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1.0 INTRODUCTION 
 

EBA Engineering Consultants Ltd. (EBA) have carried out a review of the existing Heap Leach 
Pad design for the Carmacks Copper Project, and prepared an alternative conceptual design for 
submission with the Project Description.  Authorization to carry out this work was provided by 
Mr. Dan Cornett of Access Consulting Group (ACG) on behalf of Mr. Jonathan Clegg of 
Western Silver Corporation (Western Silver).    
 
The purpose of this work was to assist Western Silver with the development of specific 
engineering components of the heap leach pad in support of the environmental assessment and 
permitting for the Carmacks Copper Project.  The Carmacks Copper Project is located 
approximately 28 km northwest of Carmacks, Yukon at Latitude 62.35˚ North and Longitude 
136.70˚ West. 
 
Western Silver intends to submit their Project Description to the Yukon Government in early 
2005. 

 

2.0 AVAILABLE INFORMATION 
  
Several key documents were either contained in EBA files, or forwarded to EBA for use in this 
study – they include: 

 
• EBA Engineering Consultants Ltd., Testpit and Laboratory Test Results – Heap Leach 

Pad Area, Carmacks Copper Project, NW of Carmacks YT.  EBA Report to Western 
Copper Holdings Ltd., December, 1997. 

 
• Hallam Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper 

Project, Detailed Report on Hydrogeological Summary and Preliminary Impact 
Assessment (Ref. No. 1783/3); IEE Addendum No. 3, October 1995  

 
• Hallam Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper 

Project, Detailed QA/QC Program and Construction Specifications  (Ref. No. 1783/5); 
IEE Addendum No. 3, October 1995  

 
• Hallam Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper 

Project, Detailed Report on Initial Leach Pad Settlement Assessment (Ref. No. 1783/6); 
IEE Addendum No. 3, October 1995  

 
• Hallam Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper 

Project, Detailed Terrain Hazard Mapping; IEE Addendum No. 3, October 1995 
 



1200133 - 2 - May 2005 
 
 

 

 
R01 1200133 Heap Leach_Final.doc                                      

 
 
 

• Hallam Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper 
Project, Detailed Carmacks Copper Operating Plans; IEE Addendum No. 3, October 
1995  

 
• Kilborn SNC Lavalin, Western Copper Holdings Limited, Carmacks Copper Project, 

Report on Detailed Design (Ref. No. 1784/2); Revised 14 August 1996 
 

• Kilborn SNC Lavalin, Western Copper Holdings Limited, Carmacks Copper Project, 
Report on Updated Detailed Design Criteria (Ref. No. 1784/5); 3 July 1996 

 
• Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper Project, 

Report on Updated Detailed Design of the Heap Leach Pad and Events Pond (Ref. No. 
1785/1); 23 April 1997  

 
• Knight Piesold Ltd., Western Copper Holdings Limited, Carmacks Copper Project, 

Report on 1996 Geotechnical and Hydrogeological site Investigations (Ref. No. 
1784/1); June 1996  

 
• Sitka Corp, Carmacks Copper Project Design Criteria and Parameters, October 1998 -  

 
• Western Copper Holdings Limited, Carmacks Copper Project, Hydrogeological and 

Water Management Issues; IEE Addendum No. 4, December 1997 
 

• Western Copper Holdings Limited, Carmacks Copper Project, Basic Engineering 
Reports and Definitive Cost Estimate; IEE Addendum No. 4, December 1997 

 
• Western Copper Holdings Limited, Carmacks Copper Project, Technical Issue 

Response Document; 30 June 1997 
 
 

3.0 YUKON GOVERNMENT GUIDELINES 
 
EBA’s conceptual design was prepared to comply with the Yukon Government guidelines and 
referenced standards.  Table 1 below presents performance standards dated April 8, 2005 that 
were provided by Mr. Bill Dunn of the Department of Energy Mines and Resources.   
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Table 1 
April 2005 Performance Standards for the Carmacks Copper Project 

 
Issues Performance 

Objective 
Yukon Government 
Guideline/Standard 

Liner Design Prevent 
discharge of 
noncompliant 
waters 

• Liner System (including materials; conceptual 
construction methods and conditions; operation 
and maintenance procedures) achieving a 
permeability at least equivalent to a synthetic 
liner over a 12” so il liner with 
permeabilit y o f 10-6 cm/sec   

• Leak detection and recovery system with 
contingency plans 

 
Physical Stability of 
heap and associated 
earth works, such as 
berms constructed 
to constrain 
leachate 

Minimize risk 
of liner 
damage 

• Suitable design, criteria based on Canadian 
Dam Association’s “Dam Safety Guidelines” 
(1999) 

 

 

4.0 METHODS 
 
Knight Piesold Ltd (KP) prepared a design of the Heap Leach Pad in 1997 using the factual 
information identified in Section 2.0.  EBA has undertaken a review of the 1997 design and KP 
reports in an effort to adequately understand the site, plans, resources and commitment by 
Western Silver.  The primary purpose of this initial review was to identify any fatal flaws that 
may preclude the use of a lined heap leach pad system.  The KP heap leach pad layout and 
design was used as the baseline work for EBA’s analyses.  
 
