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1 Introduction 

1.1 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 Creek at the Vangorda /Grum mine site as shown 

on Figures l 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 l .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 

drop box 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 di.version 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 ru)d the results of the recent field investigation, and focuses on 

moving ahead with the concepts behind the currently adopted design. 

1.2 Background 

P.MH/JBK/sdc 

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 faU from a near 

vertical slope, which overlooks one section of the flwne. 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 ben.eath 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 Creek Diversion system consists of the following components: 

• Headworks comprising an 8 m high earth darn and a 1.5 m diameter culvert within the dam 

which directs 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. 

• 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 baul 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 l 00 year event. 

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

• The diversion channel was designed to accommodate the 1: 100 year event, with a peak 

instantaneous flow of 10.0 m3/s. 

• The diversion channel was designed to be reasonably watertight. Hence, the use of a half-round 

corrugated steel pipe (CSP). 

• The upstream head works was designed to retain water to the 1: 100 year level of 1168 m 

allowing for one metre of free board. The dam crest was built to Elevation 1169 m. 

• A 1.5 m diameter CSP was designed to convey the water through the upstream collection dam. 

• 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. 

• During the l 00-year flood event the depth of water flow in the channel is expected to rise to a 

maximum of0.73 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 

Vangortf• Creek Dlvcr,!on_D'lln.}lpL ,0\'001 031_.IDK_PD.)'MH_20100<428_DIWT,do;;<, /',f,(, 28, 10, 10:U AM April 2010 
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return period of l 00 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. 

1.3 Project Schedule 

TBD 

2 Site Description and Current Conditions 

2.1 Location 

The centerline of the proposed 'long-tenn' 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 arc shown in Figures 3 and 4. 

2.2 Site Conditions 

2.2.1 Field Investigation 

PMH/JBK11dc 

To determine the site conditions of the proposed V angorda Creek Diversion alignment, a 

geotechnical investigation was completed in June, 2009 by SRK. The field 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-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 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 1.25 to 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 

\tongordo Crook Divoro!on_Dl!Jl1YpUCY001 lr.l1_JB!<_PB. PMH_.21)1D0428. DRAFT .doo,, 111)(. 28, 10, ,o:2aAM April 2010 
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wells were installed at four locations along or near the VCD aUgnmcnt at borehole locations 

S~09-DHVD01, 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 Append.ix I. 

2.2.2 Surface and Topography 

Upstr eam and downstream of the proposed diversion, the channel ofVangorda 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 l.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. 

2.2.3 Subsurface 

PMH/JBKl,do 

Soil 

The soil encountered in the test pits and drilJholes generally followed a sequence of organic rich 

topsoil overlying glacial till above metamorphic bedrock consisting predominantly of phyUite. The 

phyltite 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 Fig-ure 6. Generalized soil descriptions are presented below: 

• 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 

Vongonlo Cn,o~ DivonlonJ)1g1t_l'\pUCY001 031_JBK..P8.J'"4H_;IQ1QQ-1~8_DIU,FT,docl!,Apr. 28, 10, 10:28 AM April 2010 
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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 tr ace gravel and clay. The plasticity of this unit varies 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 alignment 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 detenninc 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. It is 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). 

April 2010 
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3 Design Considerations and Objectives 

3.1 

PMH/JBK/r.do 

Review of Project Alternatives 

The original closure plan for the Vangorda Pit presented in the 1990 Water Licence involved the 

redirection of Vangorda Creek 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: 

• Option l: 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; 

• 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 

• 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-iu-p1ace 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 fu]l flow ofVangorda Creek would 

require extensive and major engineering works to mitigate. 

The approach adopted for the proposed diversion of V angorda Creek presented in this report is a 

variation of Option 1, the main difference being the final alignment. Option l had the V angorda 

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 

April2010 
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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 VIII. TI1e 
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. 

3.2 Flood Hydrology 

3.2.1 Introduction 

PMH/JBK/Sdo 

The overall diversion system has been designed to accommodate the 500-year flood (estimated peak 

instantaneous flow of 30 m3 /s ). However, given the challenges of designing a channel to safely pass 
such a large event down a slope of 11 % (Phase l 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 m3/s). In the event that floods occur with peak flows in excess of 13 m3/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 wilt 
be directed into the Vangorda Pit. 

V;inqonfo Crook Dlvorslon.,Dson,.Rpl,.ICYllOI 031_J91V'B_PMH_2010CM2G_OAAPT.doox, ~ . 28, 10, 10:28 AM Aprll 2010 
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The following hydrological studies were completed: 

• A technique for estimating the instantaneous peaks of floods on Vangorda Creek for a range of 

return periods from 100 to 500 years. 

• Summary of a recent comprehensive flood study prepared by the Alberta government. This 

study is relevant to the design of the V angorda Diversion because it can be used to help identify 

potential conservatism in the flood estimates made for tho 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. 

3.2.2 Peak Instantaneous Flood Estimates 

PMH/J8Kl>d,; 

The intake of the proposed diversion channel, as shown on Figure 3, will control a drainage area of 

17. 7 km2
• The incremental area draining laterally along the full length of the diversion (at end of 

Phase 2) will be approximately 1.8 kni. Thus, the total catchment area for the proposed diversion is 

estimated to be 19.5 kni (see Figure 5). 

The flood hydrology ofVangorda 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 ofrecord. To fmd an adequate sampling of such stations, the networks of 

Environment Yukon, Water Survey of Canada and the US Geologic~l 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 m3 /s and 

30 m3/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 LOO-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 8, 2004. Using high water marks at thre.e locations along the diversion, the 

instantaneous peak of this flood was estimated to fall in the range of 10 rn3/s to 12 m3/s. 

Vi1'll)Ord!I C1!)<!1< lliY ... loi\_!)tQ•_Rpl_1CYOQ1 D31_J§K_P~.J'MH. 2010042B. DRAFT.docx, Apr. 28, 10, 10:28AM April2010 
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3.2.3 Flood Volume Estimates 

P.MH/JBK/ade 

As stated above, the new diversion has beon 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 m3/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 diver.sion 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 preHminary 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. As a 

frrst 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 m3/s). If the flow event exceeds l3 m3/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; 

• sideslopes of pennanent spillway ~ 2H: 1 V; 

• elevation of base of fuse plug, or crest elevation of permanent spillway = 0.55 m above local 

invert of diversion channel; and 

• elevation of crest of fuse plug = 1.40 m above local invert of diversion channel. 
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PMK/JOK/ido 

Figures 11 and 12 illustrate the design concept. 

With this configuration, the full flood hydro graph of all events with an instantaneous peak of 13 m3 Is 
or less would be directed to the diversion. No flow would pass to the open pit. 

When the flow in Vangorda Creek exceeds 13 m3/s at the new diversion intake (an event expected to 

occur 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. 

lf the 500-year flood hit the Vangorda Creek, the fuse plug would erode during the rising limb of the 
flood hytirograph. When the flood reached its peak (30 m3/s), a flow of 13 m3/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 m3/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 m3/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 constrncted 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 m3

• 

To put this quantity into perspective, the average annual in.flow volume to the Vangorda Pit is about 
420,000 m3

• The average annual flow ofVangorda Creek at the inlet of the new diversion is 
approximately 7 million m3

• 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 ofVangorda 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 
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3.3 

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 ofVangorda 

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 th.is 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 m3 /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 m3 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 m3 to the pit, then the total inflow over a 500-year period would average about 

2.4 million ml. If averaged over 500 years, the average annual inflow to the pit from spillage is 

calculated to be 5,000 m3, 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 m3 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 

3.3.1 Dam and Erodible Plug Functions 

PMHIJOKll<lo 

The principal function of the new bcadworks at the intake of the new Vangorda Creek Diversion is to 

direct flow into the diversion and to limit the flow to a maximum of 13 m3/s using an erodible plug. 

The primary design objectives for the headworks structure are: 

• Long-term stability; 

• Seepage control; 

• 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 l•l 

Consequence Category 
Life Safetylbl 

Socioeconomic, Flnanclal & 
Environmentallcl 

Very High Large number of fatalities Extreme damages 

High Some fatalities Large damages 

Low No fatalities anticipated Moderate damages 

Very Low No fatalities 
Minor damages beyond owner's 
property 

Notes to Table 3.1 

a) Incremental to the impacts which would occur under !he same natural condlUons (flood, earthquake or other event) but 

without the failure 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 tailings dams, consequence categories should be assigned for each 

stage In the life cycle of the dam. 

b) The criteria which define the Consequence Categories should be established 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 consistent with societal expectaUons. The criteria may be based on levels of risk 

which are acceptable or tolerable to society. 

c) 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 observe-0 around the 

headworks location. However, some foundation modification to ensure stability and to control 

settlement should be expected. 
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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 ICOLO 

Loading Condition 
Minimum Factor 

of Safety 
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 
Downstream and 

Upstream 

Earthquake (pseudo-static) 1.1 Downstream 

The maximum height of the headworks structure is about 3m with sides lopes of 2: I (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. 

3.3.3 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. 

3.3.4 Erodible Plug and Accommodation of High Flow Events 

PMH/JSK/sdo 

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 wilt 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 m3/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. 

Vongordo Creak Div.,..,n_0og't.fl9i_1CY001 O:l1_Jllll_PB_PMH_:/Q1DD42&. DRAFT.doox, Apf. 28, ID, 10:28 AM April 2010 
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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 m3/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 

I3m3/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 m3 /s. 

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

• Foundation requirements to withstand the erosive action of flow over the washed out erodible 

plug section during the extreme flood event. 

• 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. 

• Minimum requirements for long-term maintenance. 

3.4 Energy Dissipation 

3.4.1 Alternatlve Solutions 

PMi-llJBKI>® 

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 rn3/s down an approximately 460 m long Phase l 

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 constrnct 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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PMHfJBKlsdo 

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 1+200 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 - lOOMPa), 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 ct al., 2008). In 

evaluating this option SRK. conducted an extensive literature review for a step-pool design. 

Appendix VI presents a memorandum swnmarizing 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 effecti"'.e 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 fonn the steps against rotation or toppling. Furthennore if there is a failUie 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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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 cycles. 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. 

3.4.2 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. 

3.5 Erosion Control 

Erosion protection using riprap will be required in most sections of the new diversion to ensure the 
long-term stabllity of the structures. Following the guidelines set by the United States Department 
of Agriculture (USDA, 2007) and the British Columbia Miuistry 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. 

3.6 Surface Water Management 

It is expected that in a nwnber 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. 

\lo~ c, .. ._ 0~.,olo,,_tl>gl!_Rp!_1CYQQ1 o:!1_J!;ll(_P!!_PMH_20100428. DRAFT.docx, Apt. 28, 10, 10:28 AM Aprll 2010 

l 
l 

l 
l _ 

L 
11 

L 



f ) 

I 
( 

l 

L 

l 

L 

SRK Consulting 
Faro Mine Complex, Vangorda Creek Diversion, Design Report - Draft Page 17 

4 Design 

4.1 Overview 

PMH/JBK/!ldo 

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 neaMurface route varying in grade from 

1.5 percent in tbe upper reaches to a relatively steep grade of 11 % in the lower reach of Phase l 

before entering the plunge pool and the dropbox system. 

As discussed in Section 3, the seJected design flood for the new channel is the 200-year event which 
is estimated to have peak flow of 13 m3 /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 stmctural 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 bas 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 phy1Iite bedrock. 

The design will also include placement of a synthetic LLDPE liner (approximately 2,400 m2
) 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 channcJ 

where fill is required on both sides. In general, the channel bas sideslopes of 2H: 1 V and base widths 

varying from 3 to 6 m. Those sections in competent rock would have sides lopes of 1.5H: l V. In 
those sections of the channel where the total length of tbe sides lope 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 l 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 l of the project will require about 160,000 cubic meters of excavation and 

the placement of about l 0,000 cubic meters of riprap. The Stepped Chute approach for the steep 
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section of the diversion will require the placement of boulders in Phase I. 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 m3
• 

Subsurface conditions along the alignment vary from glacial till to both weathered and competent 

graphitic phyllite bed.rock. The test pits indicated that the weathered phyllite would be easily 

excavated by machine. Althffugh 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 m3 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. 

4.2 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. 

4.2.1 Channel Entrance 

The Vangorda Creek Diversion channel will be field fit to maximize the diversion intake contact 

with Vangorda Creek. The channel invert elevation oft 199.6 m wi11 be tied into the natural 
V angorda 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 down~ard 

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: 1 V side slopes along the northwest extents. 

4.2.2 Primary Earth Dam Embankment 

PMH/JBKhtdc 

Prior to construction of the primary earth dam embankment "knobs" of bed.rock 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 coffordam 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~tenn 

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 creek 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 embanla:nent 

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: 1 V upstream and downstream side slopes. 

The crest width would be approximately IO 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 m2
) . 

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. 

4.2.3 Erodible Dam Plug 

PMHIJBK/1dc 

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 m3/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 l 7 m (further details 

presented in section 3.2.3). 

The function of the erodible plug is to divert flows in excess of 13 m3/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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PMHIJBK/5do 

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 m3/s. Therefore, 

the overaU height of the erodible plug design section is 0.85 m. 

The fuse plug consists of a thin 7m 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: l V 

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 m3/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/h..r, 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 m3/s will result in 

spillage at the headworks. The fuse plug should be reconstructed within a few months ofits failure. 

The performance of the erodible plug in the hcadworks 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 head works dam 

should be repaired and the erodible section of the dam rebuilt 
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4.2.4 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 V angorda Creek alignment. 

4.3 Channel Configuration and Layout 

PMH/JBK/lda 

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

(Drawing V-4). Figures 7 to IO (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 arc 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 Creek. 

Site conditions and the Manning's equation were used to determine the ditch geometry based on a 

design flow rate of 13 m3/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 

sides lopes of 2H: 1 V and base widths varying from 3 to 6 m. However, in those sections which are in 

competent rock, sideslopes of 1.5H: 1 V 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. l11e l .Om freeboard was adopted to increase the design factor of safety and to allow for 

possible variance in the sideslopes from 2H: 1 V to 1.5H:1 V. 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 stonn 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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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 1m 

Transition 0+820 to 0+875 5.26% 3to 6 m 2H:1V 1m 

Lower (Phase 1) 0+875 to 1 +325 11 o/o 6m 2H:1V 1m 

'The general channel configuration tor the lower Phase 2 section 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 expected to be reduced io 1.5H:1V In bedrock sections. 

Side slopes will be steeper in a portion of the upper 1.5% grade reach where bedrock is expected to 
be encountered, approximately from station 0+000 to 0+075. For the lower 11 % Phase 1 reach a 6 m 
channel base has been specified to accommodate stepped chute construction and to reduce the 
expected depth of flow on this steep section. Areas where the channel passes through soil or 
weathered phyllite bedrock will be covered with non-woven geotextile in addition to the required 
riprap annoring. Over the sections of the channel excavated in the silty sand (See Figure 8) the 
placement of a synthetic LLDPE liner (approximately 2,400 m2

) 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. 

4.4 Riprap Requirements 

PMtvJ91(15do 

The req11irements for riprap can generally be divided into five categories as follows: 

• Headworks riprap; 

• Riprap required for the 1.5% grade, 3m wide base channel typically with 2H: 1 V side slopes; 

• Riprap required for the 11 % grade, 6m wide base channel with 2H: l V 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: l V side sloped transition zone 
channel; and 

• Riprap required for the plunge pool structures. 
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As suggested by the USDA and BC MELP riprap guidelines, a riprap blanket thickness of 2 x 050 
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 D11 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 detennining 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 ofMannings'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 

Headworks 
Upstream face of dam D50 = 0.54m Angular, F0S=1.2 

Downstream face of dam Dso = 0.60 m Rounded, F0S"'1.2 

Diversion Channel 1.5% upper reach Dso = 0.30m Rounded, FOS>1 .2 

Diversion Channel 11 % lower Phase 1 reach Dso "' 0.63m USACE , FOS,.,1.2 

Diversion Channel 5.26% transition reach Dw "' 0.50m Rounded, F0S>1 .2 

Plung Pool Phase 1 D50 = 0.50 m Angular, F0S"'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. 

4.5 Stepped Chute 

PMH/JBK/sdo 

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 lm 

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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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; howeverj 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 yea.rs 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. It is 

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 arc 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. 

4.5.1 Step Chute Boulder Sizing 

PMll/JBl</odo 

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 Fischcnich 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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4.5.2 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 concreted 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 undennining 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. 

4.5.3 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 

(lm weir height/ 0.11 slope grade= 9 m). The base of the channel should be 6 m. Figure l3 
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. 

4.5.4 Stepped Chute Lining 

i>t,IHIJ§KIJ<!o 

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 (Dso and 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 rn base width and a design discharge of 13 m3/s would require a D50 of 0.63 m. 

Riprap protection with a D50 of 0.63 m has been determined to remain stable on a chute. 
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4.6 Plunge Pool 

Figure 15 shows details and the typical arrangement of the plunge pools. The end of Phase 1 

construction will tic into the existing plunge pool. The water level will be controlled by the inlet of 

the pipe leading to the drop structure, which in tum feeds the culvert running under the haul road. At 

the design discharge of 13 m3/s, the water level in the pool would rise to approximately elevation 

1127.8 m. The base of the plunge pool wm be set a minimum of0.30 m below the invert of the 

existing 2000 mm CSP pipe. The primary function of the plunge pool in Phase 1 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 tining of the existing 

pool is expected to be upgraded to a minimum thickness of 0.5 m and the sideslopcs regarded to a 

maximum slope of2H: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 wiU 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 apprnximately 15 m in width with 2H: l V sideslopes 

and will be lined with riprap (D50 ;;:; 0.5 m). 

4. 7 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. 

4.8 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 Gemcom GEMS0 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 (m3
) 

Option at a 1.5% grade at a -11% grade 

Base Width 
Side Slopes 

Base Width 
Side Slopes Phase 1 Phase 2 Total 

(m) (m) 

1 6 2H:1V 3 2H:1V 159,902 42,066 201,968 

2 3 2H:1V 3 2H:1V 150,171 38,632 188,803 

3 3 2H:1V 3 1.5H:1V 123.484 38,632 162,116 

4 6 2H:1V 3 1.5H:1V 133,210 42,066 175,276 

Notes: 

1. The transition zone geometry from station 0+825 to 0+875 was kept constant 

2. Table does not account for any overexcavallon. 

To more folly 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 

Item 
Volume (m3

) 

Unit Total 

Topsoil 30,592 

Excavation/Cut 
Overburden/Till 130,942 

201 ,968 
Silty Sand 11 ,588 

Phyllite/Bedrock 28,846 

FIii 
Phase 1 13,353 

13,353 
Phase 2 0 

Rlprap 
Phase 1 9,180 

11,456 
Phase 2 2,276 

Step Boulders 
Phase 1 474 

697 
Phase 2 222 

Stepped Chute Over-Excavation 
Phase 1 2,837 

3,960 
Phase 2 1,123 

.. 

Notes: 

1. The Volumes presented are solely for the Vangorda Creek Diversion channel and do not include the headworks 

components. 

2. Step boulders are assumed 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 

Item 
Volume (BmJ) 

Unit Total 

Topsoil O - minor 

Foundation and Key 
Excavation/Blast 

Overburden/Till 150 
Trench Weathered Bedrock 50 

250 

Drill/Blast Bedrock 50 

Main Embankment General Fill (not bulked) 1,272 1,272 

Protection Riprap 360 360 
Embankment 

Sand and Gravel 92 
Erodible Plug 

Compact Core Material 18 
110 

other Exit Chut/Apron Riprap 918 918 

4.9 Cost Estimate 

PMH/JUK/,do 

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 

perfonnance handbook and the 2008-2009 Blue Book. ln 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 

Compactor 

CATCP74 105.97 1 

Dozer 

CATD7 201 .02 1 

Drill 

Air Rotary, 200 cfm compressor 345.49 2 

Excavator 

CAT 336CL 187.67 1 

CAT 345 287.67 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 nwnber 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. 

4.10 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). 

5 Post Construction Monitoring 

PMH/JBK/sdo 

A post construction monitoring program should be implemented upon completion of each phase of 

the Vangorda Creek Diversion constmction. 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 confonnance 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 ofinspection 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 head works dam to provide comfort that the plug will erode); 

• Diversion blockages, channel settlement, lateral movement, erosion, cracking, icing, 

• 

• 

• 

concentration of high flows in comers; 

Performance ofriprap (e.g. around headworks, plunge pool, stepped chute, general diversion); 

Perfonnance of geosynthethics and geomembrane sections; 

Water quality in the diversion; ensure geochemical standards are met/upheld; 

April 2010 
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• 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. 

6 Final Remarks 

PMHIJBK/1do 

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 VIII. 

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 flwne as a back up in the event flows exceed the design event. 

Along the currently proposed diversion alignment, approximately from stations I+ 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). 

Vongonjo Crook O,vomon_011gn_RpUCV001 031_JBIU'8YMH_2010CM28_0RI\.FT ,k,Q, N,,. 28, 10, 10:i&AM Aprll 2010 
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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, 'iFaro Mine Comple~, Vangordn 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 Introduction 
1.1 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 headwo.rks on Blind Creek road to the existing 

plunge pool and drop box 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. 

YO 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 diversfon alignment. The report presents the results of that investigation and provides the 

in interpretation of the insitu surface and subsurface site conditions. 

1.2 Background 

JBKllde 

To allow for the mining activities i.n 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, Wate.r 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 199 J, SRK has completed yearly inspections of the existing V angorda 

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, J1me 2004". In addition to the latter, a field inspection of the overall pit wall conditions was 

~tochnleol Flold lrwotllgallon. Roport. 1CY001.031_.JBK,.PMH. Dran.2.doc.<, Sop. 1, 09, 2:59 PM August2009 
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JBK/ldo 

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) geotcchnical 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: 

• Drill rig selection/organization 

• General Site Reconnaissance 

• Surficial geology visual interpretation 

• Road clearing/ development of drill access 

• Excavating of twelve test pits 

• Test pit stratigraphy logging/classification 

• Drill bole layout 

• Diversion alignment ground survey, lm survey resolution 

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

• Borehole cuttings logging 

• Simplified geotechnical rock core logging 

• Standard Penetration/in-situ density testing 

• Disturbed and undisturbed (split spoon) sample collection 

• Well installation, four standpipe piezometers 

• Groundwater flow/piezometer 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 of22°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. 

Qoolo<llnlcal F'°"' lnvosllgallon,.Ropo,t_ 1cvoo1.031_.JBl(..PMH_ Droll2-doox, Sop_ I, 09, 2:59 PM August2009 
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3 Investigation Methods 
3.1 Test Holes 

J B1</o<10 

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 hand.held 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 rema.ining 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 

Test Pit ID Northing1 Easting1 Ground Surface Total Depth (m) 
Elevation (m) 

SRK09-TP01 6903901.9 594771.2 1200.5 3 

SRK09-TP02 6903868.3 594708.7 1202.2 6.2 

SRK09-TP03 6903799.6 594629A 1202.6 6 
-· 

SRK09 - TP04 6903779.8 594516.7 1202.5 5.8 

SRK09-TP05 6903753.3 594406.1 1201 .9 2.5 

SRK09-TP06 6903710.5 594250.5 1193.4 2.8 

SRK09-TP07 6903692.5 594175.2 1190.5 1.25 

SRK09-TPOB 6903701 594043.8 1189.2 5.8 

SRK09-TP09 6903689.7 593948.4 1186.8 2.1 

SRK09 - TP10 6903654.5 5938710 1178.9 1.6 

SRK09-TP11 6903607.4 593797.2 1166A 4.3 

SRK09 - TP12 6903507.8 593728.5 1150 6.4 

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

JBKl5dD 

Boreholes were drilled by a 3-person crew using Geotech Drilling Services Ltd's track mounted 

double rotary Frastc Multi 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 phyllitc or more competent fractured phyllitc 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 perfonned 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-DHVD04A and SRK09-DHVD04B, drilled adjacent to and within Sm of 

each 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 coorclinates, depth and orientation of the completed boreholes are 

presented in Table 2. 
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4 Investigation Results 

4.1 Test Pits - Surficial Geology 

JBl<lodo 

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 arc shown on Figures 1 and 

2 as well as in Table 1 and Appendix A. 

The depth of the test pits varied from l .25 m to 6.40 m. Based on field test pit classifications of the 

soils and weathered bedrnck, the stratigraphic profile consists of the following: 

• 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-DHVD05 and DHVD06. 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. 

• ln about one third of the test pits a layer of medium brown, soft, wet, silty sand to sandy silt with 

some clay, gravel and cobbl.es 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 Wlit. 

• The next stratigraphic unit encountered was a glacial till. Typically this material was a greyish 
brown to medium brown, silly 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 

l m. This material was observed to generally be dense, moist, exhibiting medium plasticity and 
was the predominant overburden material observed. 

