated.

1.1.11 Construction Drawings

1. Drawings specific to construction will be issued by the Engineer prior to commencement of the
Work. Drawings shall be reviewed by the Contractor to ensure all aspects of the construction are
covered and report to the Engineer any discrepancies and interferences. The Contractor shall
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notify and inform the Engineer of construction progress and Drawing requirements four weeks
prior to commencement of any Works.

2. Only Drawings specifically marked with the Following words are considered acceptable for
Construction: ISSUED FOR CONSTRUCTION, or IFC.

3. The following is the list of Drawings which accompany this Document:

Table 1.2: List of Drawings

Drawing ID Title Date of Issue Revision
V-01 General Location February 2010 D
V-02 Drawing Index and Notes February 2010 D
V-03 General Arrangement (with Orthophoto) February 2010 D
V-04 General Arrangement ' February 2010 D
V-05 Profile Along Centreline of Channel (Section A-A") February 2010 D
V-06 Section B-B' (0+025) and Section C-C' (0+075) February 2010 D
V-07 Section D-D' (0+350) and Section E-E' (0+550) Fabn.lary 2010 D
V-08 Section F-F' (0+870) February 2010 D
V-09 Section G-G' (1+025) February 2010 D
V-10 Headworks Site Plan February 2010 A
V-11 Headworks Sections February 2010 D
V-12 Step Pool Plan and Sections February 2010 D
V-13 Step Pool Typical Profile February 2010 D
V-14 Plunge Pool Plan and Sections February 2010 D
V-15 Stake-Out Points (TBD) February 2010 F=

1.1.12 Survey and As-built Drawings

1. The Contractor is responsible for all construction surveying. Construction survey data will be

made available to the Contract Manager, and the Engineer upon request. The Contractor will

provide as-built drawings and surveys to the Engineer for completion approval. The as-built

drawings and surveys must be provided to the Engineer within 28 days of project completion.

END OF SECTION 1
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2 Mobilization and Demobilization
21 Part1- General

2.1.1 Documents

1. This section of the Specifications forms part of the Contract Document and is to be read,
interpreted and coordinated with all other parts.

2.1.2 Description

1. The work covered by this section consists of supplying all plants, labours, materials and
equipment, and performing all work necessary for the Contractor’s mobilization and

demobilization.

2. Mobilization shall be to the mine site and shall include all cost required to:

Provide the Contract Manager, and the Engineer with a complete list of plants, equipment,
tools, supplies and material that will be required for the Works. This list must be
completed with individual piece shipping dimensions and weight and the highway and
access road limitations.

Mobilize all labour, supervision, technical personnel and other services required for
completion of the work to the mine site.

Furnish and install temporary facilities and utilities required for the construction including
Engineer’s work station.

Setup and assemble plant and equipment and move to the specific work and staging
locations.

Provide the Engineer with office space and communication including radio, phone and
internet within the site office area.

Throughout the duration of the work, each new person shall , attend an initial and all
subsequent Health and Safety site briefings as specified in Contractor’s and Yukon
Workers’ Compensation Health and Safety requirements and standards.

3. Demobilization shall be regarded as completed when all labourers, equipment, temporary
facilities, surplus and waste material resulting from the Contractor’s operations have been
removed from site and the work areas has been cleaned, reclaimed and graded to the satisfaction

of the Engineer.
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notify and inform the Engineer of construction progress and Drawing requirements four weeks
prior to commencement of any Works.

2. Only Drawings specifically marked with the Following words are considered acceptable for
Construction: ISSUED FOR CONSTRUCTION, or IFC.

3. The following is the list of Drawings which accompany this Document:

Table 1.2: List of Drawings

Drawing ID Title Date of Issue Revision
V-01 General Location February 2010 D
V-02 Drawing Index and Notes February 2010 D
V-03 General Arrangement (with Orthophoto) February 2010 D
V-04 B General Arrangement Fabruary 2010 D
V-05 Profile Along Centreline of Channel (Section A-A') February 2010 D
V-06 Section B-B’ (0+025) and Section C-C' (0+075) February 2010 D
V-07 Section D-D' (0+350) and Section E-E' (0+550) February 2010 D
V-08 Section F-F' (0+870) February 2010 D
V-09 Section G-G' (1+025) February 2010 D
V-10 Headworks Site Plan February2010 | A
V-11 Headworks Sections February 2010 D
V-12 Step Pool Plan and Sections February 2010 D
V-13 Step Pool Typical Profile February 2010 D
V-14 Plunge Pool Plan and Sections February 2010 D
V-15 Stake-Out Points (TBD) February 2010 c

1.1.12 Survey and As-built Drawings

1. The Contractor is responsible for all construction surveying. Construction survey data will be

made available to the Contract Manager, and the Engineer upon request. The Contractor will

provide as-built drawings and surveys to the Engineer for completion approval. The as-built

drawings and surveys must be provided to the Engineer within 28 days of project completion.

END OF SECTION 1
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2 Mobilization and Demobilization
21 Part1- General

2.1.1 Documents

1. This section of the Specifications forms part of the Contract Document and is to be read,
interpreted and coordinated with all other parts.

2.1.2 Description

1. The work covered by this section consists of supplying all plants, labours, materials and
equipment, and performing all work necessary for the Contractor’s mobilization and
demobilization.

2. Mobilization shall be to the mine site and shall include all cost required to:

Provide the Contract Manager, and the Engineer with a complete list of plants, equipment,
tools, supplies and material that will be required for the Works. This list must be
completed with individual piece shipping dimensions and weight and the highway and
access road limitations.

Mobilize all labour, supervision, technical personnel and other services required for
completion of the work to the mine site.

Furnish and install temporary facilities and utilities required for the construction including
Engineer’s work station.

Setup and assemble plant and equipment and move to the specific work and staging
locations.

Provide the Engineer with office space and communication including radio, phone and
internet within the site office area.

Throughout the duration of the work, each new person shall , attend an initial and all
subsequent Health and Safety site briefings as specified in Contractor’s and Yukon
Workers’ Compensation Health and Safety requirements and standards.

3. Demobilization shall be regarded as completed when all labourers, equipment, temporary
facilities, surplus and waste material resulting from the Contractor’s operations have been
removed from site and the work areas has been cleaned, reclaimed and graded to the satisfaction
of the Engineer.
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2.1.3 Submittals

1. Within 28 days after award of the Contract, the Contractor shall submit a mobilization plan
including:

o

Shipping dimensions and weight of all plants, supplies, tools, equipment, material and
facilities.

b. Shipping schedule for mobilization and demobilization.

¢. A layout drawing of the Contractor’s temporary facilities, staging areas, including potable
water source for the Works,

d. Contractor Health and Safety Plan.

END OF SECTION 2
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3 General Construction and Site Preparations
3.1 Part1- General

3.1.1 Documents

This section of the Specification forms part of the Contract Document and is to be read, interpreted
and coordinated with all other parts.

3.1.2 Work Description

1. The following tasks are part of initial works required prior to the main reclamation work in the

mine site.

PERMITS and REGULATIONS — the Contract Manager is to acquire all necessary permits
required for the works for the scheduled construction and adhere to all safety and
environmental regulations outlined by the applicable Federal, Provincial, Local and/or the
Land Owner.

PROTECTION — unless otherwise instructed, the Contractor is to take all necessary
precautions to prevent damage to natural and man-made features, including but not limited
to wildlife habitat, survey monuments, and instrumentations outside of project areas. The
Contractor may not perform any Works outside of the permitted and pre-approved
construction areas.

PREPARATION — The Contractor shall confirm the Works limits by having his surveyor
layout the extents of all works, prior to commencement of earthworks or surface works.
The Engineer will inspect these demarcated areas and confirm all limits before giving
written approval to proceed. The Contractor shall inspect the Works site and verify with
the Engineer any restrictions within or adjacent to the work limits.

SITE OFFICES AND LAYDOWN - the Contractor is to maintain a site office where all
new personnel should report to prior entering and working on site. The site office should
be facilitated according to the Contractor’s daily needs with a work station for the
Engineer. Laydown area(s) should be identified in the project area for staging of the
materials and equipment, where it will not affect construction progress and traffic. Any
cutting, clearing and stripping shall be done according to the Specifications. The laydown
arca(s) shall be fully reclaimed upon completion of the Works.

CUTTING - is defined as cutting of any standing timber in the project area. The
Contractor is to contact the Contract Manager for permission prior to any cutting of trees
and timbers. All cutting of trees must be approval by the Contract Manager and carried out
in accordance to directions and specifications from the Contract Manager.

