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EXECUTIVE SUMMARY 

Lydian International Limited (Lydian) retained Golder Associates UK Limited (Golder) to 
prepare a Scoping Study, the equivalent of an Armenian feasibility study, for development of 
a gold heap leach facility (HLF) and process facility for the Amulsar Project located in central 
Armenia.  Lydian is in the process of investigating the ore reserves, with only a fraction of the 
reserves explored, and submission of this feasibility study is necessary for extension of the 
Mining Licence required in order to continue the exploration program.  The Amulsar licence 
is 95% owned by Lydian’s wholly owned Armenian subsidiary (Geoteam CJSC).  The 
Amulsar project forms part of Lydian's joint venture with Newmont Overseas Exploration 
Limited, a wholly owned subsidiary of Newmont Mining Corporation (NYSE:NEM). 

The scoping study prepared by Golder provides background on the project and a description 
of the site conditions including topography, climate, seismicity, local geology, hydrogeologic 
conditions, and potential construction borrow sources, as well as a summary of the 
preliminary results from metallurgical testwork performed by Geoteam CJSC and SGS 
Lakefield.  Four sites located on a plateau adjacent to the Vorotan River were evaluated by 
Golder as potential locations for the proposed HLF.  Site 2 with approximately 100 Ha 
available for HLF development was selected, and conceptual designs were prepared for three 
reserve scenarios.  For each reserve scenario, the options to crush and screen the ore or to 
deliver run-of-mine (ROM) ore directly to the HLF leach pad were considered.  The 
conceptual layouts and design were prepared by Golder for the leach pad and by Golder’s 
subcontractor, KD Engineering (KDE), for the process facility.  The three scenarios evaluated 
were suggested by Lydian as a range of potential reserves based on early phase development 
of the project and consisted of small, medium, and large facilities with an ultimate ore 
capacity ranging from approximately 9.3 to 93.3 million tonnes (Mt) at an average ore grade 
of 1 gram per tonne (g/t). 

The scoping study provides a general overview of the heap leaching and process technology, 
typical design details for the HLF, preliminary metallurgical test program outline, process 
plant site layout, infrastructure evaluation, process flow charts, and a preliminary equipment 
list.  The scoping-level material quantities have been developed to support Lydian in 
development of scoping-level costs (±40 percent) for construction and operation of the HLF 
and process facility.  The results of the quantity and cost estimate should be used only for this 
scoping level study, but not for financing or capital allocation for construction.   

Estimated capital costs (assuming 40% contingency) are summarized in Table ES-1, and 
provided in greater detail in the body of the report.  The unit costs used in development of the 
cost estimates are based on recent project experience by Golder and KDE on similar projects 
in the United States, with costs provided in U.S. 2008 dollars (US$).   
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Table ES-1:  Estimated Capital Costs 

HLF CAPITAL COSTS 
(BY GOLDER) 

POTENTIAL GOLD 
RESOURCE AT 1 g/t 

$M ROM 
OPTION 

$M CRUSH & 
SCREEN OPTION 

 
Small Facility 300,000 9.4 9.4 
Medium Facility 1,000,000 24.4 24.4 
Large Facility 3,000,000 60.8 60.8 

PROCESS FACILITY 
CAPITAL COSTS 

(BY KDE) 

POTENTIAL GOLD 
RESOURCE AT 1 g/t 

$M ROM 
OPTION 

$M CRUSH & 
SCREEN OPTION 

Small Facility 300,000 16.4 62.8 
Medium Facility 1,000,000 21.5 78.0 
Large Facility 3,000,000 29.0 98.1 

TOTAL COSTS POTENTIAL GOLD 
RESOURCE AT 1 g/t 

$M ROM 
OPTION 

$M CRUSH & 
SCREEN OPTION 

Small Facility 300,000 25.8 72.2 
Medium Facility 1,000,000 45.9 102.4 
Large Facility 3,000,000 89.8 158.9 
 
Operating costs were estimated by KDE and decrease with an increase in the ore tonnage as 
efficiencies in scale are realized with the larger projects.  The range of operating costs in US$ 
were estimated to be from $2.06/t (small) to $1.26/t (large) for the ROM option and from 
$3.15/t (small) to $2.07/t (large) for the crush and screen option. 

The report provides details for study advancement to the feasibility stage with respect to the 
HLF and the process facility designs.  Optimization of the selected design alternative during 
the next phase of work, especially with regard to earthworks (i.e., grading plan) and 
metallurgical test work, is expected to optimize the project economics. 
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1.0 INTRODUCTION 

Golder Associates UK Limited (Golder) was retained by Lydian International Limited 
(Lydian) to conduct a preliminary scoping level design of a heap leach facility (HLF) for the 
Amulsar Project.  The Amulsar Project is located in central Armenia.  The general site 
location is illustrated on Figure 1 and Drawing 1. 

Lydian has a deadline to convert the Amulsar exploration license to a Mining License at the 
end of this year.  Conversion of the license requires submittal of an Armenian standard 
feasibility study, which is considered equivalent to an international scoping level study.  
Lydian is in the process of investigating the ore reserves, with only a fraction of the reserves 
explored, and the Mining License is required in order to continue the exploration program.    

1.1 Background 

The Amulsar Project is envisioned as an open pit operation with a heap leach pad and 
processing plant.  Amulsar is a high-sulfidation type epithermal gold project.  Preliminary 
heap leach amenability tests conducted by SGS Lakefield in Canada on crushed core samples 
of ore from the project indicate recoveries of 94 to 97 percent (SGS, 2008). 

Total tonnage estimates for the project are not defined as exploratory drilling operations are 
progressing and the extent of the project is still being investigated.  Therefore, Lydian has 
indicated that three production scenarios be evaluated by the design team for this scoping 
level study, as summarized in Table 1.  The design scenarios represent potential small-, 
medium-, and large-scale mining operations.  The scenarios presented in Table 1 are based on 
the following assumptions: 

• Potential ounces of gold estimated assuming an ore grade of one gram per tonne (g/t) of 
ore with 94 to 100 percent recovery.  Based on Lydian, the ore grade likely ranges from 
0.8 g/t to 1.6 g/t, and therefore 1 g/t appears to be a realistic approximation; and 

• The waste tonnages were estimated assuming a stripping ratio of 0.64, provided by 
Lydian. 

 
The project is currently in the early stages of exploration, with approximately 
8,000 metres (m) of drilling completed to date.  In order to comply with the Armenian mining 
regulations, it is required that Lydian present a basic Mining Plan, of which the determination 
of basic processing requirements is an integral part.  Based on the initial metallurgical test 
work, Lydian considers that the deposit is amenable to the extraction of gold through heap 
leaching. 
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1.2 Scope of Work 

Golder’s scope of work for the Amulsar Project, as defined in our proposal dated 28 August 
2008 (Golder, 2008a), is as follows: 

• Conduct a site visit with surface reconnaissance within potential HLF areas to evaluate 
the potential sites, assess geologic hazards, evaluate shallow foundation characteristics, 
identify potential borrow sources, and characterize the general surface hydrology 
aspects of the site; 

• Conduct a review of available data and develop preliminary design criteria in support 
of the scoping level study; 

• Develop conceptual design drawings for the project, including development of scoping 
level HLF layouts; 

• Prepare a scoping level study report for the project, including information on the basics 
of heap leaching as heap leaching is a new concept in the Republic of Armenia; 

• Develop scoping level quantities of rough earthworks (cut/fill volumes), construction 
fill volumes, synthetic lining requirements, and collection pipework for HLF 
construction to support development of a capital cost estimate (±40 percent) to assist in 
evaluation of the viability of the project; and 

• Provide recommendations to advance the project from the scoping level to the 
feasibility stage.   