EBA have reviewed the information and identified pertinent events and information that post-
dates the April 23, 1997 report by KP.  This new information includes: 
 

• The Heap Leach pad site was cleared of forest and vegetation cover in 1996 and has been 
inactive since that time. 

• Canadian Dam Association’s “Dam Safety Guidelines” (1999) were issued. 
• 1998 Draft Report by Sitka  
• Advancement in the design and manufacture of geosynthetic liner systems and 

geocomposites 
 
In 2005 new seismic hazards will be introduced as part of the revised National Building Code of 
Canada.  Further review of the influence of these new standards will be required, however, based 
on a cursory review of the information the assumptions made with respect to seismic loading are 
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expected to satisfy the new code requirements.  Further seismic analyses using the new 
guidelines will be necessary to confirm this. 
 

5.0 DESIGN LIFE AND CONSEQUENCE CATEGORIES 
 
 

The design life of the mine facilities is approximately 12 years, with long-term 
decommissioning, reclamation, and monitoring following. 
 
The embankments at the Carmacks Copper site will not impound fluids for long periods during 
operations.  The following measures will achieve this: 
 

• Low-level outlets within the heap confining embankment will prevent fluid impoundment 
during normal operations. 

 
• Solution in the events pond will be used as makeup water in the heap. 

 
• Water in the sediment ponds will drain through decant structures in the abutments. 

 
The Canadian Dam Safety Association (CDSA, 1999) categorizes the failure of a dam or similar 
impoundment structure using a consequence scale of Very High, High, Low or Very Low.  The 
CDSA classification method requires that the project components be rated in terms of 
consequence to safety and/or failure hazard to socioeconomic, financial and environment in the 
event of a failure.  EBA have reviewed terrain hazard mapping prepared by KP, subsurface soil 
conditions, seismic criteria and the proposed construction and operational plan.  It is apparent 
that under static conditions conventional engineered measures can be implemented to address 
containment and overall stability.  Under seismic loading the stability of the heap pile and 
impoundment has been shown to be feasible within ordinarily acceptable ranges of parameters 
and seismic criteria.  Seismic loading magnitudes and overall influence are statistically based 
parameters for which the resulting loads can vary widely.  Seismic events occur with little or no 
warning and therefore it is possible that a statistically low likelihood event might trigger a failure 
that could lead to a high consequence.   
 

6.0 SEISMIC CRITERIA 
 
6.1 General 
 
Selection of appropriate seismic criteria is key to acceptable engineering design and analysis for 
the heap leach pad.  The CDS guidelines provide the means for regulators and owners to choose 
an appropriate range of ground accelerations based on the available statistical information and 
for agreed upon consequences of a failure.  Using the CDSA criteria, a corresponding range of 
seismic related forces acting on all forms of structures can be prescribed based on the estimated 
seismic generated horizontal ground accelerations.  These forces are added to the static forces 
used in conventional slope stability analyses and the resulting analyses are termed pseudostatic.   
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To analyze the stability of an embankment under seismic load, Seed (1979) states that a 
pseudostatic analysis is appropriate provided that potentially liquefiable materials do not make 
up a significant portion of the structure or foundation.  From the site investigations to date, there 
are few materials on site that could liquefy during an earthquake, making pseudostatic analysis 
appropriate.  Furthermore, foundation treatment methods such as foundation drains are proposed 
by Western Silver to further reduce the possibility of liquefiable foundation soils. 
 
For the pseudostatic analysis, Hynes-Griffin and Franklin (1984) describe another method to 
evaluate the appropriate seismic criteria prescribed by the CDSA Consequence based approach.  
The Hynes-Griffin and Franklin (1984) method determines the appropriate seismic coefficient 
from the maximum ground acceleration and the allowable displacement.  This allowable 
displacement varies with the type of embankment or structure.   
 
The following sections outline the approach that has been used to selecting the appropriate 
seismic design criteria for this project. 
 
6.2 Maximum Credible and Design Basis Earthquakes 
 
The heap confining embankment and events pond dam have a “high” consequence category as 
described by CDSA.  According to the CDSA guidelines, these two embankments will be 
designed to withstand accelerations resulting from the greater of 50 percent of the Maximum 
Credible Earthquake (MCE) from a deterministic analysis or the acceleration from an earthquake 
with a 1000-yr return period from a probabilistic analysis.  The lower end of the range of design 
criteria suggested by CDSA has been selected due to the relatively short design life of these two 
embankments and the resulting reduced risk exposure.   
 