PMH/AT/ade
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f.  CLEARING - it is defined as clearing of any vegetation and/or stumps, excluding standing
trees, in the project area. The removed waste shall be stockpiled for reclamation use.

g. STRIPPING - it is defined as excavation and removal of unsuitable material and organic
topsoil in the project area. The removed waste and topsoil shall be stockpiled for
reclamation use.

h. STOCKPILES and DISPOSAL — the Contractor will submit plans and location for
handling and operating the unsuitable and organic stockpiles to the Contract Manager for
approval. The stockpile should have proper sediment and surface water control, and be
free standing without short term stability issues.

i. SNOW and ICE REMOVAL - it is defined as clearing and removal of any snow that
hampers construction activity and cover works. The removed snow shall be stockpiled in
area(s) where subsequent melting will not affect the Works nor other mine site operations.
The Contractor will submit plans and location for handling the snow removal to the
Contract Manager for approval.

3.1.3 Submittals

1. The Contractor shall notify the Contract Manager outlining his intended methods for site
preparation within a given area at least seven days prior to the commencement of Work,
including, but not limited to the following details:

a. Typical equipment deployment.

b. Work schedule including work area(s), volume, handling and operating procedures,
stockpile area(s) and typical sections, and traffic pattern(s).

¢c. Contingency plan for change in weather conditions and other foreseeable risks.

d. Sediment and surface water controls around the intended work area(s).

END OF SECTION 3
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4 Soil Excavation
41 Part1-General

4.1.1 Documents

1. This section of the Specification forms part of the Contract Document and is to be read,
interpreted and coordinated with all other parts.

4.1.2 Description

1. The excavation Works entail excavation of soil and other material below the original ground
surface to neat lines as indicated on the Drawings.

2. The Works to be carried out under this Section consists of furnishing all labour, material,
equipment and the performance of all Works necessary to carry out rock and soil excavation as
shown on the Drawings, and as specified herein, which will include, but is not limited to the
following:

a. Excavation of new channel alignment.

b. Excavation of a plunge pool.

c. Excavation of thestepped chute in the steeper section of the channel alignment.
d. Breaching of the Blind Creek Road as part of the channel excavation.

3. The Works shall also include the loading, transportation and permanent disposal of all excavated
materials which are deemed by the Engineer to be surplus, or unsuitable for use as a construction
material, and the loading, transportation and possible temporary stockpiling and re-handling of
acceptable material to location to where they can either be used as part of the temporary or
permanent structures, or stockpile in readiness for future temporary or permanent use.

4. The Contractor will be responsible for identifying suitable stockpile locations for any excavated
material, whether temporary or permanent. The Engineer will, however, have the right to reject
any identified site, if in his opinion it may interfere with any of the Works.

4.1.3 Exclusions

1. Contractor will submit plan(s), location(s), handling and operating procedure(s) to Contract
Manage for approval for any cxcavation that is listed in the work description.
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4.1.4 Definitions

1. The following words and terms, unless the context otherwise requires, in this Specifications,

shall have the meaning set out below:

SOIL means general overburden material free of organics which can be used in part as
bedding material for liners and approved by the Engineer.

ROCK means bedrock material which forms part of the foundation of the Works or from a
designated foundation excavation.

UNSUITABLE MATERIAL means any soil or rock that does not meet the Specifications
for the use of this project.

NEAT LINE means the final line or grade to which excavation is to be performed.

COMMON EXCAVATION means excavation of all materials, included blasted rock
weathered bedrock, soil, and unsuitable material by mechanical means.

41.5 Procedures

1. The details of the surface excavation shown on the Drawings represent an engineered design

encompassing drainage under particular assumed conditions. Variations in site conditions may
require field adjustments to the excavation shape, slope reinforcement and drainage under the
Engineer’s discretion.

2. If, in a specific area, a plan that has been previously adopted does not fit the site conditions in

accordance with the requirement of these Specifications, the Engineer shall submit a revised plan

to the Contractor before continuing excavation in identificd arcas.

3. Surface water management measures shall be constructed and implemented prior to the Work

and emergency adjustment shall be made to accommodate any change in site conditions.

4.1.6 Submittals

2. The Contractor shall notify the Engineer outlining his intended methods for excavation within a
given area at least seven days prior to the commencement of Work, including, but not limited to

the following details:

a.

b.

Typical equipment deployment.

Work schedule including work area(s), volume, stockpile area(s), traffic pattern and hours
of operations.

Contingency plan for change in weather conditions and other foreseecable risks.

Sediment and surface water controls around the intended work area(s).

PMH/ATisda
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4.2
4.2.1

4.2.2

4.2.3

4.24

Part 2 — Execution

Preparation

1.

Prior to beginning a grading or excavation operation in any area, all necessary clearing and
stripping in that area shall have been performed in accordance with the Specifications.

The Contractor shall satisfy with himself as to the character, quantity and distribution of all the

material to be excavated.

The Contractor shall have a contingency plan for sudden unforeseeable change of weather
condition in place prior to excavation commencement.

The Contractor shall be responsible for sediment and surface water runoff control around the
construction area to ensure there is minimal impact on the natural state of the surrounding
environment in accordance to all issued regulations and permits.

Common Excavation Methods

1.

Common excavation of soil and blasted rock shall be performed as indicated on the Drawings, or
as directed by the Engineer to the lines, grades, and elevations, and shall be finished to a
reasonable smooth and uniform surface.

Should the Contractor, through carelessness or other fault, not excavate to the designated grades,
he shall replace the excavation in an approved method, in accordance with the Specifications, or
any modification thereof as directed by the Engineer.

At all times during the construction, the Contractor shall adopt excavation procedures such that
at no time shall the stability of any slope be impaired. The Engineer reserves the right to stop
work if he deems conditions to be unsafe.

Control of Surficial Water

i[F

Surface water flows during the precipitation events shall be directed away from the Works by
means of temporary diversion berms, channels, or other acceptable means and, in any case, all
surface flow on the Works area(s) shall be satisfactorily controlled, and to the environmental
standard specified.

Slope Stability and Safety

l.

Immediately following excavation and at any time during the Project, all loose material on
slopes that appears to be unsafe or to endanger workmen, structures or equipment, shall be
removed.

All slope stability measures will be considered incidental to the Works, and will be the
responsibility of the Contractor, and done according to the required government safety standards.

END OF SECTION 4
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5 Drilling and Blasting
5.1 Part1- General

5.1.1 Documents

1. This section of the Specification forms part of the Contractor Document and is to be read,
interpreted and coordinated with all other parts.

5.1.2 Description

1. All blasting operations must be performed in accordance with all Federal and Yukon
Government Regulations. '

2. The Contractor will be responsible for familiarizing himself with all appropriate conditions that
would apply to blasting.

3. The Works to be done under this Section consists of supplying all labour, materials, plants, and
equipment and performing all Works necessary to carry out drilling and blasting with certified
personnel and chemical agents as shown on the Drawings and specified herein.

4. The Work shall include but is not limited to:

a. Providing a typical list of safety protocols and typical operation procedures that will be
suitable for carrying out the Works.

b. Providing suitably qualified personnel(s), with current blasting certifications, and chemical
reagents for the specified Works.

¢. Drilling and blasting at the channel intake and sections of the channel alignment, as well as
along the stepped chute sections where competent bedrock is found and mechanical
excavation is not achievable.

d. Drilling and blasting bedrock at the head works.

5.1.3 Definitions

1. The following words and terms, unless the context otherwise requires, in this Specification, shall
have the meaning set out below:

a. CERTIFIED PERSONNEL means a suitably qualified person that hold current blasting
certificates issue by all necessary Federal and Yukon Government Regulatory agencies for
the Project.

PMH/AT/de VCD_Specifieation_Raporl_1CYOD1.031_AT_PMH_20100420_DRAET_Revi.docx, Apr, 28, 10 April 2010



SRK Consulting
Vangorda Craak Divarsion — Phase 1, Technical Specifications — Draft Rev B Page 15

b. CHEMICAL BLASTING REAGENT means any form of reagent, and components that are
suitable for use in the Project.

c. EXPLOSIVE MAGAZINE means a certified storage vault(s) or area(s) for storing unused
explosive prior to work.

5.1.4 Submittals

1. The Contractor shall submit a drilling and blasting plan describing the schedule, and proposed
methods for blasting operations.

2. The Contractor shall submit a plan and location for the explosive magazine(s) that meets the
Federal and Yukon Government Regulations.

5.2 Part 2 - Products and Personnel

1. The Contractor is responsible for the procurement of all necessary supplies, personnel,
equipment and acquire all necessary licenses, and notification to all Yukon Government and
Federal Agencies.

2. The Contractor is responsible for management, maintenance, operation and security of the
Explosive Facility, whether temporary or permanent.

5.3 Part 3 — Execution
5.3.1 Drilling

1. It is Constructor’s responsibility to survey exposed bedrock along the channel alignment to
clearly identify necessary drill depth.

2. The Contractor will lay out an appropriate blast depth and pattern for the specified grade or
material size, taking due care to prevent over-breaking.

5.3.2 Blasting

1. The Contractor’s Health and Safety Plan, list of blasting reagents, technician’s certifications, and
proposed methods shall be in place prior to blasting operations.

2. The Contractor will be responsible for notifying all air and land traffic of the time and location
of any blast according to Federal and Yukon Government Regulations.