 
Golder has teamed with KD Engineering (KDE) of Tucson, Arizona, who provides support 
regarding the processing aspects of this scoping level study.  KDE’s scope of work includes: 

• Review available data, including results of metallurgical testing completed to date; 
• Develop a preliminary metallurgical test program in support of project advancement to 

feasibility level; 
• Develop preliminary process facility flowsheet drawings; 
• Describe the processing facilities and develop preliminary process design criteria; 
• Evaluate local and regional infrastructure; 
• Develop a preliminary equipment list; and 
• Develop capital and operating cost estimates for the project (±40 percent). 
 
This report is a scoping level study prepared to provide a summary of the site visit conducted 
in September 2008, and a review of data relevant to design of the process facilities.  This 
report contains a summary of our understanding of the site conditions, a preliminary 
assessment of important factors affecting heap leach facility and process facility design and 
construction, and recommendations for future data collection to support feasibility 
(“bankable”) level studies.   
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2.0 AMULSAR HLF PROJECT SITE 

This section presents the general project setting and site topographic, climatic, seismic, and 
geologic conditions of the Amulsar Project Site based on data provided by Lydian and a 
review of available literature. 

2.1 General Project Setting 

Lydian has three license areas, named Saravan, Amulsar and Gorhayk (from east to west).  
Initial exploration has only been carried out for the Amulsar deposit, as it is considered the 
most promising deposit.  The Amulsar deposit is located along a range of peaks (Erato, 
Tigranes and Artavasdes, from north to south).  Ore resource evaluation drilling is currently in 
progress. 

Access to the site is approximately 170 kilometres (km) along a paved roadway from 
Yerevan, and then approximately 6 km by an unpaved roadway (via Gorhayk village) 
(Geoteam CJSC, no date).  Dirt tracks provide access to the exploration site, which traverses 
the potential heap leach sites.  Drawing 2 provides a general layout of the project site, and 
Drawing 1 illustrates the approximate site location in relation to Yerevan. 

The Amulsar license area straddles the boundary between Vayots-Dzor and Syunik Provinces 
(Geoteam CJSC, no date).  A high tensile power line transects the southern limits of the 
license area (Geoteam CJSC, no date).  The Iran-Yerevan gas line, currently under 
construction, crosses through the project area, as illustrated in Drawing 2.  

2.2 Site Topography 

Much of the Amulsar license is within a mountainous area, with an approximately 7 km long 
northwest southeast trending mineralized ridge reaching a maximum elevation of 2,988 m 
above mean sea level (amsl) (Geoteam CJSC, no date).  The site topography in the areas 
selected for potential heap leach pad construction, which are outside of the Amulsar license 
boundary, consist of gently sloping wide valley areas selected.  The elevations in these wide 
relatively flat valleys range from approximately 2,150 m amsl to 2,300 m amsl.  

The mountainous area around Amulsar is not rugged, and actually quite rounded (Geoteam 
CJSC, no date).  Vegetation at the site is limited to wild grasses and isolated scrub, making 
site access relatively easy (Geoteam CJSC, no date).   

2.3 Climate 

Though located in the subtropical zone, Armenia exhibits a climate that is dry and continental 
due to the influence of the high mountain ranges.  Regional climatic variations are 
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considerable.  Except in high altitude areas, summer is long and hot, and winter is generally 
not cold.  Invasions of Arctic air occasionally occur causing the temperatures to drop sharply.  
Data from the Vorotan Pass weather station located near the site indicate a maximum air 
temperature of 34.2o C, with a minimum of -27.6o C, and an average relative humidity of 76.0 
percent. 

The ranges of the Lesser Caucasus Mountains prevent humid air masses from reaching inner 
regions of Armenia.  As a result, annual rainfall on the mountain slopes may approximate 800 
millimetres (mm), while sheltered inland plains receive about 25 to 50 percent as much 
precipitation.  

Climatic data for the Amulsar Project site was obtained by Lydian from Vorotan Pass, located 
at an elevation of 2,378 m.  The location of Vorotan Pass (Polkovo coordinates 39o41’ 
latitude, 45o43’ longitude) is identified on Drawing 2, and is approximately 2.5 kilometres 
(km) south of the proposed pit and 5 km southwest of the proposed HLF.  Preliminary 
average climatic data for the site is summarized in Table 2. 

As summarized in Table 2, the average annual precipitation for the site is 662.6 mm.  The 
wettest month on record is May 1972, with a monthly precipitation of 211.4 mm.  At this 
stage of the design, the evaporation data presented in Table 2 have not been corrected to 
standard pan evaporation.  A preliminary review of the climatic data obtained from the 
Vorotan Pass weather station is provided in Appendix A. 

2.4 Seismicity 

Armenia lies in a region with a relatively high level of seismic hazard.  A regional seismic 
hazard map for the site area is presented in Figure 2, and was developed as part of the Global 
Seismic Hazard Assessment Project (GSHAP) conducted by the United Nations (Erdik et al., 
1999).  The map shows the peak ground acceleration (PGA) at bedrock that the area can 
expect during the next 50 years with a 10 percent probability of exceedance (i.e., 475 year 
return period).  As indicated in the map, the entire country of Armenia is located in an area of 
high hazard with an expected PGArock ranging between 0.4 g to 0.5 g. 

Figure 3 shows a more detailed seismic hazard map of Armenia.  This map displays the 
maximum horizontal accelerations that an area can expect during the next 500 years with a 10 
percent probability of exceedance.  As illustrated in Figure 3, the Amulsar site lies in a 
seismically active zone with a PGArock of 0.3 g.   

The most recent destructive earthquake was recorded in September 1931 at the town of Sisian 
approximately 30 km southwest of the proposed Amulsar pit (Geoteam CJSC, no date).  
Destructive earthquakes have also been recorded approximately 20 km southeast of the site in 
the ancient city of Vayk (Geoteam CJSC, no date). 
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2.5 Local Geology 

The Amulsar region was initially identified in 1936-1937 as an area of “secondary quartzite” 
deemed to host a potential silica resource (Geoteam CJSC, 2007).  Further work in the 1940s 
concluded that the project was of no interest as a source of quality silica because the alunite 
content of the silica was too high (Geoteam CJSC, 2007).  Further work in the 1960s 
identified the “secondary quartzite” as metasomatic in origin, developed due to the 
replacement of intermediate composition volcanic rock (Geoteam CJSC, 2007).  Testing at 
that time concluded that silica was of sufficient quality for production of low grade glass 
(Geoteam CJSC, 2007).  However, the silica reserves at the site, estimated at 360 Mt, has not 
been explored further since the 1980s (Geoteam CJSC, no date).  The secondary quartzites of 
hydrothermal origin comprising the Amulsar deposit are gold bearing (Geoteam CJSC, 2007). 

2.6 Hydrogeological Conditions 

The major ore prospects (i.e., Erato, Tigranes, and Artavasdes – see Drawing 2) of the 
Amulsar deposit as well as the proposed HLF are located within the surface water catchment 
of the Vorotan River.  The Vorotan River meets Lake Spandaryn approximately three 
kilometres south of the proposed HLF area.   

A permanent diversion channel should be constructed at the extents of the HLF footprint to 
intercept and re-direct upstream surface water flow around the facility.  If the HLF is 
constructed in phases, temporary diversion channels shall be constructed on the upstream 
extents of the phase boundaries to direct surface water flows around the facility.  Water 
flowing in surface water diversions around the facility is considered unimpacted, and can 
likely be discharged into the Vorotan River. 

Though not investigated during the site visit, groundwater has the potential to be fairly 
shallow, as evidenced by the presence of the Vorotan River.  The presence of shallow 
groundwater beneath the HLF may necessitate the construction of a foundation leak detection 
system beneath the liner system, to be evaluated further during the next stage of facility 
design.  Conceptual level drawings provided as part of this scoping level study do not include 
details of a leak detection system for the heap leach pad.  