• Near the south-western portion of the VCD alignment, closer to the area where the diversion will 
again reconnect with the natural alignment ofVangorda 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-TP 12 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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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. 

4.2 Boreholes - Subsurface Investigation 

JBKf~a 

For unconsolidated and loosely consolidated silts and clay rich overburden section, the drill rods fell 

a1most 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 deteonioation was estimated to be approximately ±0.5 m. During diamond core 
drilling poor recovery was observed in heavily quartz intruded or fractured bedrock whi1e 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 mns together was know, the 

angles presented may vary by ±180° intervals. 

The Gcotcch 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 borehole 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-DHVD05 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 Investigatioi;i 

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 I and 2. The following sections 

summarize the results of the drilling program. 

SRK09 - DHVD01 

Borehole DHVD01 was drilled to a depth of 11-02 m. Samp1e recovery from DHVDOI 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 p1anar 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 of29 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. 

SRK09 - DHVD02 

Borehole DHVD02 was drilled to a depth of 14.33 m. Sample recovery from DHVD02 was 
generally good to moderate, moderate i.n poor quality rock. Approximately 6.7 rn of glacial till 
overburden was found above 6.6 m of granodiorite rock overlying weathered, highly planar fractured 
phytlitic 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°. 

SRK09 - DHVD03 

Borehole OHVD03 was drilled to a depth of 14.17 m. Sample recovery from DHVD03 was 
generalJy 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 jo1nting in the granodiorite was observed to be orientated in th.e range of 60° to 
75'', while the phyllite joint and foliation orientated was in the range of 65° to 80°. 

SRK09 • DHVD04A 

Borehole DHVD04A was drilled to a depth of21.34 m. Sample recovery from DHVD04A 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 min thickness. The cuttings from the silty sand layer were 
characterized as brown-yellow silty sand with some to trace gravel and clay. Upon drilling through 

the silty sand layer the granodioritc lithology was first encountered for approximately 0.6 m then the 
subsurface profile transitioned into the phyllitic bedrock. The bottom of the borehole was observed 

to be dry at the time of drilling. 

SRK09 - DHVD04B 

Borehole DHVD04B was drilled to a depth of21.34 m. Sample recovery from DHVD04B was 
solely from ODEX cuttings and was generally excellent. Borehole DHVD04B was drilled near to 

DHVD04B as an additional borehole to gain more geotechnical data about the massive silty sand 
unit encountered in DHVD04A. Approximately 0.9 m of topsoil was found over massive silty sand 
12.2 min thickness. The massive silty sand stratigraphy was observed to have reduced by 6.5 m 
from the thickness observed in the neighbouring DHVD04B indicating that the maximum thickness 
of this stratigraphy is likely on the order of 19 m as observed in DHVD04A. This lithology is more 
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JBK/&dc 

typical of water deposited type sediments, perhaps glacial flu vial 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. 

SRK09 - DHVD05 

Borehole DHVD05 was drilled to a depth of 15.65 m. Sample recovery from DHVD05 was 

generally moderate to excellent. Approximately 1.5m of topsoil then 4.Sm 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. 

SRK09 - DHVD06 

Borehole DHVD06 was drilled to a depth of 17.98 m. Sample recovery from DHVD06 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 ioterpreted 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 

Location1 Depth (Type)2 
1st 6" 2nd6" 

Blows 
N Value3 

3rd 8" 4th 6" 

SRK09·DHVD01 1.47 - 1.93 m (SM/BR) 37 (rock) 19 22 41 

SRK09-DHVD02 2.44 - 3.00 m (SM/SC) 4 4 7 9 11 

1.22 (SM) 3 5 5 10 

SRK09-DHVD03 
2. 7 4 (SM/GM) 10 23 17 40 

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-DHV004A 2.74 (SW/SM) 5 12 20 32 

7.32 (SW w. GM) 12 23 27 50 

SRK09-DHVD04B 
4.27 (SM) 12 16 15 31 

8.85 (SM) 17 21 39 60 

SRK09-DHVD05 1.22 (PT/SM) 3 3 15 18 

1. UTM Projection NAO 27, Zone 08 V. 
2. Soil type is designated soil symbol according to the Unlned Soll Classification System (USCS); See Table 3. 

3. Field N values calculated - sum of blows from 2nd and 3rd 6" Intervals. 

4.3 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 piezometrio pressures 

could stabilize and more accurate head measurements could be obtained. The well logs/pie.:wmeter 

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 Screened Depth2 (m) Height to top Water Level 
Location/Well 101 Screen2,J Unlts4 of Casing Elevation 

(m) To Water Total Wells (m) (m) 

SRK09-DHVD01 7.92 GM/BR 4.505 11 .852 0.794 1197.79 

SRK09-DHVD048 8.35 SM DRY 12.065 0.687 < 1188.44 

SRK09-DHVD05 4.57 Fractured BR 2.667 8.400 0.731 1188.56 

SRK09-0HVD06 9.14 SM to GM 8.707 13.043 0.715 1169.71 

~. Please refer to 'Table 2: Geotechnical Borehole Locations' for GPS coordinate& and orlglnal ground surface elevation. 

2. Measured vertically down from original ground. 

3. All monitoring wells/standpipe piezometel'G Installed had a 3.05m length screen. 
4. Soil type is designated soil symbol according to the Unified Soll ClasslflcaUon System (USCS); see Table 3 notes for further 
details. · · 

5. Includes length of pvc In casing above original ground level. 
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4.4 Ground Survey -Topography 

The results of the lrn 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 ofVangorda 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 Creek was surveyed in order to provide assistance with final 
design of the VCD earthem 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 thls 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 grow1d conditions near the 
southwest diversion alignment extents are provided in Appendix F. 

4.5 Laboratory Testing 

JBK/5do 

Three overburden samples were subject to basic geoteclmical 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 Clay Slit Sand Gravel Moisture 
Size Size Content 

Classification) [Lab ID] (%) (%) 
Size(%) Size(%) (%) 

SAND TILL - gravelly, 
SRK09-TP02 

some slll to silty, trace clay 
(4.00m) [TP02]1 6 21 39 35 9.5 

and cobles 

SAND - trace gravel, silt, SRK09-DHVD04B 1 7 85 8 6.9 clay (7.32m) [DH04]1 

SAND and SILT • trace to SRK09-DHVD04B 
some gravel. trace clay (8.85m) 5 35 51 10 8.0 
and cobbles [DHVD04B]1 

Note 1: Values have been extrapolated from the laboratory results presented In Appendix E and grouped by material 

proportion and grain size as classified by the Modified Unified Soil Classification System. 

The samples tested wore 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. 

• Glacial Till; dense, greyish bi:own to mediwn brown, silty sand to sandy silt with gravel, sub-

rounded cobbles, boulders, some clay and exhibiting medium to low plasticity. 

• Silty Sand; brown-yellow penneable silty sand with some to trace gravel and clay. 

• Granodiorite; salt and pepper grey to pink grey in colour, generally fair to poor rock quality. 

• Weathered Phylllte; 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 piezornetric 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/tnin 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 piezomcter 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 ofth~ Vangorda Creek Diversion construction activities. 
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This report, "lCYOOl.031.002 - Vangorda Creek Diversion, Geotecbnical Field Investigation,'' 

was prepared by SRK Consulting (Canada) Inc. 
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~ ., SRK f:!'!'!!'! PAGE: 1 OF 

FILE No: FARO (1CY001 .031) 

LOCATION: Vangor~a Diversion Preliminary Alignment 

DRILL TYPE: Excavator 

BORING DATE: 2009-06-01 

DIP: 90.00 AZIMUTH: CASING: NA 

TO CAT 345C Excavator 2009-06-01 DRILL; 

1. TEST PIT LOG COORDINATES: 6903901.90 N 594771.20 E DATUM: UTM NAO 27, 08 V 

SOIL LEGEND I ~ENERAL COMMENTS: 
':!eared route/roed for drill access first then elCcavated 

WELL PLUG MATERIAL LEGEND 

• Bentonite Gro1,1t ~·::.:']si;md 

~ Bentonits 

F-=-J Topsoil {rt:4 Gravel 
U Boulder [':·:-:,:-) Sand 

fZ2I Clay [II] Sill 

D Cobble 

I TEST PIT. 

I 
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I ~ ~ 
I ~ 
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>- 1 
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WELL 
DETAILS 
&WATER 

LEVEL - m 

E 

1200.6( 
0 .00 

1200.30 
0.20 

1200.00 
0.50 

1199.50 
1.00 

U C1,1ltlng& 

~ Cement 

STRATIGRAPHY 

DESCRIPTION 

Ol'\1>ANIC/V1:1>1:1ATION MATI 

Oal'K TOPSOIL 

Medium brown subangular to rounded clast. COBBLES, SAND, 
some gravci and sill TILL. 

Medium brown si.ibangular to rounded c!ast. COBBLES, SILT, 
SAND, !;IOIT1e gravel. TILL. 
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C a:: Zw 
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SAMPLE CONDITIONS 

18) Remoulded 

- Undisturbed 
• Lost 
[I] Core 

SAMPLES 

z 'I! 
0 > C 
;::: a:: a 
Q w a:: 

~ .. z 0 
0 0 z 
0 w 

a:: 

SAMPLE TYPE 

DC Diamond Core 
GS Grab Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

Wp w WL 
I e I 

20 40 60 80 
I 

, __ - - 1---- 1~ 

-Grab sample taken at 2.75m. , :: ~ ~­
Ii 

'""1-,;1:,.-;.~c;;;o
6~0i---""'R-,efu,..s-a ... ,o-n-=ea-=re"'1o""R""""oc,,.,...K -------------. ~:. ,; 

1197.50 

~S-Gratx 0 0 

-3.00 END OF HOLE 



LOCATION: V11n9orda Diversion Pre!!mlnary Alignment PAGE: 1 OF 1 

:- , SRK~°!~ FILE No: FARO (1CY001.031) DRILL TYPE: Excavator 

BORING DA TE: 2009-06-01 TO 2009-06--01 DRILL: CAT 345C Excavator 

DIP: 90.00 AZIMUTH: CASING: NA 

TESTPIT LOG COORDINATES: 6903868.30 N 594708.70 E DATUM: UTM NAO 27, 08V 

SOIL LEGEND S~fMPLE CONDITIONS r- GENERAL COMMENTS: 
Cleared route/road for drlll access first then excavated 
TEST PIT. 

WELL PLUG MATERIAL LEGEND 
• Bentonite Grout !; : \; =.J Sand 

~ Bentonite 

&":'~ J Topsoil ~ Gravel [ZJ Remoulded 

c:J Boulder l: ;:: ~ Si;md B Undisturbed 

l 
WELL 

I 
DETAILS 

= e &WATER . . 
LEVEL -m 

~ i!: a. 
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I 
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I I-
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-
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i - 10 - 3 
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~ Cuttings [22j Clay !IIDJ Sill • Losl 

M] Cement C'.'.J Cobble [I] Core 

E . 
E z I g ::c 

~ ~ w w Q 
..J 
w 

1202.20 
0.00 

1201.90 
0.30 

1201.20 

STRATIGRAPHY 

DESCRIPTION 

VEGETATION MATT/moss 

Dari< brown silty CLAY (frozen) with some sand and gravel 

Seepage observed 111 - 0.5m 

1.00 011r1< to medium 9rey1sn brown GRAVEL, COBBLE, SILT some 
clay. Thia OVE;RBUROEN was frozen and became slightly more 
rrozen with depth. 

1198.20 
4.00 

1196.0C 

Considerable more boulders observed after 2m depth. 

SILT and GRAVEL some cobbles, bouldera and some to t~ce 
clay; medium plasticity. 
Grab sample taken al 4m. 
GRAIN SIZE LAB RESU!. TS; 
6% Clay 21 % Slit 

S9% Sand 39% Gravel 

6.20 ENO OF HOLE - Reluaal on lro,:en ground 
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SAMPLES 

z 
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E 
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SAMPLE TYPE 

DC Diamond Core 

GS Grab S11mple 

SS Spilt Spoon 

WATER CONTENT 

and LIMITS (%) 

20 40 60 80 
' I ' 
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rl ; SRK f:!'!~ :~~:~~~::~:t,;~,::::'"' :C-AA~·s·~l:N:G:.\N:AA,T{~.~-

1 DIP: 90.00 AZIMUTH: I TEST PIT LOG COORDINATES: 6903799.60 N 594629.40E DATUM; UTMNAD27,08V 

r 
__ G_E_N-ERA_L_C_O_M_M_EN_T_S_: ________ ..,.._W_E_L_L,_P_LU_G_M_A-TE_R_I_AL-LE_G_E_N_D_....,._S_O_!L_L_E_G_E_N_O ____ ~S-A_M_P_L_E_C_O_N_D_m_o_N_S~-S-A_M_P-LE_TY_P_E----1 

Cleared route/ro11d for drill 11ccess first then excavated - Bentonlte Grout r :':'.-:;lsand p-: .. j Topsoil f:m Gravel IZJ Remoulded DC Diamond Core I TEST PIT. ~ Bentonlie Q?lJ Boulder (·:.-;:·:·.j Sand ~ Undisturbed GS Grab Sample 

c;J Cuttings rz2J Clay [IT] Slit - Lost SS Split Spoon 

I WELL 
DETAILS 

¢: E &WATER . . 
I ::c i= 

LEVEL - m 
Ii: a. w w 
C C 

I 
• 

f 
. 
t ... 1 

1- 5 -

- 2 

-

~~ 15 _ 

Ii;~. I Cement ~ Cobble [I] Core 

E . E z I 0 
i!: 

~ a. w 
C 

..J 
II.I 

1202.60 
0.00 

1202.4." 
Q.15 

~ 

1201.10 

.. 

STRATIGRAPHY 

DESCRIPTION 

VEGATATION MATT (moss, bush) 

GreyS!l.T 

Light brown TILL lots of cobbles, boulders and sand some silt and 
trace clay. No water observed 
Roots lo 0.5m 

1.50 Medium lo dark brown TILL lots of cobble ano bo1.111Jers, sanlJ 
some silt and trace clay. 

1199.6C 

Grab ~1;1mple taken lrom gravel and cobble rich section at -2m 
depth. 

J.00 Oark brown-grey SANO some cobbles, gravel and some clay 

1196.GC 
6.00 ENO vr HOLc • Refusal on bou1del'$ and rrozen ground. 

No seepage obsorved In test pit. 

SAMPLES 

z 'if. 
C a: ~ ..J z 0 0 w 
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w :Ii i5 
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::, z 8 z 0 u w 

e::: 
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I~~ i 
j;. •• A: 
:.r 1: . . 

~: .; ~ 
L~-. 
• ,.=.t.· 

r:~ ~i ... ~ ..... 
{ ~ ' ,?; 

' :+ .: 
:·~ t~ 
r?·r· -. . :.. .:., 

)'. 
-. ,~ .... 
f~~f{ BS-Grat 
~ ~~~ ~ 0 ... t . 1 
• ~ ·: ,6 .".I 

~ ·:\ ~ T 
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I ~·.:,::1 
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-~ 
...... . 

':'~: . ·:·t.-....... . 

C a 
e::: ... 
0 
z 

0 

WATER CONTENT 

and LIMITS (%) 

Wp W 

I e 
20 40 60 80 

, 1 I 



,, SRKf:!~~ 
PAGE: 1 OF 

FILE No: FARO (1CY001.031) 

LOCATION: Vangorda Diversion Preliminary Alignment 

DRILL TYPE: Ex~vator 

BORING DATE: 2009-06-01 TO 2009-06-01 CRILL: CAT 346C Excavator 

TESTPIT LOG 
DIP: 90.00 AZIMUTH: 

COORDINATES: 6903779.80 N 594516.70 E DATUM: UTM NAO 27, OB V 

CASING: NA 

r
·~ GENERAL COMMENTS: 

Cle11red route/ro11.d for dr111 access first then excavated 
TEST PIT. 

WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS 

- Bentonile Graul t -·:::=!send &-;. J Topsoil ~ Gravel 0 Remoulded 

SAMPLElYPE 

DC Diamond Core 

GS Grab Sample 

SS Spilt Spoon 

I 

l 

I 

&S:5j Bentonltc ~ Boulder t:;:,~:j Send - Undisturbed 

U cunlngs fZ2l Clay llIOI Sill • Lost 

1w] cement [!] Cobble [I] Core ,t----.- --.--------.--------"'-'==-- -----------JL....:==-------,r--.L...::....;:;=-------...... -------1 

. 

::c 
Ii: 
w 
0 

- 5 

E 

i= a. 
w 
0 

- 1 

- 2 

..... 4 

~ -
j;, - 15 

WELL 
DETAILS 
&WATER 
LEVEL •m 

E 
• Ii 
z, 
Q ::c 
~~ 
> flj we 
..J 
w 

1202.50 
0.00 

1202.20 
0.30 

1202.00 
0.50 

1199.5( 
3.00 

1196.70 
6.80" 

STRATIGRAPHY SAMPLES 

DESCRIPTION 

VEGATATION MATT/mo!lll 

Frozen dark/black organic r1ch TOPSOIL 

Greyish brown, COBBLES, t'JAAvc1. ana 51L 1, some boulders, 
sand and clay 

Medium greyish brown, lightly pecked greytSn Drown, C066LJ:S, 
GRAVEL and SILT, &Orne bouldera, send end clay. More silt then 
above; low plasticity. 

Grab ~ample taken from -S·S.6m deplh 

Excavator progressed at a slower rate/harder digging in this test 
pit du~ to the high frequency of boulders observed. 
t:NO OF HOLE - Refusal on lighUy pecked grey boulders 
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· I• i P 
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WATER CONTENT 

and LIMITS (o/o) 
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LOCATION: Vangorda Diven;ion Prellmln111y Alignment PAGE: 1 OF ~ I; , SRK f:!'!~ FILI; No; FARO (1CY001,031) DRILL TYPE: Ex~vator 

BORING DATE: 2009-06·01 TO 2009-06-01 DRILL: CAT 34SC Excavator 

I TEST PIT LOG 
DIP: 90.00 AZIMUTH: CASING: NA 

COORDINATES: 6903753.30 N 594406. 10 E DATUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: SOil LEGEND SAMPLE CONDmONS 
Cleared route/road for drill access fin;! then excavated I TEST PIT. 

WELL PLUG MATERIAL LEGEND 
- Bentonlte Grout r:.';·· :j Sand 

~ Bentonlte 

[;J Cuttings 

&-:.. j Topsoil ln_~ Gravel IZJ Remoulded 

iLj Boulder j: ~ .:: : l Sand B Undisturbed 

(22j Clay [I]]] Silt • Lost 

= 
' 

I ~ 
, c 

f . 
I l . 

;~ 
~ 

I - 5 

n 

I 
I 
i 
ll-i 

r 

WELL 
DETAILS 

E &WATER 

::c LEVEL-m 
I-

1h 
Q 

- 2 

fill Cement [!] Cobble [I] Core 

STRATIGRAPHY 

E 
I E z . 

Q ::i: 

~ [ w 
~ C 
w 

DESCRIPTION 

1201.8 
0.1 O TOPSOIL, 10·1s o organ cs 

1201.60 
0.30 Grey SILT, some send an cay 

1201.50 
0.40 Highly WEATHERED 11nd ox]dlze rown PHYLLITE with some 

quartz veins 

1200.4 
1.50 Hard digging, less weathere grey 

cleavage sheets 

ND OF HOLE - Refusal on bedrock 

LUTE. -0.Jcm think planar 

SAMPLES 

z '$. 
.J A a::: 0 >-
0 Zw 

E ,:r.:: 
m <m w 
2 w == C > 
>- 11. ::, z 0 
Cl) ~z 0 u 

u M:! 

C 

~ ... 
0 
z 

SAMPLE TYPE 

DC Diamond Core 

GS Grab Sample 

SS SplltSpoon 

WATER CONTENT 

and LIMITS (%) 

Wp W WL 

I e I 
20 40 110 80 

t I I I I I I I I 
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PAGE: 1 OF 1 LOCATION: Vangorda Diversion Prcllmlnary Alignment 

FILE No: FARO (1CY001 .031) 

BORING DATE: 2009-06-02 TO 200£1.06-02 

DRILL TYPE: Excavator 

DRILL: CAT 345C E>(c;:av11tor 

TEST PIT LO_G 
DIP: 90.00 AZJMUTH: 

COORDINATES: 6903710.50 N 594260.50 E DATUM: UTM NAO 27, 08 V 

CASING: NA 

_G_E_N-eRA- . L_C_O_M_M_E_NT_ S_: ---------.-w-e"""L_L..._P_L_UG--M-A--TE __ R __ I_AL_LE ... G __ E __ N __ D--,-S--o--,-L-LE"'"G"""E __ N __ D ___ _,,,,s""A""'M""PL'"'. e=-c""'o"""N"""O""'!T"".10""'N""'S,,....,.,,,S.,.AM"""='P"""LE""'TY=Pe=E,----t 

1Cteared roule/road for drill access first then excavated I TEST PIT. 
- BentonlteGrout l·:; ::: lsand ~ Topsoil ~ Gravel 0 Remoulded DC Diamond Core 

~ Senton!le ll::iJ Boulder!::.·;:·:] S11r1d - Undisturbed GS Grab Semple 

[!I Cuttings [Z2j Clay !DlJl Sili • Lost SS Split Spoon 

I WELL 
DETAILS 

~ E &WATER 
I I LEVEL -m 

I ~ ::c 
I-
Q. w 

Q Q 

I 
I 

I 

~ 
. 

I 

~ 
- 1 

I -

I 

$ 1-

-
I - 5 

~ l -
~ 

j 
- 2 

\.. 

t : 
.. ~ 

jp';~ I Cement L!] Cobble [I] Core 

STRATIGRAPHY SAMPLES 

E . I: ;;?; 
' 0 ::c j;: I-

~ a. 
w w Q 

.J 
w 

1193.4C 
0.00 

1193.2C 

DESCRIPTION 

TOPSOIL, lots of organics 
SW of SRK09-0HVDOS 

0.20 S11Ucr 1 OPSOIL to really weathered phyllltc 
1193.1C 
o:~o Hlgmy vv=THcRcD grey PHYLLITc; easy ror excavator 10 np. 

1191.S( 
1.80 I\ WEATHERED PHYLLITE; still able to be ripped but i,llghlly more 

I \ competent trnin lilbove. 
seepage/ water 1nnow at -1 .51m aeptn. on 1ne oracr 012 Lis. 

190.8 
1.81 END OF HOLE- Refusal on bcdroek 

191.4( 
2.80 

I 

z ,I!. 
..J Q " 0 ffi 0 ~~ E Ill 
:Ill w :: Q > 
> a. ::::, z 0 
rn ~z 0 u 

u ~ 

i,..--.,~ 
,-vh.J 
i,,...__.~ 
r-,.;- , ,-..., 
I, ....... ,.. 
i--Ir ,-_,..-., 

:r,i: [1 
~& 
~~4 
~~ 
~~4 
~~ 

~~ 
~~ 

~~ 
~:.£'i:,{i 
~~ 

~ 
~ 
~ 

~~ ¥:[d:'i 
¥:[d:'i 

~~ 
--- I 

IC!. a.. 
,r ,,r 

·(i[" i£ 
·i.( i:t 

~ 
i:t 
i:t 
i:t 
i£ 

i£ i£ 

~ i£ 
i£ 

i£ i£ 
i£ i£ 
i£ i£ 

WATER CONTENT 

~ 
and LIMITS (%) 

.. 
0 WP w WL z 

I e I 
20 40 60 80 
I 

I 



LOCATION: Vangord11 Diversion Pre!!rnln11ry A!lgnment PAGE; 1 OF 1 

r~ , -e!~ FILE No: FARO (1CY001.031) DRILL TYPE: EXcavator 

SORING DATE: 2009-06-02 TO 2009-06-02 DRll.l.: CAT 345C Excavator 

I TEST PIT LOG 
DIP: 90.00 AZIMUTH: CASING; NA 

COORDINATES: 6903692.50 N 594175.20 E DATUM: UTM NAO 27, 08 V 

'GENERAL COMMl:NTS: SOIL LEGEND SAMPLE CONDITIONS 
'cleared route/road for drill access first lhen excavated 

rESTPIT. 

WELL PLUG MATERIAL LEGEND 

• Bentonite Groul ffi Sand 

5SSJ Bentonite 

~ Cunlngs 

&-;. j Topsoil ~ Gravel 18] Remoulded 

(!!] Boulder !,!.:_:d Sand ~ Undi~lurbad 

fZ2l Clay [II] Sill • Lost 

I .~ 
I r~ 

di.I 

I 
I 

I_ 

I 

ii 
r 
~ " 

i,; 

[ ~ 

~ 

fl 
l 

' b 
I ~ 

l 
I •, -. 

Q 

WELL 
DETAILS 

E &WATER 
I LEVEL -m ::c 

I-
D. 
w 
i::::a 

- 1 

. 