3. The Contractor will be responsible for putting in place all protocols and physical barriers to wam
and prevent land and air traffic from entering the designated blast zone, according to all
applicable Regulations.
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4. The Contractor should use controlled blasting methods to minimize fly rocks and satisfy
minimum safe distance requirements.

5. Certified Personnel must inspect the blast pattern post blasting to ensure there are no
unconsumed agents and explosives left behind prior to continuing the Work. If unconsumed
agents are found, the Certified Personnel shall remove them according to standard procedures.

6. The Contractor will be responsible for over break or fracture and cost to remediate the breakage
ag directed by and deemed necessary by the Engineer.

END OF SECTION 5
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6 Fill Material Specifications
6.1 Part1 - General

6.1.1 Documents

1. This section of the Specification forms part of the Contract Document and is to be read,
interpreted and coordinated with all other parts.

6.1.2 Description

1. The sources and borrow area(s) of all fill are shown on the Drawing or as designed by the
Engineer. For the types of material and related Specifications, see the gradation requirement
herein or as shown on the drawings. The material types required for completion of the Works
are labelled as:

a. Sand and Gravel

=

Riprap

c. Boulders

d. General Fill
e. Core Material

2. All construction material shall be non acid generating, free of organic matter or similar
impurities.

6.2 Part2 - Product

6.2.1 General

1. Borrow area(s):

a. The Contractor is responsible for borrow development and operations in the designated
borrow area(s). The Contractor shall submit borrow development plans, procedures,
operations, surface water and sediment management to Contract Manager for approval for
specific borrow area development.

b. Fill, required for the Works, shall be obtained from the designed borrow area as shown on
the Drawings.
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c. Unsuitable material from the borrow area shall be disposed of or stockpiled on site in a I
designated onsite disposal or stockpile area as specified in this Specification. All topsoil or '
organic material shall be stockpiled.

d. If the Contractor proposes to obtain any fill from an area not within the excavation or
designated area shown on the Drawings, he shall communicate his intention to the Contract
Manager. Then the Contractor shall obtain the necessary approval and permits to carry out
sub-surface investigations and obtain samples to enable the Engineer to assess the
suitability of the material for the Works.

e. The Contractor shall give the Contract Manager no less than 28 days notice of his intention
to develop any potential borrow area(s) not shown on the Drawings.

f.  The Contractor shall make his own determination of the adequacy of any borrow source he
intends to exploit.

6.2.2 Sand and Gravel

1. The sand and gravel is a granular material obtained from approved borrow area(s) that is free of
organics, well graded and heterogeneous with a grain size distribution that meets the
Specifications.

2. Sand and gravel will be used for road surfacing and bedding for liner deployment. The material
may require sorting and screening to meet specifications.

6.2.3 Riprap

1. Riprap material is a hard sub-angular to rounded durable rock material that is homogeneous and
free from deleterious material, obtained from approved borrow area(s) with a grain size
distribution that meets the Specifications.

2. Riprap will be used as channel armouring surfaces as erosion protection and on the upstream and
downstream faces of the Diversion headworks embankment.

6.2.4 Boulders

1. Boulder material is a hard angular durable rock material that is homogeneous and free from
deleterious material, obtained from an approved borrow area(s) with an open grade grain size
distribution and overall nominal dimension of 1.3m as shown in the Specification.

2. These anchor boulders will be used as erosion protection and as the primary means of energy
dissipation in the stepped chute section of the diversion.
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6.2.5 General Fill

2.

General fill material is a granular material that is obtained from either borrow area(s) or from
works excavation that is free of organics, well graded and heterogeneous with a grain size
distribution that meets the Specification.

General fill will be use to construct access roads along the channel realignment.

6.2.6 Core Material

Core material is a fine grain material that is obtained from designated borrow area(s) that is free
of organics, well graded and heterogeneous with a grain size distribution that meets the
Specification.

Core material will be used in the dam embankment and erodible plug at the head works.

END OF SECTION 6
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7 Materials
7.1 Part 1 - Geosynthetics Specifications

7.1.1 Documents

1. This section of the Specification along with manufacturer’s technical documents form part of the
Contract Documents and is to be read, interpreted and coordinate with all other parts.

7.1.2 Description

1. The Works to be done under this section consists of furnishing all labour, material and
equipment and the performance of all Works necessary to carry out Geosynthetics installation as
shown on the Drawings and as specified herein, which will include, but is not limited to the
following:

a. Install HDPE pipe undemeath the diversion access road for runoff drainage.

b. Install a 60mil thick textured LLDPE liner on a section of the new channel and in the head
works embankment.

c. Install geotextile on a section of the new channel and in the headworks embankment.

7.1.3 Products
Submittals

1. The Contractor will submit the following information at least 28 days prior to material arrival at
site:

a. Manufacturer’s written certification that the materials to be used meet the Specifications
and have been continuously inspected.

b. All manufacturer’s in house quality control and assurance certification on material testing.
¢. Manufacturer’s installation and specification documents.

2. The Contractor will submit an as-built report on all Geosynthetics installation showing the
specified information/data herein, which will include, but is not limited to the following:
a. Manufacturer’s batch number associated with each panel and pipe installed.
b. All quality control test done on during the installation.

c. A certification of completion and warranty of the installation.

PMHIAT/sde VCD_Spacification_Reparl_1CY001.031_AT_PMH_20100428_DRAFT_RevB.docx, Apr. 28, 10 April 2010



SRK Consulting
Vangorda Creek Diversion — Phase 1, Technical Specifications — Draft Rev B Fage 21

Manufacturer Quality Control and Assurance

1. The Contractor is responsible to ensure that all Geosynthetics materials delivered to site meet the
Specifications.

2. Geosynthetics that do not meet the Specification will be rejected. The Contractor will replace
any rejected material with new material that meets the Specifications.

3. The Contractor must ensure that the geosythetics installations are carried out by a suitably
qualified and experience team or subcontractor.

4. Delivery, storage and handling:
a. Supply geosynthetics in rolls or bundle with straps for unloading.

b.  Supply geosynthetics marked or tagged with the following information:

i. Manufacturer’s name;
ii. Product information;
| iii. Roll/Pipe serial number;
1v. Batch or lot number; and

V. Roll/Pipe dimensions.

c. Ensure Geosynthetics are handled with care to prevent damages during transit and
handling.

d. Protect geosynthetics from excessive cold, heat, puncture, cutting, or other damaging or
deleterious conditions.

e. Ensure personnel responsible for loading, transport and unloading of Geosynthetics are
familiar with the handling and transport constraints imposed by the manufacturer.

5. Acceptance at Work site:

a. Engineer may perform inventory and surface inspection for defects and damages of
Geosynthetics upon delivery.

b. The Contractor will repair damages resulting from handling and transport of Geosynthetics.

If irreparable, in the opinion of the Engineer, the Contractor will replace the damaged
materials.
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6. Storage and protection

a. Prepare storage area so that the Geosynthetics products are stored off the ground and
protected from the elements and damages.

b. Preserve integrity and readability of the Geosynthetics labels and store in a fashion that the
Engineer have access to the package slips or labels for each product for verifications and
acceptance.

7. Subgrade preparation

a. Prior to liner deployment, all subgrade surfaces shall be compacted when specified, and
free of sharp protruding debris. All subgrade must be approved by the Engineer prior to
Geosynthetics deployment.

8. The Contractor shall supply all testing technicians and equipment required for the Quality
Control and Assurance Program.

9. The Contractor or subcontractor’s testing technicians shall be responsible for all quality control
protocol such as: panel labelling, destructive testing, repair labelling, control inspections and
record keeping.

Product Specifications

1. The Textured Linear Low Density Polythylene (LLDPE) geomemeber shall satisfy the
Specification as listed in Table 7.1.

Table 7.1: Texture Linear Low Density Polythylene Specification (GSE UltraFlex
Textured or equivalent)

Parameter Standard Value
Thickness ASTM D5994 1.5mm
B Density “ASTM D1505 0.92 glem3
Grab Tensile ASTM D6693, Type IV 29 N/mm
Elongation ASTM D6693, Type IV 500%
Tear ] ASTM D1004 169 N
Puncture ASTM D4833 422N )
Carbon Black Content ASTM D1603 20-30%
Asperity Height ASTM D7466 0.45 mm
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2

The Geotextile shall satisfy the Specification as listed in Table 7.2.