2.7 Potential Construction Borrow Sources 

No defined borrow areas were observed within the areas investigated during the site visit 
(Golder, 2008b).  However, the general soil horizon identified in the proposed HLF area, with 
adequate processing, could be used for general construction purposes (Golder, 2008b).  
Screening of the fines from the native soils within the proposed areas might be suitable for 
underliner construction beneath the geomembrane liner within the heap leach pad and ponds.  
Figure 4 includes photos of shallow trenches within the foundation soils near the potential 
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Site 1 HLF location excavated for pipeline construction.  As seen in Figure 4, the near surface 
soils consist of a heterogeneous mix of medium dense angular to subangular boulders to 
gravels, within a slightly clayey silty sand matrix.   

Granular materials, suitable for use as filter material, were not observed in the general 
location of the sites.  Granular material may have to be imported and/or crushed on site.  
Granular material for overliner/drainage layer construction within the heap leach pad will 
likely consist of crushed ore.  Other granular material may be available by screening site soils, 
or rockfill from crushing of prestrip material from the pit. 

Topsoil and organic soils are not suitable as a construction material, but should instead be 
stockpiled for closure purposes.  Further investigation and characterization of the native soils 
is required to define their suitability for various construction materials. 
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3.0 HEAP LEACH FACILITY SITE SELECTION 

Golder conducted a site visit from September 8 to 10, 2008 (Golder, 2008b).  Mr. Adam 
Darby, a senior geotechnical engineer and Associate from Golder’s Madrid office, and Hugo 
Izquierdo, a junior mining engineer from Golder’s Madrid office, conducted the site visit.  
The field review included discussions with Lydian technical personnel present on site, namely 
Mr. Jason Wilkinson (Exploration Manager), Mr. Hugh Devlin (Director of Operations), Mr. 
Andor Lips (Technical Director) and Mr. Armen Stepanyan (Environmental Manager), and a 
visual site review of potential HLF sites.   

3.1 Sites Evaluated 

Four sites were evaluated as potential locations for the proposed HLF, all of which are located 
on a plateau adjacent to the Vorotan River (Golder, 2008b).  These sites were selected due to 
their topographic characteristics and close proximity to the proposed open pit.  As a summary 
these are: 

• Site 1:  Located on the plateau adjacent to the Vorotan River, approximately 3.2  km 
east of the center of the potential Amulsar pit; 

• Site 2:  Located on the plateau adjacent to the Vorotan River, approximately 4.7 km 
east of the center of the potential Amulsar pit; 

• Site 3:  Located on the plateau adjacent to the Vorotan River, near the confluence with 
Lake Spandaryan, approximately 7.3 km southeast of the center of the potential 
Amulsar pit; and 

• Site 4:  Located on the top end of the plateau adjacent to the Vorotan River, some 
6.1 km northeast from the center of the potential Amulsar pit. 

 
Some additional valley areas exist that could be adequate for the HLF site, but considering the 
benefits of Sites 1 through 4 above, these have not been considered in any depth.  One such 
area is a valley structure immediately west of the exploration camp (grades in that area appear 
to be approximately 15 to 20 percent).  This area could potentially be used for waste dumps. 

3.2 Site 1 

As mentioned, Site 1 is located on the plateau to the east of the proposed pit, adjacent to the 
Vorotan River.  Drawing 2 illustrates the general location and potential layouts for HLFs 
within Site 1.  

This site is generally flat, sloping slightly downward from the west towards the south.  The 
average grade over the area is approximately 2 to 3 percent.  The area is confined on the west 
by the Vorotan River, on the north by a small dry tributary of the Vorotan River, on the east 
by hills, and on the south by another small tributary. 
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The Iran-Yerevan gas line, currently under construction, crosses through the centre of the 
proposed area (see Drawing 2).  Based on current estimations of the police areas surrounding 
the pipeline, the area on the west side of the pipeline would have approximately 63 hectares 
(Ha) of available space for HLF construction.  The available area on the east side of the 
pipeline would have approximately 48 Ha of substantially flat surface, with the potential to 
expand the pads into a valley configuration (adding an additional 50 Ha) towards the west. 

The ideal location for the ponds is to the north of the pad (eastern side of the pipeline).  
Minimal regrading would be required.  Depending on the size of the contingency pond 
required, the small tributary to the north could be used as a possible location for this pond. 

Soil conditions, discussed in Section 2.7 and Section 3.2, are similar throughout the area.  
Therefore, foundation conditions do not indicate a preferential location for the plant area.  
Consequently, siting of the structures should be based on optimization of haulage distances 
from the pit and/or pumping distances from the ponds. 

The area is remote, located far from inhabited areas, and visual impact should be minimal.   

3.3 Site 2 

Site 2 is also located on the plateau to the east of the proposed pit, adjacent to the Vorotan 
River.  Drawing 2 illustrates the general location and potential layouts for a HLF within Site 
2. 

The site generally slopes downward from west to south with an average grade of 
approximately 5 percent.  Site 2 is slightly more undulating than Site 1, with some shallow 
valley structures traversing the site (generally aligned with the average slope).  The area is 
confined on the west by the Vorotan River, on the north by a tributary to the Vorotan River, 
on the east by hills, and on the south by another small dry tributary. 

The Iran-Yerevan gas line runs to the northeast of the proposed area, on the uphill side of the 
proposed HLF site.  Approximately 100 Ha are available for the pads at Site 2.  The ideal 
location for the ponds is to the south of the pad in order for leachate collection to take 
advantage of the existing grade.  Depending on the size of the contingency pond, the small 
tributary to the south, as for Site 1, could be used as a possible location.  There appears to be 
no limitations or recommended locations for the plant infrastructure based on site conditions.  
Therefore, siting of the structures should be based on optimization of haulage distances from 
the pit and/or pumping distances from the ponds. 

The area is closer to the Gorhayk village and the main road than Site 1.  Depending on the 
heap height, some visual impact may be noticeable. 
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3.4 Site 3 

Site 3 is located near the confluence of the Vorotan River and Lake Spandaryan, also located 
on the plateau to the southeast of the proposed pit.  Drawing 2 illustrates the general location 
and potential layout for a HLF within Site 3. 

The site is generally flat, sloping slightly downward from the east to the west.  The average 
grade was roughly estimated during the site visit at 2 percent.  The area is confined on the 
west by the Vorotan River, on the north by a dry tributary of the Vorotan River, on the east by 
a valley, and on the south by the main road, power lines and Lake Spandaryan. 

The Iran-Yerevan gas line does not influence the proposed area.  A small power line crosses 
the area at its northern edge. 

Approximately 125 Ha are available for a heap leach pad at Site 3.  The proposed location for 
the ponds is to the south of the pad in order for leachate collection to take advantage of the 
existing grade.  There appear to be no limitations or recommended locations for the plant 
infrastructure based on site conditions.  Therefore, siting of the structures should be based on 
optimization of haulage distances from the pit and/or pumping distances from the ponds. 

The area is very close to the Gorhayk village and the main road and is immediately adjacent 
to the lake.  The site would have a relatively high visual impact. 

3.5 Site 4 

Site 4 is located on the top end of the plateau to the northeast of the proposed pit, adjacent to 
the Vorotan River.  Drawing 2 illustrates the general location and potential layout for a HLF 
within Site 4. 

The site is generally flat, sloping slightly downward from the southeast to the north.  The 
average grade was roughly estimated during the site visit at 2 percent.  The area is confined 
on the west by the Vorotan River, on the north by a valley that slopes towards the Jermuk 
village, on the east by a valley, and on the south by another valley. 

The Iran-Yerevan gas line runs along the western edge of the site.  A small water supply line 
crosses the southern edge of the proposed area. 