From the probabilistic analyses conducted by the Pacific Geoscience Centre (the maximum 
ground accelerations associated with the 475 and 1000-yr return period earthquakes are 
estimated to be 8.5 percent and 10.3 percent of gravity, respectively.   
 
Using deterministic methods, the MCE is associated with the Fairweather-Yakutat source zone, 
with a maximum magnitude of 8.5.  At an epicentral distance of 250 km, it is estimated to 
generate a maximum ground acceleration of 13.2 percent of gravity.  Despite their shorter 
epicentral distances, three other potential source zones (Northern B.C., Denali-Shakwak, and 
Mackenzie) all generate lower maximum accelerations of 8.8 percent, 3.9 percent, and 2.1 
percent of gravity, respectively.  Thus, the maximum credible design acceleration from the 
deterministic analysis is 13.2 percent of gravity.  EBA suggests that a design acceleration of 
13.2 percent of gravity be used for stability analysis purposes, and that the corresponding Factor 
of Safety be greater than 1. 
 
Using CDSA criteria, the heap confining embankment and events pond dam should be designed 
to withstand horizontal accelerations of 10.3 percent of gravity and satisfy a minimum factor of 
Safety of 1.15 or greater.   
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6.3 Allowable Deformations and Seismic Coefficients 
 
For the pseudostatic analysis, Hynes-Griffin and Franklin (1984) describe a method for 
determining the appropriate seismic coefficient from the maximum ground acceleration and the 
allowable displacement from seismic activity.  This allowable displacement varies with the type 
of embankment or structure. 
 
For a conventional dam, Seed (1979) suggests that about one metre of crest displacement is 
usually acceptable.   
 
Where geomembrane liners form a component of an embankment, such as in the heap confining 
embankment and events pond dam, a smaller crest displacement is allowed to reduce the 
possibility of influencing the integrity of the liner system during the design seismic event.  For 
lined waste impoundments in the U.S., Seed and Bonaparte (1992) describe the current practice 
as using an allowable seismic displacement of 150 to 300 mm.  A displacement of 150 mm will 
be allowed at the crest of the heap confining embankment and the events pond dam. 
 
The following table summarizes the seismic coefficients from Hynes-Griffin and Franklin (1984) 
using the allowable crest displacements described above. 
 

Table 2 
Seismic Design Criteria 

 
Embankment Consequence 

Category 
CDSA Max ground

Accel., %g 
Allowable 
Displ., m 

Hynes-Griffin 
and Franklin 
(1984)Seismic 

Coef., %g 
Heap confining 
    Embankment 
Events pond dam 

High 
 

High 

10.3 
 

10.3 

0.15 
 

0.15 

6.7 
 

6.7 
 
Based on the above, the design seismic ground accelerations chosen in Section 6.2 satisfy CDSA 
(1999) guidelines and a strict interpretation of Hynes-Griffin and Franklin (1984). 
 

7.0 GEOTECHNICAL STABILITY 
 
The targeted minimum factor of safety of embankments depends on the loading condition and 
the assigned consequence category of the embankment.  The three primary loading conditions 
are steady-state static, seismic, and end of construction. 
 
For the steady-state static loading condition at the “high” consequence structures-the heap 
confining embankment and events pond dam-the factor of safety will be at least 1.5 for all failure 
mechanisms.   
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For the seismic loading condition, the factor of safety for the heap confining embankment and 
events pond dam will be greater than 1.0 at the maximum credible earthquake and at least 1.15 
using the maximum design earthquake seismic coefficients provided in Section 6.2.   
 
For the end of construction static loading condition, all structures will have a factor of safety of 
at least 1.3, regardless of consequence category. 
 

8.0 PERMAFROST 
 
8.1 Regional Overview 
 
The project site is in the southern region as defined by Brown (1970).  In this region, the 
permafrost is discontinuous and its character is varied.  Testholes across the site confirm this, 
with slightly more than half the holes drilled in the early and mid-1990’s encountering 
permafrost.  The upper and lower limits of the permafrost vary significantly, but the onsite 
thermistor instrumentation data suggest that in 1997 the permafrost did not extend deeper than 
about 25 m below ground surface and that its temperature was only a few tenths of a degree 
below freezing.  Brown (1970) indicates the active layer-the zone subject to annual freeze-thaw 
cycles-usually ranges from about 1.5 m to 4 m depending on the thickness and character of the 
organic ground cover, slope aspect, and elevation. 
 
8.2 Review of KP Subsurface Information (to 1996)  
 
Of the 191 samples collected on the entire Carmacks Copper (Williams Creek) Project Site and 
tested, only 15 that were frozen had moisture contents greater than 17 percent.  Of these, only 5 
were deeper than 5 m, 2 were from a single test hole in the proposed heap area (DH95-C), 2 were 
from test holes on the north side of the proposed waste rock storage area (MW96-F and H), and 1 
was east of the proposed development area (DH95-2). 
 