Table 7.2: Geotextile Specification (GSE NW16 or equivalent)

Parameter Standard Value
Grab Tensile ASTM D4632 1.735kN
Elongation ASTM D4632 50%
Tear ASTM D4533 665N
Puncture ASTM D4833 1055 N i
ADS ASTM D4751 150 microns
Permittivity ASTM D4491 0.6 sec-1
Water Flow ASTM D4491 1,830 I/min/m2
Weight ASTM D5261 540 g/m2 (Nominal)
Thickness ASTM D5199 3.0mm (Nominal)
UV (500hrs) ASTM D4355 70%

3. The HDPE pipe shall satisfy the Specification as listed on Table 7.3.
Table 7.3: HDPE Pipe Specification (Sclairpipe 150mm DR32.5)
Parameter Standard Value
_Average Inside Diameter ASTM F714 157mm
Average Outside Diameter ASTM F714 ) 168mm
Minimum Wall Thickness ASTM F714 5.182mm
Average Weight PPI's TR7 2.68kg/m
Maximum Continuous Operating ASTM D3350 344.7kPa
Pressure
Carbon Black Content ASTM D1603 2%

7.1.4 LLDPE Installation

Installation

1.

The Contractor is responsible for preparing and maintaining a subgrade surface that is
compacted, smooth and firee of all rocks, sticks, roots, sharp objects, or debris of any kind. High
contrast undulation should be filled in to create a general even surface.

The Contractor shall have sufficient amount of ballast weights (ie. sand bags) during the
deployment to keep the liner in place.

An anchor shall be excavated at dimensions of lm by 1m to secure the liner limits or as directed
by Engineer or as recommended by the manufacturer.

The liner shall be seamed according to the manufacturer’s recommendations and guidance, and
as directed by the Engineer.
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5.

The liner shall be unrolled as smoothly as possible on the prepared subgrade in the longitudinal
direction parallel to the slope.

Seams of between panels shall be done with fusion or extrusion welding with manufacturer
recommended equipment and supplies.

a. Weld rods for extrusion welding shall be the same resin from the same batch of the liner.

Horizontal seams shall have a shingle type overlap toward the down slope direction. Transversal
seam shall be avoided 5m uphill pass the toe a slope.

Field Quality Control and Assurance

1.

The Contractor is responsible for field destructive testing including but not limited to: manual

~ peel tests, Tensometer Peel tests, and tensometer tensile tests.

The Contractor is responsible for field non-destructive testing such as but not limited to: visual
inspection, air test on fusion welded seams, and vacuum box test on extrusion welded seams.

a. Visual inspection is done to identify any flaws, imperfections, damages, and other
variances on liner that could compromise the liner installation.

The Engineer will observe all installation, field destructive and non-destructive tests and will
sign off approved air tests.

As a minimum, the testing program on the compacted fill shown on Table 7.3. The Engineer
will at his discretion, carry out tests on areas where listed installation quantities are not met.

Table 7.3: Liner Field Testing Schedule

Test Frequency Value
Manual Peel Test End of each fusion seam N/A
Tensometer Peel Test 1 per 250m 40N
Tensometer Tear Test 1 per 250m 147 N
Air Test 1 per fusion seam 200 kPa for 3 minutes
Vacuum Box Test_ All extrusion seams N/A

Engineer will sign an acceptance for qualified QA/QC protocols on the installed liner.

The Contractor will take all precautions to prevent foreseeable damages on installed and
approved liner and will be responsible for damage repair when such preventable incident occurs.
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7.1.5 Geotextile Installation

7.2

Installation

The Contractor shall have sufficient amount of ballast weights (ie. sand bags) during the
deployment to keep the textile in place.

The geotextile shall be unrolled as smoothly as possible on the prepared subgrade in the
longitudinal direction parallel to the slope.

Horizontal seams shall have a shingle type overlap toward the down slope direction.

The geotextile shall have 300mm minimum overlap and stitched or heat bonded together. The
Engineer will inspect the stitching or heat bonding to ensure quality of Work. If the seams come
undone during fill placement, the Contractor must repair the aperture prior continuing the fill
placement. The Engineer will determine the seaming method, rather sewing or heat bonding, on
site.

Damaged geotextile, as identified by the Engineer, shall be repair immediately. The damaged
area plus an additional 1m around the damage area shall be clear of all fill material. A geotextile
patch extending 1m beyond the perimeter of the damage shall be installed as directed by the
Engineer.

Field Quality Control and Assurance

The Quality Control Personnel shall visually inspect all geotextile and monitor the fill placement
procedure to ensure no damage is done or no aperture in geotextile.

2. The Contractor must acquire Engineer’s approval prior to fill placement.

Part 2 — Concrete and Steel

7.2.1 Documents

This section of the Specification along with manufacturer’s technical documents form part of the
Contract Documents and is to be read, interpreted and coordinate with all other parts.

7.2.2 Description

a. The Works to be carried out under this section consists of furnishing all labour, material
and equipment and the performance of all Works necessary to carry out the installation of
steel pipe posts infilled with concrete located immediately downstream of each of the
keystone boulder steps as shown on the Drawings and as specified herein.
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7.2.3 Products
Submittals

1. The Contractor will submit the following information at least 28 days prior to material arrival at
site:

a. The manufacturer specification for the steel pipes.
b. The manufacturer specification for the concrete mixture.

Product Specifications

1. The steel posts shall be an 88.9mm (4-inch) OD schedule 40 steel pipe.

2. The concrete shall have a 28 days breaking strength of 34.5 MPa with maximum 12.7 mm
aggregate and quick set cement.

7.2.4 Concrete Mixture

1. The contractor shall provide the specified concrete meeting the Specifications ready for use on
site according to the construction progress.

END OF SECTION 7
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8 Fill Placement
8.1 Part1- General

8.1.1 Documents

1. This section of the Specification forms part of the Contract Document and is to be read
interpreted and coordinated with all other parts.

8.1.2 Description

1. The Works specified in this section includes furnishing all supervision, labour, materials, tools
and equipment for placement of fill material to the lines and grades shown on the drawings and
specified herein.

2. The Work shall include, but is not limited to the following:
a. Foundation preparation to receive the fill.

b. The supply, hauling, placing, and compacting of the specified fill material as shown on the
Drawings.

c.  All related surveys for layout and control of the Works.
d. Assist and provide the Engineer with QA/QC testing and results.
e. Maintenance of haul roads, when and where applicable.
f.  The development, maintenance and restoration of fill material borrow area(s).
2. Any other related Works not covered elsewhere,
3. Fill material required to be placed include, but are not limited to the following:
a. Haul, place and compact general fill as foundation for access roads.

b. Haul, place and compact sand and gravel on access road surface as road and dam surface
caps.

c. Haul, place and compact general fill material as the primary embankment dam material.
d. Haul and place riprap along realigned channel, dam, erosion plug and step pools.

e. Haul and place boulders in stepped chute section.
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8.1.3

8.1.4

8.2
8.2.1

f.  Haul, place and compact core material in the headworks embankment and in the erodible
plug within the embankment.

Codes and Standards

1. The Quality Control and Assurance Program (QA/QC) shall use testing procedure from, but not
limited to the list of American Society of Testing and Material Standard in Table 8.1.

Table 8.1: List of QA/QC Testing Standards

Test Protocol
ASTM D2216 Water (Moisture) Content in Soil and Rock
o ASTM D422 Particle Size Analysis of Soils
 ASTM DB98, Procedure A, B or C Laboratory Compaction Characteristics of Soil Uéi}ng
Standard Effort (Standard Proctor Test)
ASTM D2922 Density of Soil in Place by Nuclear Methods

Submittals

1. The Contractor shall submit all QC data and document at the end of project and upon request by
the Engineer.

2. Testing responsibilities
a. Quality Control testing will be done by the Contractor.
b. Quality Assurance observation and testing will be done by the Engineer.

c. The Engineer’s testing shall not relieve the Contractor of his sole responsibility to construct
the Works in accordance with specified requirements.

Part 2 — Execution
Compaction Equipment

1. The compaction equipment shall be the appropriate size and type to achieve the specified
densities of respective fill materials.

2. Where compaction procedure (lift thickness, number of passes, compactor type) is specified, the
Contractor shall ensure the work done meet or exceed those described in the Specification.

3. A vibrator plate jumper jack temper will be required for compaction on narrow filter material.
The hand compactor shall be rated to provide sufficient pressure to meet compaction

requirements.
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4.

A sheep foot/padded foot vibratory compactor is recommended in addition the smooth drum
compactor. The sheep foot will be for compacting the core material, silty/clayey general fill
whilst the smooth drum will be for sealing the surface to provide a smooth surface for water shed
and workable surface.

Notwithstanding the requirements stated above, the equipment and compaction procedures
employed by the Contractor shall be subject to approval from the Engineer.

8.2.2 Fill Placement

1.

The Contractor shall prepare an acceptable foundation surface to receive the specified fill
material. An acceptable foundation surface is a clean, sound, firm and does not contain any
snow, ice, organic, loose, softened or disturbed material as determined by the Engineer.

Fill shall not be placed on the prepared foundations until they have been inspected and approved
by the Engineer.

The Contractor shall dump, spread and level fill in such a manner as to avoid multiple work zone
and crossing traffic pattern.

The direction of fill placement and construction equipment traffic shall be parallel to the long
axis of the structure being built, or as directed by the Engineer.