Approximately 69 Ha are available for a heap leach pad at Site 4.  The proposed location for 
the ponds is to the north of the pad in order for leachate collection to take advantage of the 
existing grade.  There appear to be no limitations or recommended locations for the plant 
infrastructure based on site conditions.  Therefore, siting of the structures should be based on 
optimization of haulage distances from the pit and/or pumping distances from the ponds. 
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The area is exposed and visible from Jermuk Village.  The site would have a relatively high 
visual impact. 

3.6 Foundation Conditions 

Soil conditions appear to be similar within all of the potential HLF locations.  The 
approximate soil conditions were interpreted from sections of the pipeline trench.  The profile 
generally consists of an organic soil layer ranging from approximately 0.5 to 1.0 m thick, 
underlain by a heterogeneous mix of medium dense, angular to subangular boulders to gravels 
within a slightly clayey and silty sand matrix (see Figure 4).  The proportion of boulders 
appears to vary across the site. 

From information provided by Lydian, obtained from two reverse circulation (RC) 
exploratory drill holes conducted in the area (which were not reviewed by Golder), Golder 
understands that the soil horizon has a total thickness of between 5 and 8 m.  Further, Golder 
understands that the greater thicknesses of soils are adjacent to the hillsides, tapering off 
slightly towards the river cuts.  Surface vegetation across the site consists almost entirely of 
grasslands. 

3.7 HLF Siting Limitations 

The proposed HLF areas consist of grasslands with no permanent developments.  Some 
temporary buildings were observed in the area from nomadic cattle herders.  From discussions 
with Lydian, no archaeological or environmental limitations exist.  A panoramic view of the 
potential HLF sites is shown on Figure 5. 

The Vorotan River is located adjacent to all proposed HLF sites.  The river flows in a 
southerly direction to Lake Spandaryan.  This lake, according to information provided, is used 
for irrigation purposes.  Structures impacting the river would require implementation of 
environmental controls. 

Most of the proposed HLF sites are located outside the current Amulsar and Gorhayk license 
boundaries, but this is not considered a limitation for siting of the HLF locations according to 
Lydian. 

The Iran-Yerevan gas line is likely to affect the HLF design at some of the proposed sites.  
According to information obtained by Lydian, the police area extends 200 m to either side of 
the pipeline and river.  No permanent constructions are allowed in the police area, and 
relocation of the pipeline is not an option.  However, no issues are anticipated with regard to 
relocating pioneered roads that traverse the site. 
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3.8 Recommended Site 

Following the site visit, Site 2 was selected as the preferred option with Site 1 as a potentially 
viable secondary option.  Positive and negative site characteristics for these two options are 
summarized in Tables 3 and 4.  Due to the high seismicity of the area, coupled with the close 
proximity of the gas line (see Drawing 2), Site 1 is not considered further for potential HLF 
construction.  A panoramic view of Site 2 is presented on Figure 6 looking to the north. 
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4.0 SCOPING LEVEL HEAP LEACH FACILITY DESIGN 

This section presents the scoping level design criteria and conceptual HLF design in support 
of the Amulsar Project scoping study. 

4.1 Design Criteria and Considerations 

The following scoping level design criteria were used for development of conceptual HLF 
layouts.  A list of design criteria required for project advancement are provided as Appendix 
B.  Preliminary design criteria pertinent to the scoping level study are summarized below. 

Heap Leach Facility Geometry: 

Overall composite ore side slopes:  3.0H:1V (assumed).  

Average placed ore dry density:  1.5 tonnes per cubic metre (tonnes/m3) (assumed). 

Design ultimate ore capacity requirements:  Scenario #1 – 9.3 million tonnes (Mt); 
Scenario #2 – 31.1 Mt; Scenario #3 – 93.3 Mt. 

Maximum ore depth over liner:  50 m to 60 m (assumed, to be determined by ore testing 
during the next stage of project design, see Section 5.0). 

Ore lift height:  5 to 10 m nominal (assumed). 

Ore gradation:  To be determined during the next stage of project design, see Appendix D. 

Number of HLF expansion phases:  To be determined, based on selected design scenario. 

Liner System Criteria:  

Pregnant Leach Solution (PLS) Pond:  Double-composite high density polyethylene 
(HDPE) geomembrane liner with Leak Collection and Recovery System (LCRS) and 300 mm 
thick low permeability soil liner.  The LCRS layer is assumed to consist of HDPE geonet.  
Upper and lower 1.5 mm or 2.0 mm HDPE geomembrane liner assumed.  If a Barren Solution 
Pond or an Intermediate Leach Solution Pond is required, a similar liner system shall be 
employed. 

Ore Storage Area (OSA):  Single linear low density polyethylene (LLDPE) or HDPE 
geomembrane liner underlain by a 300 mm thick low permeability soil liner, overlain by 600 
mm of overliner fill (i.e., drainage material).  Use 1.5 mm or 2.0 mm LLDPE or HDPE 
geomembrane liner. 
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Contingency Pond:  Single-composite HDPE geomembrane liner with 300 mm thick low 
permeability soil liner.  Use 1.5 mm or 2.0 mm HDPE geomembrane liner. 

HLF Solution Balance:  

Solution circuit balance criteria:  In order to meet the International Cyanide Code 
requirements for gold mine facilities, a probabilistic water balance model should be developed 
considering the design precipitation record and storage contingencies.  At this level of the 
design, the size of the external ponds was assumed. 

Maximum process flow rate:  To be determined during next phase of study. 

Design draindown period for water balance:  48 hours.  

Design precipitation record:  Precipitation data obtained from Vorotan Pass (see Appendix 
A). 

Design evaporation record:  Evaporation data obtained from Vorotan Pass (see Appendix 
A). 

Design wet month:  211.4 mm (recorded for May 1972, Vorotan Pass). 

4.2 Facility Design Concepts 

This section presents general heap leaching concepts, followed by the HLF design concepts 
specific to the Amulsar Project. 

4.2.1 General Heap Leaching Concepts 

Heap leaching is a term given to the hydrometallurgical process of extracting metals by 
trickling a solution through a pile, or “heap”, of ore (Hutchison and Ellison, 1992).  The 
solution used for gold and silver recovery is typically a dilute sodium cyanide solution that 
reacts with the ore by dissolving metals into the solution, i.e. “leaching” the metals out of the 
ore (Hutchison and Ellison, 1992).  The process solutions are typically managed in lined 
ponds although in arid climates or where conservation of water and minimization of exposed 
solutions is a concern, tank systems can also be used.  The gold recovery process is described 
in more detail in the report prepared by KDE (Appendix D).  A schematic illustrating the heap 
leach concept is presented in Figure 7.   

Though heap leaching involves metal recovery instead of waste management, the spent ore 
becomes a waste at closure.  However, once leaching is complete, the heap is rinsed to reduce 
concentrations of metals and reagents in the pore fluids to acceptable levels prior to closure 
(Hutchison and Ellison, 1992). 
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Determination of the method of heap leaching for a specific site (i.e., valley leach versus 
conventional permanent expanding pad or on off pad) is dependent on site specific conditions 
including the ore body type and tonnage, metallurgy, leachability, climate, site topography, 
site geotechnical conditions, and site hydrogeological conditions (Hutchison and Ellison, 
1992).  The methods of heap leaching include: 

• Valley Leach – A valley is used to form the leaching area, and an earthen embankment 
is constructed to provide containment of the ore at the downstream end.  The facility is 
designed as a stable structure to contain both the ore and the leach solution; 

• Conventional (i.e., Permanent Expanding Pad) – In this method, the ore remains 
permanently on the pad after leaching is complete, and new pads or portions of the 
same pad are constructed to accommodate additional ore that is mined.  Leach solutions 
are collected and stored external to the heap leach pad; and 

• On-Off Pad – In this method, the same pad is continually re-used.  Spent ore is 
removed from the pad, and deposited in a separate waste facility. 