8.3 Influence of Permafrost on Design and Construction  
 
In 1996 the entire heap leach pad site was cleared of vegetation in preparation for subgrade 
preparation work.  The removal of the insulating effect of the vegetative ground cover will 
undoubtedly have had a positive effect by causing the permafrost to degrade.  These measures 
and other proposed measures would reduce the influence of thaw-unstable soils and the residual 
effects of the permafrost.   
 
Thaw-unstable soils within the permafrost will be addressed.  These soils contain sufficient 
ground ice to possibly cause unacceptable settlement or loss of shear strength as they melt.  
Without specific tests on individual soils to determine their thaw-instability, the natural moisture 
content can sometimes be used as an indicator.  On other Yukon projects where foundation soils 
exhibit moisture contents greater than 17 percent of the dry soil weight, the foundation soils have 
been deemed potentially thaw-unstable.  Site specific testing will be required to verify the 
applicable moisture content at this site, as it is dependant upon soil gradation and composition.  
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For the purposes of this report, however, it has been assumed that 17 percent moisture is an 
acceptable cutoff. 
 
Prior to construction in an area, test holes will be drilled in a 50-m grid pattern through the soil 
cover to either the top of bedrock or to the base of permafrost estimated to be at maximum depth 
of 25 m, whichever is shallower.  In the test holes, the upper 1.5 m will be sampled continuously 
to check for moisture content and suitable soil liner material.  Below 1.5 m, samples will be 
collected approximately every 1.5 m or as required by material changes, and tested for moisture 
content.  Where the soils are unfrozen, or frozen but with a moisture content not greater than 17 
percent, construction can proceed without any special foundation treatment.  Where there are 
frozen soils with a moisture content greater than 17 percent within 5 m of the ground surface, the 
potentially thaw-unstable soils will be excavated and the excavation backfilled with durable 
rock.  This program and procedures will be described in more detail in the construction quality 
assurance plan. 
 
It has been reported by others that less than 10 percent of the samples tested to 1997 have been 
frozen with moisture contents greater than 17 percent.  Because of the advanced stripping and 
thawing, this proportion should have decreased significantly and thereby reduce the required 
amount of pad foundation preparation. 
 
Also as noted above, there have been only three locations in the areas currently proposed for 
development where there have been frozen soils deeper than 5 m with water contents greater 
than 17 percent.  Because these are below the active zone, the advanced stripping likely will not 
cause thawing in a single year at these depths.  Also, because of their depth, they cannot simply 
be excavated. 
 
Each area where there are deep soils that are potentially thaw-unstable will require further 
engineering analysis and/or testing to determine the proper treatment.  For example, drill hole 
DH95-C in the proposed leach pad area encountered deep potentially thaw-unstable soil at 
depths of 6.1 m and 12.2 m.  Surrounding drill holes did not encounter these soils, so for this 
example, the problem area could be considered to be local.  In this case, a potential reduction in 
soil shear strength would not be critical to successful performance because the surrounding soils 
are stable and because the ore will be loaded in an uphill direction.  However, without special 
treatment, local differential settlement could be enough to unacceptably strain the liner system.  
By subexcavating the subgrade several metres in this area and constructing a raft of heavily 
compacted durable rock fill, these potential differential settlements can be spread over a wider 
area to reduce the liner strains to an acceptable amount.  For higher ice contents, the raft could be 
made more rigid to better spread the settlement by reinforcing it with geogrid or high-strength 
geotextile. 
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9.0 HEAP LEACH FACILITY 
 
9.1 Design Basis 
 
The heap will be designed to store approximately 13.3 million tonnes of ore at a dry density of 
1.6 tonnes/m3.  The ore density may be higher in the later years of operation due to consolidation 
under load.  The leach pad could be expanded beyond this capacity to the west or the height 
could be increased.  Ore will be placed for eight years at a maximum rate of 9872 tonnes per day 
for up to 200 days per year.  The 31.5 ha leach pad will be constructed in three stages ahead of 
ore placement.  Ore will be placed in 8 m lifts at an overall slope of 2½h:1v using conveyors.  It 
is anticipated that two years of residual leaching, three years of heap rinsing and eventual 
decommissioning will follow the eight years of ore placement. 
 
The raffinate will be applied through a system of drip emitters at a rate of 0.204 litres/min/m2. 
The total raffinate flow to the heap will be 540 m3/hr for a design leaching cycle of 120 days.  
Solution will not be stored within the heap but will drain through perimeter piping and a low-
level outlet to the process plant or the events pond. 
 
9.2 General Arrangement 
 
The ore will be placed on the valley-fill heap in 8-m lifts by haul trucks and leached in 
subsequent lifts, progressing up slope and atop previously leached lifts.  Storage for excess 
solution and extreme precipitation events will be provided in an events pond located down 
gradient from the heap. 
 