The compaction operation for fill shall be conducted within the same work day to provide a
smooth compacted surface and meet the density requirement shown in Table 8.2. Adjacent
individual passes of the compactor shall overlap by approximately 1/3 of the width of the
compactor’s drum. New fill shall be “keyed” into the existing approved fill. Keying in is by
placing new fill adjacent to exposed compacted fill. The Contractor is responsible to repair all
damages on unfinished work from previous work day. Moisture conditioning might be required
on the granular type materials to achieve optimum moisture conditions.

Any placed material, which does not meet the specified requirement, shall be reworked to
produce a material which does satisfy the specified requirement, or shall be remove and disposed
of accordingly.

Construction material maximum lift thickness and compaction requirement shall be as indicated
in Table 8.2.
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Table 8.2: Compaction Requirements

Minimum
M;:II"}:" mLit Density % of Placed Minimum
Fill B':f“"“ the Standard | Consolidated | Passes/Lift& | Construction
Description ¢ ome : ;; n Proctor Density" Compactor Tolerance
(:'m) Maximum Dry Tonne/m® Type'?
Density
Sand and 5, 15t vibratory
gravel a8 = e aquivalent £30Mmm
) 5, 15t vibratory
General fill 500 95 2.0 equivalent +50mm
5, 15t vibratory
Core Material 300 a5 2.1 sheep foot or £15mm

equivalent

specification needs to be adjustad to reflact the results.

8.2.3 Tolerances

1

. Density herein is assumed. Field tests will confirm the actual densities from borrow material.
. Compaction affort might be adjusted by field compaction trial result. The Engineer will determine on site if the compaction

Fill shall be place in horizontal lifis to the lines and levels shown on the Drawings or as directed
by the Engineer, and to the tolerances as shown in Table 8.2, in elevation and horizontal
dimension determined by survey.

8.2.4 Compaction Trials

L.

Compaction trials shall be performed upon production of fill material to determine site specific
parameter such as density and compaction standards. The trial shall be carried out as part of the
fill placing operation.

The Engineer may request the Contractor to periodically conduct field trials to optimize moisture
conditioning, lift thickness and compaction effort.

The compaction trials on the material in question shall be done using a survey method according
to the general procedure listed below, and as specified by the Engineer.

P

A pad made with approved material in approximately 7 m by 20 m with specified thickness

associated with specified material with placement method according to this Document.

b. A set of survey points with accuracy of £5mm shall be laid out as specified by the Engineer
in a grid pattern.

c. The elevation of each survey points shall be recorded immediately after placement and
after each compaction effort.

d. Compaction is to be done upwards of 10 passes in accordance with this Document or

otherwise specified by the Engineer. Survey will be done after each pass.
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¢. This process shall be repeated to simulate construction as directed by the Engineer.

4. The Contractor shall obtain Engineer’s approval before implementing any change to the
Specifications.

8.2.5 Restrictions due to Weather and Suspension of Operations

1. The Contractor shall not place any fill when condition for such operation are unsatisfactory due
to snow, freezing condition, heavy rainfall, or any other reason determined by the Engineer.

2. Where operation have been discontinued by the Contractor or suspended by the Engineer, the
effects of adverse conditions shall be assessed by the Engineer and the surficial layer of fill
reworked or replaced to the satisfaction of the Engincer before resumption of fill placement.

3. Before suspension of operation each day, or each construction shift, as described in this section,
and before suspension due to inclement weather, the till material shall be:

a. Surface shaped to drain excess water.
b. Rolled smooth to seal against water infiltration.
¢. Clear snow between material placement during heavy snow pending on haul rotations.

d. The Engineer will examine the quality of surficial fill to determine if rework is required to
meet Specifications.

8.2.6 Sediment and Runoff Control

1. The Contractor shall provide construction facilities such as diversion berms, ditches, sediment
control measures, and other measures to prevent the release of fines from the construction areas
and to prevent these fines from entering any natural water courses downstream of the Works.
The Engineer will review the measures and notify the Contractor if the measures are inadequate.

2. In general, when placing fill material, the Contractor shall slope the surface toward collection
channels for surface water management. The Contractor is responsible to ensure downstream
work area(s) will not be affected or damaged by runoff water.

8.2.7 Quality Control and Assurance

1. The Quality Control and Assurance team will conduct testing according to Table 8.3 or as
specified by the Engineer.

2. The Contractor shall performer regular quality tests to ensure the quality of the work is done
according to the Specifications.
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3. Testing shall be performed in accordance with the principles and methods prescribed by the
American Society for Testing and Materials (ASTM) and other such recognized authorities.

4. Testing shall be carried out across the full length, width and depth of the various fill zones so as
to fully represent the overall quality of the structure.

5. The Contractor shall conduct regular topographic surveys to demonstrate the placement of fill to
the specified lines, levels, grades and tolerances. The Engineer may from time to time conduct
check surveys. Survey results shall be reported to the Engineer within 24 hours of the
completion of each survey.

6. Asa minimum, the testing program on the compacted fill shown on Table 8.3, The Engineer
will at his discretion, carry out tests on areas where listed placement volume are not met.

Table 8.3: Testing Schedule

Fill Tests and Frequency (1 test per Vol. in m?)™"
Description Moisture In-situ Density Gradation Standard Durability
Content Proctor
Sand and gravel 400 100 400 400 N/A
Riprap NIA N/A 5000 N/A Min. 1 per
borrow
Boulders N/A N/A Min. 1 N/A Min. 1 per
borrow
General fill 4000 500 4000 4000 N/A
Core Material Min. 1 Min. 10 Min. 1 Min. 1- N/A

1. Volume is measure in placed volume.

8.2.8 Acceptance

1. Final acceptance of earthworks will be made only after fill materials have been dumped, spread,

moisture conditioned, and compacted, and tests and surveys have demonstrated compliance with
the Specifications.

2. If on the basis of the sampling and testing, or if in the opinion of the Engineer, an area of the fill
does not meet the specified requirements, such fill shall be removed and replaced with
conforming material. Rejection of fill material by the Engineer maybe made at source, in
transporting vehicles, or in place.

3. The Engineer will re-inspect previously approved areas for damages and instruct the Contractor

to repair said damages in accordance with the Specifications.

END OF SECTION 8
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9 Construction
9.1 Part1 - General

9.1.1 Documents

1. This section of the Specifications forms part of the Contract Documents and is to be read,
interpreted and coordinated with all other parts.

9.1.2 Description

1. The Works to be carried out under this Section consists of performing all Works necessary to
carry out the Works as shown on the Drawings and specified herein. The Works shall include,
but is not limited to:

a. Access Roads Construction.

b. Realigned Channel Excavation and Construction.
c. Stepped Chute Excavation and Construction.

d. Breaching of the Blind Creek road.

e. Headworks Embankment and Erodible Plug Construction.

9.2 Part 2 - Access Roads Construction
9.2.1 Construction

1. The access roads shall be constructed of general fill and alignment according to the Drawings,
Specifications, and as directed by the Engineer. The general fill will be from materials that meet
the Specifications and are either excavated from the slope and channel alignment.

2. The road surface will be capped with 0.3m thick of sand and gravel as traffic wear layer.

3. The side slope of the access road will be minimum two horizontal to one vertical (2H:1V) where
soil material (overburden/topsoil) is exposed and minimum one and a half horizontal to one to
one vertical (1.5H:1V).

4. The surfaces of the access roads will be grade minimum 0.5% as directed on the Drawings to
shed water.

5. A minimum Im wide and 0.5 m deep runoff ditch will be constructed along the upstream access
road with specified herein HDPE pipes to route the runoff into the channel. The pipes shall have
a minimum 0.5% grade for drainage and spaced at approximately 100 m along the access road in
low spots.
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6. Flow in each of the culverts shall be directed into half-round CMP culverts constructed down the
channel slopes to the base of the channel.

9.3 Part 3 — New Channel Excavation and Construction

9.3.1 Excavation

1.

The excavation of the new Vangorda Creek diversion channel to the base level (11% grade line),
shall be carried out in accordance with the lines and grades shown on the Drawings and as
directed by the Engineer.

Soil and weathered rock excavation shall be carried out in accordance with the Soil Excavation
section herein. Where competent bedrock is encountered, excavation shall be in accordance with
the Drilling and Blasting section herein.

The Contractor will be responsible for backfilling or remediating over excavation and breakage
as deemed by the survey or the Engineer.

9.3.2 Construction

L.

The construction of the realigned channel shall be carried out in accordance with the Drawings
and as directed by the Engineer.

Riprap erosion protection shall be placed by equipment to the depth and stone size specified. It
shall be installed to the full course thickness in one operation and in such a manner as to avoid
serious displacement of the underlying material. The rock for riprap shall be delivered and
placed in a manner that ensures the riprap in place is reasonably homogeneous with the larger
rocks uniformly distributed and firmly in contact one to another with the smaller rocks and spalls
filling the voids between the larger rocks. Some hand placing may be required to provide a neat

and uniform surface.

