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This Update to the 2008 Definitive Feasibility Study (Report) has been prepared for Dundee Precious 
Metals Inc. by GRD Minproc Limited (GRD Minproc), based on assumptions as identified throughout 
the text and upon information and data supplied by others. 
 
The Report is to be read in the context of the methodology, procedures and techniques used, 
GRD Minproc's assumptions, and the circumstances and constraints under which the Report was 
written.  The Report is to be read as a whole, and sections or parts thereof should therefore not be 
read or relied upon out of context. 
 
GRD Minproc has, in preparing the Report, followed methodology and procedures, and exercised due 
care consistent with the intended level of accuracy, using its professional judgment and reasonable 
care.  However, no warranty should be implied as to the accuracy of estimates or other values and all 
estimates and other values are only valid as at the date of the Report and will vary thereafter.  
 
Parts of the Report have been prepared or arranged by Dundee Precious Metals Inc. or third party 
contributors, as detailed in the document.  While the contents of those parts have been generally 
reviewed by GRD Minproc for inclusion into the Report, they have not been fully audited or sought to 
be verified by GRD Minproc.  GRD Minproc is not in a position to, and does not, verify the accuracy or 
completeness of, or adopt as its own, the information and data supplied by others and disclaims all 
liability, damages or loss with respect to such information and data. 
 
In respect of all parts of the Report, whether or not prepared by GRD Minproc, no express or implied 
representation or warranty is made by GRD Minproc or by any person acting for and/or on behalf of 
GRD Minproc to any third party that the contents of the Report are verified, accurate, suitably qualified, 
reasonable or free from errors, omissions or other defects of any kind or nature.  Third parties who rely 
upon the Report do so at their own risk and GRD Minproc disclaims all liability, damages or loss with 
respect to such reliance. 
 
GRD Minproc disclaims any liability, damage and loss to Dundee Precious Metals Inc. and to third 
parties in respect of the publication, reference, quoting or distribution of the Report or any of its 
contents to and reliance thereon by any third party.  
 
This disclaimer must accompany every copy of this Report, which is an integral document and must be 
read in its entirety. 
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1.1 INTRODUCTION 

Dundee Precious Metals Inc. (Dundee) has operated the Chelopech copper/gold mine and ore 
concentrating facility located at Chelopech, Bulgaria, since late 2003. The main copper mineral 
components present in the ore are Enargite and Tenantite/Tetrahedrite which contain varying 
proportions of arsenic within their structures. The resulting copper/gold concentrate contains most of 
the arsenic present in the ore, which restricts the range of potential customer smelters and reduces the 
realised return on the value of the metals contained in the concentrate.  Consequently, Dundee 
examined the potential of augmenting throughput and upgrading the process at Chelopech to produce 
copper and gold metals for direct sale to end users and to transform the arsenic in the ore to an 
environmentally stable form able to be safely disposed of into a tailings management facility (TMF). 
 
This was presented in 2005, in the form of a Definitive Feasibility Study (DFS), undertaken by 
GRD Minproc Ltd (GRD Minproc), which covered the proposed Chelopech Expansion Project (Project). 
The project has been continuously advanced since then.  Detailed engineering is now almost complete, 
the majority of long lead equipment items being purchased, and permitting has progressed since the 
approval of the Environmental Impact Assessment by the Bulgarian Government in July 2008. Dundee 
requested GRD Minproc to update the original DFS with the latest information to hand to demonstrate 
the Project’s continued viability. This DFS therefore supersedes the 2005 publication. 
 
The updated DFS revised the whole Project combining the existing operation, the mine and process 
plant upgrade, the new Metals Production Facility (MPF) and associated facilities proposed to be added 
or upgraded to the Project. The 2005 document therefore forms the basis of this report with each 
section having been updated with the latest progress. 
 
After commissioning, and between 2012 and 2018, the Project is anticipated to produce 47.9 M lbs 
(21 748 t) of copper metal and 139 568 oz per annum of gold doré from the mining and processing 
2 Mtpa of ore. The processing of the ore is achieved by flotation, pressure oxidation (POX) and solvent 
extraction and electrowinning (SX/EW) for copper with cyanidation of the residue for gold recovery.  
Based on present Measured and Indicated Resources and in combination with the updated mine 
schedule and other DFS results, the life of mine for the operation is expected to continue to 2020, at the 
design treatment rate. 
 