-

wJ Cement [TI Cobble [I] Core 

STRATIGRAPHY 

E 
' E z 

0 
. 

::c i= Ii: ~ w w Q 
..J 

DESCRIPTION 

w 
1190.50 

0.00 ORGANIC/ VE;GETATION MAlT (moss, roots, etc .. ) 

1190.40 
0.10 Black frozen organic TOPSOIL 

1190.2S 
0.25 · Creamtwrnle (l:PHRAI vo1can1c ash 

1190.20 
0.30 Compacl/<lense organic rlcn SIL 1, some clay, gravel and sand 

1189.70 
0.80 Rlppable Wl:A I r,ERl:D PHYI.LITE. Bedding dipping al 20 lo 25 

degrees from the horlzontal. 

seepage: -2um1n at -1.1 m depth. 

189.2 
1.10 END OF HC>t.:E • Rerusal on oearoel< 
~ 

1.25 

..J 
0 
a) 
:a: 
>­
(I) 

, I , 

. .r 1,l''. 
.,..,.,.,..,., 

SAMPLES 

z 
0 
E 
Q 
z 
0 
(.J 

~ .. 
0 
z 

SAl'iPL.e TYPE 

DC Diamond Core 

GS Grab Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

WP W WL 

I e I 
20 40 60 80 
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LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1 OF 1 . ; ·SRKf:!'!~ 
r 

FILE No: FARO (1CY001.031) ORILl TYPE;: Excavator 

BORING PATE;: 2009-06-02 TO 2009-06•02 DRILL: CAT 345C ExC!lvator 

DIP: 90.00 AZIMUTH: CASING: NA 

TESTPIT LOG COORDINATES: 6903701 .00 N 694043.80 E DATUM: UTM NAO 27, 06 V 

SOIL LEGEND SAMPLE CONDITIONS r I GENEAA!. COMMENTS: 

( 

Cle11red route/ro!ld for dri!I !lcceas ~rs! then exC11v11ted 
Ti:ST PIT. 

WELL PLUG MATEFUAL LEGENP 

- Bentonlie Grout @sand 
~ Banlonite 

[.] Cuttings 

F-:.. j Topsoil ~ Gravel ~ Remoulded 

i::I] Boulder [;·:'::': ! S11nd - Undisturbed 

fZ2l Clay [[[I]] Slit • Lost 

I 

I 
.l 

l 
f 
\ 

f 
- 5 

" 10 

.11_ 

' !f . ~ . 

I 
tr 15 

II 
t~r 
~~ 

- 1 

- 2 

3 

4 

. 

- 5 

WELL 
DETAILS 
&WATER 

LEVEL • m 

1189.20 
0.00 

1188.70 
o.so 

1187.70 
1.50 

1185.7C 
3.50 

1164.20 
5.00 

1183.40 
s:so 

le1iJ Cernen! ~ Cobble [I] Core 

STRATIGRAPHY 

DESCRIPTION 

Dark brown to black TOPSOIL, organic rich 
Soft ground near test pit location. Ground deflecUon observed as 
the excavator progressed through this area and as well the 
excavator experienced minor setllemcnt Into \he topsoil. 

TILL. Lois of COBBLES, GRAVEL !Ind sil ty SANO, OCC!ISSIOn!II 
boulders 

Saturated son. Oporator commanted that thls soil was very dense 
and heavy lo move. Medium brown SILT, CLAY and GRAVEL, 
some cobbles occasslonal boulders. 
Heavy/quick seepage: - 5Us seepage observed et 1.Sm depth. 
Excavalion experience slurllng as water nowed into! he open test 
pit. 

Very dense CLAY end SIL TY TILI..Medlum brown SI!. T, CLAY 
and GRAVEL, some cobbles occassional boulders. 

Slightly WEATHERED grey PHYLLITE 

ENO OF HOLi: • Rerusat on bearock 

. :; ,11 • 

.. ii ·.:~::· 

SAMPLES 

~ 
E 
C z 
0 u 

0 

~ 
k 
0 
z 

0 

SAMPLE TYPE 

DC Diarnond Core 

GS Grab Semple 

SS Spilt Spoon 

WATER CONTENT 

and LIMITS (%) 

WP W WL 
I e I 

20 40 60 80 

,_ ,~ 

1,: ----------------------------------i-_ ..... ___________ _,_ .... _....,..,r._..._-' 
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[~ ' SRK f:!'!'!':f! 
PAGE: 1 OF 1 LOCATION; Vengorde Diver.;ilon Pre!lmlnary Alignment 

FILE No: FARO (1CY001 .031) 

BORING DATE: 2009·06-02 TO 2009-06-02 

DIP: 90.00 AZll'.1UTH: 

DRILL TYPE: ExC1;1vetor 

DRILL: CAT 345C Excavator 

CASING: NA 

-

-

I, 

1, 

l 
i 

I -

TESTPIT LOG COORDINATES; 6903654.50 N 593948.40 E DATUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: SOIL LEGEND SAMPLE CONDITIONS 
Cle11rec! route/road for drill access first lhen excavated 
TEST PIT. 

WELL PLUG MATERIAL LEGEND 

- Bentonite Grout [I] Sand 
5S:SJ Bentonlte 

&-~ 1 Topsoil ffl; Gravel IZJ Remoulded 

li:eJ Boulder 1\:.:/j Send B Undisturbed 

= . 
::c 
~ 
w 
0 

-

. 

. 

. 

E . 
i= a. 
w 
0 

1 

WELL 
DETAILS 
&WATER 

LEVEL - m 

E 
~ E 
o' 
~ i: 
> fl] 
WO 
..J 
w 

1186.80 
0.00 

1188.70 
0.10 

1186.40 
0.40 

1185.80 
1.00 

~ Cuttings [22j Clay [[I] Silt • Lost 

r~·::~· j Cement I!:] Cobble [I] Core 

STRATIGRAPHY 

DESCRIPTION 

VEGETATION MATT (mOSij roots, elc,,)onVEGETATION MAI I 
(moss, roots, grass, shrubs) 

Frozen bl11ck TOPSOIL, lots of organics, some sand, silt and 
gravel 

Dari< grey brown to black GRAVEL, SIL 1, SANO, trace clay, some 
organics end cobbles. TIU. 

WeATHER"EO PHY'LLITI:, rlppabtc. Somo radish oxidation 
steining. Pl11n11r ne11r horf:zontal bedding. Evidence of small scale 
folding can be seen, 

..J 
0 
ID 
2: 
> en 

~ ; .. : : ..... 
\ ::~;;.~ 
1,:· 11 · • 

~i~. !., :_ 
: I';. ; ; t 
.::~y.:: 
• .. I • 1: .. ~ 
; :1 ::~·. · .. 
: ~ .: ~·:":' . 
. ~ :: ·. •: 
I\:: ~'.:,:, 
ti :·w· ,", 

SAMPLES 

z ';I!. 
0 

~ ~ 
It: 0 w E m w 

w :s Q > a. :::::, z 0 
> z 0 (.J 
I- (.J ! 

~ 
(i 
z 

SAMPLE TYPE 

DC Diamond Core 

GS Greb Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

20 40 60 80 
' I • 

"- - 5 
i!, 

a 
. 

L -
~ 
i.: 

~ 

i 2 
__ ,_ 

1184.7( No seepage observed In test piL 

i 
~ 

2.10 END OF HOLE - Refusal on bedrock 

L 
i 

-... 
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LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1 OF i ;, SRK Consulting 
1 Engineers and Sdentist3 FILE No: FARO (1CY001,031) DRILL TYPE: Excavator 

BORING DATE: 2009·06·01 TO 2009-08·01 DRILL: CAT 345C Excavalor r, 
I TEST PIT LOG 

DIP: 90.00 AZIMUTH: CASING: NA 

COORDINATES: 6903654.50 N 593871.00 E DATUM: lJTM NAO 27, 08 V 

r I GENERAL COMMENTS: SOii. LEOENO SAMPLE CONDITIONS 
Cleared route/road for drill acee&s first then excavated I TEST PIT, 

WELL PLUG MATERIAL LEGEND 

• Bentonile Grout !:\~·~sand 

~ Bentonlle 

~ Cuttings 

&--j Topsoil =:'J Grsvel ~ Remoulded 

[.:] Boulder I'·.":'·:,: :i Sand - Undisturbed 

rz2j Clay [Il] Slit - Lost 

-= 
o I 

I~ 
Q 

I 
I 

f 

' 

J 'f 6 

I 
( 

E 

::c 
Ii: w 
Q 

- 1 

WELL 
DETAILS 
&WATER 
LEVEL-m 

m:J Cement [:] Cobble [I] Core 

E 
.;:; E 
o' - ::c I- I-
~ 0.. w"' ..J Q 
w 

1178.90 

STRATIGRAPHY 

DESCRIPTION 

0.00 VEGETATION MATT (mos11. rool!;I, grS!;l!;I etc •. ) 
1178.8~ , Water observed ponded near area 

0.05 Dark TOPSOIL high sill and sand content some gravel 

1178.65 
0.25 highly W!:ATHERED/ fractured and slightyl oxidized grey brown 

PHYLLITE. Sub horlzonlal dip (-20deg). Can see evidence or 
folding, 

1177.90 
1.00 \ Slightly dense/ more compelont WEATHERED PHYLLITE 

Seepage - 3-5Ui, !II 1 m deplh. 

1n.3 
1.00 

177.7( 
1J3o 

ENO OF HOLE • Refusal on be<1rocK 

~ 

I 

SAMPLES 

z ~ 
..J C IX e ~ 0 Zw 
m < i:Q 

~ ~ 
w :a: 2i 
~ :) 

z 
z 0 fd 0 

Q: 

,......,~ 
i..~~ 

i..~~ 

r;-'~ ,......,~ 
i..~~ ,......,~ 
I,'""'""'~ rv ......_, 
i,..--.,~ 

~ '"'-'~ 

~~~ 
~~~ 
~d'.'I~ 
~d'.'I~ 
~~~ 
~~~ 
~~ 
~~~ 
\'.C~ 

~ 
\l:L\tC 
~ 

~ 
,J' ,J' 
_,.,. ,>I 

~ ~ 

1/'I " 
. ,J' .r 

I£ vt· 
i£ I£ 
1£ 1£' 
1£ I£ 
I£ lf 
~ if 
,JI' if 
vF vF 
it! vF 

C a 
Q: ... 
0 
z 

SAMPLE TYPE 

DC Diamond Core 

GS Grab Sample 

SS Spill Spoon 

WATER CONTENT 

and LIMITS (%) 

Wp w WL 
I © I 

20 40 60 80 
I I I 

• L _______________________________ ..... __ ...__ ..... ________ .......... _ ........... _ ........ 



; SRK Consulting 
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LOCATION: V11ngorda Diversion Prellmlnary Assignment PAGE: 1 OF 1 

- f11gr,ern 8/ld Scientists 
FILE No: FARO (1CY001.031) DRILL TYPE: Exeavalor 

BORING DATE: 2009-06-02 TO 200~6-02 DRILL: CAT 345C Excavator 

DIP: 90.00 AZIMUTH: CASING: NA 

TESTPIT LOG 
OENERAL COMMENTS: 
Cleared roule/roed for drill access firs! then excev11led 
TEST PIT. 

WELL 
DETAILS E 

= E &WATER I E 
I I z . 

::c ::c LEVEL -m 0 :c 
I- ... ~ t: C. C. w w w 
0 0 ~ 0 

1166.40 

COORDINATES: 6903607.40 N 593797.20 E DATUM: UTM NAO 27, 08 V 

WELL PLUG MATERIAL LEGEND 

• Bentonite Grout f::,:,.-,J S11nd 

~ Bantonlta 

[ii] Cuttings 
~ Cement 

STRATIGRAPHY 

DESCRIPTION 

SOIL LEGEND SAMPLE CONDITIONS v~ 1 Topsoil r?;;, Gravel [8;) Remoulded 

[!] Boulder!::; ;:l Send - Undisturbed 
[22j Clay aIDJ Sill • Lost 

~ Cobble [I] Core 

SAMPLES 

z -.fl. 
.J 0~ 0 ~ Q 

g Zw j:: i <m ~ 
~ ~ :s i5 .. z 0 0 
Cl) ~i 0 (.J z 

(.J w 
a:: 

f 
o.oo . - VEGETATION MATT (moss, grass, rools, organics) 
~ Medium brown sandy TILL. Rounded COBBLES, SILT, SAND, 

0.05 some gravel and lrace clay and boulders l . 

-

. 

. 
-

-

- 5 

-
~ 

> 

I" 
-

Cl 

a 
-

-~ - 10 _ .. 
~ . 

I 
-

-

-~ 
~ 

L -
r 
.., 

1165.90 
0.50 Medium brown sandy TILL. SILT, SAND, some gr11vel, <;obble~ 

and lraca clay and boulders 

1 

1164.90 
1.50 WEATHERED gey PHYLLtTE. Pl1111ar near nonzontal cleavage. 

No oxidization observed 

2 

3 

1162.90 
3.60 Grey PHYLLITE. Much more compolent lhan section above. 

4 

1162, 10 
4.30 ENO OF HOLE · Refus11I on bedrock 

: i.:: . ~ ; 
: : ~~ : : .. •, . 

,; ;- .. ~ ; : 
0 0 I ' 

.1~ . ·: ~ : .. . .. . 
/. :~· 
:r; : ::,; .; 
;l;i( 1 
: . ; .,-. 
',(i~ :: :~'. 

SAMPl...l';TYPE 

DC Diamond Core 
GS Grab Semple 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

WP w WL 

I e I 
20 40 60 80 
I I 
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LOCATION: Vangorda Divorston Prollmlnary Alignment 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009,06·02 TO 2008-06·02 

PAGE: 1 OF 

ORII.L TYPE: Excavator 

DRILL: CAT 345C Ex~vator 

TESTPIT LOG 
DIP: 90.00 AZIMUTH: 

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

CASING: NA 

r ---------------...... ------------------------------- -GENE RA L COMMENTS; WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPLE CONDITIONS SAMPLE TYPE 
::1earsd route/road for drill access nrst then excavated - Bentonlte GroUI BJ Sand ~ Topijoil ~ Gn;1vel ~ Remoulded DC Diamond Core 

I TEST PIT. L"""illl ~ 

I 
,t:! e 

I I 

I ~ ::c 
I-

uJ lb 
Q Q 

I 
I 

. 

( 
t -

~ ~ 1 

- 2 

I - 1s _ 

~~ 
I 

J I 

i 
I 

I- 5 

~ . 20 ~ 
6 

! -

~ 
1r 
t 

WEU. 
DETAILS 

&WATER 
LEVEL -m 

E . 
E z I g ::c 
I-

~ fh 
w Q 
..J 
UJ 

1150.00 
0.00 

1148.00 
2.00 

1147.60 
2.40 

1147.30 
2.70 

1146.20 
3.80 

~146.41 
4.50 
~ 

4.60 

1143.60 
6.40 

~ Elentonlte ~ Boulder j:::;:J Sand ~ Undisturbed GS Grab Sample 

[!] Cutting~ [Z2l Clay !DJ] SIii • Lost SS Split Spoon 

li;t I Cement w Cobble [I] Core 

STRATIGRAPHY SAMPLES 

DESCRIPTION 

FILL, brough to area to build road surface. Comprised o~ 
overburden/Lill with some weathered phyllito. Similar to tho :soil 
observed at the W wall or the Grum 'Slot Cut' area. Dark grey 
SILT, some sand and gravel, trace clay. 

Medium brown sandy silty TILL. SAND and SILT some cobbles 
and gravel. 

ORGANICS. Wood, roots, lots or tree remains. 

Dense brown TILL. Clayey SILT and GMVEL some to trace 
cobbles 

Den!le cobble rich TILL. SANO, COBBLES, some sill. Seepage 
near base of layer. 

Seepage: Observed al - 4:Sm geplli, -SL/min flow. 
w~ , ,., , . w PHYLLITE. Rippable, wet, neat horizontal planar 
cleavage. 

ENO OF HOLE • Rerusal on bedrocK 

..J 
0 
al 

~ 

~ 

SI 

.) . 
: ; 

: ' : • : 

'.:t:- / 
111 :: . ;, 
(~•:: t ·:~ 
I~/: ~ ;! 

z "$. 
Q 0::: 0 ~ ~ ii.I E Cll w 
w :2 C ~ Q, ::::, z 
~ z 0 (.) 

(,) ~ 

WATER CONTENT 

i 
and LIMITS (%) 

.. 
0 WP w WL z 

I e I 
20 40 60 80 

... ____________ ...., ________________________ ..._ ____ ...,,1_ ..... _____ ..._ .... ______ ....,_~ 
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Appendix B 
Test Pit Photographs 
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Job No: 1cvno1.001 

Fllonoma; -IJ-Tts!Pit~pllo 
Faro Mine Complex 

Vangorda Cree~ Diversion Field 
Investigation 

Test Pit Photographs 

Date: Approved: 
July 2009 JBK 

Photo Page; 
1 
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Job No; 

Flleneme: 

Test Pit #4 

1CYOOl.~1 

-~!X B-Tell Pil Pholograptw 
Faro Mine Complex 

Vangorda Creek Diversi _____ _ 
Investigation 

Test Pit Photogra 

Oa!o; Approved: 
July2009 JBK 
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Job NO! 1cYQQ1,D31 
Faro Mine Complex 

Vangorda Creek Diversion Field 
Investigation 

Test Pit Photographs 

Date,: Approved: 
July 2009 JBK 

Pho!o P~gc: 
3 
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Job No: 1CY001.031 

Fllonamo; 
Faro Mine Complex Dato; 

Vangorda Creek Diversion Field 
Investigation 

Test Pit Photographs 

Apptoved: Photo Pa~o; 
4 July 2009 JBK 
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PROJECT: Vangord11 Olvel'!llon Field Investigation 

LOCATION: Vangorda Diversion Preliminary Alignment 

BOREHOLE: SRK09-DHVD04A 

PAGE: 1 OF 3 

FILE No: FARO (1CY001 .031) DRILL TYPE: Odox 4' /0lamond 

BORING DATE: 2oog.07.07 TO 2009-07-07 DRILL: Frosts, Track Mounted 

DIP: 90.00 AZIMUTH: CASING: Steel 

BOREHOLE LOG COORDINATES: 6903n0.70 N 594493,30 E DATUM: UTM NAO 27, 08 V 

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

I 
M11ssive silly sand unit oncountorcd at this location. 
Hole has been b11ckfilled with cuttings and then capped 

• Bentonite Grout [:: .-. j Sand F~ j Topsoll flltJ Gravel 18] Remoulded 

with bentonlte chips to surf11ce. 

l 
I 
I 

1 · d; ~ 

It~ LI.! 1, C C 

) ~ 
,t 

WELL 

DETAILS 
&WATER 
LEVEL -m 

E 
~ E 
o' 
i= i!: 
~ fh 
II.I Q ..J . 
w 

1202.10 
0.00 

N202.oc 
0.10 

1201.19 

5SSl Bcntonite D Boulder c ~·:j Sand - Undisturbed 

(;] Cuttings [Z2j Clay [II]] Slit - Lost 
Jui] Cement ~ Cobble [I] Core 

STRATIGRAPHY SAMPLES 

DESCRIPTION 

Organic rich TOPSOl[ 
STP done rrom surface, Om. 
SPT Sample: 1st 10cm are a organic rich to psi! to vegal3tion mal 
Black to dark brown organic rich SILT, some clay 11nd sand. with 
trace to no gravel. A sma!I amoun tot Intermixed white tephra layer 
observed ne11r 0.4m depth. 
High moisture content to saturated; medium plasticity 

~ 
~~~I , 

~1 - ~~ 

1- ~~ ll 
I• ~~ 

,~1~ 
1, ~ 

:2: 'if. 
C 0:: 

~ ~ Zw 
c( A) w 
w :E C ~ ~i z 

0 (.) 
(,) ~ 

SS-SPT I 0 1 

g .. 
0 
z 

15 
0 

I f - 1 0_91 I Blows . .... '• 
•• •• • u 

j • • •• • " . .. . ....... I . 

(l_ 5: 
I 

I 

1199.36 
2.74 

1196.61 
5.49 

4 1st 6" 
7 

8 
2nd 6" 

3rd 6" 
Black to dark brown orgarilc r!ch SILT, some clay and sand, with 
trace to no 9ravel. 
Medium yellowish brown silty SANO, some grsvel 

Llgh( yellow-brown coarse SAND, some Slit and gravel, trace to no 
clay. 
SPT done at 2.74m depit,. 
SPT Sample: Light brown c;:o11rse sand, some sill and gravel, trace 
to no clay. 
Blows 
5 1st e· 
12 
20 

2nd8' 
3rd 6" 

Li(lht yellow-Drown coarse SAND then fine sand section, somG Slit, 
trace to no cl11y, trece to no gravel 

~ ~·: / ~:·: 
~-;: }; : _: .. .. . .. . , . . . . . .. 
.• :; 

•; : ; 

f: .'! t '.! 
, . .. . . ~ . .. 

;·· .:·! ~. ;·: 
... :; ;, :,; .. . .. . 
:: :; :i = ... .. ... . . .... . .. . •' .... ,:· :··: . . ,, . .. .. •, . ~ ·; ... : :: .... 
!. ;,' • •. 
. ... 

I 01 • '•• 

:<ht 
, ... . .. .. .. ... .. . .. , . .. . .. . .. .... 
I f 0 1 . .. . . .. . 
";',.' : 

. .. ii:: 
:'.·':;\ ... ,: -:,: .: ,:,: 
• .. ·t ·· .. , .. . 

... . •. : ;• . .. 
_:,::,: i-'?. 
. ~ : ~ •.: . .. .. .. 
. . ,·: ; : .-
:! .... : · .; 

·~ ·:· :i [; 
.. . . .... . . . .. .. . ,•, ;,• ... . .... .. 
.. . .. .. . . , 

~:.; 
:· .·. :··.·. 
•; ·: . . 
:' :'.· :.1 _: .. 

0 32 
0 

DC Diamond Core 

GS Grab Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS {%) 

WP w WL 

I e I 
20 40 60 80 

I I 

.__ __ 
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BOREHOLE: SRK09-DHV004A 

; SRK f:5!!!!'! 
PROJECT: Vangorda Diversion Fleld lnvestlgallon 

LOCATION: Vengorda Diversion Preliminary Allgnmcnt 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009-07•07 TO 2009-07-07 

PAGE: 2 OF 3 

DRILL TYPE: Odex 4"/Dlemond 

DRILL: Froste, Trl!ck Mounted 

CASING: Steel DIP: 90.00 AZIMUTH: 

BOREHOLE LOG COORDINATES: 6903n0.70 N 694493.30 E DATUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND 
• Bcntonlte Grout t: ~:··; iSand 

&S3 eentonlte 

SOIL LEGEND SAMPLE CONDITIONS SAMPLE TYPE 
Massive sllty sand unit encountered at thi1;1 localion. 
Hole has been backfilled with cunlngs and then capped 
with benlonile chips to surface. 

f--.... j Topsoil Ef:jl Gravel ~ Remoulded 

~ Boulder f;.:;,;.,:I Sand - Undisturbed 

" 

,, 
j, 

= . 
:i: .... 
a. 
w 
C 

E . 
i= a. 
w 
C 

- 8 

- 9 
- 30 _ 

' 

- 10 

- 35 . . . 
11 . 

-
-
-
-

- 12 

WELL 
DETAILS 
&WATER 

LEVEL•m 

E 
I E z . 

0 :c 

~ .... 
a. 
w 

~ C 
w 

1194.71l 
7.32 

11194~ 1 
7.92 

LI Cutt!n9s [22J Clay [II] Slit - Lost 

M] Cement G] Cobble [I] Core 

STRATIGRAPHY 

DESCRIPTION 

Light brown dense SANO with gravel iind some sill 
SPT done al 7.32m depth. 
SPT Sample: Light yellow blown, dense sand With gravel, some 
sill end trace to no clay: ralrty well sorted but trending towards lhe 
finor envelope. Moisture from lhe dr111 rods observed 11t the top of 
the sample. 