 
Valley Leach Pad 

The valley leach method of heap construction involves placement of ore behind an earthen 
embankment.  The ore is leached in place, with subsequent lifts progressing upslope.  Primary 
considerations involved in the design of a valley leach facility (VLF) include (Hutchison and 
Ellison, 1992): 

• Applicable to steep terrain; 
• Requires high integrity liner due to high hydraulic heads in the internal pregnant 

solution storage area (PSSA); 
• Does not require an external pregnant pond; 
• Requires durable ore; 
• Can operate in a wide range of climatic conditions; and 
• Requires construction of an embankment(s). 
 
One major advantage of this method is its applicability in steep terrain.  Because an internal 
pond and embankment are required for the valley leach alternative, topography conducive to 
such construction is beneficial.  Because solution is contained within the pore spaces of the 
heap, a relatively durable ore not subject to breakdown or large reductions in permeability 
under loading is further required.   

The valley leach alternative is applicable for a wide range of climatic conditions.  Because 
solutions are stored within the heap (i.e., not external solution pond), this method is 
particularly beneficial in dry climates where internal pond storage reduces the amount of 
solution lost to evaporation, potentially decreasing the make-up water demand. 

Within the PSSA area, and other high risk areas or sites, a double-lined system with a leak 
detection system is generally constructed.  The typical liner systems include either a single 
composite liner with no leak detection system, or a double composite liner (upper and lower) 
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with a leak detection system.  Both liner systems are illustrated schematically in Figure 8.  For 
mine facilities exposed to high loads, the following liner system combinations are typically 
used, but are subject to site-specific testing (Lupo and Morrison, 2005): 

• Single composite liner systems: 2.0 mm or 2.5 mm LLDPE or HDPE geomembrane 
liners installed over a soil liner or liner bedding soil layer depending on the desired 
properties (frictional and mechanical); and 

• Double composite liner systems:  
- Upper and lower 2.5 mm LLDPE or HDPE geomembrane liners for extreme loading 

conditions and high heads (greater than 120 m of ore and/or 10 m of solution) 
installed over a soil liner or liner bedding soil layer; 

- Upper 2.5 mm and lower 2.0 mm LLDPE or HDPE geomembrane liners for high 
loading conditions (greater than 100 m of ore) installed over a soil liner or liner 
bedding soil layers; and 

- Upper 2.0 mm and lower 1.5 mm LLDPE or HDPE geomembrane liners for moderate 
to high loading conditions (greater than 60 m of ore) installed over a soil liner or liner 
bedding soil layer. 

 
Liner thickness is generally selected based on experience, anticipated ore loads, and the site 
specific angularity and hardness of the material placed immediately above or below the liner 
system.  The required geomembrane liner thickness for a particular application is evaluated by 
conducting liner load testing whereby representative soil materials (overliner and underliner) 
and the proposed geomembrane liner are constructed according to anticipated specifications 
and configuration and loaded to the expected maximum ore loads to evaluate survivability of 
the geomembrane liner.  Depending on the site conditions and design, either LLDPE or HDPE 
geomembrane liners are used. 

Conventional Heap Leach Pad 

The conventional or permanent expanding pad method of heap leaching involves placement 
of ore on a continually expanding pad area.  The primary considerations involved in design of 
a conventional expanding pad are (Hutchison and Ellison, 1992): 

• Requires a large area; 
• Requires relatively flat or gently sloping topography; 
• Requires a relatively dry climate compared to other methods to maintain a wet deficit 

water balance; 
• Requires external ponds with storage capacity to account for large precipitation events; 
• Generally only requires a single liner due to the limited leach time and low stress 

environment (see Figure 8); and 
• May have lower initial capital cost than valley fill design due to simple construction 

and lack of embankment(s) construction. 
 
One advantage of this heap leach method is that solutions are collected externally to the heap, 
and therefore the size of the pad may increase beyond that originally scoped because the size 
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of external ponds can generally be increased relatively easily (where topography permits), 
while internal ponds cannot be increased in size once constructed.  

For this option, external ponds may be constructed using geonet in lieu of gravel for the leak 
detection layer between the geomembrane components of the double-lined system.  For the 
VLF alternative, gravel is generally required for the leak detection layer between the 
geomembrane components to meet stability requirements. 

For a conventional pad or expanding heap concept, ground slopes should be relatively flat 
because this type of pad construction does not benefit from construction of a stabilizing 
embankment at the toe. 

On-Off Pad 

The on-off method for heap leaching involves construction of one or more durable pads where 
ore can be loaded, leached, rinsed, chemically treated (if necessary), then removed for 
disposal in a spent ore pile (Hutchison and Ellison, 1992).  Major items to consider for design 
of a reusable, or on-off, pad include (after Hutchison and Ellison, 1992): 

• Requires a short leach cycle which can be easily predicted; 
• Ore should have a consistent leachability; 
• Suited for sites with limited areas of “flat” land; 
• Requires a suitable spent ore pile; 
• Liner system must be durable and resistant of high stresses; 
• Well suited for wet climates due to the small pad area, and may facilitate covering of 

ore to further reduce required pond size; 
• Required pond size is smaller due to reduced pad footprint than other leach methods; 
• Involves double handling of ore; and 
• Provides no ability for ore to be releached at a later date. 
 
Liner systems for on-off pads are generally asphalt or concrete in conjunction with 
geomembrane liners (Hutchison and Ellison, 1992).  However, if accurate elevation controls 
are achievable, the liner system may be similar to the single composite liner system shown in 
Figure 8, with a thick layer of protective gravel above. 

4.2.2 Amulsar Heap Leach Facility 

The Amulsar HLF is proposed as a conventional pad with collection of leach solutions 
externally in ponds.  Conceptual level heap leach pad layouts were developed for small, 
medium, and large facilities with an ultimate ore capacity ranging from approximately 9.3 to 
93.3 million tonnes (Mt), assuming an ore dry density of 1.5 tonnes/m3.  The ultimate ore 
stacking plan layouts for the HLF are presented in Drawings 3, 4 and 5 for the small, medium, 



November 2008 - 17 - 08514950028.500 
 Version B.1 

 

Golder Associates 

and large facilities, respectively.  Sections developed for each of the three facilities are 
presented on Drawings 6 and 7. 

The ore will be stacked within the HLF in controlled lifts, providing lateral confinement for 
the overall sideslopes.  The ore lifts will be placed in an up-gradient direction at the angle of 
repose with setback benches to form overall ore side slopes of approximately 3H:1V 
(horizontal:vertical) or flatter based on stability requirements. 

The HLF footprint, where ore will be stacked, is characterized by hydraulic heads less than 
0.6 m, either because of grading or the presence of solution collection piping.  Maintaining 
the hydraulic head in the pad area at or below 0.6 m will minimize the hydraulic driving force 
required for any leakage to occur.  A single-composite liner system is proposed for the HLF 
liner system.  A conceptual detail of the HLF liner system is provided as Detail 2 on Drawing 
8.  The proposed liner system for the HLF consists of the following components, from the top 
downward:   

• 0.6 m thick protective overliner drain cover fill layer consisting of crushed ore or 
gravels surrounding a network of solution collection piping; 

• HDPE or LLDPE primary geomembrane liner; and 
• Compacted 0.3 m thick soil liner. 
 
The overliner drain cover fill layer is required to protect the geomembrane liner and solution 
collection pipes from damage during ore placement activities, from wildlife, and from the 
elements (i.e., ultraviolet radiation, storm flows, etc.).  The overliner drain cover fill layer also 
contains the solution collection piping network.  This network of perforated corrugated 
polyethylene pipes will enhance solution recovery to the PLS Pond.  Details of the piping 
connections are shown on Drawing 9.  The final pipe spacing would be determined as part of 
the final design.  The overliner drain cover fill material is comprised of competent ore or 
waste rock which has been crushed to the desired specification, with a minimum of fines.   