The process plant design, including infrastructure and utilities, has been developed to support a capital 
cost estimate, as well as the MPF  operating cost estimate, to an accuracy of ±10%.  The mine upgrade 
capital estimate (performed separately from that of the MPF) is estimated to an accuracy of ±10%.  
Overall  capital and operating costs which consider the mining, processing, general administration costs 
and environmental implications, are in United States Dollars (US$),  expressed as fourth  quarter (Q4) 
2008 values. 
 
1.2 DOCUMENT STRUCTURE 

The updated DFS report follows the original DFS structure, and comprises the same 17 sections and 
related appendices.  These have been updated as relevant, with major changes occurring in sections: 4 
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Geology and Resource Estimate (Coffey); 5 Mining (Coffey); 14 Capital Costs (GRD Minproc); 15 
Operating Costs (Dundee); 16 Financial Analysis (Plenum).  Section 1 Executive Summary has 
captured the essence of the relevant changes.  The remaining sections, which have no substantive 
changes, remain as per the 2005 version. 
 
1.3 EXECUTIVE SUMMARY 

The Chelopech Expansion Project comprises: 

·  Expansion of mine production capacity from the current 1 to 2 Mtpa. 

·  Modernisation and upgrade of the existing flotation concentrator to handle the increased 
capacity. 

·  Installation of a Metal Production Facility (MPF) to treat the copper-gold concentrate with 
Pressure Oxidation (POX), cyanidation of the solid product (CIL) and solvent 
extraction/electrowinning (SX/EW) to produce copper cathode and gold doré. 

·  Upgrade of the existing Tailings Management Facility (TMF), and construction of a new facility 
for the cyanide tailings. 

 
Measured and Indicated Resources as stated by the owner when Dundee initially assessed the 
Chelopech Project in March 2003 consisted of: 

·  6.1 Mt at 1.5% Cu, 3.75 g/t Au, 10.6 g/t Ag, 14% S and 0.4% As. 
 
A revised resource model, completed by RSG Global in December 2004, which incorporated all the 
latest drill hole data at the time, consisted of the following Measured and Indicated Resources at 4 g/t 
Au equivalent cut-off and AuEq (g/t) = Au (g/t) + 2Cu (%). 

·  22.5 Mt at 1.52% Cu, 4.15 g/t Au, 11 g/t Ag, 15% S and 0.44% As. 
 
In September 2008 Coffey Mining revised the block model and issued a new Resource statement at a 
3.2 g/t Au equivalent cut-off and AuEq (g/t) = Au + 2.5 Cu (%). 

·  34.78 Mt at 1.27% Cu, 3.78 g/t Au, 8.94 g/t Ag, 14.4% S and 0.38% As. 
 
The mining reserve determined from this resource on which the life of mine schedule has been based is 
24.4 Mt at average grades of 1.28% Cu, 3.71 g/t Au, and 8.53 g/t Ag. 
 
Since 2003, the mining method employed has progressively changed from Sub Level Caving to Long 
Hole Open Stoping, and improvements in equipment availability, utilization and workforce skill training 
throughout have been steady and continue. The mine is well positioned to increase mine production to 
the required rate of 2 Mtpa by early 2011, once the upgrade project has been implemented. 
 
Preparations for the upgrade to the existing Concentrator has commenced, with the construction of the 
new MPF and related TMF to commence after permit approval expected in mid to late 2009.  On this 
basis construction of the MPF is planned to be completed by the end of the first quarter of 2011. The 



 
The Chelopech Expansion Project  

Update to the 2005 Definitive Feasibility Study  
Section 1 Project Summary  

 

 

 w:\chelopech\52011\engineering\dfs update\dfs section 1 final.doc 

 

Page 3 

 

design annual production capacity for the overall project will be to treat 150 000 t/y of concentrate 
through the MPF, which will produce an average of 47.9 M lb (21748 t)  of copper metal and 139 568oz 
of gold doré per year between 2012 and 2018.  
 
Based on the results of this study and on a life of mine basis, 24.4 Mt of ore is projected to be 
processed from January 2009 to produce approximately 517.7 M lb (234 822 t) of copper metal and 
1.506 M oz of gold doré.  Concentrate shipped between 2009 and 2011 is expected to contain 
approximately 83.6 M lb (37 897 t) of copper and 254 000 oz of gold doré. Based on the present 
Reserve, the project will be processing ore produced at the rate of 2 Mtpa from 2011 until at least 2020. 
 