GRAIN SIZE LAB RESULTS: 
1 % Clay 7% Sill 

85% Sand 8% Gravel 
Blows 
12 1st 6" 
23 2nd 6' 
27 3rd6' 
Light yellow brown SAND with some fines, sill and clay 

SAMPLES 

z "#-
...I C 0:: 0 >-
0 Zw 

i= a: 
Ill < al 

iS 
w 

:i! uJ :II: Ei >- a. ::, z 
(/) ~ :i'! 0 u 

0 ~ 

0 

C 

i .. 
0 
z 

50 
0 

DC Diamond Core 
GS Greb Semple 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

WP w WL 
I e I 

20 40 60 BO 
I I 

l--+--1-- 1- -

a - 40 1189.91 
12.19 Light yellow brown SAND with some fines (mainly sill), and some 

gravel 
~ -
a -
~ ' .. 
I -

- 13 
-

-
1188.38 
13.n 

- 14 

Light yellow brown SAND with some fines (meily sill), and some 
gravel; m11!!y fine send and fines, low plasUcity 

:;,,. ,; 
Y,: .:: : : 

'.::.}) 
11:.~·: 
;;' ;'; ;,(; 
:: 1:•; .: 

V • ·· 

- - ---·- -+--• 

9 [;?. ( .. _ :·. <; ______________________________ .,... _ __ ....,.1o1.1,; ____ ..... ______ ..... ....1,_...., _____ _, 



BOREHOLE: SRK09·DHVD04A 

[i·; SRKf:5!~ 
I BOREHOLE LOG 

PROJECT: Vangorda Diversion Field Investigation 

LOCATION: Vangorda Diversion Preliminary Alignment 

FILE No: FARO (1CY001.031 l 

BORING PATE: 2009-07·07 TO 2009-07.07 

DIP: 90.00 AZIMUTH; 

PAGE: 3 OF 3 

DRILL TYPE: Odax 4"/Dlamond 

DRILL: Froste, Track Mounted 

CASING: Steel 

COORDINATES: 6903770.70 N 594493.30 E DATUM: UTM NAD 27, 08 V 
r--- -----.--'----- --------,----~-- --__. 

1 
GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOil. LEGEND SAMPLE CONDITTONS SAMPLE TYPE 

) Massi11e silty sand unit encountered at ltils location. - Bentonlte Grout !!:.:::j Sand I--":. j Topsoil ~ Gravel 18:J Remoulded DC Diamond Core 

I Hole tias been backfilled with cutUngs and then capped ~. Benton!le ~ r,:-;;-:i ~ with bentonlte chips to surface. ~ ~ Boulder ~ Sand ~ Undisturbed GS Grab Sample 
~ Cuttings IZ2J Clay llJII] Silt • Lost SS Split Spoon 

1. 

C E 
I 

I ~ 
Q 

I 
I,. 
- so 

l 
- 16 

l 
~ 55 . 

l ~ 17 

- 18 

- 19 

65 

- 20 

. 

I-

- 21 
. 

70 . 
-
. 

,-. 22 

WELL 
DETAILS 

&WATER 
LEVEL-m 

1186.56 
15.53 

1182.90 
1920 

1182.44 
HH,6 

1161 .96 
20.12 

1181 .37 
20.73 

1180.76 
21.34 

wJ Cemenl [i] Cobble [I] Core 

STRATIGRAPHY SAMPLES 

DESCRIPTION 

Light yellow brown S;A;NO with soma gravel some silt and some 
trace clay 
Grab sample or the tight yellow brown SAND with some fines (silt 
and clay). and some gravel tat<en at 15.54m deptn. 

Light yellow Drown ,:il-\NLI wltn soma gravel, silt and some to trace 
clay. PHYLLITE FRAGMENTS s~rting to be observed In cuttln9s 

Cuttings: IGNEOUS BEDROCK. Appears to be similar to 
granodiorita unite previously observed around !hie area. 

Cuttlngs:flne powder with tight to pinkish btown ~01l10RITE 
rock fragments 

-Cuttlngs: App pear to be transiUoning back Into the l"H y LLITE:: unit. 
Ptiy11il1;1 chips exhibit planar cleavage as expected. 

END OF HOLE 

.J 
0 
ID 
:Ii 
> 
"' 

'' ·:,!) 
,;_:,'!=~ •• 
1:_:;Lf.·. '•. 
V• . . • · .. ' " '. '• .... . . .. ·,:; .. • . .. . 
If ::·p . . ·: ·: ... , , 

~· ;: ~·::. . :: :; ·_; .. . .. ... ~.: :: ... -... 
·.:: :t :: -: 

:.:()\ 
... .. .. . .. . .... 

~: :'.· .'.: ·· ... .. 
~1 '!'. :3~: . ,, :.• ·;, ... 
\ '_'. :-:•, 
;.;:r:-.. • ' 
: . ;/~: ... 
i ( :'.~ 

I~- :: 

+ 
+ 

+ 
+ 

+ 

z ii!-
~ a:: 0 > 
-.( ~ j:: a:: 

iS ~ w ::!!! 

~i z 8 0 
tJ w 

a:: 

0 

Q 
a 
a:: ... 
0 
z 

0 

WATER CONTENT 

and LIMITS (%) 

20 
I 

40 60 80 
I 

1--+--1-- 11 - ·-

I - t-- 1--1---+--I 

1- -+--t--f--+--I 



I. ; SRK f:!'!'!!':! 
PROJECT: Vengorda Diversion Field Investigation 

LOCATION: Vangorcfa Diversion Prellmin1;1ry Alignment 

F!I..E No: FARO (1CY001 .031) 

BORING PATE: 2009-06-09 TO 2009-06·09 

DIP: 90.00 AZIMUTH: 

BOREHOLE: SRK09-DHVD04B 

PAGE: 1 OF 2 

DRILL TYPE: Odex 4"/Diamond 

DRILL: Fro!lte. Track Mounted 

CASING: Steel 

BOREHOLE LOG COORDINATES: 6903769.40 N 594488.10 E OATUM; UTM NAD 27, 08 V 

GENERAL COMMENTS: WELL PLUG MATERIAL t.eGEND 

- Bentonlle Grout [ill] Sand 

~ Benton!te 

SOIL LEGEND SAMPLE CONDmONS SAMPLE TYPE 
WELL O~AILS: (June 19th, 2009) 
-Daplh 10 waler • ORY 

&-~j Topsoil ~ Gravel ~ Ramouldcd DC Diamond Core 

-Total depth of well" 12.085m ~ Elou!cfer ~; ::::1 Sand g Undisturbed GS Greb Semple 

•Height to lop or casinglpvc= 0.687 GiJ Culling~ fZ2j Clay [Il] Slit - Lost SS Split Spoon 
·A smell 1;1mount or moisture appeared to be et the 
"'~•• nf •k• li.'.~-1 Cement ~ Cobble [I] Core 

WELL 
DETAILS 
&WATER 
LEVSI -m 

STRATIGRAPHY SAMPLES 

l 
l 
[ 

l 
l 

( 

~ . 

= ' :r: ... 
a. 
w 
0 

5 

E 

i: 
Q. 
w 
C 

e 
~ E 
o' - ::c 

~ fu 
~c 
w 

1202.00 

DESCRIPTION 

Derk brown/black TOPSOIL 

l.!ght to rned yellow brown coarae SAND and GRAVEL with swill 

..J 
0 
m 

~ 

.. ;, .. ·- · .... 
II, (I I • p .'." ;~ :-; 
• • ~ 9 • ';'; ::j ::; 

If ~ ~. I t\ t 
:rt • 4 • " ~-.: ,: ?! 
:a ct < !J (I : if'.-;·:.= 

...,. ,. "" ....,_12::,::0a;;.0 ... 11 ... ___ ~ ~----------------:..:..·:-r..,.::U.,·u.ll,: 

...,. • "' la "f 1.83 In medium yellow SAND some silt :: ::· :. : : 
~ 2 '!1i.... ..di tit, I U •,• . 

~ - .., .. ; :::·:·:· 
<1it ~ 1>m. , . . ... 
~ a. ~ - ~ ::::· :::· .. 
• • ~ • t .: .... .'. ;, 
• I ' • '1 1199.26 :: / : :·~ 

$' • t ~ h2.~7744-- L...,.ig~1h""11 ""br"'ow"'n ... .....,SAN,.,.,O.,.,,-s--om ... e ... s-.,11""1t - - - ---------1-',l'-',+. :~; i','.11;· 

10 :_ 3 'a 1ft I a, <:J .: :; 
:Jes •a .,:: :·:: 
•• b4 4 :.:::=: ... : 

£1 • • :· ·.:: :: 
.. ·- .... •• I> .' 

act, i •• 
o• ~. • :>:)::: 

,- 4 " <9 I • "3 ,, •' ,. ' ' 

;;i: Ca: 8 Zw 
<m 
w ::I: i5 

~~ 
z 
0 
(,) 

) 'f 1 ii C, l-'-11~9.;,;,7.7;.::3:i-..,.... ..................... ...--,,...,..,.,=--~---,-------l!!-'l·· =· ·~I 
0 't fl 9 4.27 Finer light yellow-brown SANO some slit, some to trace gravel :-. ~.' \ :.:, 1-
,..,. • A ,.. SPT done el 4.27m depth. S

1 
S·SPT 

- 15 ~ ... SPT S11mple: l!ght brown sand and gravel, some sill, rairiy well : : : • · • • 

l~( - : : : .~ ::!:d, moist. (/ '!_ 

l
;i( ,- s. '9 ~ 1 12 1sl6' :; : :·:':'· 

- .,,. -_ 1 _ f 16 2nd6" • • ; ~;-
J <11-.,,. ,,,.. 15 3rd6" -\ it it• a • :_ :~ .. ,. 
I j ii t • • , _: ; : :·;,-

l ~:J ::: :rn 
;~ 20 - 8> If' 41 ... f /)}' l •• ~. ~ 
~!: . II 

·: .: ~·:": , , .. .. .. .. 
' ' "' .. •' 

'\ \ 
:;;; 

: : : ! • .. . .. 

'ii, 

t w 
i; 
frl 
a: 

0 

0 

i .. 
0 
z 

31 
0 

WATER CONTENT 

and LIMITS (%) 

WP w WL 

I e I 
20 40 60 80 

I I 

1--1--11 - - -

- ---1--+--I 
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; SRK f:!'!1:1! 
PROJECT: Vangorda Diversion Field lnvasugauon 

LOCATION: Vangorda Diversion Pre!lmlnary Alignment 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009-06-09 TO 2009-06·09 

D!P: 90.00 AZIMUTH: 

BOREHOLE: SRK09-DHVD04B 

PAGE: 2 OF 2 

DRILL TYPE: Odex 4"/Diemond 

DRILL: froste, Track Mounted 

CASING: Steel 

BOREHOLE LOG COORDINATES: 6903769.40 N 594488.10 E DATUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND 
• Benlonite Grout 1-,i.J Sand 

~ Banlonita 

SOIL LEGEND SAMPLE CONDITIONS SAMPLE TYPE 
WELL DETAILS: (June 19th, 2009) 
-Depth to water " ORY 

f..-:. j Topsoil ~ Gr11vel ~ Remoulded DC Diamond Core 

-Tolal deplh of wall= 12.085m i::!l B01,11der [·.'·:·:,;·.] Sand l1'fi Undisturbed GS Grab Semple 

-Helgt,t to lop of caijlng/pvc= 0.687 li!J cunlngs (Z'2J Clay []]] Slit - Lost SS Split Spoon 
·A sm11II amount of moisture appeareQ to be 11t lhe 
.. 4 .. ..,,, ... ~ Cement ~ Cobble [I] Core 

WELL STRATIGRAPHY SAMPLES 

DETAILS E 
d:: E &WATER I E z . 
::c :i; LEVEL • m 0 

~ Ii: I- ~ CL 
UJ w w 
C C ~ C 

UJ 

DESCRIPTION 

~ 
Cl z .. 

..J n::: 0 ffi 0 z w E Ill < Ill 
~ w :13 C > 
> ~ 

::::, z 0 

"' z 0 u 
u ~ 

- 25 · 

~ ~ 7.01 Medium lo light brown silty SAND, soma cobbles. trace clay. ; ~T.;' ·~~ 

·;~·:·::\: ::··:\::··:! df.f 
W/N: t)JIJI{ ~( =- ... 

~ 'H@: ht? Ji~[ 
.l.l.i.i_i\_),i_) .. _1'1.i.i_;,J_i .i_i_·:1' 

1
""~~\;;;\;,:.

15
"+-...,.,Lr'"",g""n1t""'b-ro-w"""n- s""11""1y""'::,"",A""N""ro"",""1ra---ce ..... gra---ve"'11-,, s.,.11m .. m""a""r"'"to- s""'p"'111""1 s""po ..... on- s""am"""'"p.,.11e,.---l'-~.

1
¥};,i; "'~il'V-.ff: 

2

SS-SPT I 
•... •..• - • .. ..... al 8.84m • .• . •• 

•• • • •o , ,. - t o • o• o• o I O • 0 "I 

::·:~·;·::·:::= :-::::·:: :·:: SPT done al 8 .85m depth. {· :! ::-:·~ 
\\'.!/:.§ ;};:,'.:/ SPT Sample: -42cm recovered, medium to light brown very silty .:. :.: ;:, :: . 

- 30 
0 

- 13 

,... 45 

- 14 

. .• • .... - •.• .. •. . sand, trace clay. Hit a cobble on one end; low plasllclty 
::.::,::.-::. E :~:,:_:;:: .. :- Blows · · ·' • 
:;::!;:; .= ::~::;:: 17 1 16" : ~·;>~ :.: 
.:·: .: •.;'. ·::: .::·;, :·. ;~ s .•• • •• 
ol fOOo•• - ••• • •o • • I I 00 0 

21 2nd6" ; : :·:,:: 

39 3rd 6" 
. .... ,• . - -,, .. . 
' .. . . . .... .. . .. . .. . .... .. . . .. . , ..... SIZE LAB RESULTS: 

lay 35%Siil ; • • ' 
and 10% Gravel 

m-. ~,o~l~ig.,..h~t b~r-ow_n _ss_n_d~y~s=1L~T~;.,..lo_w_p~la-s""ti'"'ci~ly _____ __, 

:: :::::: ::: :;:: ::.·: 1190.12 
;:.-:.:::·:::·~ ::::,,_:_.·:::.:t--r11r.*-2,a;;"l-~M"e'.;lid~11u~m~b:-=ro==-wn~ 1:'::'"0""=9:::re~yl;:;shc::.s1.::11y:--;S~A"N"'D'a:-:_n:-::d;-;G"RA=v"'e;;--L~. S"'t=ar1:=;1n:-:g::.t=o--1M:ttlr.HI 

1188.89 
13.11 

1188.44 
13.56 

see PHYLL!TE FRAGMENTS !n cuttings, Planer cleev!lge of 
phyUite obijerved. 

WEATHERED PHYLLITE, culUngs: medium brown very SIily san<l 

SPT attempled at 13.41 m depth. 
SPT Sample: -9cm very sandy silly medium brown 
gravel(weathered phylllte) then 13cm of slightly more Intact 
weathered phylllte. Moisture from the drill rod WIIS noted 111 lhe top 
of s11mp!e. 

\ on the highly wcalhered phylllle can see some oxidization. I 

I 
" .•. 

~ e: • 
.. ' ~ I~ 

SS-SPT 
3 

0 

§ 
a: .. 
0 
z 

60 
0 

0 

WATER CONTENT 

and LIMITS (%) 

WP w WL 
I e I 

20 40 60 80 

1--t~~,-- = ~ 

w. 

i 
END OF HOLE 

ll! 
~ 
________________________________ ..... __ ...__ ..... ____________ _ 



~I ; SRK f:!'!'!!"J 
PROJECT: Vengorde Diveraion Field lnvesllgelion 

LOCATION: Vangorda Diversion Preliminary Alignment 

BOREHOLE: SRK09-DHVD05 

PAGE: 1 OF 

FILE No: FARO (1CY001.031) DRILL TYPE: Odex 4"/Diamond 

BORING DATE: 2009-06-07 TO 2009-06-08 DRll.l..: Frosts, Track Mounted 

I' BOREHOLE LOG 
DIP: 80.00 AZIMUTH: CASING: Steel 

COORDINATES: 6903692.20 N 594119.60 E DATUM: UTM NAO 27, oa V 
) 

GENERAL COMMENTS: WELL Pl.UG MATERIAL.1..eGEND 
- Bentonlte Grout l,:.:,-:.- jst1nd 
~ Bentonile 

SOIL LEGEND SAMPLE CONDITIONS 
/ WELL. DETAILS: (June 19th, 2009) 

I-Depth to water= 2.667m 
-Total depth of well= 8.400m 

f_-;.. j Topsoil ~ Gravel [8J Remoulded 

[a] Boulder !'::;::) Send B Undisturbed 

/ · -Height to top ofcaslng/pvc- 0.731m 
Rods became stuck at 35', left In ground I hen revisited 

GJ Cuttings ~ Clay [IT[JJ Slit • Lost 

I~·:~· I Cement Q Cobble [I] Core 

i I 
= 
' 

I ~ 

1 
I: 

L 

I 
r. 

il 
I 

ii 

Q 

10 

- 15 . 

e 
! 

::i::: 
I-

fh 
C 

WELL 
DETAILS E 
&WATER . 
LEV 

;,= 
-m Q ... 

~ 
II.I 
...J 
w 

E 

i!: 
~ 
Q 

STRATIGRAPHY 

DESCRIPTION 

Dark lirown black organic rich TOPSOIL 

SPT done at 1.22m dcplh. 
SPT Sample: Topsoil for first 10cm then blaek organic rich sill, 
sand, gravel some clay for 10cm then for the next 15cm Is a dark 
brown slit, clay, gravcl(phyllitC! chips) some sand and trace 
orgt1n!cs exhibiting rned!um p!t1stlclty. 
Blows 
3 1st 6" 

2nd 6" 

~

1

· Rubble zone (RZ) at 2.89m to 3.12m 
II'. s \}:} RUN: Grey brown h!gn!y weathered PHYLLITE 

I i .. :: .. ~:.:.'.·.'.·~.·: f:7~1pha angles-110deg 

~

s. .:.:··.:.=.':\\ CJ=2; Alpha angles op11n-10, closed-30dC!g 
·;-=.~;~;~ ~~.: F=26; AJpha angle -105-110deg. 
· ....... IRS"' R2/R1 •t!::: ::,' 

/ :_::',;,·:·.·:.:.:_:_::,,: Mlcrodefects heavy, weak; Large scale Joints: straight; Staining: 
.H- soft red brown ;L - 8 )/\?: RUN: Grey weathered PHYLLITE. Green grey weathered Chlorilo 

i
-20 : /}/;/J.. ~~;~ phylllte to 5.63m !hen more compenent 

f 
- ·._:,:.:.:_:_:,:_- J=11; Alpha angles, weatherod-120, more compelent -100 

\\-f.i CJ=2; Alpha angles -120-125deg 

·: ::.-. ·:.:· IRS• R3/R2 

-I 

i 
::E 
>-en 

Q a: z II.I < a:i 
w :e a. ::, 
~ z 

DC--Run 
1 

DC-Run 
3 

SAMPLES 

z "$. 

~ 0 
E II.I 
0 > z 0 
0 u 
u w 

a:: 

0 

45 

94 

99 

Q 

g 
... 
0 
z 

18 
0 

0 

7 

33 

SAlll!PLETYPE 

DC Diamond Core 
GS Grab Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS (%) 

Wp w WL 

I e I 
20 40 60 80 
I I 

t 
;·::•'.·: :}:. F=17; Alpha angle - 95-105deg. 

. .__i..._i:..;.;.;.;.;,,;.;.;i;..i;.;.;,.;,;.;..,.;ii--..i...:.M •. 1.cr .. o.deiifiiec.tsiiiiiheiiaiivyiiiiiiitoiimiiiiodii.,iiwii.e.;;t1.k;iiiil.aiir~geiiiiiscaiiiiiileiij;;o!;;n.1s.: s .. tiiraiillgiiiih;;;t ... .:..lii.;;;...a.. ___ ._.1..._i..._-ii-...:.-....,_.i.....1-..1 
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· ; SRK ~'!'!'! 
PROJECT: vangorda Diversion Field lnvestlgallon 

LOCATION: V1;1ngord1;1 Diversion Preliminary Alignment 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009·06•07 TO 2009,06-08 

BOREHOI.E: SRK09-DHVD05 

PAGE: 2 OF 3 

DRILL TYPE: Ode)( 4"/Dlemond 

DRILL: Froste, Track Mounted 

CASING: Steel 

BOREHOLE LOG 
AZIMUTH: DIP: 90.00 

COORDINATES: 6903692.20 N 594119.60 E OA TUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND 

• Bentonite Grout (:}~;j sand 

5SSJ Bentonite 

SOIL LEGEND SAMPLE CONDrrtONS SAMPLE TYPE 
WELL DETAILS: (Juno 19th, 2009) 
-Depth to w11ter = 2.667m 
• Total depth of well- 8.400m 
·Height to top of caslng/pvc- 0.731 m 
Rods became stuck at 35', fen In ground ttien revisited 

~ Cuttings 

~ Cement 

~ Topsoil fiM Gravel 

~ Boulder [··:: :] S1;1nd 

rz2j Clay !IJil Silt 

[!J Cobble 

18:J Remoulded 

- Undisturbed 
• Lost 

[I] Cora 

;! E 
I 

i!: ::c 
I-

CL Cl. 
111 w 
Cl Cl 

8 

9 

30 

- 10 

35 

- 11 

12 

13 

WELL 
DETAILS 

&WATER 
LEVEL -m 

... ............ . 
" I O O • • • 0 0 ~ 0 lo TO •' I ..... ... . ····· ··· .................. 
•,• •• · • , . , u ••• • • ·· ······ ..... ... . ··- ····· ....... . ... - ..... ....... , 
,;;.~: _:.::.: :•::-:;: : .. : 
:::·::.·:: . ······· ::.• :.·:. :· :.·.~ ·:,· :.· 

e 
' E :z 

0 
j::: i= 
~ 

CL 
UJ 

.J 
C 

w 

1182.42 
8.08 

1179.43 
11.07 

1177.90 

STRATIGRAPHY 

DESCRIPTION 

RIJ : Grey PHYLL!TE, acme quartz veins 

OF• 33 
J• 6; Alphe angles -75deg 
CJ,,3; 2 open i closed Alpha engle"' -85deg 
F=21 ; Alpha angle -95·105deg. 
IRS= R3/R2 
Mlc;rodefech;i he1;1vy, weak; Large scale Joints: straight, linear. 
Infill: soft for close joint 

RUN: Groy chlorile alter , can see ots ·of evlc!ence of 

fluid now/quartz vein Intrusion"' 
OF=53 
J=6+14(Rz); Alpha angles-115·120deg 

CJ=B: Alpha angles -150deg 
F=26; Alpha angle -85-1 OOdeg most at 1 OOdeg. 
RZ from 8.08 to 8. 11,lm 
IRS= R3/RO, mostly In the R1 range 
Microderects heavy, weak; Large scale Joints: straight undul1;1tlng 

to stepped. 
RZat8.32m 
RZ at8.50m 
RZat8.67m 
RUN: Grey PHYLLITE. More competent, can sec m nor 
sulphides, minor quartz veining. 

OF=23+3(MRz) 
J=14; Alpha angles-75-85, 105 & 55deg 

CJ• 1; Alpha engles -70deg, twisted/folded 

F• 6; Alpha angle - 70-BOdeg. 
IRS= R3 
Microdefects heavy, somcUmes break; Large scale Jolnls: str1;1lgt,t 
undulating to samll scale straight stepped, Staining: minor. hard 

while 

RUN: Grey-groan PHYLLrfe, highly quanz ntru e . Large qu1;1rtz 
veins, chlorite alteration and sulphides observed 

OF=20 
J=12; Alpha angles -120-125 & 110dog 

CJ" 1; Alpha 1;111gfe!;1-8Sdeg 
F.,6; Alphe engle -85 lo/mo!;ll at 105deg. 
IRS= R4/R3 
Microdefects heavy, somaumes break 

12.60 RUN: Grey-graen PHYUITE, quartz lntru ed. Chlor le a teratlon 
observed. Most joints associated with quanz veins 
OF=50 
J=11; Alpha angles -70deg 

CJ"2 
F• 34; Alphe eng!e -105deg then twist al 12.9Bm lo -75-BOdeg. 
IRS= R3/almost R2 In areas 
Microdefects heavy 

g 
:IE 
>-
"' 

SAMPLES 

Q It: 2 I.IJ < ID 
IJ.,I :I: 
CL ::., 
~ z 

DC-Run 
4 

DC-Run 
5 

DC-Run 
6 

DC-Run 
7 

DC-Run 
8 

z ~ 
0 ~ j:: 

~ i3 z 
0 frl 0 

It: 

58 

94 

102 

95 

102 

Q 
a 
It: ... 
0 
z 

0 

0 

51 

48 

16 

DC Diamond Core 

GS Greb Sample 

SS Spilt Spoon 

WATER CONTENT 

and LIMITS (%) 

WP w WL 

I e I 
20 40 60 80 

I 

~ 
....... _ ...... ____ ..__..,.. __________________ _ 



r; · ; SRK Consu'!J:! 
f\ ~ll/'ld . 