3. Addition work procedures will be required in the following conditions:

a. A layer of geotextile shall be placed prior to riprap installation along the channel surface
where natural dense till is exposed.

b. LLDPE and geotextile shall be place along the channel surface where sandy or silty
material is encountered. The LLDPE shall be installed according to the specification
herein or as directed by the manufacturer. A layer geotextile shall be deployed on top of
the LLDPE as a cushioning layer prior to riprap placement. The Contractor will be
responsible to repair any damage on the liners cause by ongoing construction.

¢. Both the LLDPE and geotextile have to extend minimum 5 m pass silty sand section into
bedrock or natural dense competent till as directed by the Engineer.

PMH/AT/sde
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9.4 Part4 - Stepped Chute Excavation and Construction

9.4.1 Excavation

1. The excavation of the stepped chute section shall be carried out in accordance with the
Drawings and as directed by the Engineer.

2. Soil and weathered rock excavation shall be carried out in accordance with the Soil Excavation
section herein. Where competent bedrock is encountered, the material shall be removed in
accordance with the Drilling and Blasting Specification section herein.

3. The Contractor will be responsible for backfilling or remediating over excavation and breakage
as deemed by the survey and Engineer.

4. The over-cxcavation for the steped chute and the boulder seating shall be carried out with due
care to maintain the overall design slope gradient of 11% between steps.

9.4.2 Construction

1. The construction of the stepped chute shall be carried out in accordance with the Drawings and
as directed by the Engincer.

2. Steel post barriers shall be installed immediately downstream of each of the boulder at the steps,
at the approximate locations as shown on the drawings. Each pipe shall be sct in a drilled hole to
a minimum depth of 3 m in the weathered bedrock and to a min depth of 5m in the overburden.
Each pipe shall be spaced no more than 1 m across the base width of the channel. Concrete shall
be placed in each pipe to the top of the pipe as directed by the Engineer.

3. Riprap erosion protection shall be placed in overburden sections to the depth and stone size
specified. It shall be installed to the full course thickness in one operation and in such a manner
as to avoid serious displacement of the underlying material. The rock for riprap shall be
delivered and placed in a manner that ensures the riprap in place is reasonably homogeneous
with the larger rocks uniformly distributed and firmly in contact one to another with the smaller
rocks and spalls filling the voids between the larger rocks. Some hand placing may be required
to provide a neat and uniform surface.

4. In accordance with the Drawings and as directed by the Engineer, riprap erosion protection
placed during the stepped chute construction shall be grouted or mortored in place to adjoin the
riprap particles.
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9.5 Part 5 - Blind Creek Road

9.5.1 Excavation

L.

The excavation of the new diversion channel will require cutting off the existing Blind Creek
access road. Breaching of the road will be carried out during the channel excavation.
Re-establishing the access road after the channel has been constructed using a culvert(s) will be
decided prior to construction start. Contractor shall include a price to install the culvert and
re-establish road access in the bid document.

9.6 Part 6 - Head Works Dam and Erodible Plug Construction

9.6.1 Construction

1.

The headworks embankment including the erodible plug shall be constructed in accordance with
the Drawings and as directed by the Engineer.

The embankment foundation and base of the erodible plug shall be prepared in accordance with
Specifications herein and as directed by the Engineer.

General Fill, Sand and Gravel, Core Material and Riprap shall be placed in accordance with the
Specifications herein.

The base of the erodible plug shall consist of two layers of geotextile and one layer of LLDPE.
This combination of synthetic material shall extend over the entire arca of the embankment,
extending a minimum of 3 m below grade at the upstream toe of the embankment as shown on
the drawings and as directed by the Engineer.

Contractor will be responsible for any damage done to the liners when placing and compacting
materials for erodible plug construction.

The erodible plug shall consist of sand and gravel and an impervious till core placed over the
synthetic liner.

The bulk of the embankment shall consist of compacted general fill obtained from the channel
excavation or sourced from quarry material.

Riprap erosion protection shall be placed by equipment on the downstream and upstream faces
of the embankment to the depth and stone size specified. It shall be installed to the full course
thickness in one operation and in such a manner as to avoid serious displacement of the
underlying material. The rock for riprap shall be delivered and placed in a manner that ensures
the riprap in place is reasonably homogeneous with the larger rocks uniformly distributed and
firmly in contact one to another with the smaller rocks and spalls filling the voids between the
larger rocks. Some hand placing may be required to provide a neat and uniform surface.

END OF SECTION 9
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nhc Tel: 780-436-5868
Fax: 780-436-1645

northwest hydraulic consultants IMeMoran dum email: eyaremko@nhc-edm.com

To:

Peter Healey, P.Eng. _ .
SRK Consulting (Canada) Inc. Date: 01-Oct-2009

Dr. N. Rajaratnam, P. Eng.

From: E.K. Yaremko, P. Eng. No; Fages:
Project No.: 17384
Ref. No.: 6266
Re: Vangorda Creek Diversion
Review Comments on Section 3.4:
Energy Dissipation Utilizing A Step-Pools Design
1 BACKGROUND AND GENERAL COMMENTS

The Vangorda Creek Diversion is designed for a discharge of 15 m’/s. In this open channel
diversion, the bed slope of the diversion channel is equal to 1.5% in the early portion
(upstream part); increases to 5.22% in the middle reach and has a steep reach of length of
about 660 m with a slope of 13.00%. It is this steep reach which is of primary concemn in this
letter report. In the early reach, for the cross-section shown in Fig. 6 (of the SRK Consulting
Sept 09 Report) for section B, the mean velocity V is about 2.9 m/s with a depth of about 1.2
m (our calculations). We estimated the Manning n by the equation in Chow: Open channel
Hydraulics (1959) & Bray (1991) as:

n=0.047(d,,)""®

where dsp is the 50% finer size.

For Section C, V=249 m/s with a depth of 1.14 m. For Section F, with a slope of 5.2%,
V=3.3 m/s with a depth of 0.63 m.

For Section G with a slope of 13.0% and a bed width of 6 m, V=2.16 m/s with a depth of
0.47 m.

For the steep slope reach, a stepped chute, cut into bed rock, would have been an ideal
solution but this idea appears to have been abandoned because of the erodibility of the bed
rock. The option of constructing concrete steps was apparently not considered. Perhaps this
option was deemed to be impractical or too expensive for this site.
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We have reviewed the adopted design approach of using a series of step-pools in this steep
reach, which has been selected as the preferred option.

2 STEP-POOLS

From the literature in the areas of Geomorphology, Geography, and Stream remediation
(Church & Zimmerman 2009; Chin & Wohl 2005; Comiti et al. 2009), step-pools have been
studied in the last 10 years. Step-pools have been observed to exist as a natural flow element
in mountain streams. Most of these studies are somewhat qualitative and many essential
details like the regime of flow in the pools and the extent of energy dissipation appear to
have not been treated in sufficient detail. The length of the pools is estimated by empirical
rules (Thomas et al. 2004). It is not known as to whether the flow entering the pool from the
step will be of the impinging jet or in the surface flow modes. In the first case, the energy
dissipation in the pool will be very effective but the flow impinging on the bed of the pools
will be very turbulent. Under these circumstances, the stability of the rocks forming the bed
will be uncertain. Perhaps the rocks on the bed should be tied together or one should use
interconnected gabions. In the surface jet regime, the stress on the bed will be reduced but at
the same time the energy dissipation in the pools might be reduced. These questions can be
answered by a Froudian scale model in the Laboratory.

A further difficulty could be the stability of the rocks forming the step. It would be easy to
estimate the forces on these rocks as well as the force or moment that will take to topple
them, once the type of flow is known. But the resistance of the rocks to this type of forces
and moment is difficult to calculate. Further, if there is erosion in the pools, which itself is
difficult to estimate in a reliable manner, these rocks could simply tip into these scour holes.
Percolation beneath the rocks could encourage the sliding of these rocks. There exists the risk
that failure of a single step-pool structure could result in the progressive (cascading) failure
of the step system downstream.

Even though a number of studies have been carried out in recent years on erosion below
drops and similar structures, our knowledge in this area is still not very satisfactory. Of
course, it is also difficult to predict the scour from model studies conducted to study the flow
regimes in the pools. Some care must also be used in using a discharge-head relation for the
steps, which could be obtained from the physical model studies.

In conclusion, even though the concept of step-pool is a good idea for this project, it appears
that there are not enough quantitative engineering studies in the general literature to calculate
essential quantities. As a result, we advocate caution in proceeding with the construction of
these 86 step-pools. Even a relatively short physical model study could predict the flow
regimes that would exist in the pools as well as the energy dissipation. As a minimum, it
would be prudent to perform some calculations to estimate the forces on the rocks forming
the steps and analyse the stability of these rocks.