The Environmental Impact Assessment completed by the Balkan Science and Education Centre of 
Ecology and Environment and submitted to the Bulgarian Government in February 2006 was approved 
in July 2008.  A Memorandum of Understanding (MOU) was signed between Dundee and the Bulgarian 
authorities outlining the basis for the approvals and the terms of renegotiation of the royalty provisions 
and the incorporation of the Bulgarian Government as a partner in the MPF.  The project is fully 
compliant with all European safety and environmental directives and “Best Available Techniques” (BAT) 
requirements and the engineering has passed through rigorous audit and been certified by the 
international cyanide management institute as being compliant with the international code for the 
management of cyanide. 
 
The capital cost required for project completion is estimated to be $216.2 M with a further sustaining 
and deferred capital cost of $85.4 M over the life of the Project. 
 
Combined site operating costs are estimated to be $52.39/t of ore (on average between 2012 and 
2018) after commissioning of the upgraded facilities.  This includes the Royalty sum of $4.78, under the 
new terms agreed in the MOU. 
 
Based on the assumptions made for the financial analysis completed in Section 17, the combined 
project returns the following on an “after-tax” basis: 

·  An NPV $237.6 M at discount rate of 7.5%  

·  The Internal Rate of Return (IRR) is 27.7%  

·  Project Payback is 2.8 years from start in 2011. 
 
1.4 STUDY PARTICIPANTS 

The major contributors to the DFS were: 

·  Dundee Precious Metals Inc. (Chelopech) B.V. (Dundee) – Project Owner and Manager. 

·  GRD Minproc Ltd – Study Manager; Concentrator Upgrade and Metals Production Facility, 
Testwork Management. 

·  Coffey Mining (formerly RSG Global Pty Ltd) – geology resource classification, mine reserve 
and mining engineering.  
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·  Northwind Enterprises Pty Ltd (Northwind) – Geotechnical consulting for underground mining 
design ground support and backfill design. 

·  Turnbery RPA Pty Ltd (Turnbery) - commissioned by Dundee to prepare a backfill project 
study (Backfill Project) for the underground mine operations.   

·  AMEC Earth and Environmental UK Ltd (AMEC) – Environmental Impact and Management.  

·  Knight Piésold Pty Limited (Knight Piésold) – provided analysis and reporting of geotechnical 
conditions, design and estimate of tailings management facilities (TMF) that includes water 
balance, tailings disposal, embankment design, seismicity modelling and planning of 
infrastructure earthworks. 

·  Plenum Consulting Pty Ltd (Geoff Knuckey) - provided the financial model and associated 
write up. 

·  Combined Resources Engineering  (CRE) – provided engineering services to modify the ore 
handling facilities underground plus upgrade the shaft haulage system.   

·  Jes E Ltd Consulting and Management Services – TMF and site plant geotechnical 
investigations. 

·  MYR Consulting Pty Ltd (MYR) – provided Risk Review report. 

·  SGS Lakefield-Oretest Pty Limited (Oretest), AMMTEC Limited (AMMTEC), Dynatec 
Corporation (Dynatec) and MinnovEX Technologies Inc. (Minnovex) provided laboratory 
services for batch and pilot scale continuous metallurgical testwork. 

·  SGS Lakefield Research for Environmental Stability Testing. 

·  SRK for preliminary operating hazards assessment. 
 
GRD Minproc was responsible for the coordination and management of the study for Dundee. 
 
1.5 SCOPE OF WORK 

The objective of this update to the DFS is to assess, at a definitive level, the continued feasibility of 
increasing the output of the Chelopech mine and the technical and economic viability of establishing 
metal production on site. 
 
The original DFS covered the following activities: 

·  An overview of prefeasibility studies to date. 

·  Review and incorporation into the DFS of geological work carried out by Coffey Mining. 

·  Review and incorporation into the DFS of mine engineering work carried out by Coffey Mining. 

·  Detailed technical analysis and study of the components of the processing plant. 

·  Management of a metallurgical test work program. 
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·  Determination, selection, design and costing of the most suitable options for the proposed 
pressure oxidation plant and associated metal production facilities to suit the proposed 
treatment profile and to achieve the targeted extraction efficiency. 

·  Determination, design and costing of the requirements for provision of services and ancillary 
facilities throughout the site. 

·  Inclusion into the DFS of an assessment of the environmental impact prepared by AMEC 
which, in turn, is based on the formal EIA submission to the Bulgarian government. 