The HDPE or LLDPE geomembrane liner is provided as the primary containment liner.  
Geomembrane liner combined with compacted low permeability soils (i.e., soil liner) provides 
a robust composite liner system for containment of process solutions. 

4.2.3 Pregnant Leach Solution Pond 

Pregnant solution from the heap pad will report to the PLS Pond through primary pipes 
located at the downstream edge of the heap leach pad.  Sizing of the PLS Pond is generally 
provided by the process designer.  A Barren Solution Pond, if needed, will also be sized 
according to recommendations from the process designer.  Conceptual layouts of the PLS and 
Barren Solution Ponds are illustrated on Drawings 3, 4, and 5 for the small, medium, and 
large facilities, respectively, with sections on Drawings 6 and 7.   
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The liner system for the PLS Pond and the Barren Solution Pond (i.e., solution ponds) should 
be designed to account for high solution heads that could potentially be present, as these areas 
will contain process solutions during routine operations of the HLF.  As shown on Detail 2, 
Drawing 11, the proposed solution pond liner system will likely consist of the following 
components, from the top downward:  

• HDPE upper or primary geomembrane liner; 
• HDPE geonet LCRS layer, with a thicker gravel collection layer and piping system in 

the sump area to allow for detection and removal of any leaks in the primary 
geomembrane liner by use of submersible pumps; 

• HDPE lower or secondary geomembrane liner; and 
• Compacted 0.3 m thick soil liner. 
 
The HDPE upper or primary geomembrane liner is provided as the primary containment liner.  
A HDPE geomembrane liner is recommended based on its excellent resistance to ultraviolet 
radiation.  As the secondary liner, the HDPE geomembrane liner combined with compacted 
low permeability soil liner materials provides a robust composite liner system for containment 
of process solutions. 

An important feature of the solution pond liner system is the LCRS layer consisting of an 
HDPE geonet.  The HDPE geonet layer has been added to minimize the hydraulic heads on 
the lower HDPE geomembrane liner, should a leak occur in the upper primary HDPE 
geomembrane liner.  Leakage through the upper primary HDPE geomembrane liner will be 
collected in the LCRS layer and routed (via gravity flow) to a LCRS sump.   

Beneath the LCRS layer is a secondary geomembrane liner.  This liner provides secondary 
containment of process solutions should leakage occur through the upper primary 
geomembrane liner.  The lower secondary geomembrane liner will be founded on a 0.3 m 
thick soil liner layer, constructed of clayey or silty soils. 

4.2.4 Contingency Pond 

The Contingency Pond will be sized to contain flows from the design storm event falling over 
the ultimate HLF pad and pond lined areas.  Conceptual layouts of the Contingency Pond are 
illustrated on Drawings 3, 4, and 5 for the small, medium, and large facilities, respectively, 
with sections on Drawings 6 and 7.  Sizing of the Contingency Ponds was relatively arbitrary 
at this stage of the design, though the relative size of the Contingency Pond would increase as 
the footprint of the HLF pad increases.  As shown on Detail 4, Drawing 11, the Contingency 
Pond liner system will likely consist of the following components, from top downward: 

• HDPE geomembrane liner; and 
• Compacted 0.3 m thick soil liner. 
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The HDPE primary geomembrane liner is provided as the primary containment liner.  The 
HDPE geomembrane liner combined with compacted low permeability soil liner provides a 
robust composite liner system for containment of process solutions. 

4.2.5 Environmental Monitoring and Protection 

The HLF conceptual design includes features to minimize impacts to the surrounding 
environment, wildlife, and groundwater.  These design components include surface water 
diversion systems, groundwater monitoring wells, fencing and the liner and LCRS systems 
described in the previous section. 

A diversion system is required to divert and route surface water drainage around the perimeter 
of the HLF.  It is anticipated that diversion channels will be required on the east and west 
sides of the facility, diverting flows from a central high point on the north end of the facility.  
Construction of the channels is anticipated to consist predominantly of cut in native soil 
deposits.  The channels will be sized for the design storm event, with additional freeboard 
provided for contingency.  The surface water routed around the HLF will be unimpacted and 
will likely be discharged into the Vorotan River.  Conceptual diversion channel layouts are 
illustrated on Drawings 3, 4, and 5 for the small, medium, and large facilities, respectively, 
with a typical section on Drawing 8. 

Groundwater monitoring wells should be installed to monitor the potential for leakage from 
the lined facilities into the groundwater.  The actual locations (not shown on the conceptual 
HLF drawings) and number of wells should be determined after more detailed hydrogeologic 
studies are performed for the site.  A groundwater quality and environmental monitoring 
program should be included and developed in greater detail in future studies. 

A fence with locking access gates should be constructed around the perimeter of the process 
solution ponds and plant.  The purpose of the fence is for public safety and to deter 
unauthorized access into the project area. 

4.2.6 Closure Design Concepts 

The Amulsar HLF should be designed to consider closure and to integrate the design for 
compatibility with the following concepts: 

• Minimize the need for long term active site care and maintenance during the post 
closure period; 

• Locally regrading the ore slopes to remove benches and haul roads to promote positive 
drainage;  

• Placement of a soil cover and revegetation if required, in order to minimize long term 
rainfall runoff infiltration into the spent ore; 
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• Surface water management should be enhanced during closure activities by upgrading 
the surface water diversions for compatibility with long term post closure design 
criteria to stable channels with low to no maintenance requirements;   

• Eventual breaching of the pond system to prevent the potential to impound solutions 
during the post closure period once the fluids meet acceptable end-of-pipe discharge 
criteria, which will not adversely impact downstream water quality; 

• Pre-closure, closure and post-closure solution management will likely include 
minimizing the addition of fresh water makeup and a decrease in the barren solution 
application rates prior to closure, solution recirculation during the draindown period, 
enhanced evaporation using evaporative misters, and water treatment.  These 
technologies may potentially be supplemented by other proven technologies, such as 
bioremediation and land application of treated solutions, if supported by future studies; 
and 

• Reduction of cyanide and metals of the heap leach pad effluent to acceptable water 
quality and effluent standards.  This reduction of cyanide and metals will occur 
primarily from solution recirculation, water treatment and natural cyanide degradation 
mechanisms such as volatilization, chemical complexation, precipitation of insoluble 
cyanide salts, and natural biological degradation.  These technologies may potentially 
be supplemented by other proven technologies, such as water treatment, land 
application, biological degradation, and reverse osmosis, if supported by future studies. 

 
4.3 General Description 

The conceptual scoping level HLF designs for the Amulsar Project each consist of the 
following key elements: 

• A single-use permanent conventional HLF with ore stacked in nominal 5 to 10 m lifts 
at stable overall slopes; 

• External PLS and Barren Solution Ponds designed to contain the volumes of solution 
required for processing; 

• An external Contingency Pond designed to contain precipitation and upset conditions 
including the design storm event and draindown, designed for zero discharge; 

• Foundation grading to provide for acceptable slopes for construction of the liner 
system; 

• Single composite liner systems within the HLF footprint and Contingency Pond; 
• Double composite liner systems with intervening LCRS for detection and collection of 

leakage within the PLS and Barren Solution Ponds; 
• Ore stacked to a nominal 50 to 60 m above the lined surface; 
• A network of solution collection piping constructed at the base of the HLF to expedite 

solution recovery times to the PLS Pond; 
• Diversion controls to collect and route surface water runoff around the facility;  
• Monitoring wells to provide a means for monitoring of groundwater quality; and 
• Perimeter fencing to provide security and prevent unauthorized access to the facility. 
 