PROJECT: Vangorda Diversion Field Investigation 

LOCATION; Vangorda Diversion Preliminary Alignment 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009-06-07 TO 2009·06·08 

BOREt-lOLE: SRK09-DHVD05 

PAGE: 3 OF 3 

DRILL TYPE: Odex 4"/01!1.mond 

DR.ILL: Froste, Track Mounled 

DIP: 90.00 AZIMUTH: CASING: Sleel l BOREHOLE LOG COORDINATES: 6903692.20 N 594119.60 E DATUM: UTM NAO 27, 08 V 

r GENERAL COMMENTS: 
'/ WELL DETAILS: (June 19th, 2009) 

I •Depth to water= 2.667m 
-Total depth of well= 8.400m 

WELL PLUG MATERIAL LEGEND 

- Bentonl1e Grout i·'.·.: :·J Sand 

~ Bentonlte 

SOIL LEGEND SAMPLE CONDITIONS 

&--1 Topsoil ~;::j Gravel IZ] Remoulded 

[!] Bouldar~:::~1Sand B Undisturbed 
(Z'2j Clay []]]] Slit • Lost 

j 
-Height lo top of caslng/pvc'- 0.731m 
Rods boeame stuck at 35', lell In ground then revisited 

~ Cuttings 

w] Cement [:] Cobble [I] Core 
nn lo ,no OIi In rolnov a """' nr·'" •'-- ._,., 

I WELL 
DETAILS 

J -=: E &WATER 
I I 

I ~ 
I c 

::c 

~ 
Q 

LEVEL -m 

I 
r 

I 
J 

I . 

!l - 19 
1 
l . 
fl. . 

-

I. I - 65 

t - 20 

l ' -

I 
-

E 
• E z, o · 
~t 
Gj UJ 
.J C 
I.LI 

1176.3,S 
14.12 

1174.85 
15.65 

STRATIGRAPHY 

DESCRIPTION 

RUN: Grey-green white PHYLLITE. quartz intruded (lliin quartz 
veins), Ohlorlla alteration observed. Highly fraclured, some 
sulphides observed 
OF .. 54+4(MRz) 
J• 10+8(Rz); Alpha angles -70 then a twist after 14.48cm then 
115deg 
IRS= R3/almosl R2 In areas 
Mlcrocfefects heavy 
RZ al 14.96m 
RZ at 15.04m 

END OF HOLE 

. 

.J 
0 
CD 

~ 
in 

E 

SAMPLES 

Q a: z UJ 
<m 
UJ == 
~i 

DC-Run 
9 

.... 

z -;fl. 
0 ~ E UJ 
C > z 0 
0 u 
u w 

0:: 

93 

Q 
a a: .. 
0 

z 

7 

SAMPLE TYPE 

DC Diamond Core 

GS Grab S11mple 

SS SplltSpoon 

WATER CONTENT 

and LIMITS (%) 

20 40 60 80 
I I I I f I I I 
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, a; SRK f:'!'!!! 
PROJECT: Vangorda Diversion Field lnvest!gallon BOREHOLE: SRK09-DHVD06 

I LOCATION: Vangorda Diversion Preliminary Alignment PAGE: 1 OF 3 

~ FILE No: FARO (1 CY001,031) DRILL TYPE: Odex 4"/0lamond 

BORING CATI:: 2009-08-06 TO 2009-06-09 OR!Ll.; Froste, Traci< Mounted 

OIP; 90.00 AZIMUTH: CASING; Steal 

I BOREHOLE LOG COORDINATES: 6903652.80 N 593822.10 E DATUM: UTM NAO 27, 08 V 

' GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND SOIL LEGEND SAMPI.E CONDITIONS SAMPLE TYPE 

r 

WELL DETAILS: (June 19th, 2009) • Bentonile Grout § sand &--j Topsoil ~Ji,;~ Gravel ~ Remoulded DC Diamond Core 
( ,Depth lo water = 8. 707m 

~ Bentonlle [:;J Boulder ('':·:·:·n Sand ~ Undisturbed GS Grab Sample ,Total depth of well= 13.043m 
\ -Height to top of casing/pvc-' O. 715m l£jil Cuttings rz2l C!ay [ITDI Sill • Lost SS Split Spoon 

Mud on electrode of water tape (appeared to l!ke!y be lu'.!J Cement Q Cobble m Core 
--- nf:, llh• ,.,~.,, 

I WELL STRATIGRAPHY SAMPLES 

DETAILS E WATER CONTENT 

-= e &WATER . E '$. z 
Q " 

z and LIMITS (o/o) I I LEVEL-m 0 I .J 0 ~ 
Q 

I~ ::c i!: 0 ~~ E i I- j:; m LU 

fh ~ 
a. ~ LU :5 0 > ... 
w DESCRIPTION > ~i z 0 0 Wp w WL Q Q Q Cl) 0 u z .J u w I e I I.LI a: 

r 

I 20 40 60 80 
1177.70 I I 

~ 

~ ~ 
0.00 Dar1<1r1cn TOPSOIL ~~ 

r--, ~ . i, '"'-' ..... 
r-, '"'-' . i, ......, ..... 

,II I 
r-, ,....., 

r 
i, '"'"' ,... r-- ,..._, 
i, ,.._, -

t;"-'-.;,...~ 

1176.7~ 
t;'-' .-.., ,...._,= 

-
- 0.91 Medium brown sandy GRAVEL and COSBLc rich TILL V.? f 
. 

1176.4S . •• ..q 
1.22 Light to medium crown sanay :SILT, TILL, trace to no clay -: '.: ·.~ 

- 5 - 13. ~ •• .. •' : 
- .. , ~ ~ : . ~- :~ . 

l ~ • "'4 4 4' i 
: ·f . : . 2. Q 1175.67 
: : ,j: ~ 

- lHil ~ 
·- . + :, f 1 2.13 More fines present. Medium to almost rusty brown sandy SILT • • t • . 

f .. ~ J!III, • with some gravel and trace clay . ~·/111i ~; -~ 
: !~ ~- ~ 1175.11 ·; .. ' . . ~·q :J ac 2.59 Igneous sOuLOER, appeared gr11nlte like. 

. 
~· c:I 

) .. ~174.9~ Brown sandy SILT with some gravel and trace Clay • r:fJMl 2.74 -. . '.' 
~ 10 _ 3~·tll ) .. 1174.Sf 

3.05 Igneous BOULDER, granite to granodiorite like. ... ~ 
- ) • 1 • It 1174.Jf 
- •• > t:: 3.35 Medium red brown sanay SIL Tl TILL. voex wou1a s1ow tn secilon . ' . 

i,~ . .. 

l '• • C, when It hit large cobbles/ boulders, : • i / / 
- ~ <ff Ii I> " . .. 
- ~· ·~. 1173.74 . . :. :.:. 
- 4 3.96 erown sandy SILT/ TILL, some grl!vel trace clay .. ... . . . . 
- -~ :I • q .. · .. j \ ' 

t 1173.4~ '. .. •, 

~ 6 1 ~ 11 4.27 Igneous SOULDER, gn,mlta Ilka • .. ' • 1173.2C 
" !tr, 

- 15 - 4.50 , Beel< into silly sandy TILL Medium brown, silty SAND some gravel , -· . 

~ • ••• tm.J.; BOULDER, granite lll(e II. I 
9 • •• 4.57 • • - 5:) ~Ill " . (i ~ ~ •• •c 

1172.37 •• • • • q 5.33 Brown, sandy SILT . 
l •• > • ~ 172.21 Brown. sandy SILT, soma gravel and trace clay. Starting to see 

5.49 
') .. •• phyllite gravel In TILL as well as granite lil<c lragments. 

~ 

- 6 . ·~ •o • 
- 20 - ~. ,t •& •. ~~fa. 1171 .JC I 

-
) dt ~ §a II I 6.40 Medium brown silty SAND/TILL some gravel. Seeing more flaky 

. . . . 

- •• !~ a shiny. mica like, fragmetns In odex cuttings. 
,: _. :: ..... t. t i• •-c ., .. .. ... ·-

-
7 ~ ' - ~ · 

iil I r; :; ? 
•• ·i • • ·,:• ~:~:· 

. 

Ii 
:: ~;. :! 

f_ 25: \:. ~[ ?. 
: ., ,: .... .. 

- 1169.78 ~\} .Y . . . 

"' 



; SRK f:!5!'!!:!f! 
PROJECT: Vangorda Diversion Field Investigation 

I.OCATION: Vangorda Diversion Preliminary Alignment 

FILE No: FARO (1CY001.031) 

BORING DATE: 2009-06-08 TO 2009-06-09 

DIP: 90.00 AZIMUTH: 

BOREHOLE: SRK09.0HVD06 

PAGE: 2 OF 3 

DRILL TYPE: Odex 4"/Diamond 

DRILL: Froste, Treck Mounted 

CASING: Steel 

BOREHOLE LOG COORDINATES: 6903652.80 N 693822.10 E DATUM: UTM NAO 27, 08 V 

GENERAL COMMENTS: WELL PLUG MATERIAL LEGEND 
• Bentonite Grout ~::::~sand 

5S'Sl Bentonlte 

SOIL LEGEND SAMPLE CONDmONS SAMPLE TYPE 
WELL DETAILS: (June 19th, 2009) 
-Depth to water= 8.707m 
-Totel depth of well= 13.043m 

F-:. j Topsoil l~JJ Gravel ~ Remoulded 

IX]! Boulder i·,·. ~·:.j Sand - Undisturbed 

[Z2j Clay [II] Slit - Lost -Height to top of ceslng/pvc• 0.715m 
Mud on electrode of water tepe (eppe11red to likely be 
-~·· nr" -"" ~,~.,, 

[i] Cuttings 

hl] Cement Q Cobble [I] Core 

i;S 

§ 
~ 
;; 
\:I 
~ 
~ 

= 
' 
~ a. 
ILi 
C 

' 

30 

1- 36 

WELL STRATIGRAPHY 

DETAILS E 
s &WATER I E z 

LEVEL -m 0 ::c i= I-

~ a. a. 
ILi ILi 
Q C DESCRIPTION 

...J 
0 
Ill 

~ 
w 

~ • ~ Modl,m b-o;lty SAND/TILL ~ •g-ol. mi 
:,::_.:,:-: .• ::; :•:,:,:.:•:~,:;i..:.1.;;16:::.;9;:,,1.:.:7.i- ...,..,- ----,--==-a--==,-,:,....-,=-==----,,,--.,...-- ---+.:'1 r.1" ,t,' ·~·J r,,

0 0

,H 
.. ... . ·-· .. .. . .. • 8.63 lnio·a very rocky Till. GRAVEL, SAND some sill, and some :.:~ . ~- ·t 
~::\}.': f::./} cobbles i_ .~ '.·>.· 
. • .. • .. . . , .. •. . ···t.:1-':16c,:8:.,;.8:.:q._6--,--,,-___,..--,-.,..--.......,,--.,-,,,-- ---------f"' ...... '""'""'t 
:,:.:-.:;;·:~· ':': : ':'..-:::. 8.84 Anolher boulder, granodlorilc llkc. , 9 • 

9 .:.:.:.:.'.::.: -~·:,::.::'.: 61 
:• ; ·; ·, • ; ·":: : •; l-'1~16,..,B,_,.5'-"6+--.,,,..-,--=..,......,=-..,,.......,...----,,----,-....,.,---,---.,-..----nr,,.,........,..,. 

.
J •• t.(.: ·.\:,;_(_: = :_~) __ ;.::_:=.:_:_::_;·_\ 9.14 Roeky TILL. Starting to see more fine1! In c!.lttlnga again, Medium ,: ~: :1.;. ; .· 

brown sandy SILT some gr11vel. 

Jtf i;"i. ;/;~:\\; ;; :;;: 
:.·::.·.T.",• ::: .\!':,•:.•:. .: '!l"j .=~ 

- 10 .::.i: .. :-::.: ~ ·:·:·:'.·'.·:i:µ1716~7:,,:.6~4!1-....,,..--==~,-,,,,.,,...="'='""""'..,,.,...,....,,,,.....,,.,.,,...,..,...,,..,,..,,.,...,,'.""J".:C:-:=---iH~:'t.t!I 
- : :;::.· :; t:: ·:::: ; .·:.· 10.06 Brown GRAVEL and SANO, some sllt, CQOD!e ano bo!.llder rich. :t :; : ;' 

TI~ ~it 
Medium to rich brown sandy SILT TILL with cobbles. 
Encountod a bit of water In tlll while drllllng. Observed ttirougti 
cuttings spout. 

Brown sandy SILT TIL.L wnll cooo1es. Not seeln!,J ea much watar in 
!his region. 

Wet SAND and GRAVEL some sill and some lo !race clay. 
Weier observed !n cuttingEi/ out cuttings spout again at 12.19m. 

,:;.~ :: :.,~ '., 

... 
! .~ • ~ 
' . .. . . . 
:j :. : 
. : . :,; : 
, : : :11·.: 

: :-:·:, {· 
: _\f +. . ·.; .· · ·-·. 
!, : : : : ; : ~=, :• 

~ Wet SAND and G-v~L some sllt and some to tr11ce clay. Higher 
1164.90 ; . ~- .r ·.• 
12 r .. ~ .... ~. 

~ - 13 sand and gravel content. , : f .", ,:. 
~ t~~ 
l *~~ 
J - ~~~ 
j 1164.29 • •• • ..• • .• • •. ·._.;_. - 13:41 Wet SAND end GRAVEL some sill and some lo trace clay. Sllll .. . 

j ,_ 
45 

: quite moist. \~:}\ 

' ;J~ ~ _ 14 1163.68 ;,:- ~::~\ 
& 14.02 Medium brown, sandy TILL w1m some sill, grave! and some to · :. ·.-. ,,r, 

§ l raccclay !;,X :-~ 
"' .' :,; 

SAMPLES 

;z:: ';I. 
C a: 0 ffi Zw E ~al 
ILi :all C > 
fl. ::, z 0 
~ :z: 0 u 

t.> !l:! 

g 
,.... 
0 
z 

DC Diamond Core 

GS Grab Sample 

SS Split Spoon 

WATER CONTENT 

and LIMITS {%) 

W1., 

I 
20 40 60 80 

, I , I , I , 

1--+-- - 1- -t--l 

I i~j 
~L,-_.,__ .... ____ ....i._ .... __________________ ....l.i-'t .... ·:~_\_t __ ...._..,.j ........... _ ...... __ ...... _ __ ... 

1 
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06/06/09 

BOX1 
732 to 1370.5 cm 

B0X2 
1370.5 to 1433 cm 

.=:tk::: IRK Couuttlag V _....~,... 
WG lliC!..t liC'ICl)UIJI 

"'- ~l(D 
F1111 llill COmpla 

v...., o.. Dilwlir.ll 

Ccn Bolr/Spll ~ 
Phcq'aphl 

4 



r-

=i=MX Conulting 
'Y eu,-~-

,91. .&:114. ,CT1»1"1 

" ' ...,_ .•Pi'ENCIX D 

-c] -i ~ 

DHVD03 
07/06/09 

Split Spoon 1 
-1.22 m depth 

=== :s . 

DHVD03 
07/06/09 

Split Spoon 2 
-2.74 m depth 

V...,. Cmlil DiltllNII ... .,J.,,. 
-. ·i,;t Faro Mine Closwo 
....aa.f~ di iam,ne f ilro 

Oen BmdSiilt ~ 
Pho!Qg,aphs 

Fn .... Calqill ...... . .. 5 



=*:IRK ConsulUnl' 
,,. &cmn..=! ..... 

.- .aa ~ IC'l'IIOl.4U 

"'- ~.i'POl!JIX D 

DHVD03 
07/06/09 

Split Spoon 3 
-4.27 m depth 

DHVD03 
07/06/09 

Split Spoon 4 
-7 .32 m depth 

'laaganla CllltDiwalan ~1'· · . Faro Mine Closur11 
... ~ d9lilmneFau 

Cora b'Splil Spoon 
~ . 

Ftftl MN CDn1!11a 6 
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L 
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.. ,QI ,IG, !CYOO'I.G.$1 

"" ...,c l<l'?EN~IX !I 

07/06/09 

Split Spoon 1 
Ground Surface 

07/06/09 

Split Spoon 2 
-2. 7 4 m depth 

VlllpflClllto..lon 

.. .J''*. · Faro Mflle Clasi.n I Core BolrlSf>lil Spoon I 
• felm.;;n di .. mini Faro flhalographl 

F9olb0cnlill 8 



.-- r- r- i---

Sand cutting observed 
L! -at -18.29 m depth. 

Igneous cutting 
observed at -20 m 
depth. 

Phyllite cutting 
L 

1 
_ observed at -21 m 

s depth. 

=,=""'~ 
Slit .ca.a.. ~Al.1 

"'"" Af'f\0£.IO: ~ 

r-, .---- ---i 

DHVD04A 
07106/09 

Cutting Sam.pies 

tt Faro Mine Clllbl:Jm 
r-,.....r, do II mine· Fara 

Fnllnl Oo,aplla 

VaqpaC...: Dhnan 

ear. BaxlSpii Spoon 
Plm,grapha 

-----------g 

~ 



={#FIRK ConNltlnt 
y ...... -= ..... 

1111 . .al 'AI 1C'l'IXM.c:J;1 

ru ....., APPENJIX D 

09/06/09 

Split Spoon 1 
-4.27 m depth 

09/06/09 

Split Spoon 2 
-8. m depth 

VapllClllkOflallon 11--..I~ 
- - ~ ~ Faro M[ne Clar.1Jm 
..llllllllllllr. Fem-. do la mini Fam 

Core, Box/SiPlil. Spoon 
~ 

FtlDYnl~ .. 10 



~l -- r- r- ,--

Light brown silty sand, 
cutting observed at 
-10.4m depth 

r:: 

••• 

=,=-~~ 
.Ql, ICI,... 1CKI0'1,.0ll 

"' "" M'rE.N!X< D 

~ 

Weathered phyllite (a 
silty dark grey with 
rook fragments) 
encountered at 
-13.41m depth 

l- 1 l , ·- ·1 r-r. 8 9 1,0 
20 1 1 2 3 

09/06/09 

Split Spoon 
attempt 

-13.41 m depth 

1 1: 

-..,_~~- Faro Mine ClOS!ffll 
~ ---!'f-,r.....,,. 11etaninefaro 

'laa;anla Clllko.-lln 

F• Mini Cmllpla 

Cora Bax/Split Spoo,i 
PIK*xncha . 

iw,m 
. 11 

,-----, 



DHVD05 
07/06/09 

Sp.lit Spoon 1 
-1.22 m depth 

DHVD05 
08/06/09 

B0X1 
289.5 to 808 cm 

=,=IRK~ 
• · a ..a.i IC'ltlOLDJl 

"' '""' APP[llOll( 0 

! 

.._.ii.~ Faro Mine CIOSlllll I 

..aliill. ~ i»bmneFau 

FaDMile~ . 12 
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l 
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r-- r 

Sandy silty rocky 
{cobble and boulder 
rich) ti II cutting 
observed at -6.40 m 
depth. 

-

Sandy si'lty till cutting 
observed at-3.96 m 
depth. 

DHVD06 
08/06/09 

Cutting Samples 

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

I 
Jl-~.l. 

:*= IRK Con•ultlnfl - ~ ~ Faro Mfne Cla:1um 
\Y -~- ..... ~ dllambeFaro 

Vallllllllllfil c.kDflallon 

,u - 4"PU!lf( D 
F111>&1111oar,.. WGN:1..1 LC'IIXIW.S 

~ 



Wet tilf, 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 phyll.ite (a 
silty dark grey wi:th 
rock fragments) 
encountered at 
- 17..37m depth. 

DHVD06 
08/06/09 

Cutting Sample·s 

~ v.vnaer.. m..lioa 
~ MX Col:asuftmg _ .. ~ Faro Mine Clnst.rre Cora BmlSpliSpoon 

V --!:- ~a..F--.... da,lami,..Faro Photogiaphl , 

...... ... ,acot.m1: FnWN~ "'" ... - r ,,_ - r- - 16 • ,., ...._ ,ip,fliOO D 
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Appendix E 
Laboratory Test Results 
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Project: 
Project No.: 
Site: 

-

PARTICLE SIZE ANALYSIS TEST REPORT 

SRK Project 1 CY001 .031 

W14101280 
Faro, YT 

ASTM 0422 & C136 

Client: 
Client Rep.: 

SRK Consulting Inc. 

Material Type: Date Tested: By: BS 
Sample No.: TP02 Soil Description2: SAND TILL - gravelly, some silt to 
Sample Loe.: 
Sample Depth: 4.0 m 
Samplfng Method: 
Date sampled: 23-Jun-2009 

Particle 
Size Percent Clay 
mm Passin 

75 100 

50 

38 83 

26 79 

19 79 

12.5 76 

10 73 

5 65 

2 53 

0.85 43 
0.425 37 

0.25 34 

0.15 30 

0.o75 26 
0.0294 21.5 
0.0189 20.5 

0.0112 18.9 

0.0084 15.5 
0.0061 13.7 

0.0031 7.6 

By: BS 

SIU 

silty, trace of clay 
USC Classlflcation: SM 

Moisture Content: 9.5 

Sand 

Fine Medium Coarse 

Cu: 
Cc: 

Gravel 

Flllll 

871 .0 
1.3 

COilrllll 

0.0013 4.2 0.000$ O.COI 0.002 o.oo~ 0.01 0.0)1 0.015 0.1$ o.a$ o.<15 o.~ vs o.6 11.s 10 2s 37.6 so 1& 

Notes: 

Specification: 

Remarks: 

PARTICLE SIZE (mm) 

1 The upper clay size of 2 um, per the Cenadian Fo1.111dat1on 1:;11glneering Manual 
2 The description is visually based & subject to EBA description protocols 

l)ata p4uol\lod ... '°" i1. IDI IN -:ie• UMqf lht ~~1'4 ~itn.l, 6DA!t NI( FMpq:!'MIM. OGf' W!t bl Nldfllblt , I°' UloO rntd't of tt\lJ ,~t bi' 
f!1J i;;PM,,' ~,)'. wl11!91' "'1\1\o!Jl ltM ~1~0 of EBA Tht l11 t:rr.1 H NkH flpotltd MJHlhlv• MM pcdouned by tit'! EBA iocMieiin lo 
1oco0niiod incw11r1 a.tlndtrds, unns othMiriM Mt.u. Moe\Ml Mltantt tJ rn,d'o. ,,.,... di.Ii dtJI l\ol ll'lcNd• ot ttpt.uiflt lfrl inttftttl;~o,n o, 
eplft'61'1 ol 1P«illC1lla111 t:om,il~• t11 l'!Uttiiit *'ltib~ifr, Sh9!.if6 ~ 1!'1\!'Jl'fUitQ"I M r~lr!d. g,µ ~! [lt!l"ldt ~ ~P9fl ..-ll0!1 r411.Y'W 
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PARTICLE SIZE ANALYSIS TEST REPORT 
~- - -

Project: SRK Project 1CY001.031 
W14101280 

ASTM 0422 & C1J6 

Client: SRK Consulting Inc. 
Project No.: Client Rep.: 
Site: Faro, YT 

Material Type: Date Tested: By: BS 
Sample No.: DHVD 04 
Sample Loe.: 

Soll Description2: SAND - trace of gravel, trace of silt 
trace of clay 

Sample Depth: 7.32 USC Classification: SM Cu: 4.5 
Sampling Method: 
Date sampled: 23-Jun-2009 By: BS Moisture Content: 6.9 

Particle Ssnd 
Size Percent 
mm Passln 

Clay Sill Fine Medium 

75 
50 

38 100 

25 96 
19 

12.5 

10 95 

5 92 

2 87 
0.85 80 

0.426 64 

0 .25 43 
0. 15 23 

0.075 8 

0.0374 4 .3 

0.0237 3.4 

0.0138 3.0 

0.0099 2.6 
0.0070 2.6 

0.0033 2.1 

0.0014 0.0 

PAIITICLE SIZE: (mm) 

Notes: 1 The upper clay size of 2 um, per the Canetlian Foundation Engineering Manual 
~ The description is visually based & subject 10 EBA descrlpUon protocols 

Specification: 

Remarks: 

Oa.tt ~OJCnlodhotoon /1 for UWJOII UMGflht ,tlpJ111tdc.Utnl, EBA ls f'!Ot rHpo®b!•. NK c:anbo t'4kl S:.blo. ,~ v soffildoo{lh.ifrOf)O!'t It; 
anyo\hor ~fy. wj:11'1 Ofwitinul U.~ofl;&A. TliOIIM~ s.vie.uro,o;rad hoi'lifl MHNM p,ttfOIMtdl byat\EBAINl'll\:ti1nlo 
te<<tiQl'liE4'\1 ll'ldlA\tJ ;i\f"19rrJJ. \l!'tm ~~iw ~ . m•~µ,,w '!'11lt!'ti\f\' 11 rn,-:,. T~M d1!.f 40 tat ~IUdt qi''~"""' any il'ltllfst•~e, 
~ ,;if U:IQl.iflQJ.90 W!'T\flll!~I OI' ml!\~ e.vff1""i4:r, $~•nglllfel'lng ln\vfpro~l!Qn b9 ,.i,94. eOA~ p.-ovkM II ~"'1'!11\J tn rtqllHI 

Coar,;e 

Cc: 1.0 

~•.A..__ 
E.BA Engineering ~ 
Consultants Ltd. v\J\.A 
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Project: 
Project No.: 
Site: 

Material Type: 

-

PARTICLE SIZE ANALYSIS TEST REPORT 

SRK Project 1CY001.031 
W14101280 
Faro, YT 

ASHA D4n & C136 

Client 
Client Rep.; 

SRK Consulting Inc. 