The proposed leach pad will be lined with a double composite liner system with a leak detection 
and recovery system (LDRS).  The pad will be surrounded by a two metre high perimeter berm 
on the north and west sides and a perimeter bench on the east side.  A confining embankment 
will form the lower limit of the leach pad to support the heap.  With a crest elevation of 780 m, it 
will be about 22 m high and 350 m long. 
 
There will be no in-heap solution storage behind this confining embankment.  Solution from the 
heap will be collected by a network of corrugated polyethylene tubing (CPT) above the leach pad 
liner and conveyed by gravity flow to the process plant. There will a double lined spillway over 
the heap confining embankment to the events pond to convey solution during extreme 
precipitation events.  Diversion ditches will collect and convey runoff from upslope of the heap 
leach facility to a sediment control pond, thereby reducing the quantity of water reporting to the 
heap and minimizing the pregnant leachate solution (PLS) dilution. 
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9.3 Geotechnical and Hydrogeological Properties 
 
The geotechnical and hydrogeological properties of the foundation, zoned earthfill, liner, waste 
rock, ore, drainage layer, and overliner materials have been estimated from drilling and test 
pitting, site-specific laboratory results, published literature, and professional experience.  The 
following documents form the basis for selecting the principal geotechnical and hydrogeological 
properties for final design of the leach pad and heap confining embankment: 
 

• Knight Piésold, Ref. No. 1783/1, May 1995 ‘Report on Preliminary Design’ – Laboratory 
test work and index test results, including foundation materials, pre- and post-leach ore, 
geosynthetic/soil interfaces, and geosynthetic/geosynthetic interfaces. 

 
• Knight Piésold, Ref. No. 1784/1, June 1996 ‘Report on 1996 Geotechnical and 

Hydrogeological Site Investigations’ – Laboratory test work and index test results, 
including permeability, coefficient of consolidation, coefficient of volume 
compressibility, and uniaxial compressive strength of bedrock. 

 
• EBA Engineering Consultants Ltd. December 5, 1997.  Submission of Testpit & 

Laboratory Test Results- Heap Leach Pad Area. 
 
The complete site-specific test results are not repeated in this report.  Table 3, on the next page, 
provides a list of all materials and interfaces to be considered during design and the principal 
geotechnical and hydrogeological parameters adopted for each.  Where available, the range of 
test results is provided in parentheses.  In general where test data are available, the selected 
parameters are at or near the lower bound of the test data.  In the few exceptions to this, the 
parameters were selected after considering the variability of the data and experience in similar 
circumstances. 
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Table 3: Summary of Hydrogeological and Geotechnical Properties - Carmacks Copper Heap Leach Pad 

Material  
Bulk Unit Weight, 
γbulk (kN/m3)  

Friction 
Angle, φ' 
(degrees)  

Cohesion, c 
(kPa)  Permeability, k (m/s)  

Coefficient of 
Consolidation, Cv 

(m2/year)  

Uniaxial Compressive 
Strength, UCS (MPa)  

Ore Materials        
Crushed Ore (saturated)  19.6  37  0  1 x 10-8  - - 
Crushed Ore (unsaturated)  16.7  37  0  1 x 10-8  - - 
Foundation Materials        
Sands and gravels  21 (20.9 to 21.8)  36 (36 to 44)  0  1x10-5 (1x10-5 to 1x10-7)  150  - 
Finer grained sand, silt and clay mixtures  21 (17.5 to 23.2)  33 (36 to 41)  0 (0 to 151)  1x10-7 (1x10-7 to 1x10-9)  20 (6 to 35)  - 
Plastic clays  14 (14)  10 (10)  61 (61)  - 7 (3 to 13)  - 
Frozen soils  21.7 (20.4 to 23.0)  - - 1 x 10-15  - - 
Weathered granodiorite  21 (21)  37 (37 to 44)  - 1 x 10-6  - 5  
Fresh granodiorite  25  45  15,000  2 x 10-7  - 40 (35 to 75)  
Fresh to weathered biotite gneiss  25  37 to 40  - 1 x 10-6 to 2 x 10-7  - 56 (35 to 92)  
Construction Materials        
Zoned earthfill  22.4  40 (36 to 44)  0  - - - 
Waste rock  19.6  37  0  - - - 
Overliner  - - - 1 x 10-4  - - 
Soil liner  - - - 1x10-8 (1x10-9 to 1x10-11)  - - 
LDRS drain rock  - - -  - - 
Textured Geomembrane / Geonet   21*      
T. Geomembrane / Ore or overliner interface  - 26 (26 to 26)  0  - - - 