Because the ore reserves are currently unknown, this scoping level study included 
development of conceptual level designs for small, medium, and large size operations.  At this 
level of design, phasing of the HLFs was not incorporated, but would be considered as the 
designs advance to the next level.  Phased expansion of the facility is considered to defer 
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upfront capital expenditures, while accelerating development of the initial footprint to 
accommodate the initial ore loading for Phase I. 

Scoping level design drawings illustrating the various HLF layouts (i.e., small, medium and 
large facilities), typical cross sections, and design details are included as Drawings 1 through 
11.   

4.4 Scoping Level Foundation Recommendations 

The base of the HLF shall be graded in preparation for placement of the liner system.  The 
grading plan will be developed to provide stable slopes for placement of ore over the liner 
system.  Grading will generally utilize the existing surface topography, although localized 
areas will be graded to eliminate slope breaks and/or small drainage gullies within the 
footprint.  Based on observation of trenches for pipeline construction, excavation will be 
performed in well graded soils and gravels with a degree of cobbles and boulders.  The floor 
of the HLF will be graded to enhance solution collection toward the PLS Pond.   

4.5 Leak Collection and Recovery System 

As part of the scoping level HLF design, an LCRS has been designed for the PLS Pond and 
Barren Solution Pond.  The purpose of the LCRS is to provide a method to collect potential 
seepage should leakage develop through the upper geomembrane liner of the solution pond 
liner system.  Beneath the LCRS is a lower geomembrane liner, underlain by a low 
permeability soil liner.  Details of the LCRS are shown conceptually on Drawing 10. 
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5.0 PROPOSED WORK PLAN FOR STUDY ADVANCEMENT 

This section presents a proposed scope of work to advance the project from the scoping level 
to the feasibility stage.  The geotechnical scope of work to be completed in support of a 
“bankable” feasibility study (BFS) for the HLF includes: 

• A site specific seismic study; 
• Data review and advancement of project design criteria; 
• Geotechnical field and laboratory investigations; 
• Engineering analyses;  
• Drawing and specification preparation; and 
• Report preparation. 
 
Though not part of the HLF design, Golder has the capability to assist in these additional 
areas of the project: 

• Surface geotechnical studies for the plant site including the plant, crusher(s), truck 
shop, etc.; 

• Geotechnical design of waste rock facilities;  
• Pit slope design;  
• Groundwater modeling and supply; and 
• Site wide surface water diversion design. 
 
5.1 Site Specific Seismic Study 

This task includes conducting a site investigation to identify seismic hazards associated with 
the proposed construction, such as active faulting, and conducting a probabilistic seismic 
hazard assessment (PSHA) to develop parameters for seismic design.  The site is located in an 
area characterized by high seismic hazard, and therefore a site specific seismic study is 
considered necessary for project advancement. 

5.2 Data Review/Design Criteria 

Data developed for the project, including the results of column leach testing (as indicated by 
KDE – Appendix D) and results of the site specific seismic study, should be incorporated into 
the project design criteria.  Preliminary design criteria based on the scoping level study is 
included as Appendix B, which will require considerable refinement to facilitate BFS design 
of the HLF.  The design criteria are a working document which will evolve as the project 
progresses. 

5.3 Geotechnical Investigation 

This task includes development of a work plan for, and execution of, a geotechnical field and 
laboratory investigation, which would include: 
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• Visual logging and sampling of borings and test pits for the facilities and potential 
borrow sources;  

• Conducting insitu testing including Standard Penetration Tests of soils and packer 
permeability testing in bedrock materials during borehole advancement;  

• Geophysical surveys to evaluate depth to bedrock will be considered; 
• Installation of piezometers or monitoring wells, and conducting insitu permeability 

testing; and 
• Geotechnical laboratory testing of material samples collected during the field 

investigation, and testing of soil and potential borrow sources materials. 
 
5.3.1 Field Investigation 

A geotechnical field investigation should be conducted to obtain information regarding 
foundation conditions within the HLF footprint and pond areas, as well as potential borrow 
sources identified on the site.  It is envisioned that the geotechnical investigation will consist 
of drilling geotechnical borings and excavating test pits.  Surficial soils and depth to bedrock 
will be investigated to characterize the geotechnical behaviour of the foundation and borrow 
materials to support ore heap design and construction considerations.  Depth to groundwater 
and groundwater seepage rates would be investigated. 

5.3.2 Laboratory Testing 

A laboratory testing program should be conducted on samples of foundation and borrow soils 
collected during the field investigation to indicate the index properties, compaction 
characteristics, and strength parameters for heap stability.  Alternatives for using native soils 
as liner bedding may also be evaluated.  It is important to note that the actual quantity of 
laboratory tests required will depend upon the uniformity of the materials encountered, and 
the actual number of borrow sources investigated. 

Laboratory testing should be conducted on representative ore samples to evaluate the 
geotechnical ore characteristics, including consolidation permeability testing to evaluate the 
decrease in saturated permeability and change in void ratio under loading, and large scale 
direct shear testing to obtain strength information.  Consolidation percolation testing should 
also be considered to evaluate feasibility of proposed solution application rates.   

If overliner materials (i.e., drain cover fill) are obtained from a source other than crushed ore, 
additional laboratory testing will be required to evaluate the decrease in saturated 
permeability and change in void ratio of the overliner materials under loading.  Testing would 
also be conducted on the liner system, including liner load testing to evaluate resistance of the 
proposed geomembrane liner to puncture under the design loads, as well as interface shear 
testing to evaluate strength characteristics of the liner system (in relation to the underliner and 
overliner materials) for use in stability evaluations. 
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5.4 Engineering Analyses 

Engineering calculations should be conducted for design of the heap leach pad and ponds, and 
the associated liner systems.  Engineering analyses is anticipated to include the following: 

• Stability evaluations of the ultimate HLF under static and pseudo-static (earthquake) 
loading conditions (deformation analyses may be required based on site seismicity); 

• Seepage analyses through the proposed HLF liner system;  
• Foundation liquefaction evaluation;  
• Foundation and settlement evaluation; 
• Solution collection piping design;  
• Water balance to assist in sizing of the external ponds and estimation of make-up water 

requirements; 
• Design of the LCRS system for the PLS Pond;  
• HLF diversion channel design; and 
• Design of an HLF leak detection system beneath the geomembrane liner if groundwater 

is shallow. 
 
5.5 Drawing and Specification Preparation 

This task includes development of BFS level drawings and specifications for HLF 
construction.  Drawings are anticipated to include the following: 

• Title Sheet, Vicinity Map, and Drawing List; 
• Locations of Geotechnical Investigations; 
• HLF Ultimate Plan; 
• HLF Sections; 
• HLF Grading Plan Ultimate Footprint; 
• HLF Isopach Plan; 
• HLF Phase I Stacking Plan (if divided into phases – one sheet per phase); 
• HLF Liner Details; 
• HLF Solution Collection Piping Plan; 
• HLF Solution Collection System Details; 
• HLF Surface Water Control Plan and Watershed Delineation Map; 
• HLF Surface Water Diversion Details; 
• HLF Leak Detection System Details; 
• Solution Pond LCRS Details; 
• External Pond Layout; and 
• External Pond Sections and Details. 
 
It is anticipated that the BFS level design would be carried out for a single ultimate heap leach 
pad configuration.  If one of the HLF layouts developed as part of this scoping level study is 
selected, the layout will be optimized with respect to site characteristics, geotechnical 
constraints, and mine planning requirements. 
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Technical specifications should be prepared for the project to the level of detail required for 
regulatory review.  The technical specifications will include sections regarding construction 
staking, construction quality assurance of earthworks and geosynthetics, earthworks material 
and placement, geosynthetics (i.e., piping, geomembrane liner, geonet, etc.), procurement and 
installation. 