Date Tested: By: BS 
Sample No.: DHVD 048 Soll Descrlptlon2

: SAND and SILT - trace to some 
gravel. trace of clay Sample Loe.: 

Sample Depth: 8.85 USC Classification: SM Cu: 16.0 
Sampling Method: Cc: 2.3 
Date sampled: 23-Jun-2009 By: BS Moisture Content: 8.0 

ParUcla 
Size Percent 
mm PE1ssin 

76 

50 

38 100 

25 97 

19 95 

12.S 92 
10 92 

5 90 

2 88 

0.85 86 
0.425 83 

0.26 76 

0.15 61 

0.075 39 

0.0339 19.2 

0.0222 14.4 

0.0131 11.4 

0.0093 10.1 

0.0066 9.2 

0.0033 7.0 

0.0013 3.9 

Notes: 

Specification: 

Remarks: 

Sand 
$lll •ine Medium Coarn Fino 

,oo ~o 100 oo ,o 30 20 10 10 a 4 l/11· ,tr ll•" I' 1~· 2· )" 

·: 1=~1=~::_l ·:: :w=_-:::_J= = ::::=-~ !::J~-+:=:H ~t-- J~ 
llO '-t _J_ ! 1' ·------ --- - - ·1-- --- --+--- -- 4---
70 ·--,--.f-.-- ·-····· - - ·r- ; ------·- -··-··--- ··-· "4·- +···- ·-"--·-- ··- ..... - ,~--·- ·-

1 • 1-J 1----1, it :1- --·-· _ _J__ ____ j!--t--1-~----.. ····!- ··-··-·--. ' --· 
~ • r-~-+- -;- .JI . -r-·--t-1---! - -- --1-···l -+--- -_j_ -• 
~-1--t-il~ --j-1~-1--· +--+--~---+--·- -· ----

JOI ·-!- ·· ---1--,--- ·, +·--- ·-·I--·-··- -·-· , - -··---···1,---'- I--·-· -~-~ ... -··- -· .... 
i i I I i 

" -- i---- 1· -- I i ------ --- --+-r-~---+-~:.:' ,~ ::, :; 
O L _ _i__::LL ... L ... ___ __L ___ -· __ L__ ___ j_J ___ _r,___ · ····-- . _ -• 
O.QCOS 0.001 0-002 0005 0.01 0.037 0.07~ 0.15 0.2~ 0 ,125 0,114 2 4,76 0.~ 12.$ 10 2S 37.5 SO 75 

PARTICLE SIZE (rnrn) 

1 The upper clay size of 2 um, per the Canadian Foundation Engineering ME!nual 
2 The description is visually based & subject to ~BA description protocols 

RevlewedBy~s 

O•ll , ... u n\j,d haaQl'l 11 fd IIW aolouaocl lhq ~•ttd c1i1f'IL EB.Ail Mt IHi,oMitui, WH ean 00 hold liibll, ro, USO mllo el INI ,.pon ~ 
tmyv!'191' Pf'tr, l\~h9.1v\1~1 ~ t~-t4i11tlilf i~ l tM,~\lrlgM(Vi;N •~PQi(Q4 hon,.,tql!'tbttftc:a,r'fi;wn*ft:r\'•fl C:t,A1oeMieitn 10 · 
rtGognll414 ll'.!dws.try 1l1MWG'J, im!H1 ot~~ nolod. N1> othu ~orfcinl)' Is ~o. lht ._. ~•tt f/Q l'KII Lc,,.i:w. Cl!' rtp1Notnl ,ny illfWP"M~ 9# 
epinkin or 1po,eifie.11ioft ~n1,di•M• er Mr.-tiJI s.uilJbi!ily. Should 1~1Motino lnl«J)!'etation bt rOQU~od. EBA \\111 PfOttidt il upon ¥ttlttto r1qi.tt1,\, 

El3A Engineering L 
Consultants Ltd. v\..l\.A 
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Appendix F 
Site Photographs 
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Note: AU photographs displayed in this Appendix were taken between May 281h, 2009 and June 121h, 2009. 
Photographs are presented progressing from the NE to the SW extents of the Vangorda Diversion alignment. 

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

\_v 

Photo 3 & 4: NE end of diversion alignment~ looking-SW down alignment back towards DHVDOl 
(the red outline shows close up of bedrock observed near the W limits of photo 13). 

Photo -5: Near DHVDO I - NNE view looking towards Vangorda Creek (blue). 

Vangorda Creek Diversion Field 
Investigation 

Site Photographs 
Job No: 1CY001,031 

Faro Mine Complex Calo; ApP!Qvod; Photo P~gc; 
1 Fllonamo; APl'fil'CIX F -Sit. Pl'll,'*9pnt July2009 JBK 



- .. 
. .. ~~ _--:. . . . . . . 

Photo 6 & 7: ESE of DHVC06/ 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 9: Near Looking -SSW down cleared drill access 
route from TP#4 towards location of DHVD04A drilling 
activities. Photo Taken before drilling activities commenced. 

Job No: 1CV001.031 

Photo 8: In Between TP# l and TP#2- Evidence of 
Minor mass movement. Note head scarp, 
-25m SW ofDHVDOl. 

Vangorda Creek Diversion Reid 
Investigation 

Site Photographs 

Fllanama: APP!NOtX P- Si10Pho1a1tii>!II 

Date: Approved: 
July 2009 JBK 

PholoPa~o; Faro Mine Complex 2 
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Job No: 1CY001.oa, 

Flleneme: APf'!cPOX F-llii. F!t'(l!ogr1pl'4 

Photo 1 O: SW view towards location ofTP#l I excavation (taken prior to excavation). 
Note main haul access road in the distance. 

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 V angorda Creek . 

Faro Mine Complex 

Vangorda Creek Diversion Field 
Investigation 

Site Photographs 

Dele: Apprcved: 
July 2009 JBK 

Photo P~go; J 



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. 

Photo 13: NNE view, of bank adjacent to main haul 
access road. 

Photo 14: SSW view, of culvert flow entering Vangorda Creek1 

as well as the toe of bank adjacent to main haul access road. 

Job No: 

Fllonamo: 

1CYQ01,031 

APPliNDIX F-Sit. P!>o~ 
Faro Mine Complex D~le: 

Vangorda Creek Diversion Field 
Investigation 

Site Photographs 

July 2009 JBK 
Approved: Photo Pago; 
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Photo 18: NNE view, of culvert flow entering 
Vangorda Creek, as well as the toe of bank adjacent 
to main haul access road. 

Job No; ,cvoo,.03, 

Filename: APPENDIXF - sn0Pm1ograp111 

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. 

Faro Mine Complex 

Vangorda Creek Diversion Field 
Investigation 

Site Photographs 

Date: ApPf1;M'd; Photo Page: 
July 2009 JBK 5 



Appendix II 
ML/ARD Assessment of the Excavated Rock 



To: 

cc: 

SRK Consulting 
Engineers and Scientists 

Memo 

Peter Healey Date: 
From: 

SRK Consulting (Canada) Inc. 
1 A SerpenUne Sln!et 
Copper Cliff, Ontario POM 1NO 
Canada 

svdbu,y@srk.c-0m 
www.$l'l(.eom 

Tel: 705.682.3270 
Fex: 705.682.9301 

Subject: ARD Potential for Rock from the 
Vangorda Creek Diversion Channel 

Project#: 

December 91 2009 

Madeleine Corriveau 
Kelly Sexsmith 
lCYOOl.031 

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. 

2 Methods 

A total of 17 samples were collected representing three types of material: granodiodte1 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: 
• Acid base accounting (ABA) including modified Sobek neutralization potential (NP), total 

inorganic carbon (TIC) and sulphur species; and 
• 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. 

3 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 
&rreater than 2 indicating negligible potential for ARD (Figure l). 

Phy Hite samples on the other hand, had a wide range of total sulphur content ranging from. <0.02 to 
l % ( 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 CaC03/tonne), with the exception of one sample that had a moderate NP of26 
kg CaCO;Jltonne. Five of the ten phyllite samples had NP/AP ratios of less than 1 (Figure 1) 
indicating they arc potentially acid generating (PAO). However, given the relatively low acid 
potential of most samples, the net amount of acidity that is likely to be produced is relatively low. 



l 

L 
I_ 

L 

SRK Consulting Page 2 of 8 

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 detennine 
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 (DHVD05 3.4-3.Sm and DHVD05 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/crn) 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 (DHVD05 5.4-5.Sm) 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 CaCOJitonne, 
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 sulphlde cell of the Grum dwnp, 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. 

Authorl lnlilall/typisl lnltlall l\ppondlll IJ..Vang_[)lvofslon,.)IRD_po1anlloUCY001 031 mo 20091209, 11:11 AM. O.C. 9. 09 
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6 References 

Canadian Council of Ministries of the Environment 2007. Canadian Water Quality Guidelines for the 
Protection of Aquatic Life Update 7.0 September 2007. 

Appondlx 11_VAng. Diwrs.ron. ARD ... Polont1111. 1cvoo1 031 me 20091209, 11:11 AM, Doc. 9, 09 
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Table 1: Sample Descriptions 

Sample ID Rock Type Description 
DH\/002 13.0-13.1 m Granodiorite Granodiorite, hematite alteration/slightly weathered 
DHVD03 10.0-10.1 m Granodlorite Grev aranodiorite. fenio/hemitite altered 
DHVD01 2.8-2.9 m Phyllite Grev areen ohvllite with minor veining 
DHVD01 5.0-5.1 m Phyllite Grey green phvllite with minor/sparse veinlna 
DHVD01 9.7~9.8 m Phyllite Heavily quartz veined/intruded phylUte 
DHVD02 13.5-13.6 m Phyllite Weathered ohvllite bedrock 
DHVD03 11 .7-11 .8 m Phyllite Dark grey phylllte bedrock. Lots of foliation breaks. 
DHVD05 11 .8-11 .9 m Phyllite Dark grey soft highly weathered phylllte. Breaks easily on foliation 
DHVD05 15.4-15.5 ni Phyllite Green <1rev weathered chlorite altered phyllite. 
DHVD05 3.4-3.5 m Phyllite Grey chlorlte altered phyllite. lots of evidence of fluid flow/quartz 

vein intrusions 
DHVD05 5.4-5.5 m Phyllite Grey-green phylllte, abundant, large quartz veins. chlorite 

alteration and sulphides observed. 
DHVD05 8.2-8.3 m Phyllite Grey-green white phyllite, thin quartz veins, chlorite alteration. 

hiahlv fractured, some sulphides observed. 
DHVD03 1.22 m (-3/8") Till Grey brown sand and gravels, some silt: gravel is comprised 

mainlv of Phvllite 
DHVD03 2.74 m (-3/8") Till Liaht brown silty sand with some gravel 
DHVD03 7.31 m (-3/8") Till Medium to light brown sandy silt with some gravel and some to 

trace clav 
DHVD04B 2.74 m (-3/8") Till Light brown sand, some silt 
DHVD05 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 
oraanlcs 

Appondlx 11. Vong. Dlvorslof\.ARD. PolonlJal. lCYOOI 031 ma 20091209, 11:111\M, Dco. 9, 09 
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Table 2: Summary of ABA Results 

Sample ID Roc::kType Paste pH 
Std. Units 

LOD 0.01 
Method Code Sobek 
DHVD02 13.0-13.1 m Granodiorite 9.15 
DHVD03 10.0-10.1 m Granodiorite 7.85 
DHVD01 2.8-2.9 m Phyllite 8.02 
DHVD01 5.0-5.1 m Phyllite 6.91 
OHVD01 9.7-9.8 rn Phyllite 8.37 
DHVD02 13.5-13.6 m Phyllite 7.78 
OHVD03 11 .7-11 .8 m Phyllite 7.93 
DHVD05 11 .8-11 .9 m Phyllite 8.25 
DHVD05 15.4-15.5 m Phyllite 8.30 
DHVD05 3.4-3.5 m Phyllite 6.49 
DHVD05 5.4-5.5 m Phyllite 6.58 
DHVD05 8.2-8.3 m Phyllite 7.46 
DHVD03 1.22 m (-3/8") Till 7.02 
DHVD03 2.74 m {-3/8") Till 7.10 
DHVD03 7.31 m (-3/8") Till 7.98 
DHVD04B 2.74 m (-3/8") Till 8.19 
DHVD05 (22 m {-3/8") Till 7.17 

Total S Sulphate 
%S %S 
0.02 0.01 
Leco HCI Leach 
<b.b2 <0.01 
<0.02 <0.01 
0.15 <0.01 
0.05 0.01 
0.31 <0.01 

<0.02 <0.01 
<0.02 <0.01 
0.22 <0.01 
0.19 <0.01 
0.03 0.03 
1.00 0.02 
0.26 <0.01 
<0.02 <0.01 
<0.02 0.01 
<0.02 <0.01 
<0.02 <0.01 
0.03 0.02 

Page 5 of 8 

Sulphur Dlff. AP Modified NP Equiv. CaC03 NP/AP 
%S kg CaC03/t kg CaC03/t kg CaC03/t Ratio 
#N/A #NIA 0.2 #N/A #N/A 
Cale. Cale. Modified NP Cale. Cale. 
<0.02 <0.6 3.2 0.5 5.3 
<0.02 <0.6 3.3 0.7 5.5 
0.15 4.7 2.7 1.4 0.6 
0.04 1.3 2.7 <0.5 2.2 
0.31 9.7 3.6 4.3 0.4 
<0.02 <0.6 2.8 <0.5 4.7 
<0.02 <0.6 1.9 <0.5 3.2 
0.22 6.9 3.3 <0.5 0.5 
0.19 5.9 26.2 30.5 4.4 

<0.02 <0.6 1.9 <0.5 3.2 
0.98 30.6 3.7 0.9 0.1 
0.26 8.1 3.5 <0.5 0.4 

<0.02 <0.6 4.1 <0.5 6.8 
<0.02 <0.6 5.7 0.7 9.5 
<0.02 <0.6 2.4 0.7 4.0 
<0.02 <0.6 2.7 0.9 4.5 
<0.02 <0.6 5.1 1.6 8.5 
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Table 3: Summary of Phyllite Results 

Sample ID Description Total S 
%5 

NP/AP<1 DHVD05 5.4-5.5 m- Green grey weathered chlorite 1.00 
altered phyllite. 

DHVD01 9.7-9.8 m Heavily quartz veined/intruded 0.31 
phyllite 

DHVD05 8.2-8.3 rn Grey chlorite altered phyllite, lots 0.26 
of evidence of fluid flow/quartz 
vein intrusions 

DHVD05 11.8-11.9 m Grey-green phyllite, abundant, 0.22 
large quartz veins, chlorite 
alteration and sulphides observed. 

DHVD01 2.8-2.9 m Grey green phylllte with minor 0.15 
veinina 

NP/AP>2 DHVD01 5.0-5.1 m Grey green phylllte with 0.05 
minor/soarse veinina 

DHVD03 11 .7-11 .8 m Dark grey phylllte bedrock. Lots of <0.02 
foliation breaks. 

DHVD05 3.4-3.5 m Dark grey soft highly weathered 0.03 
phyllite. Breaks easily on foliation 

DHVD05 15.4-15.5 m Grey-green white phylllte, thin 0.19 
quartz veins. chlorite alteration, 
highly fractured, some sulphldes 
observed. 

DHVD02 13.5-13.6 m Weathered phyllite bedrock <0.02 

Appendix ILVong_Otvomon__AAD_Po1onL!ol_1CYOQ1 031 mc200ll12Q!l, 11e11 AM, Doc. 9, 09 
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NP/AP 
Ratio 
0.1 

0.4 

0.4 

0.5 

0.6 

2.2 

3.2 

3.2 

4.4 

4.7 
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Tabte 4: Summary of SFE Results Compared to 10x CCME Guidelines 

Sample ID 10xCCME DHVD01 DHVD02 DHVD05 DHVD05 DHVD05 
Guideline 9.7-9.8 m 13.5-13.6 m 3.4-3.5 m 5.4-5.5 m 11.8-11.9 m 

Parame,ter Method Units 
pH meter 7.31 7.17 6.34 5.48 7.38 
Conduc.tivity meter uS/cm 49 27 54 193 15 
Total Acidity (to pH 8.3) titration mg CaC03lL 

' 
4.5 3.7 4.7 16.5 3.9 

Alkalinity titration mg CaC03/L 11.4 5.7 3.5 1.5 6.9 
Sulphate Turbidity mQ/L 12 7 17 87 3 
Dissolved Metals 
Aluminum Al ICP-MS mg/L 0.05- 1 0.0177 0.01 12 0.0104 0.0796, 0.0156 
Antimony Sb ICP-MS mg/l 0.00019 0.00003 0.00002 0.00024 0.00369 

Arsenic As ICP-MS mg/L 0.05 0.00088 0.0001:3 <0.00002 0.00042 0.0006 
Barium Ba ICP-MS mg/l 0.00088 0.0142 0.00433 0.021 1 0.00271 
Cadmi,um Cd ICP-MS mgll 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/L 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 mg/l 3 0 .. 006 0.01 1 0.004 4.34 0.004 
Lead Pb lCP-MS mgJL 0.01 0.00119 0.00002 0.000013 0.00165 0.00225 
Magnesium Mg lCP-MS mg/l 0.89 0.47 0.93 2.12 0.18 
Manganese Mn lCP-MS mg/L 0.515 0.0114 0.0335 0.0949 0.00339 
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 
Nickel 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 1.09 1.98 1.86 
Selenium Se ICP-MS mg/L 0.01 0.00011 0.00006 0.00006 0.00294 0.0001 1 
SilioonSi ICP-MS mg/L 1.01 1.65 2 .. 53 3.43 1.07 
Sodium Na ICP-MS mg/L 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 Tl ICP-MS mg/L 0.008 0.000012 <0.000002 0.000008 0.000017 0.000014 

Uranium U ICP-MS mg/L 0.000291 0.000016 0.000006 0.0051.3 0.000086 
Zinc Zn ICP-MS mQ/L 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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1 Introduction 

2 

2.1 

2.2 

MK 

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. 

Background 

Design 

The proposed Vangorda Creek 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 erodibilit.y of the phyllite bed rock was required. 

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

• Design Discharge = 15.0 m3/s 
• Step height = 1.0 m 
• Channel Width = 6.0 m 

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 of29 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 Rl for heavily weathered phyllitc 
to R4 for un- weathered phyllite; R2 was the most common intact rock strength for weathered 
phyllite. 

VanOO!llaCmokOlvorl-lonSoour.Momo,.1CY'001.031.Rav1.MK, 11:12NA, Nov. 16, 09 
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3 Determination of Bedrock Erodibility 

MK 

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 arc 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 ro 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 ofvegetal cover (USDA, 1997a). Phase two is downward downstream erosion 
resulting in a vertical headcut; once a vertical headcut 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 nonnal flow before the head cut and the stepped chute system never reaches nonnal flow, so 
this rnethod 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 Annandal~ (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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4 Scour Potential of Bedrock 
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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 /m2 and 
4.70 kW/m2

• 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 phyllitc 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. 

Fi ure 1: Stream Power of Ste ed Chute with Dischar c 
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From Figure 1 it 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 General Requirements 
1.1 Part 1 - General 

1.1.1 Documents 

This section of the Specification forms part of the Contract Documents and is to be read, interpreted 

and coordinated with all other parts. 

1.1.2 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 NIA 

B Issued for Review February 2010 Stepped Chute 

1.1.3 Definitions 

PMHIATfsdc 

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. 

2. 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 

3. 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 YO 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) [nc. (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 Docmnent. 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 perfonn 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. 
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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. 

l l . SLOPES are defined in all instances in these Specifications and on Drawings in term of 

horizontal distance to vertical distance (i.e. 2H: 1 V 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 

PMHIJ\T/lidc 

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 envirorunental and safety standards. 

2. The Works in this document covered by this Specification is defined as Phase l of the Vangorda 

Creek Diversion and includes, but is not limited to tho following: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

I. 

j. 

k. 

Clearing, stripping in work areas from STA 0+00 to STA 1 +325. 

Construction of access roads. 

Construction ofheadworks at STA 0+00. 

Construction of the Re-aligned Vangorda Creek Diversion - Phase 1. 

Construction of an expansion to the existing plunge pool. 

Construction of earthworks components of stepped chute. 

Construction of surface water management measures along the channel alignment. 

Construction and removal of a temporary cofferdam. 

Construction of an erodible plug. 

Breaching of Blind Creek Road. 

Drilling and b1asting in sections along the channel alignment. 

VCD_Spoolfloollon_Roport_ 1CY001.031_AT_l'Mt-l_201004Z8,CRI\Ff _Rov8.docx, Apr. 28, 10 April 2010 
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l. 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 thi.s Project. 

c. 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. AU 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 

L Testing the Works: 

a. The Engineer will carry out Quality Assurance for the Works defined in this Document, 
and wi11 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. Perfonnance 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 shaU 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 Cpntractor 

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 defmed as Submittal 

information on the Drawings and Specifications. 

1.1.9 Changes 

l . 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 

l . 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 

PMH/AT/,de 

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 

April 2010 
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notify and inform the Engineer of construction progress and Orawing 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 201 O D 
-

V-02 Drawing Index and Notes February 201 O D 

V-03 General Arrangement (with Orthophoto) February 201 O 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) February 201 o D 

V-08 Section F-F' (0+870) February 201 o D 

V-09 Section G-G' (1+025) February 201 o D 

V-1 0 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 C 

1.1.12 Survey and As-built Drawings 

PMH/IIT/1do 

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 with.in 28 days of project completion. 

END OF SECTION 1 
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2 Mobilization and Demobilization 
2.1 Part 1 - 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 

PMfi/AT/ld< 

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: 

a. 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. 

b. Mobilize all labour, supervision, technical personnel and other services required for 

completion of the work to the mine site. 

c. Furnish and install temporary facilities and utilities required for the constmction including 

Engineer's work station. 

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

locations. 

e. Provide the Engineer with office space and communication including radio, phone and 

internet within the site office area. 

f. 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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SRK Consulting 
Vangorda Creek Diversion - Phase 1, Technical Specifications - Draft Rev B Page6 

notify and inform the Engineer of constroction 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 201 o D 

V-02 Drawing Index and Notes February 201 o D 

V-03 General Arrangement (with Orthophoto) February 201 o 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) 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 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 201 O C 

1.1.12 Survey and As-built Drawings 

PMHIIIT/lldo 

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 

April 2010 



r 
l . 
r 
l 

r 
I 
I 

l 

j ' 

L 

SRK Consulting 
Vangorda Creek Diversion - Phase 1, Technical Specifications - Draft Rev B Page7 

2 Mobilization and Demobilization 
2.1 Part 1 - 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 

PMIVIIT/Sdo 

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: 

a. 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. 

b. Mobilize all labour, supervision, technical personnel and other services required for 

completion of the work to the mine site. 

c. Furnish and install temporary facilities and utilities required for the construction including 

Engineer' s work station. 

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

locations. 

e. Provide the Engineer with office space and communication including radio, phone and 

internet within the site office area. 

f. 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 

PMHO\T/sda 

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

including: 

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

facilities. 

b. Shipping schedule for mobilization and demobilization. 

c. 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 Part 1 - 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 

PM!i/,..T/w,e 

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

mine site. 

a. PERMITS and REGULA TIO NS - the Contract Manager is to acquire atl 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. 

b. 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. 

c. 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. 

d. SITE OFFICES AND LA YDOWN - 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 

area(s) shall be fully reclaimed upon completion of the Works. 

e. 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. 

April 2010 
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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. 

L 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 

PMH/AT/1d<. 

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 pattem(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 

4.1 Part 1 - 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 constmction 

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 

I. 

PMHl,\Tlsdo 

Contractor will submit plan(s), location(s), handling and operating procedure(s) to Contract 

Manage for approval for any excavation that is listed in the work description. 

Aprll 2010 
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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: 

a. SOIL means general overburden material free of organics which can be used in part as 

bedding material for liners and approved by the Engineer. 

b. ROCK means bedrock material which fo.nns part of the foundation of the Works or from a 

designated foundation excavation. 

c. UNSUITABLE MATERIAL means any soil or rock that does not meet the Specifications 

for the use of this project. 