Smooth Geomembrane / Geonet interface  - n/a (6 to 25)  0  - - - 
 
Notes:  
1. Plastic clays not considered in hydrogeological modelling.  
2. Sources: Site-specific laboratory testwork, references provided in Section 3.1, Knight Piésold Ref. No. 10178/6-1, professional experience, and external review comments.  
3. Range of site-specific laboratory results presented in parentheses.  
4. Omitted values not relevant to design analyses or not applicable to material.  
5. Ore and overliner permeabilities to be confirmed, including stress dependancy and degradation during leaching.  
6. * verification required  
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9.4 Foundation Preparations 

9.4.1 Pad Grading 
 
Most of the organics and topsoil were stripped from the foundation area in 1996.  At the start of 
construction, any remaining windrows or piles will be removed and the area will be rough 
graded.  Site preparation activities at this time will include: 
 

• completion of the a drilling investigation to delineate any potential unstable soil (see 
Section 8.3) and assess suitability for soil liner material,  

• removal or treatment of the unstable/unsuitable soils and controlled fill placement to 
subgrade elevation; 

• in areas cut to subgrade elevation - scarification, moisture conditioning, and compaction 
of the subgrade level soils to depth of at least 300 mm,  

• proof-roll of prepared subgrade 
• construction of the liner  

As part of the pre-construction investigation soil samples representative of the subgrade will be 
taken and tested for particle size, plasticity indices, and natural moisture content.  There will also 
be enough control tests to relate the index properties and visual characteristics of the subgrade 
soils to the expected permeabilities.  From the test results, the subgrade soils to be classified as 
follows: 
 

• Soil Liner Material - permeability of 10-8 m/s or lower.  This materials will satisfy the 
grading requirements for soil liner material, and will be suitable for compaction;  

 
• Random fill – permeability greater than 10-8 m/s.  These materials will be used 

selectively for site grading below the depth of any proposed soil liner or uses as 
appropriate in zoned earthfills based on grading requirements. 

 
• Waste Materials – waste materials will include organic rich materials, potentially 

unstable materials or any other materials deemed deleterious.  These materials will be 
excavated and hauled to a designated waste stockpile. 

 
As described in Section 8.3, all potentially thaw-unstable materials within 5 m of the ground 
surface that are identified during the delineation program will be excavated.  Excavations deeper 
than 1 m below final subgrade will be filled to 1 m below final subgrade with acceptable rock 
fill, then filled with soil liner material.  These materials will be placed and compacted as 
subgrade.  Further details will be provided in the QA/QC Manual. 
 
Areas where potentially thaw-unstable materials are deeper than 5 m will be assessed 
individually and specific treatments developed. 
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9.4.2 Foundation Drainage 

 
A foundation drainage system will be installed beneath the leach pad to intercept and remove 
near-surface and seasonal groundwater flows, to reduce the possibility of uplift pressures beneath 
the liner, and to provide another LDRS.  The foundation drains will be installed at least 1.5 m 
below the prepared subgrade surface and will comprise perforated CPT surrounded by select 
drain gravel and wrapped in geotextile.  The select drain gravel will provide continued 
foundation drainage in the event of blockage or collapse of the CPT.  The drains will be located 
in the natural drainage swales and extended to intercept any springs, seeps, or damp spots 
identified during pad grading and mapping. These drains will convey any intercepted 
groundwater seepage under the embankment to a foundation drainage collection sump located at 
the toe of the confining embankment.  Flow into the sump will be tested periodically for pH and 
conductivity.  If its quality is acceptable, it will be discharged below the events ponds; otherwise, 
it will be discharged into the events pond. 
 
Once the foundation drains are installed they will be covered by compacted soil liner material 
and the double composite liner system. The upslope ends of the main collection pipes extend 
beyond the limits of the pad area through solid CPT pipe so that they will remain accessible.  
The ends of the pipes will be capped to prevent animals from entering the pipe and to prevent 
icing.  If blockage of the CPT is suspected an attempt will be made to pressure clean with water 
or mechanically clean the tubing.  Given the redundant drainage provided by the surrounding 
drain gravel, no further attempt to recover the CPT installation will be made if cleaning is 
unsuccessful. 
 

9.4.3 Perimeter Berm and Bench 
 
The perimeter bench on the east side of the leach pad will be wide enough for the access road 
perimeter diversion ditch, perimeter piping and sumps, and the liner anchor trench.  The 
perimeter berm on the north and west sides of the pad will incorporate the liner anchor trench 
and perimeter piping and sumps.  The perimeter road and diversion ditch will be outside of this 
berm.  The berm and bench will separate the surrounding diverted areas and the heaped ore.  A 
channel, formed by the depression between the perimeter berm or bench and the sloping ore, will 
convey surface runoff from the heaped ore to the perimeter sumps.  From there, it will be piped 
to the plant or events pond. 
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10.0 LINER SYSTEM 
 
10.1 General 
 
The entire leach pad and the uphill face of the confining embankment will be lined with a double 
composite liner with an integral LDRS.  Three separate designs are envisioned with protection 
for the environment appropriate to the potential for leakage in any given zone:  these zones have 
been designated as the upper works, lower works and trenches. 
 