Vangorda Creek Diversion
Review Comments on Section 3.4: Energy Dissipation Ultilizing Step-Pools Design 2



nhe

This structure supposedly must have long term integrity, at least up to the 200-year design
flood level. It is unsure what the design life must be but presumably it could be 100 or more
years - there is a 40 percent chance of the design flood occurring in a 100-year period. The
secondary concern has to do with progressive damage and lack of proper monitoring and
timely maintenance. It seems that this structure must be designed to a higher standard
because of this, which is a further argument to be cautious about accepting the proposed
design on the basis of available design criteria.

3 MITIGATION OF DESIGN RISKS

Given the general lack of engineering-based criteria for step-pool design, a possible approach
to mitigate the level of risk associated with the proposed design might be to provide
measures which would address those risks directly. Some ideas which come to mind include:

concrete grouting of the rock material making up the step and pool bed.

use galvanized steel cable to join rocks together;

utilize gabion wire or gabion baskets to secure rock material in the pool area

utilize larger rock material

conduct additional hydraulic analysis: principally with regard to potential for flow to
move or rotate step rocks; and, potential for pool rock material to become mobilized.

Feel free to ask questions or request additional information. Perhaps a teleconference call
meeting could be organized to review the proposed design in relation to our conclusions and
recommendations.

Respectively submitted,

northwest hydraulic consultants

Ny A
/

Dr. N. Rajaratnam, P. Eng.

E.K. Yaremko, P. Eng.

Vangorda Creek Diversion
Review Comments on Section 3.4: Energy Dissipation Utilizing Step-Pools Design 3
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Memorandum
To: Stephen Mead Date: October 21, 2009
ce: John Brodie From: Peter Healey
Subject: Vangorda Creek Diversion Project#:  1CY001.031

1 Introduction

SRK Consulting (Canada) Inc has prepared this memo as a follow-up to a conference call held on
QOctober 5, 2009 to discuss review comments by Northwest Hydraulic Consultants on the draft design
report for the proposed Vangorda Creek Diversion. The focus of the call was the proposed approach
to energy dissipation utilizing a step-pool design. Participants on the call included Gene Yaremko
and Dr. Rajaratnum both from NHC, John Brodie, Pat Bryan (Hydrologist) and Peter Healey.

The NHC memo is attached to this memo.

2 Design Issues

The approach to the proposed realignment of Vangorda Creek Diversion involves three main
components: an erodible fuse plug at the headworks of the dam, a diversion channel with a bed slope
ranging from 1.5 to 13 percent and a plunge pool at the outlet. The main focus of the NHC review
and the meeting on October 5, was the steep (13%) lower reach over the last 500m of the diversion.
The proposed approach in the SRK design is a series of step-pools (about 86) which were
incorporated into the design to provide energy dissipation. While we agree with NHC that a stepped
chute cut into the bedrock would have been an ideal solution, as NHC correctly assumed, the
foundation soils at the base excavation in the steep reach is expected to consist of highly erodible
bedrock and in part, glacial till. Both these soils will likely require extensive erosion protection.
The option to concrete this entire section of the channel was considered but discounted based on the
high cost and the short life span of the concrete.

NHC concluded that although they felt the concept of a step pool for energy dissipation is a “good
idea” there remains a number of risks associated with the current design. The first concern is the
uncertainty of the stability of the rocks forming pools. The flow impinging on the bed of the pools
will be very turbulent and there is a risk that during high flow events, the flow could scour out the
rocks that make up the bedding of the pools. In addition, there is risk that the large rocks that make
up the step could topple under high flow with a combined result of a progressive failure downstream.

3 Conclusions

SRK agrees with NHC in their comment that within the industry there is a general lack of
engineering based criteria for step-pool design. Although further studies could be carried out to
answer some of the question surrounding the step-pool approach, in the interest of moving ahead
with the project given the time constraints, it is SRK’s opinion that effort be given to assessing
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Step-Pool Design Memo

To:

cc:

Peter Healy, SRK Date: Septemnber 9", 2009,
edited February 8™, 2010
From: John Kurylo

Subject: Vangorda Creek Diversion Channel Project #: 1CY001.031.002

Step-Pool Design Concept

Introduction

SRK Consulting (Canada) Inc has prepared this memo to detail the step-pool design concept
originally developed in the early stages of the draft design report for the proposed Vangorda Creek
Diversion.

Background

Until recently, little was known about the forms and processes of step-pool channels. However, over
the past two decades significant advances in the theory of step pool sequences have been made
(Chin et al., 2008). In evaluating this option SRK conducted an extensive literary review for a Step-
pool design (See reference section of the 2010 Vangorda Creek Diversion Draft Design Report for
more details/a detailed list).

Step-Pool Design Criteria

To achieve an optimized alignment for the proposed Vangorda Creek Diversion, a large number of
arrangement and grade iterations were completed. The volume of excavation, hydraulics,
constructability, static and geotechnical stability were incorporated into the assessment. Consistently
the most favourable diversion arrangements exhibited a low grade section near the diversion intake
then the diversion transitioned to a steeper final grade of 13% (approximately 11% in Phase 1 then
originally proposed to be taken to 13% by the end of phase 2).

Conveying the diversion design discharge of 13-15m*/s down an approximately 660m long channel
with a 13% grade requires some form of energy dissipation. The option of a rock lined stepped chute
was first adopted as the preferred method of energy dissipation. As shown in Figure 5, only a
portion of the steep slope section is expected to be in bedrock while the remainder is expected to be
in overburden. Due to the weak friable nature of the phyllitic bedrock encountered during the field
investigation, it was determined that steps entirely carved out of the bedrock would be inadequate
and that the energy dissipation in the expected overburden sections beyond that of a simple rock
lined chute would have to be investigated. To provide a diversion design that would be more
statically stable over the long-term, to mimic nature and to satisfy the energy dissipation
requirements, a design for step pool morphology was created for the steep section of the diversion.

On milder slopes experiencing uniform flow typically subcritical conditions result (Froude
conditions that F < 1). In contrast supercritical flow is observed on steep slopes (F = 1). Ifa
supercritical flow state was to results throughout the steep section of the diversion, significant
channel destabilization would be expected. By utilizing a step pool morphology uniform flow does
not result. As described by Church et al. 2006 “oscillation between supercritical and subcritical
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flows results in large energy losses to spill resistance and it is supposed that this is a key control on
channel stability. On steep slopes at higher stages, flow is launched vigorously off the step and a
recirculation cell develops in the head of the pool under the drop”. In simply terms step pool energy
dissipation happens when water readily transitions from pressure head to velocity head. However,
water does not as readily convert back into pressure head leading to significantly larger coefficients
for expansion losses than those for contraction losses.

The design procedure developed by Thompson, Abt, Mussetter, and Harvey was used as a
preliminary base for the design criteria. The design procedure developed by Thompson et al., 2000
documents the morphology of step pools in Colorado both natural and man-made, however the
steepest channels utilized in this design procedure only extended to grades on the order of 8%.
Additional gemorphological work, most notably the work of Church et al., as well as the work from
Lenzi, performed in the Alps on slopes similar those designed for in the Vangorda Creek Diversion,
was incorporated to extend the design criteria to a 13% or 7.7H:1V slope. The specific design
criteria adopted herein for the step pool design are:

e The step geometry is required to handle and dissipate the energy derived from a 10-15m*/s discharge
on a 13% slope.

¢ Boulder size (minimum diameter) and arrangement utilized for step construction should be modified
to ensure that the steps are functional and statically stable and are resistant to motion during the large
flow events.

e Riprap must be present in the pools downstream of the steps to ‘armour’ the channel against erosion
and to limit the effects of scouring.

e To maximize the flow resistance for steep channels the pools are required to fill the entire space
between steps. The geomorphologic ratio 1< Height of the Step (H)/ Step Length (L)/ Slope (3) <2
should be satisfied.

e Excessive sediment inputs into the system should be avoided.
e Lateral erosion around the steps should be minimized to prevent step pool failure due to outflanking.

e Foundation requirements are required to withstand the erosive action of flow over the steps.
Measures are to be implemented to reduce the likelihood of step undermining and piping through the
steps.

e Minimum requirements for long-term maintenance.
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4.1

Step-Pool Design

Figure 11, shows a plan and sections through a typical step pool structure, as well Figure 12 shows a
typical profile through a set of step pools. The step pools introduced will cause the dissipation of
energy and create grade control during high flows while mimicking what nature is observed to
geomorphically do. When developing the step pool design the risks and benefits associated with
each change to the step pool arrangements, geometry, and material sizing were taking into account.

Step Boulder Sizing

The sizing of the steps and arrangement of the steps is centred around a few key particles termed
anchor boulder (Thomas et al, 2000) or referred to in this report as ‘keystone” boulders. These
keystone boulders are the largest size gradation found within the diversion channel. These boulders
can provide stability and flow confinement over the ‘boulder weir’, difference in sequential step crest
clevations, and play a key role in the function of the step. The size of the step boulders is largely
dictated by the step pool geometry. As demonstrated by Lenzi in steep, up to approximately 20%
slopes in Northern Italy, the structure height to size ratio is typically kept within the range of step
height (H)/Dgg = 1-4 ; where step height is defined the depth from the pool to the elevation of the
upstream boulder crest, see Figure 11 for details. Further, as a general guideline the geomorphology
literature reviewed suggests that, based on stable step pool environments observed in the field, the
size of the material in the step is approximately proportional to the size of the step height, 1:1 ratio
(Church, 2006, Chin, 2008).