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

e. COMMON EXCAVATION means excavation of all materials, included blasted rook 

weathered bedrock, soil, and unsuitable material by mechanical means. 

4.1.5 Procedures 

l. 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. 

z. 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 identified areas. 

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 Submlttals 

PMH/AT/sdo 

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. Typical equipment deployment. 

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

of operations. 

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

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

April 2010 
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4.2 Part 2 - Execution 

4.2.1 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 Sped fl cations. 

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

material to be excavated. 

3. The Contractor shall have a contingency plan for sudden unforeseeable change of weather 

condition in place prior to excavation commencement. 

4. The Contractor shall be responsible for sediment and surface water mnoff control around the 

construction area to ensure there is minimal impact on the natural state of the surrounding 

environment in accordance to au issued regulations and pennits. 

4.2.2 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. 

2. 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. 

3. 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. 

4.2.3 Control of Surficial Water 

l. 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. 

4.2.4 Slope Stability and Safety 

PMH/AT/Gdo 

1. 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. 

2. 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 Part 1 - 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 perfonning 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. 

c. 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 tho head works. 

5.1.3 Definitions 

PMHIATl1d¢ 

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 
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b. CHEMICAL BLASTING REAGENT means any form of reagent, and components that are 

suitable for uso 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 Submlttals 

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

methods for b1asting 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 Drllllng 

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 

Pl,IHI/\T/ldc 

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 warn 

and prevent land and air traffic from entering the designated blast zone, according to all 

applicable Regulations. 
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PMWAT/,do 

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 tllere 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 remcdiate the breakage 

as directed by and deemed necessary by the Engineer. 

END OF SECTION 5 
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6 Fill Material Specifications 

6.1 Part 1 - General 

6. 1.1 Documents 

l. 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 

l. 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 requiroment 
herein or as shown on the drawings. The material types required for completion of the Works 

are labelled as: 

a. Sand and Gravel 

b. 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 Part 2 - Product 

6.2.1 General 

l. 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 

designated onsitc disposal or stockpile area as specified in this Specification. AU 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 tho 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. 

o. 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 

I. 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 

l. 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 011 the upstream and 

downstream faces of the Diversion head works embankment. 

6.2.4 Boulders 

PMH/AT/odo 

l . Boulder material is a hard angular durable rock material that is homogeneous and free from 

deleterious material, obtained fro1u 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. 

vco. spoo1nc,o1Jon_Aaport..1CY001.0J1..JIT..i'MM._20100423_0RAFT __!wvB.-. Ap,, 2e. 1Q Aprll 2010 

j~ 

r 

r 

[ 

l 

L 

L 
! 



l 
i 
r 

r 

f 

f 

I 
L 

L 
L 

SRK Consulllng 
Vangorda Creek Diversion - Phase 1, Technical Specifications - Draft Rev B Page 19 

6.2.5 General Fill 

l . General fill material is a granular material that is obtained from either borrow area(s) or from 

works excavation that is free of organics, welt graded and heterogeneous with a grain size 

distribution that meets the Specification. 

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

6.2.6 Core Material 

1. 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. 

2. 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 tmdemeath 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 

PMH/AT/1dc 

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

site: 

a. Manufactmer'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. 

c. 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. 
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PMH/ATfsdo 

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 instaUations are carried out by a suitably 

qualified and experience team or subcontractor. 

4. Delivery, storage and handling: 

a. 

b. 

1. 

11. 

iii. 

IV. 

V. 

C. 

Supply geosynthetics in rolls or bundle with straps for w1loading. 

Supply geosynthetics marked or tagged with the following information: 

Manufacturer's name; 

Product information; 

Roll/Pipe serial number; 

Batch or lot number; and 

RolVPipe dimensions. 

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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PMIV ... Tl,11v 

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. Sub grade 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 

Geosynthetks deployment. 

8. Tbe 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 

Density ASTM D1505 0.92 g/cm3 

Grab Tensile ASTM D6693, Type IV 29 N/mm 

Elongation ASTM D6693, Type IV 500% 

Tear ASTM D1004 169 N 

Puncture ASTM D4833 422 N 

Carbon Black Content ASTM D1603 2.0-3.0 % 

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 

Grab Tensile ASTM D4632 

Elongation ASTM D4632 

Tear ASTM D4533 

Puncture ASTM D4833 

AOS ASTM D4751 

Permittivity ASTM D4491 

Water Flow ASTM D4491 

Weight ASTM D5261 

Thickness ASTM D5199 

UV (SOOhrs) ASTM D4355 

3. The HDPE pipe shall satisfy the Specification as listed on Table 7.3 . 

Table 7.3: HOPE Pipe Specification (Sclairpipe 150mm DR32.5) 

Parameter Standard 

Average Inside Diameter ASTM F714 

Average Outside Diameter ASTM F714 

Minimum Wall Thickness ASTM F714 

Average Weight PPl's TR7 
Maximum Continuous Operating ASTM D3350 

Pressure 
--

Carbon Black Content ASTM D1603 

Value 

1.735kN 

50% 
-

665 N 

1055 N 

150 microns 

0.6 sec-1 

1,830 l/min/m2 

540 g/m2 (Nominal) 

3.0mm (Nominal) 

70% 

Value 

157mm 

168mm 

5.182mm 

2.68kg/m 

344.7kPa 

2% 

7.1.4 LLDPE Installation 

Installation 

PMH/ATl>d. 

1. The Contractor is responsible for preparing aud maintaining a subgrade surface that is 

compacted, smooth and free 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. 

2. The Contractor shall have sufficient amount of ballast weights (ie. sand bags) during the 

deployment to keep the liner in place, 

3. An anchor shall be excavated at dimensions of Lm by lm to secure the Liner limits or as directed 

by Engineer or as recommended by the manufacturer. 

4. The liner shall be seamed according to the manufacturer's recommendations and guidance, and 

as directed by the Engineer. 
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PMH/AT/sdc 

5. The liner shall be unrolled as smoothly as possible on the prepared subgrade in the longitudinal 

direction parallel to the slope. 

6. 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. 

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

seam shall be avoided Sm 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 tensomcter tensile tests. 

2. 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. 

3. The Engineer will observe all installation, Beld destructive and non~destructive tests and will 

sign off approved air tests. 

4. 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 Fleld Testing Schedule 

Test Frequency Value 

Manual Peel Test End of each fusion seam N/A 

Tensometer Peel Test 1 per250m 40N 

Tensometer Tear Test 1 per250m 147 N 

Air Test 1 per fusion seam 200 kPa for 3 minutes 

Vacuum Box Test All extrusion seams N/A 

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

6. 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. 

ApMl2010 
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7 .1.5 Geotextlle Installation 

Installation 

1. The Contractor shall have sufficient amount of ballast weights (ie. sand bags) during the 

deployment to keep the textile in place. 

2. The geotextile shall be unrolled as smoothly as possible on the prepared subgrade in the 

longitudinal direction parallel to the slope. 

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

4. The geotextile sha11 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. 

5. Damaged geotextile, as identified by the Engineer, shall be repair immediately. The damaged 

area plus an additional lm around the damage area shall be clear of all fill material. A geotextilc 

patch extending l m beyond the perimeter of the damage shall be installed as directed by the 

Engineer. 

Field Quality Control and Assurance 

1. 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. 

7 .2 Part 2 - Concrete and Steel 

7 .2.1 Documents 

l . 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 

PMWATlsdo 

a. The Works to be carried out under this section consists of fumishing all labour, material 

and equipment and the performance of all Works necessary to carry out the installation of 

steel pipe posts infi.lled with concrete located immedfately 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 

Page 26 

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 of34.5 MPa with maximum 12.7 mm 

aggregate and quick set cement. 

7.2.4 Concrete Mixture 

I . The contractor shall provide the specified concrete meeting the Specifications ready for use on 

site according to the construction progress. 

END OF SECTION 7 

vco. spc.,;ncaiJon,.Roport_ 1cvoo1.oJ1./ff . PMH.,20100428_DRN'f _~ov8.doo>, /1,,f. 28, 1 D April 2010 



i 
[-, 

L 
L 

SRK Consulting 
Vangorda Creek Diversion - Phase 1, Technical Specifications - Draft Rev B Page 27 

8 Fill Placement 
8.1 Part 1 - 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 

PMHIAfl•do 

l . TI1e 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). 

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

plug within the embankment. 

8.1.3 Codes and Standards 

l. 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 

ASTM D422 Particle Size Analysis of Soils 

ASTM D698, Procedure A; B or C Laboratory Compaction Characteristics of Soil Using 
Standard Effort (Standard Proctor Test) 

ASTM D2922 Density of Soil in Place by Nuclear Methods 

8.1.4 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. 

8.2 Part 2 - Execution 

8.2.1 Compaction Equipment 

PMH/1\T/sdo 

I. The compaction equipment shaU 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. 

5. 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 

PMH/AT/1<1,; 

1. The Contractor shall prepare an acceptable foundation surface to receive the specified fill 
material. An acceptable foundation surface is a clean, sound, finn and does not contain any 

snow, ice, organic, loose, softened or disturbed material as determined by the Engineer. 

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

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

4. The direction of fill placement and construction equipment traffic sha11 be parallel to the long 
axis of the structure being built, or as directed by the Engineer. 

5. 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 fil.l. 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. 

6. 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. 

7. 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 

Maximum Lift Minimum 

Thickness 
Density% of Placed Minimum 

FIii the Standard Consolidated Passes/Lift & Construction 
Description Before 

Proctor Density<1l Compactor Tolerance 
Compaction Ma.ximum Dry Tonne/m3 Type<2I 

(mm) 
Density 

Sand and 300 95 1.8 
5, 15t vibratory ±30rnm 

gravel equivalent 

General fill 500 95 2.0 5, 15t vibratory ±50rnm equivalent 

5, 15t vibratory 
Core Material 300 95 2.1 sheep foot or ±15mm 

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

speclficaUon needs to be adjusted to reflect the results. 

8.2.3 Tolerances 

1. Fill shall be place in horizontal lifts 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 

PMH/AT/1de 

1. Compaction trials shall be per-formed 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. 

2. The Engineer may request the Contractor to periodically conduct field trials to optimize moisture 

conditioning, lift thickness and compaction effort. 

3. The compaction trials on the material in question shall be done using a survey method according 

to the general procedme listed below, and as specified by the Engineer. 

a. 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 ±Smm 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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e. This process shaU be repeated to simulate construction as directed by the E~gincer. 

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

Spcci fications. 

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 Engineer 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. 

c. 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 

PMH/ATf1dc 

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 shalt 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. As a 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 m3
)(

11 

Description Moisture In-situ Density Gradation Standard Durability 
Content Proctor 

Sand and gravel 400 100 400 400 N/A 

Rlprap N/A N/A 5000 NIA Min. 1 per 
borrow 

Boulders N/A N/A Min.1 NIA Min. 1 per 
borrow 

General fill 4000 500 4000 4000 N/A 

Core Material Mln. 1 Mln. 10 Min. 1 Min. 1- NIA 

1. Volume is measure in placed volume. 

8.2.8 Acceptance 

PMHIAT/&da 

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 i.nstrnct the Contractor 

to repair said damages in accordance with the Specifications. 

END OF SECTION 8 
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9 Construction 
9.1 Part 1 - General 

9.1.1 Documents 

I. 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 

PMI-\IAT/114< 

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: 1 V). 

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

shed water. 

5. A minimum lm 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 tho 

·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. 

2. 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. 

3. 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 

PMH/AT/sdc 

l. The construction of the realigned channel shall be carried out in accordance with the Drawings 

and as directed by the Engineer. 

2. 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. 

c. 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. 
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9.4 Part 4 - Stepped Chute Excavation and Construction 

9.4.1 Excavation 

l . 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-excavation 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 

PMH/1\T/sdc 

l . The construction of the stepped chute shall be carried out in accordance with the Drawings and 

as directed by the Engineer. 

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 set 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 erosio11 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 unifonnly 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 mortared 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-estab1ish road access in the bid document. 

9.6 Part 6 - Head Works Dam and Erodible Plug Construction 

9.6.1 Construction 

PMH/AT/sdo 

J. The headworks embankment including the erodible plug shall be constructed in accordance with 

the Drawings and as directed by the Engineer. 

2. The embankment foundation and base of the erodible plug shall be prepared i_n accordance with 

Specifications herein and as directed by the Engineer. 

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

Specifications herein. 

4. The base of the erodible plug shall consist of two layers of geotexti1e and one layer of LLD PE. 

This combination of synthetic material shall extend over the entire area 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. 

5. Contractor will be responsible for any damage done to the liners when placing and compacting 

materials for erodible plug construction. 

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

synthetic liner. 

7. The bulk of the embankment shall consist of compacted general fill obtained from the channel 

excavation or sourced from quarry material. 

8. 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 unifonn surface. 

END OF SECTION 9 
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northwest hydraullc consultants me m Oran d Um 

Edmonton, AB 
T6X OE3, Canada 
Tel: 780-436-5868 
Fax: 780-436-1645 

email: eyaremko@nhc-edm.com 

To: 
Peter Healey, P.Eng. 

Date: 01-0ct-2009 

From: 

SRK Consulting (Canada) Inc. 
Dr. N. Rajaratnam, P. Eng. 
E.K. Yaremko, P. Eng. 

No. Pages: 

Re: 

1 

Project No.: 17384 

Ref. No.: 6266 

Vangorda Creek Diversion 
Review Comments on Section 3.4: 
Energy Dissipation Utilizing A Step-Pools Design 

BACKGROUND AND GENERAL COMMENTS 

The Vangorda Creek Diversion is designed for a discharge of 15 m3/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 concern 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 mis 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(d50)'
16 

where dso is the 50% finer size. 

For Section C, V=2.49 m/s 'with a depth of 1.14 m. For Section F, with a slope of 5.2%, 
V=3.3 mis 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 mis 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. 

1 
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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 fanning 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. 
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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 I 00-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 

Dr. N. Rajaratnam, P. Eng. 

E.K. Yaremko, P. Eng. 

Vangorda Creek Diversion 
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Introduction 

SRK Consulting (Canada) Inc has prepared this memo as a follow-up to a conference call held on 
October 5, 2009 to discuss review comments by Northwest Hydraulic Consultants on the draft design 
report for the proposed Vangorda Creek Diversion. The focus ofthe call was the proposed approach 
to energy dissipation utilizing a step-pool design. Participants on the call included Gene Yaremko 
and Dr. Rajaratnurn both from NHC, John Brodie, Pat Bryan (Hydrologist) and Peter Healey. 

The NHC memo is attached to this memo. 

Design Issues 

The approach to the proposed realignment ofVangorda 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 agreo 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. 

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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Introduction 

SRK Consulting (Canada) Inc has prepared this memo to detail the step-pool design concept 
originally developed in tbe 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). [n 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). 

3 Step-Pool Design Criteria 

MK 

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 iliversion design discharge of 13-15m3/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 phyltitic 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 unifonn flow typically subcritical conditions result (Froude 
conditions that F < 1 ). In contrast supercritical flow is observed on steep slopes (F > 1 ). If a 
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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MK 

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 ceIJ develops in the head of the pool under the drop". In simply tenns 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 V angorda Creek Diversion, 
was incorporated to extend the design criteria to a 13% or 7. 7H: 1 V slope. The specific design 
criteria adopted herein for the step pool design are: 

• The step geometry is required to handle and dissipate the energy derived from a 10-15m3/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. 

Riprap must be present in the pools downstream of the steps to •armour' the channel against erosion 

and to limit the effects of scouring. 

• 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 (S) < 2 

should be satisfied. 

• Excessive sediment inputs into the system should be avoided. 

• Lateral erosion around the steps should be minimized to prevent step pool failure due to outflanking. 

• 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. 

• Minimum requirements for long-term maintenance. 
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4 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. 

4.1 Step Boulder Sizing 

MK 

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 
elevations, 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 stmcture height to size ratio is typically kept within the range of step 
height (H)/D90 = 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, I: I ratio 
(Church, 2006, Chin, 2008). 

In addition to basio geometric relationships the boulders in the steps have been sized with the 
"moment stability analysis". This analysis assumes that the keystone boul.der would be positioned in 
isolation and submerged in a stream (Fischenich, Seal, 2000). For the keystone boulders it was 
detennined 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 l02.5 kg/m2 (21 lb/fi2). From 
this technique a keystone boulder with a diameter of 1.3m, FOS = 1, is derived. This method was 
then compared agai.nst 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 arc 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 D50 of l.Om 
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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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. 

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. 

4.2 Boulder Placement 

4.3 

MK 

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 D5ofchannel 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 
erosion. 

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 dtuing 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 direct_ion 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 (lm 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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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 'I_'homas 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. 

4.4 Step Pool Lining 

Based on the USDA method a chute with a 13% slope, 6m base width and a design discharge of 
15m3/s would require a D50 of0.5m with an apparent FOS = 1.2. If round rather than angular rock is 
assumed then a D50 of 0.5m with an apparent FOS of 1.0 is derived. Riprap protection with a Dso 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 D50 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 Dso approximately 0.04~0.06m in diameter). Baokfilling 
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. 

4.5 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 Qe 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 15m3/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 lm 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 tail water control produce little 
control and generate higher velocities while too much narrowing may lead to increased sediment 
deposit due to increased tailwater. To adequately control the tail water the contraction at the 
downstream end of each pool has been designed to be 4.6m on average. 

Step pool stability decreases as bedload transport increases. Vangorda Creek is believed to be in a 
low bedload transport environment so sediment inputs were not considered to be a significant factor. 
The proposed design was tested against Church's Jammed State Hypothesis and it was found that, 
provided there is no sediment transport the design specified above is shown to pass. This being 
stated after larger normal and extreme flow events it is advised that the step pool structure be 
visually examined to detennine if excessive sediment has being trapped in the pools and any 
unwarranted accumulation of sediment be removed from the pools to ensure proper step pool 
function. 
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1 Introduction 
SRK was requested to investigate variations and alternatives to the current design for the permanent 
post closure of the Vangorda Creek Diversion. This memo presents a summary of the analysis and 
recommendations for moving forward with this project. 

2 Background and Scope 

The current design (as of November 2009) 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 11 percent in the lower 
reach before entering the existing plunge pool and dropbox system by the haul road. A plan view of 
this alignment is shown on Figures l and 2. The current profile is shown on Figure 3. The overall 
diversion system was designed to accommodate the 500-year flood (peak instantaneous flow of 
30m3/s). The current alignment in the steeper section passes through erodible phyJlitic bedrock and a 
section of glacial till. Given the challenges of designing a channel to safely pass large flows down a 
slope of 11 percent with the given foundation conditions, a decision was made early in the design 
process to handle the flood with a combination of diversion and temporary storage of water in the 
Vangorda Pit. The new diversion would be designed to accommodate a lesser event such as the 
200-year flood event (peak instantaneous discharge of 13m3/s). To accommodate rarer floods with 
retum periods between 200 and 500 years, the current design incorporated 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 through the existing flume diversion, which will be retained after closure. If the 
flows exceed the capacity of the existing flume, flow will be directed into the Vangorda Pit This 
excess volume in the pit would eventually be treated prior to discharge. 

Conveying the diversion design discharge of 13 m3 /s down an approximately 660 m long channel 
with a 11 % grade requires some form of energy dissipation and erosion protection. A number of 
alternative solutions for energy dissipation and erosion protection were evaluated. TI1ese included: 
i) a uniform.-sloped, riprap-lined chute; ii) a series of step-pool structures; and iii) a stepped chute. 
With the latter option, the steps cut in glacial till would have to be lined with concrete or grouted 
riprap. The steps cut in bedrock may also require a lining to prevent scour. 

The evaluation primarily focused on two of the solutions: step-pool structures and a stepped chute. 

Step Pools 

Step-pool structures arc a common morphology on steep streams 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 
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sequences have been made (Chin et al., 2008). In evaluating this option, SRK conducted an 
extensive literature review for a step-pool design. As commented by NHC in their review of the 
step-pool concept, most of the studies are qualitative and lack the essential detail to provide an 
acceptable comfort level for a final design. It was concluded that there is a general lack of 
engineering based criteria for step-pools. 

The step-pool approach would involve the construction of a series of pools cut into the channel 
bottom on the steep slope of the diversion. The vertical height between each pool would be about 
1 m and the average length of each pool would be about 9 m. However, the stability of any riprap 
lining that would be used as erosion protection in the pools is difficult to determine. The other 
concern is the stability of the large boulders that would be used to form the steps between the pools 
against rotation or sliding. Furthermore if there is a failure of one step-pool, a progressive failure of 
the subsequent pools (56 in Phase 1) could occur. As a result the step-pool approach was abandoned. 

Stepped Chute 

The stepped chute approach would involve cutting a series of steps into the channel base that have a 
rise of l m and a tread of 9 tn. The main difference between the step-pools and the stepped chute is 
the latter does not require pools. The primary concern with this approach is the erodibility of the 
bedrock and the glacial till overburden. The phyllitic bedrock would typically not erode significantly 
as a result of water flow, but it is felt that the freeze-thaw cycles would accelerate the erosion 
process. However, there is no best available technology in general literature that would provide the 
basis for a reliable estimate of the rate of bedrock erosion. 

It was then proposed that an adaptive management approach be taken for the bedrock erosion 
potential. At each step, large boulders (with intermediate axis dimension of 1.3 m) would be 
concreted into the foundation. These boulders will be placed in an arch formation to provide 
additional stability. To stabilize these boulders against rotation or sliding, it was proposed to install 
100 mm diameter concrete filled, galvanized steel pipes up against the boulders at each step. The 
pipes would be buried to depths of about 3 m 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. 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 steps cut in till would require scour protection. This would be accomplished by placing a 0.5m 
thick layer of riprap on each flat bench section of the chute. The riprap would be concrete grouted in 
place. Concrete filled galvanized pipes would also required be installed to stabilize the step 
boul.ders, but the embedment depth would be increased to about 5 m. 

However, the proposed design with the stepped chute is considered a high risk option and is not 
believed by the design team to be the best strategy to move forward because of the following 
concerns: 

• erosion of the till and the phyllitic bedrock remains a key issue; 
• failure of the erosion protection over the till could result in a progressive failure of a sif,rnificant 

portion of the channel and/or a complete rerouting of the stream; and 
• a high degree of site management and supervision would be required to ensure that the energy 

dissipation measures were constructed in accordance with the specifications, particularly for the 
section of the steep channel founded on till. 
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Consequently, YO and INAC decided to put a hold on the project pending more detailed evaluation 
of other options. 

As a result, SRK was asked to investigate the following variations to the current design to address 
the energy dissipation in the 11 percent slope section of the channel: 

• Assess a channel aligmnent which would provide a flatter grade. It was felt that a grade of say 6 
to 7 percent would be more acceptable and manageable; 

• Review bedrock geology to see if an alignment in granodiorite, which is more erosion resistant 
than graphitic phyllite, is possible; and 

• Assess the hydraulics of a conventional riprapped lined channel along the current alignment to 
determine whether smaller design flows on a uniform sloped chute on the steep grade would 
provide more acceptable flow conditions. It is recognized that this would lead to a greater flow 
being diverted to the Vangorda Pit during a 500 year event. SRK would estimate the additional 
volume of water that would be directed into the pit and eventually need to be treated. 

In addition to the above options, SRK would evaluate the overall strategy for the diversion, including 
an overview of the following: 

• Constructing a conventional concrete lined channel (stepped or unstepped) for the steep reach 
from STA 800 to STA 1+300; and 

• Expand the existing channel alignment further to the NW, with the excavated material disposed 
in the pit to buttress the pit wall. This would essentially be the alignment that was proposed by 
SRK in the 2003 alternative evaluation. 

In addition to the above, SRK was also asked to prepare a preliminary assessment for a flow 
attenuation structure located somewhere upstream of the current location of the proposed intake and 
fuse plug. Details of this assessment are provided below with possible locations of the strocture and 
an estimate of quantities. 

SRK understands that tho option to backfill the Vangorda pit with waste from the Vangorda dump 
was rejected as a closure option early in the closure option assessment study. Backfilling the pit 
would have provided the project with opportunity to re-divert Vangorda Creek over the pit in its 
original alignment over the backfilled rock. This opti.on eliminates the concern with steep grades but 
would only be reconsidered as a last resort. 

3 Alternatives Analyses 

3.1 Alignment along toe of Grum Dump 

PMH/1dc 

SRK looked at a number of alternative alignments along the corridor between the toe of the Grum 
Dump and the Vangorda Creek. The alignments were optimized to limit the gradient of the channel 
base to no more than 7% and to minimize the excavation volume by keeping the cut depth to Less 
than !Om. An alignment that meets the above criteria is discussed below. 

Figures I and 2 show a plan view of an alignment that would avoid the steep grade currently needed 
in tho lower reaches of the new diversion. The alignment would follow the current proposed 
alignment to about ST A 0+800 a.tld the deviate north along the hillside staying parallel with the 
existing access road at the toe of the Grum waste rock dump. The alignment would continue until it 
intercepts Tributary B at which point the flow would discharge into a plunge pool and be redirected 
down the gully to a second plunge pool before entering Vangorda Creek. A profile along the 
centreline of the alignment is shown on Figure 3. 