The upper works comprise the upper portion of the heap leach pad, at elevations greater than 
830 m.  In this zone, the base slope exceeds 7:1 with a consequence that pregnant leachate 
solution (PLS) flow velocities are high and hydraulic heads are low. 
 
The lower works comprise the lower portion of the heap leach pad adjacent to the confining 
embankment.  In this zone, PLS velocities are low and the hydraulic head will approach 1.0 m.  
Therefore, there is a potential for higher leakage rates through the primary liner in this area. 
 
The trenches are constructed in the LDRS to move PLS laterally.  In the trenches, PLS velocities 
will be high but, because these are the collector system for the LDRS, the hydraulic head will 
also be high.  There is therefore a higher potential for leakage of the primary liner in this area. 
 
Subject to the results of product specific laboratory testing of the liner system, the components of 
the liner system for the upper and lower works will generally comprise the following: 
 
 
10.2 Upper Works: 
 
The upper works liner system comprises (listed from the top down): 
 

• High-permeability, durable overliner cushion layer with solution collection piping. 
• 60 mil textured HDPE upper liner; 
• Leak detection and recovery system (LDRS) comprising a high transmissivity tri-planar 

geocomposite; 
• 60 mil textured HDPE lower liner; 
• Subgrade (with foundation drains); 

 
10.3 Lower Works: 
 
The lower works liner system comprises (listed from the top down): 
 

• High-permeability, durable overliner cushion layer with solution collection piping. 
• 60 mil textured HDPE upper liner; 
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• Leak detection and recovery system (LDRS) comprising a high transmissivity tri-planar 
geocomposite; 

• 60 mil textured HDPE lower liner; 
• Compacted lower soil liner with a permeability not greater than 10-8 m/s; 
• Subgrade (with foundation drains); 

 
10.4 Trenches 
 
The trench design profile comprises (listed from the top down): 
 

• High-permeability, durable overliner cushion layer with solution collection piping. 
• 60 mil textured HDPE upper liner; 
• 12 oz nonwoven polypropylene geotextile 
• Drainage layer comprising durable crushed ore or sand and gravel with permeability of at 

least 5 x 10-4 m/s and solution recovery piping; 
• Leak detection and recovery system (LDRS) comprising a high transmissivity tri-planar 

geocomposite; 
• 12 oz nonwoven polypropylene geotextile 
• 60 mil textured HDPE lower liner; 
• Subgrade; 

 
The components of the various liner designs are further described as follows: 
 
10.5 Subgrade 
 
The subgrade will be suitable in-situ material that has been scarified and recompacted, or borrow 
material imported to backfill excavations of unsuitable material as described above.  The design 
criteria for subgrade are: 
 

• Random fill as defined in the technical specifications 
• Maximum particle size equal to 75% of the approved layer thickness. 

 
10.6 Soil Liner 
 

Lower Works 
Laboratory tests and correlations with index properties will confirm that the liner material meets 
the required permeability criterion of 10-8 m/s.  These will be described in the QA/QC manual. 
 
The soil liners will be compacted with a smooth drum vibratory roller in lifts of less than 
150 mm, with careful inspection of the soil surface to ensure the removal of any stones larger 
than 10 mm under strict quality control.  The liner installer will certify acceptance of the final 
surface as part of the QC and warranty process. 
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Upper Works 
Beneath the upper works, subgrade preparation will require sufficient effort to remove any 
organic materials, provide a competent base and prevent rock fragments and gravel from 
puncturing the lower geomembrane liner.  Product-specific laboratory testing under expected 
loads will dictate the maximum allowable particle size and final methods of subgrade preparation 
for the upper works 

 
10.7 Textured HDPE Liner 
 
Both geomembrane liners will be 60 mil textured HDPE.  Careful manufacturing quality control 
and construction quality assurance will confirm the specifications are achieved. 
 
10.8 Leak Detection and Recovery System 
 
An LDRS will be constructed using a high flow triplanar geocomposite.  The geocomposite 
utilizes a tri-planar structure with rigid vertical ribs that significantly increase the tensile strength 
and compressive resistance of the geocomposite.  These ribs are also supported by structural 
planar ribs that reduce intrusion into the high flow drainage core.  The LDRS will be subdivided 
into cells of appropriate size to allow for solution management in each pad area. 
 
10.9 Geotextile 
 
A 12 oz, non-woven, needle punched geotextile will be used as a separation and filtration layer 
in the trenches (“French drain”). 

 
10.10 Overliner 
 
A maximum 1.0 m thick layer of processed, durable crushed ore or sand and gravel will cover 
the upper HDPE liner to protect it from puncture under ore loading and to promote the effective 
under-drainage and collection of PLS from the ore. The design criteria for the overliner are as 
follows: 
 

• Maximum particle size of 19 mm to prevent liner puncture, unless specific testing shows 
a larger size is acceptable. 