In addition to basic geometric relationships the boulders in the steps have been sized with the
“moment stability analysis”. This analysis assumes that the keystone boulder would be positioned in
isolation and submerged in a stream (Fischenich, Seal, 2000). For the keystone boulders it was
determined that a minimum boulder diameter of 1.3m is required for the steps.

The forces of the boulder exerted by its’ weight in addition to the frictional forces are computed to
be greater than the lift, drag and buoyancy forces. This moment stability analysis assumes that the
boulder will move first by rolling. To simplify the problem the analysis was performed through
utilizing a sole contact point with any downstream boulder to conduct the moment analysis. In this
manner the friction forces can be ignored as the moment arm passes through the contact point. The
shear forces exerted by the boulder on the steam are then estimated from the critical depth and an
overall channel slope of 13-15% to derive an applied shear stress of 102.5 kg/m* (21 Ib/ft’). From
this technique a keystone boulder with a diameter of 1.3m, FOS = 1, is derived. This method was
then compared against the results of Lenzi stability assessments step boulders against sliding. By
checking the determined boulder diameter of 1.3m value against the USDA envelope curve sizing
equation and by applying a FOS of 1.2 comparable results are found. To further reinforce this sizing
method the “moment stability analysis” performed was contrasted against a method developed in
1942 (Allen) for determining when isolated cubes would overturn in a stream. For conditions which
would be at the brink of a step, the Allen method suggests that a 1.2 m diameter block would be
required (this is approximately mass equivalent to a boulder with a 1.3m diameter).

Thomas’s et al suggests in their design procedure that the minimum size of boulder should be assess
as being greater than that determined by the U.S. Army Corps of Engineers (USCOE) “steep slope
riprap design” method. Coupling the USCOE method with the geometric consideration a Dsp of 1.0m
was adopted for the steps.

A FOS equal to 1 was assumed adequate when determining the step material size for the primary
reasons:
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4.2

4.3

e The boulder size is believed to be overestimated as they are a function of the shields
parameter which is assumed to be constant under all flow rates; this is unlikely to be
observed for the step pool structures.

e As explained in Church’s work these step pool structures can withstand more stress than
predicted by Shield’s parameter, perhaps up to three times as much. This is because of the
added strength gained by contacts between the rock and stream side slopes (referred to by
Church as the “jammed state™). The benefits from friction would therefore be much greater
in an interacting boulder system then that assumed for the boulders assessed in isolation as
the interactions can lead to additional structural strength.

To stabilize these step or ‘keystone’ boulders against toppling or rotation, it is proposed that 100mm
diameter concrete filled galvanized steel pipes be installed up against the boulders. The pipes would
be buried to depths of about 3m into the bedrock and the embedment depth increased to about 5m in
areas exhibiting an overburden (expected to be mainly comprised of till) foundation. Details of the
support pipe installations are detailed in Figures 12 attached.

Boulder Placement

Four to six keystone boulders are required per step. The boulders should be arranged in a broad
upstream facing U or V or crescent shape with pointed, curved or apex pointing upstream. The
curvature of the boulder is expected to be field fit however it should follow the general guideline that
the curvature of the step is equal to the Ds¢/channel width (W); curvature approximately 1.3m/6m or
0.22. This crescent shape step curvature takes advantage of the additional strength gained from the
“jammed state™ while promoting the alignment of the flow towards the centre of the downstream
pool , thereby helping to maintain a constant downstream scour position and limiting excessive bank
€rosion.

The keystone boulders should be placed along the side of the channel and between these boulders on
the outside channel flanks. Transverse boulder work is required to limit lateral erosion around the
steps. Step boulders should be ideally be ‘seated’, dug, or cut preferable into the phyllitic bedrock if
possible and will be stabilized with embedded steel pipes installed against the boulders. In the
overburden unit to offer additional stability the boulders should as well be seated or dug into the
foundation with steel pipes again installed against the boulders. To derive additional stability it is
suggested that the boulders as well be concreted or grouted into the foundation at the base of each
keystone boulder.

In the overburden section additional riprap and boulder material may need to be placed against the
downstream face of the step to provide additional buttressing support and to reduce the likelihood of
scour undermining the step. The latter would have to be reassessed during construction. Some
preferable boulder arrangements are detailed in Figure 11 and 12. Note that the long or A-axis of the
rock should ideally be orientated parallel to the direction of flow to obtain the most stable
configuration.

Step Pool Geometry

The weir height or the difference in elevation of crests of neighbouring steps should be Im. This
arrangement has been designed for to satisfy the geomorphological requirements and is a function of
the size of boulders specified for the step construction. Steps should be created consecutively with a
crest to crest spacing or step length (L) of approximately 7.7m (1m weir height/ 0.13 slope grade =
7.7m) to allow for maximum resistance to occur. This value is comparable to the values that are
calculated for step pool spacing when the Thomas et al. procedure is adopted. The profile detailed in
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4.4

4.5

Figure 12 better illustrates the arrangement of the dimensions required to derive the desired 13%
slope grade. On average the channel slopes between steps are expected to be constructed with slight
reverse slopes to promote the formation of a pool at lower discharges and to possibly reduce the flow
passing through the voids of the steps.

Church provides many, mainly geomorphologically derived, relationships for estimating the step
height (H), or the pool depth relative to the crest of the upstream step. In addition Thomas’s design
criterion outlines a method to calculate the step height based on the weir height and calculated scour.
In addition Lenzi, 2002 and D’Agostino et al, 2004 provide methods to estimate scour depth. To
limit the quantity of over excavation, to provide additional resistance against undermining of the
steps and utilizing the more reliable field based recursion equation, developed by Thomas et al, a
step height of 1.6m was determined. First proven by Abrahams and then later confirmed by many
other step pool researchers the maximum resistance occurs when 1 < H/L/S < 2 with a typically
value being closer to 1.5 (Lenzi, Comti, Church, Chin, etc...). Doing a quick check on the derived
step pool geometry it can be seen that H/L/S = 1.6/7.7/0.13 = 1.6 for the proposed step pool design
which is in the ranged observed exhibit maximum resistance.

Step Pool Lining

Based on the USDA method a chute with a 13% slope, 6m base width and a design discharge of
15m°/s would require a Dsp of 0.5m with an apparent FOS = 1.2. If round rather than angular rock is
assumed then a Dsp of 0.5m with an apparent FOS of 1.0 is derived. Riprap protection with a Dsg of
0.5m has been determined to remain stable on a chute. The addition of the steps into the reach will
effectively cause an increase in the FOS for the bed material against moment as a portion of the
energy is dissipated in water cushioning, thereby reducing the shear stress on the riprap. Further
evidence that the selected D5 of 0.5 wouldn’t readily mobilize during the typical normal high flow
can be gained by utilizing the Abt and Johnson as well as the Whittaker and Haggi riprap sizing
methods which generate similar results to the pool riprap design specification.

To prevent piping non-woven geotextile should be placed on the upstream side of the boulder in both
bedrock and overburden. The upstream side of the step should be backfilled first with riprap then
with riprap and a bedding material (with a Ds approximately 0.04-0.06m in diameter). Backfilling
on the upstream side of the step is done to provide a tighter packing matrix so that flow is promoted
over the step boulder rather than through the step boulders at low flow. In overburden section the
entire structure will be under laid by geotextile to provide further protection against undermining,
mitigating against possible piping and associated sediment influxes into the system. In order to
prevent the pool rip-rap lining from migrating downstream in high flows, grout or mortar should be
utilized to adhere the rip-rap together as a more coherent mass.

General Hydraulic Calculations

Utilizing the hydraulics of drop structures as an approximation it was found that the jets travelling
from the steps would impact the bottom of the pool about 3.8m downstream of the step. Accordingly
it has been specified that the deepest part of the pool be constructed 3.8m from the base of the step or
approximately at the half way point between steps.

The approximation of the step pool hydraulics was preliminary done to depict the water surface. The
latter was done by computing flow values base on a broad-crested trapezoidal weirs and vertical drop
structures. By computing the head required to pass 15m’/s over these weirs (steps) a preliminary
determination of the water in the upstream pool relative to the crest elevation of the step is obtained.
The vertical drop structure dissipates less energy than the drop height. The stream is believed to
have velocities faster than what is depicted. To account for this 1m of freeboard has been specified.
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4.6

Sediment Inputs

The downstream tailwater control regulated the water-surface elevation of the pool which in turn
affects the energy dissipation (Thomas et all, 2000). Small amount of tailwater control produce little
control and generate higher velocities while too much narrowing may lead to increased sediment
deposit due to increased tailwater.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>