V11f11jO«S• Crook Dfvor,lon • llltomollvo llnall"~Momo_ ,cvoo, .03U ' t.4M_2009,210.d ... , OK. ,e. OQ 
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Table l provides a comparison of key dimensions and excavation quantities. 

Table 1: Quantities Comparison of Alignment 

Alignment Length (m) Excavation Maximum Grade 
Volume (m3

) 
Grade Distance (m) 

Current 1,506 206,234 11.0% 650 

Alternative 2,459 362,340 10.5% 240 

While the channel gradient over much of the route is less than 7%, the overall length of the diversion 
is significant longer that the current proposed route as shown in Table 1. Furthermore, the length of 
the 7% reach is over 1400m long and diversion would require a 10% drop at the end to intercept 
Vangorda Creek. The total volume of excavation would be about 50,000m3 more than the currently 
proposed alignment and so would be significantly more costly. 

SRK does not consider this option as a serious contender for the new diversion. 

3.2 Review of Bedrock Geology 

A review of the regional geology in the area to determine the extent of the more competent 
Granodiorite was carried out to assess whether a different alignment could be found that was bedded 
in this rock type avoiding the issue of erodibility of the phyllitic bedrock encountered along the 
existing alignment. 

As shown on Figure 4 most of the area in the vicinity of the Vangorda Creek Diversion is phyllite, 
commonly intcrbanded with Gabbaro dykes and sills or thin quartzoze siltstone interbeds 
(Pigage, 2005). Granodorite bedrock was found in several of the test pits and boreholes during the 
2009 Vangorda Creek diversion site investigation (SRK, 2009) adjacent to the proposed hcadworks 
of the diversion. However, it appears that most of the granodiorite bedrock is located several 
hundred metres to the north. Hence any further evaluation of this approach is not recommended. 

3.3 Review Hydraulics of a Uniform-Sloped Chute 

PMH/tdc 

The stepped chute approach to energy dissipation proposed in the current design for the steep section 
of channel raised a number concerns. SRK. has evaluated an alternative to the stepped chute 
approach on the same alignment using a uniform slope. The uniform chute approach essentially 
involves the excavation of a uniform slope of I l % without steps and with riprap erosion protection 
along the entire length of the steep section. 

The evaluation involved an assessment of the hydraulics of this option along the current alignment to 
determine whether smaller design flows on a unifonn-slopcd chute on the steep grade would provide 
more acceptable stability conditions. It was recognized that adoption of a smaller design flow for the 
diversion channel would be associated with an increase in the frequency and amount of water 
diverted to the Vangorda Pit during extreme floods. For example, designing the diversion to convey 
the 100-year peak instantaneous flood would mean that overflow events to the Vangorda Pit would 
be expected to occur 5 times in a 500-ycar period, on average. To examine the tradeoffbetween 
diversion design discharge and temporary storage of flood waters in Vangorda Pit, a hydrological 
study was carried out to estimate the volume of water that would spill to the pit during a 500-year 
flood. 

The first step in the analysis was to characterize both the peak and volume characteristics of floods 
expected on Vangorda Creek. All the design options were aimed at handling the 500-yea.r peak 
instantaneous discharge by a combination of diversion and temporary storage. The regional 

Vongonla Crook DIVo"lon • NtcmollVo llnDJy,l,Momo_1CY001.o3l_PMi1_20091218.d..,., Doo, 16, ~ 
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relationships for estimating peak instantaneous discharges for return periods of 2, 100,200 and 
500 years are shown on Figures 5 and 6. Table 2 summarizes estimates of 500-year flood volumes 
for streams in the Yukon and east-central Alaska. To facilitate comparison, the estimates are 
presented as average unit flows (L/s/km.2). Infonnation in Table 2 was used to construct a 
hydrograph representing the most intense seven days of the 500-year flood on Vangorda Creek. 
Figure 7 illustrates how the flood volume data were used to simulate the behaviour of the diversion 
head works during passage of the 500-year flood. 

Table 2: Estimated 500-Year Floods at Regional Streamflow Gauging Stations 
Streamflow Gauging Station Length Drainage Mean Authority Average discharge In Lis/km" for the 

of Area Annual following number of consecutive days: 
Record Runoff 

ID No. Name (years) (km2
) (mm) 1 2 3 4 5 6 

29AB00S Upper Wolf Creek 12 14,5 179 EV 303 255 187 160 141 132 

15439800 
Boulder Creek near 

20 81.0 131 USGS 423 430 339 268 229 204 
Central 

29BC003 
Vangorda Creek at Faro 

28 91 .2 235 EV 250 190 151 134 122 114 
Townslte Road 

15511000 
Little Chena River near 

42 963 199 USGS 426 415 391 356 318 278 Fairbanks 

09BB001 
South MacMillan River at 

22 997 624 wsc 327 305 304 282 271 252 
km 407 Cano! Road 

09EA004 
North Klondike River 

33 1100 379 wsc 192 175 161 154 146 137 near the mouth 

15484000 Saleha River near 
60 5618 261 USGS 474 396 333 298 262 235 Salchaket 

--
09BA001 Ross River at Ross River 46 7250 293 wsc 148 145 141 137 131 127 

The second step involved characterizing the hydraulics of the chute and estimating the required 
riprap size. A wide variety of techniques are available for estimating the stability of rock on steep 
slopes. These techniques generally produce a wide range of size estimates, with this range becoming 
ever wider with increasing channel slope. To illustrate this range, riprap sizing techniques developed 
by the US Department of Agriculture (USDA) and the US Army Corps of Engineers (USA CE) were 
employed in this analysis. 

PMl-tl•(tc 

The flood hydrology and hydraulics analyses are summarized in Table 3. Three different design 
flows were evaluated for the diversion channel (viz., 30m3/s, 13 m3/s and 11 m3/s). The following 
key observations can be drawn from the table: 

• The required median size of the riprap lining would be large (with estimates ranging from 
0.45 m to 0.63 m for the assumed channel dimensions). 

• The uncertainty in assessing rock sizes for steep chutes is illustrated by the large difference in 
rock sizes estimated by the USDA and USACE techniques. This difference is particularly 
emphasized when the masses of the riprap sizes are compared (i.e., 180 kg vs. 500 kg). 

• The penalty for designing the diversion channel to convey a flow less than the 500-year peak 
instantaneous flood would be small. If the channel was designed for the 200-year peak 
instantaneous discharge, then the long-term average additional treatment requirements by the 
WTP would only be about 5,000 m3/y. This compares to the average annual inflow to the 
Vangorda Pit of 420,000 m3• Adoption of a 100-year design flow for the diversion, would 
roughly triple the amoW1t of water inflowing to the pit over a 500-year period. 

• If the diversion was designed for the 200-year flood, then the V angorda Pit would receive an 
estimated 970,000 m3 of water during passage of the 500-year flood. This would correspond 
with a 12 m rise in the pit water level. If the diversion was designed for the 100-year flood, the 
estimated volume of spill is 1,500,000 m3

, corresponding to an 18 m rise in pit water level. 

VM90<1lo Crvo~ DM,,.!on-A!tomllliva ,',noiyo!aMomo_lCYOOl.OJI_PMH.)!0091218.doo,, Ooo, IB, 09 
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Table 3: Comparison of Channel Parameters for Different Flood Events over the 
Steep Section of the Channel 

Item Units Design Event for Diversion Channel 

500•Year 200-Year 100-Year 
Flood Flood Flood 

( conservative (best (best 
estimate) estimate) estimate) 

Design Discharge for Diversion Channel m3/s 30 13 11 

Channel Configuration using USDA Design Procedure 

Gradient m/m 0.11 0.11 0.11 

Base Width m 14 6 5 

Depth of Flow m 0.51 0.51 0.51 

Average Velocity mis 3.7 3.7 3.7 

Froude Number 1.8 1.8 1.8 

Riprap Dso m 0.45 0.45 0.45 

Riprap D50 kg 180 180 180 
Channel Configuration using USACE Design Procedure 

Base Width m 14 6 5 

Depth of Flow m 0.52 0.52 0.52 

Average Velocity mis 3.6 3.6 3.6 

Froude Number 1.7 1.7 1.7 

Riprap Dso m 0.63 0.63 0.63 

Riprap Dso kg 500 500 500 

Flow Required to Activate Headworks Spillway After 
m3/s n/a 3.5 2.2 

Fuse Plug Eroded 

Volume Spilled to Vangorda Pit During 500-Year Flood 1000 m3 0 970 1500 

Average Number of Spill Events in a 500-Year Period -0 2.5 5 

Long-Term Average Annual Spill to Vangorda Pit 1000 m3/y -0 5 15 

For all three design flow options examined in Table 3, the flow would run supercritical. It is good 
practice to use straight reaches where supercritical flow occurs in order to avoid uneven distribution 
of the flow across the channel width. To keep the flow regime subcritical, the slope of the chute 
would have to be no more than about 3%. Given the geometry of this area, creating a channel with a 
maximum grade that mild is not feasible. 

Generally, rock chutes are short and handle relatively small drops in channel elevation. The riprap 
lining gains a portion. of its strength through the buttressing action of the riprap~lined apron at the 
downstream end of the chute. 

The following items should be considered in evaluating a uniform-sloped chute for conveying 
Vangorda Creek flows down the 11 % slope: 

• The riprap sizing should be based on a method that provides conservative rock sizes, such as the 
USACE method. There are two main reasons for this. Firstly, it is unclear how much the 
strength of the rock lining can be attributed to the apron. The relative support of the apron 
diminishes as the chute length increases. Secondly, the stability of the riprap relies on friction at 
the base of each rock, together with interlocking forces from neighbouring rocks. The larger 
rock estimated by conservative methods such as the USACE method will be less susceptible to 
partial failures of the riprap lining. 
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• Without a significant increase in excavation, it is not possible to make the steep section of the 
diversion straight. A slight curvature in the upper portion of the chute will be required. Owing 
to the occurrence of supercritical flow, there will be a tendency for concentration of flow at the 
outside bend. A larger rock size will have to be used in the curved section of the diversion to 
accommodate the flow concentration. 

• It would be absolutely imperative that th.e riprap specifications (050 and gradation) 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. As for the 
stepped chute option, a high degree of site management and supervision would be required to 
ensure that the energy dissipation measures were constructed in accordance with the 
specifications. 

3.4 Review a Conventional Concrete Lining 

Riprap is the conventional method for erosion protection in stream or river channels. A possible 
alternative to riprap on the stepped chute approach is concrete. 

Concrete channels have long standing performance records and proven design procedures. However, 
there are a number of design considerations for a concrete channel including: the impact of 
freeze/thaw cycles on the concrete, the cost and availability of the concrete, and long term 
maintenance. As the Faro mine is in a mral region where all the material and plants would have to 
be mobilized to site for construction, the construction and material costs of the concrete could be 
significant. 

A preliminary estimate for the concrete structure is $850,000, based on a lOm channel width, 0.3m 
thickness and a distance of 630m at $450/m3 placed concrete, in addition to the excavation. 
Furthermore, concrete channels would require periodic maintenance and repairs to ensure 
performance and structural integrity. In Faro where ice jacking and heavy freeze-thaw cycles, one 
would expect maintenance to repair flaws and damages over time. 

While this option would eliminate the concern with the riprap lining, this benefit would have to be 
weighed against the high cost and contract management issues. 

4 Further Diversion Options 

4.1 Upgrading the Existing Flume Diversion (North Wall Pushback) 

PMfUsdo 

In April 2003, SRK completed an alternatives analysis for the design of the Vangorda Creek 
Diversion. One of the options considered involved upgrading the existing flume diversion to a rip rap 
Jined open channel around the north perimeter of the Vangorda Pit. The design was based on the 
500-year flood event (30m3/s) and involved the excavation of a wider channel and riprap armouring 
to prevent scouring and erosion. A site plan for this option is provided in Figure 8. A profile along 
the centreline of the alignment is provided in Figure 9. 

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 500 m for the current option. In Phase 2, the gradient of the channel from 
the plunge pool to Vangorda Creek would be in the order of 10% over a much shorter distance and in 
a less critical section of the diversion. The estimated volume of the excavated material would be 
comparable to the current proposed alignment, or about 190,000 m3. This option would also 
eliminate the need for tlow control at the intake. Another advantage of this option is that the steep 
section of the channel would be completely in rock and would be relatively straight. Although the 

V~"1)onl& Croo~ !:m1,11K>n • AltomoUvollnal)'lsMcmo_1CY001.031.J'MH_io09 t218.d-, 0o<; 18, 09 
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flow would still be supercritical, the reach is straight and the flow distribution would remain even. 
The till section of the alignment would be in the milder reaches of the diversion and erosion 
protection would be less critical. Overall-this option reduces the grade issue that is common to the 
other options. Of all options considered, the pushback option involves the smallest elevational 
distance between the intake and outlet of the diversion. 

The main disadvantage of this option is the need to construct this diversion in the winter as V angorda 
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. 

Despite these disadvantages, this option should be given serious consideration. The tradeoff study 
outlined above in Section 3.3 would also apply to the pushback option. It may prove cost effective 
to adopt a lower design discharge for the diversion channel than the 500-year peak instantaneous 
discharge. The penalty would be a slight increase in the amount of water treated by the WTP, when 
averaged over a long time period. 

4.2 Flow Attenuation Structure Upstream 

P.MH/1~ 

As the high flows are a key design consideration for this diversion, methods to attenuate the peak 
flow were evaluated. One option considered was the construction of a flow attenuation structure 
located further upstream of the currently proposed intake structure. The concept involves the 
constrnction of a rock filled embankment with a rock drain at the base of the embankment. The 
embankment would be designed to attenuate the peak flow of a 500-year flood event by temporarily 
storing a portion of the incoming flood waters. 

The analysis looked at two potential locations for the embankment, as shown on Figures 10 and 11 . 
Figure 12 also shows a typical configuration of the embankment with 2H: IV sideslopes. Results of 
the analysis are shown in Table 4. 

The analysis looked at three different embankment sizes at each location and made ·a preliminary 
estimate of the storage volume available behind each dam. The behaviour of each darn during 
passage of the 500-ycar flood was approximated using· a simplified flood-routing technique. In this 
technique, outflows through the rock drain were assumed to equal in.flows until a specified capacity 
was reached. Beyond that point, inflows in excess of the rock drain capacity were simulated to be 
stored in the reservoir. This method provides a reasonable first approximation of the ability of the 
reservoir to attenuate flood peaks. A more accurate representation of the flood routing would require 
the development of a rating curve for the rock drain based on hydraulic analysis. Such an analysis 
was beyond the scope of this memorandum. Figure 13 illustrates application of the simplified flood­
routing technique. The technique was modified somewhat for those dam options with small storage 
capacities in which the peak reservoir storage would occur during the first day of the storm. 

To determine a design flow for the diversion, the simulated peak outflow from the darn was added to 
the peak instantaneous discharge generated by the incremental catchment between the dam and the 
diversion intake. 

The results oftbe analysis indicate that the storage capacity of the dam has to be approximately 
400,000 m3 or more to have a significant impact on the incoming flood peak. This is an expected 
result: to significantly modify the flood hydrograp~ the available storage has to be large relative to 
the volume of the flood. A reservoir capacity of 400,000 m3 represents about 60% of the estimated 
daily inflow volume during the single largest day of the flood. At location 2, the dam would have to 
be about 23 m high to create a storage of 400,000 m3

• This equates to embankment fill volumes of 

VangordA <;:rOC)k Oiwirtlon • Atto,naUvo ANllyti1Mamo ... 1CY001.031_PMH.,200IJ121B.docx, Dec. 1B, O!l 
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about 93,000 m3
• This volume is significant and further optimization will be required before this 

approach is considered feasible. 

Table 4: Handle 500 Year Flood by Attenuating the Flood Peak in a Reservoir 
Upstream of the Diversion 

Item Units Flood Attenuation Reservoir 

Location 1 Location 2 

Catchment Area Controlled by Dam km2 17.3 16.2 

Incremental Catchment Area Between Dam and Diversion Intake km2 0.4 1.5 

Peak 500-Year Discharge Generated by Incremental Catchment m3/s 1.5 4.2 

Small Darn Option 

Height of Embankment m 11.0 18.0 

Length of Embankment m 80.0 156.0 
. - ----· 

Volume of Dam ma 10,200 49,000 

Capacity of Reservoir 1000 m3 44.0 21 2.0 

Capacity of Reservoir (as proportion of peak daily inflow volume) % 6.2 32.0 

Peak Outflow from Dam (Via culvert or rock drain) m3/s 22.2 12.2 

Required Design Discharge of Diversion m3/s 23.7 16.4 

Medium Dam OpUon 

Height of Embankment m 15.0 23.0 

Length of Embankment m 106 197 

Volume of Dam ni3 22,900 93,350 

Capacity of Reservoir 1000 m3 95.0 432.0 

Capacity of Reservoir (as proportion of peak daily inflow volume) % 13.4 65.1 

Peak Outflow from Dam (Via culvert or rock drain) m3/s 18.7 5.4 

Required Design Discharge of Diversion m3/s 20.2 9.6 

Large Dam Option 

Height of Embankment m 17.0 27.5 

Length of Embankment m 120 244 

Volume of Dam rr? 31,900 151 ,700 

Capacity of Reservoir 1000 m
3 130.0 653.0 

--- -

Capacity of Reservoir (as proportion of peak daily inflow volume) % 18.3 98.4 

Peak Outflow from Dam (Via culvert or rock drain) m3/s 16.9 3.9 

Required Design Discharge of Diversion m3/s 18.4 8.1 

5 Reference 

PMH/tdo 
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Vangorda Creek Diversion (November 2009 Design) • Preliminary Cost Estimate 

Work Item Activity Description Quantity Unit Unit Cost Sub T115k Total Activity Total Subtotals 

--, cc ~ ~ C -- == - = C - - ::= = ~ 

"f - - r. I 

Moblllz.atlon and Demoblllz.atoln $ 119,792 
Mobilization Mobilization to site 1 unit $ 59,895.82 $59,895.82 $ 59,896 
Demobilization Demobilization off site 1 unit $ 59,895.62 $59,695.62 $ 59896 

Site Preparation $ 389,473 
Site preparation C!ear and on.rb the work area 92,750 m2 $2.07 $191,946.49 $ 369.473 

Strio and stockoile toosoll 30,592 Bm3 $5.56 $170 780.36 
Snowclearinri 100 hrs SZ53.78 $25,378.16 
Install Sediment Control 500 m $2.74 $1,367.59 

I 
Acces5 Road5 Construction $ 311,743 

Excavate material Excavate overburden material 6 773 Bm3 $5.64 $38,218.03 $ 130,598 
!;excavate weathered rock and dense tlll 6,773 Bm3 $3.50 $23,706.23 
Drill and blast comoetent bedrock 2,580 Bm3 $20.43 $52 716.34 
Excavate blasted material 21580 Bm3 $6.18 $15,955.34 

Construct roads Load, olace, dumo and comoact General FIii 13,353 Bm3 $8.49 $113.411 .54 $ 161,145 
Load, Place, dump and comoact Sand end Gravel 3,750 Bm3 $~3.69 $51 337.77 
Excavate uohill runoff collection ditch 1 250 Bm3 $9.96 $12,444.16 
lnsll31! d!llin pice for uchill runoff ditch 150 m $26.35 $3,951 .99 

Diversion Channel Construction $ 1,440,260 
Excavate channel alianment Excavate overburden material 76 916 Bm3 $5.64 $434,047.61 $ 1.112,715 

Excavate weathered rock and dense till 47,700 Bm3 $3.50 $166,981.55 
Drill and blast comoetent bedrock 25,043 Bm3 $20.43 $511,685.61 

Construct Channel PePloy LLDPE liner over sandy section of channels 2,400 m2 $9.47 $22,739.59 $ 327.545 
Declov qeotextile over liner for orotectlon 2,400 m2 $9.50 $22,792.26 
Load, haul. dumo and rilace rlorari alon11 channel aliqnment 8,540 Bm3 $33.02 $282,012.94 

StcD Pools Construction $ 480.063 
Excavate steo coils Excavate overburden material for steo oools 1,706 Bm3 $3.41 $5,824.19 $ 44,545 

Excavate weathered rock and dense UII for step cools 1,706 Bm3 $5.64 $9 629.42 
Drill and blast comeetent bedrock for stee eools 853 Bm3 $6.18 $5,276.39 
Load, haul, dumo and olace excavated material to stockolle 4,266 Bm3 $5.58 $23,815.02 

Steel Post installation Drill and concrete steel In olace 1,950 m $95.96 $187,1 14.04 $ 187,114 
Construct step pools Place and secure keystone boulders 511 Bm3 $49.09 $25,084.40 $ 248,424 

Deploy geotextlle In front of keystone boulders 1,500 m2 $9.50 $14,245.17 
Load, haul, dump. piece and compact Sand and Gravel in front of boulders 4,500 Bm3 $13.69 $61,605.33 
Load. haul dumo and place riprap in step Poole 4,466 Bm3 $33.02 $147,489.53 

Head Works Construction $ 46,597 
Excavate headworks areas Excavate overburden material for foundation and kev trench 150 Bm3 $5.64 $B46.47 $ Z,043 

Excavate weathered rock and dense till for foundation and ke}'. trench 
. 

50 Bm3 $3.50 $175.03 
Drill and blast comoetent bedrock for foundation and kev trench 50 Bm3 $20.43 $1,021 .63 

Conetrvct dam and erodible plug Load, haul, dumo, olace and compact Dam shell material 1,272 Bm3 $8.49 $10 803.53 $ 44,554 
Deolcv LLDPE over the dam 960 m2 $9.47 $9,095.84 
Deplov aeotextile over the liner as orotectlon 960 m2 $9.50 $9,116.91 
Load, haul, dumo and olace ririrao 360 Bm3 $33.02 $1 \ 888.43 
Load. haul dumo, pl.ice end compact Sand and Gravel 92 Bm3 $13.89 $1,256.75 
Load, haul, dumo, olace and comoact Core material 18 Bm3 $132.89 $2,392.09 

Quarrv Develooment $ 386,610 
Develoo auarrv for rlprap Clear and an.rb the work area 2,500 m2 $2.07 $5,173.76 $ 386,473 

Strio and stockoile toosoll 1,250 Bm3 $5.58 $6,978.15 

t 
Drill and Blast competent bedrock 7,002 Bm3 $20.43 $143,077.86 
Load, haul, dumo and stockoile riorap 7,002 Bm3 $33.02 $231 ,243.13 

Sediment control Install Sediment Control 50 m 12.74 $136.76 $ 137 
·- - ~ 

$ 3,174,557 

L 
lrtrf(Mcfa - - . -- ·r J_ 

~ 

. -~ 
Administrative and Suporvlson $ 1242700 

Contractor Admlnstrallve and Suoervlson CGL Insurance 5% $3,174,557.05 $ 158,727.85 $ 772,089.38 
Office Overhead 3% $3,174,557.05 $ 95,236.71 

L 
voe Cost Estimate and Bases of PaymenL ATedits_Revo_20100211 2/1112010 SRK Consulting 

L 
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Work Item Activity 

Room and Board 

Engineer's Site QA 

m II 

Contingency 

voe Cost Estimate and Bas~s of Payment_ATedlts_Rev0_20100211 2/11/2010 

Vangorda Creek Diversion (November 2009 Design) • Preliminary Cost Estimate 

Description Quantity Unit 

Communications (Radios, satellite phones, etc.) 15 week 
Admlnstratlve Assistance 1050 hrs 
Medic 1050 hrs 
Contractor Profit 10% 

Contractor Site Suoervision 1 050 tn·s 
Site Office and administration 1 unit 
Room and Board 1,155 dav 
Site Vehicle Rental 105 da~ 
Room and Board 105 day 

Eni:iineer'& Site Office Supplies 1 L.S. 
Enaineerina site Suoervislon 1 050 hrs 

'<: 
.- -

20% % 

Unit Cost Sub Task Total Activity Total Subtot;il1$ 

$250.00 $ 3,750.00 

$36.46 $ 38,283.64 

$72.96 $ 76,605.59 

$3,174,557.05 $ 317,455.70 

$63.84 $ 67,029.89 

$15,000.00 $ 15,000.00 

$247.50 $ 285,862.50 $ 285,863 
$ 25.00 $ 13,125.00 $ 184,748 
$247.50 $ 25,987.50 

$2.~00.00 $ 2,000.00 

$136.80 $ 143,635.47 

$ 1,242,700 - -
20% $634,911.41 

Direct $ 3,174,557 
Indirect $ 1,242,700 

Contingency $ 634,911 

I Total $ 5,052,168 

SRK Consulting 