• Durable, hard rock resistant to acid degradation. 
• Permeability of at least 5 x 10-4 m/s to enhance PLS recovery and to minimize hydraulic 

head on the upper liner. 
 
Within the overliner, there will be a network of pipes to collect the solution within the overliner 
and transfer it to either the process plant or the events pond.  This system of solution recovery 
piping also will reduce the hydraulic head on the upper liner.  As within the LDRS, the overliner 
will be subdivided into cells of appropriate size to allow solution management above the liner. 
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10.11 Leakage Criteria 
 
Previous leakage criteria used in the Yukon were reviewed to develop the liner design.  These 
criteria require an allowable leakage rate into the LDRS of 100 L/day averaged over a twelve-
month period, with a maximum of 300 L/day averaged over a 3-month period.  Initially, because 
of the lack of a defined area in the criteria, we used the leakage rate to define the largest 
detection “cell” that could be allowed in the design. 
 
At the outset of EBA’s design, it was our belief that the design criteria could be accommodated 
with a conventional double-lined geomembrane system, commonly used in hazardous waste 
impoundments in low precipitation situations.  However, when we apply accepted design 
standards for the geomembrane as proposed by Giroud and Bonaparte (1989) and updated by 
Maxxon and Feeney (1993), the leakage into the LDRS required a large number of cells to be 
constructed to remain below the leakage criteria. 
 
The permeability of the various layers used in the design is as follows: 
 

• Overliner:  k> 5 x 10-4 m/s 
• Textured HDPE liners:  k< 1 x 10-10 m/s (permeability controlled by construction defects) 
• LDRS:  k> 1 x 10-4 m/s 
• *Soil liner:  k< 1 x 10-8 m/s 
 

*There may be some issues with the performance of soil liners in a highly acidic permeant.  A review of the 
literature indicates that between one and two orders of magnitude increase in permeability could be expected 
when soil is exposed to acid.  In one case, despite some buffering of the acid by the soil itself, the 
permeability increased two orders of magnitude with a permeant of pH 2.3.  To account for this potential 
impact, the permeability of the soil liner has been modelled using an increased k. 

 
10.12 Liner Terminations 
 
All HDPE liners will be terminated in anchor trenches.  These trenches will be either permanent 
trenches along the perimeter berm, bench and embankment, or temporary trenches on the edges 
of pad extensions.  The design criteria for the trenches are: 
 

• To ensure water cannot enter drainage systems by seeping through the trench backfill. 
• To provide adequate anchoring resistance to withstand the pullout forces generated by 

gravity and thermal expansion and contraction of the HDPE geomembranes. 
 
10.13 Frost Protection 
 
To protect the soil portion of the leach pad liner from frost damage, the liner will be covered 
with at least 4.5 m of ore and overliner prior to winter.  Additional frost protection may be 
provided by exothermally-generated heat from the leaching process, solution heating, and natural 
snow insulation. 
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10.14 Geotechnical Instrumentation 
 
Geotechnical instruments will be used to monitor and confirm design assumptions and 
performance of the solution collection system, perimeter berms and heap confining 
embankments.  They will include permanent surface movement monuments on the system 
embankment crest, and piezometers within the pad foundation, overliner and confining 
embankment.  All piezometers will be monitored regularly but will not form a requirement for 
continued operation of the facility should they cease to function. 
 
10.15 Leach Pad Settlement 
 
Leach pad settlement could potentially result from several sources – thaw of ground ice in 
permafrost, and subsequent consolidation of thawed soils from overburden pressure; and elastic 
compression of coarser-grained soils, and consolidation of fine-grained soils due to vertical loads 
imposed by the heap. 
 
The design criteria for the leach pad settlement are as follows: 
 

• Differential settlements will not compromise the integrity of the liner system. 
 

• Tensile strains of less than five percent in the synthetic and soil liner systems will be 
maintained. 

 
• Positive drainage of foundation drains and LDRS and PLS collection pipes will be 

maintained by “overbuilding”.  All drainage grades and locations will be determined with 
an allowance for settlements of the foundations. 

 
• Pipe joints will be capable of sustaining settlement-induced tensions without separation. 

 
The initial Knight-Piesold settlement estimates of up to 1.2 m under the heap leach pad have 
been reviewed and are considered reasonable at this time.  However, permafrost conditions have 
likely changed significantly over the past nine years – additional boreholes will be required to 
verify existing conditions, and to collect data to re-assess settlement potential from thawing 
permafrost.  It is expected that some permafrost thaw has occurred, and therefore the estimates of 
total and differential settlements under the leach pad might be lower than initially predicted. 
 
Mitigative measures include the potential use of (more flexible) PVC liners in specific areas, 
based on the results of an additional site assessment. 
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