5.6 Reporting 

A HLF design report should be prepared to present the results of the geotechnical field and 
laboratory investigation, engineering analyses, and design. 

5.7 Other Studies 

This section discusses some of the other capabilities of Golder to assist in advancement of the 
project to the BFS level. 

5.7.1 Plant Site Foundations 

The surface geotechnical studies to assist in design of plant site foundations should include 
the following: 

• Work with the project team to confirm and/or enhance the plant layout.  Experience has 
shown that early selection of a geotechnically suitable site for facilities can reduce 
project costs by avoiding the need for a subsequent relocation, or for expensive 
foundation designs; 

• Subsurface geotechnical investigation in the area of the process plant facilities and 
other mine buildings, including boreholes and test pits; 

• Laboratory testing of foundation and borrow materials to determine their physical 
properties, strength parameters, and deformation behaviour under load; 

• Geotechnical analysis of foundation systems based on design loading conditions 
provided by the mill designer; 

• Recommendations for foundation design parameters and foundation types, including 
bearing capacity of foundation materials, subgrade and shear moduli, Poisson’s ratio, 
settlements, earth pressures, and slope recommendations for cuts and fills; and 

• Preparation of a design recommendations report for inclusion in the studies. 
 
5.7.2 Waste Rock Stockpile Design 

The scope of work for the waste rock stockpile design should include the following tasks: 

• Review potential waste rock stockpile locations to assess whether significant geologic 
hazards exist, such as poor foundation conditions, surface water drainages, shallow 
groundwater, or steeply inclined foundations in the dump toe areas; 

• Develop a staging plan for waste rock placement based on Lydian’s mine plan which 
incorporates storm water drainage and erosion controls; 
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• Perform a geotechnical investigation and laboratory testing on waste rock stockpile 
foundation conditions and samples of waste rock.  It is recommended that a testing 
program be conducted to evaluate acid rock generation potential, since this may 
ultimately influence the design and construction of the waste rock stockpiles.  At a 
minimum, it is expected that this testing program should encompass both static leach 
testing and static acid base accounting; 

• Conduct stability analyses under static and seismic conditions for staged loading 
configurations; 

• Develop design plans and sections; and  
• Prepare a design report for the waste rock stockpiles. 
 
5.7.3 Pit Slope Design 

Pit slope design should be conducted, which would include data collection (i.e., core drilling, 
including oriented core), development of a geotechnical model, stability analyses, and 
preparation of a pit slope design report. 

5.7.4 Site Wide Surface Water Design 

Evaluation of climatic and hydrologic conditions at the site is required to determine storm 
water diversion design criteria for the facility.  At this time, it is assumed that the design 
storm event for surface water diversions will be the 100 year, 24 hour precipitation event, and 
any runoff from the area upgradient of the HLF that occurs as a result of this event will be 
captured and diverted by appropriately sized diversion channels.  Any runoff that falls directly 
on the facilities or between the facilities and the diversion channels will be contained in the 
ponds and added to the design storage requirements. 

Feasibility level designs for surface water diversion/conveyance structures shall be developed 
to safely route runoff around the HLF, external ponds, plant site facilities, and waste rock 
stockpiles.  Design drawings shall be prepared, including surface water diversion plan layout, 
profiles, and details.   
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6.0 PRELIMINARY QUANTITY TAKEOFFS 

Scoping level material quantities have been developed to support Lydian in development of 
scoping level costs (±40 percent) for construction and operation of the HLF.  The results of 
the quantity and cost estimate should be used only for this scoping level study, but not for 
financing or capital allocation for construction.  

Golder developed scoping level quantities and cost estimates, which are summarized in 
Tables 5, 6 and 7 for the small, medium, and large facility options, respectively.  KDE 
developed capital and operating cost estimates for the project, presented in their report which 
is included as Appendix D. 

At this level of design, phasing of HLF construction has not been considered.  The unit costs 
used in development of the cost estimates are based on recent project experience by the 
design team in the United States, with costs provided in U.S. dollars.  Quantity and cost 
assumptions for the HLF pad and ponds prepared by Golder are provided in Appendix C, with 
capital and operating cost estimates prepared by KDE for the crushing/screening/conveyance, 
process plant and associated infrastructure provided in Appendix D. 

Unless noted otherwise, insitu quantities have not been adjusted to reflect bulking during 
excavation or shrinkage/material loss during compaction.  Geosynthetic quantities account for 
typical wastage factors, e.g., 8 percent wastage.  

Earthwork quantities were developed from topographic data supplied by Lydian at a 5 metre 
contour interval.  Preliminary scoping level grading plans were developed for HLFs 
associated with small, medium, and large operations, as illustrated in Drawings 3, 4 and 5, 
respectively, to aid in estimating earthworks volumes.  Soils information and excavation 
conditions were assumed, based on trenching being conducted on site by others during the site 
reconnaissance.  Geosynthetic quantities were estimated or assumed from site plans 
developed by Golder to support this scoping level study.  Variance in actual construction 
quantities should be noted consistent with the industry standards for this level of design effort.   

Optimization of the selected design alternative during the next phase of work, especially with 
regard to earthworks (i.e., grading plan), is expected to optimize the project economics. 
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7.0 CLOSURE 

This scoping level study has been prepared exclusively for the use of Lydian for the specific 
application to the Amulsar Project.  No third party engineer or consultant shall be entitled to 
rely on any of the information, conclusions, or opinions contained in this report without the 
written approval of Golder, KDE and Lydian. 

The scoping level recommendations reported herein were performed in general accordance 
with generally accepted engineering practices for this level of design.  The design team 
sincerely appreciates the opportunity to provide engineering support on the Amulsar Project. 

Respectfully submitted, 
 
GOLDER ASSOCIATES (UK) LIMITED 
 
 
  
  
Kimberly Finke Morrison, P.E., R.G. Rick E. Kiel, P.E. 
Senior Project Manager Associate 
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TABLES 



TABLE 1 

 

GOLD PRODUCTION SCENARIOS EVALUATED 

FOR THE AMULSAR SCOPING-LEVEL STUDY 

 

Scenario 

Potential 

Ounces of 

Gold 

(oz) 

Ore Mined 

Per Year 

(kt) 

Waste 

Mined 

Per Year 

(kt) 

Total 

Tonnage of 

Ore 

(Mt) 

Total 

Tonnage 

of Waste 

(Mt) 

Years of 

Production 

Scenario #1 300,000 1,555 1,000 9.3 6 6 

Scenario #2 1,000,000 3,110 2,000 31.1 20 10 

Scenario #3 3,000,000 6,221 4,000 93.3 60 15 

 

  



TABLE 2 

 

PRELIMINARY CLIMATIC DATA 

 

Month 

Average 

Temperature 

(
o
C)

1
 

Average 

Precipitation 

(mm)
1,2

 

Evaporation 

(mm)
1,3

 

January 
-8.7 45.6 9.0 

February 
-7.8 51.1 10.1 

March 
-4.4 59.3 14.0 

April 
1.3 89.3 32.8 

May 
6.2 90.8 64.9 

June 
10.1 70.2 135.0 

July 
13.2 44.7 187.5 

August 
13.1 30.5 198.3 

September 
10.5 24.9 157.3 

October 
4.7 60.5 37.6 

November 
-0.9 47.7 22.7 

December 
-6.2 48.0 11.8 

Average Annual Totals
4
 2.6 662.6 880.8 

  1 Meteorological data provided by Lydian International for the weather station located at Vorotan Pass. 
 2 Precipitation data recorded from January 1962 to December 1994 and January 2000 to March 2008. 
 3 Evaporation data obtained from vessel with 300 sq. cm area and 2 m depth, not corrected for pan.  Evaporation data recorded  

 January 1964 to December 1986. 
 4 The temperature value provided is the average annual temperature.  Temperature recorded January 1962 to December 2005. 

  