·  Incorporation into the DFS of the final design and costing for the ultimate tailings management 
facility prepared by Knight Piésold 

·  Inclusion of a Risk Assessment report of the whole Project by MYR. 

·  Establishment of operating and capital cost profiles for the various project components. 

·  Production of a Project Implementation plan. 

·  Incorporation of an overall Project financial model. 
 
The DFS update included revisions of the original DFS to the following sections: 

·  Financial Assessment (Plenum Consulting) 

·  Project Implementation (Dundee/GRD Minproc) 

·  Project Program (Dundee/GRD Minproc) 

·  Mining (Coffey Mining) 

·  Process and Plant Description (GRD Minproc) 

·  Tailings Management (Knight Piésold) 

·  Infrastructure and Services (GRD Minproc) 

·  Land Access (Dundee) 

·  Legal and Permitting (Dundee) 

·  Risk Assessment. (Dundee) 
 
In most cases the revision is to describe the current state of the project. 
 
1.6 PROJECT DESCRIPTION 

1.6.1 Historical Background 

The Chelopech Project is situated adjacent to the Chelopech village, in the Sofia District of Bulgaria, 
75 km east of the capital Sofia, and approximately 350 km to the west by road and rail from the Black 
Sea ports of Burgas and Varna.  Chelopech is located at the foot of the Balkan Mountains, at an 
elevation of approximately 700 m above sea level.  The Project area is bounded to the north by the 
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foothills of the Balkan Range, to the east by a government-owned road maintenance organisation and 
residential housing and by agricultural land to the south and west. 
 
In the early 1950s, copper-gold resources were found to exist in the region, which led to the 
construction of exploration shafts and drill holes that were completed in 1956, which represented the 
start of mining operations at Chelopech.  The Chelopech Mine, then part of several state-owned 
enterprises, was fully operational between 1970 and 1990 producing bulk copper-gold and pyrite 
concentrates.  In 1990, the Bulgarian Government decreed that due to the high arsenic content, the 
concentrates could no longer be treated at the nearby MDK-Pirdop copper smelter, and the mine was 
put into care and maintenance.  The production of ore treated at the Chelopech Project between 1954 
and 1992 is estimated to be in the order of 8.2 Mt, at an average grade of 0.95% Cu and 2.68 g/t Au.  A 
complete rebuild of the processing plant was carried out in mid-1970.   
 
In 1994, operations were restarted by Navan Bulgarian Mining BV (NBM), a Dutch registered subsidiary 
of Navan Mining Plc., with the re-treatment of approximately 100 kt of stockpiled low-grade concentrate. 
Following a number of ownership changes over the next 5 years, in 1999, the Council of Ministers and 
Chelopech EAD signed a concession agreement for the extraction of gold-copper ores from the 
Chelopech Project, and the company name was again changed to Navan Chelopech AD (Navan). 
 
Navan operated the Chelopech Project until late 2002, at which time the operations continued under the 
direct control of an administrator appointed by Deutsche Bank AG of London.  During 2002, mining 
operations continued whilst Dundee negotiated the acquisition of the Bulgarian assets from Navan, 
including the Chelopech Project, which was completed in September 2003. 
 
During the later period of production, the ore treated at Chelopech Project between 1994 to the end of 
2002 is estimated to be in the order of 4.75 Mt at an average grade of 1.37% Cu and 3.89 g/t Au. 
 
It is the upgrade and expansion of these facilities which is the subject of this DFS. 
 
1.6.2 Project Description 

Dundee Precious Metals Inc. (Dundee) has operated the Chelopech underground copper/gold mine 
and ore concentrating facility since late 2003. The main copper mineral components present in the ore 
are the “sulpho-salts” tennantite and enargite-luzonite (75%) and chalcopyrite (20%), the former of 
which contains varying proportions of arsenic within their structures. The resulting copper/gold 
concentrate contains most of the arsenic present in the ore, and typically grades between 15% and 
17% copper, 20 to 40 g/t gold and 5 to 6% arsenic. Metal production from the mine averaged 22 M lb 
(10 000 t) of copper and 70 000 oz of gold per annum in the period between 2006 and 2008.   
 
The concentrates produced have been, and continue to be sold to smelters outside Bulgaria, however 
the market for which has been continuously diminishing since 2003. Dundee has been examining the 
potential of augmenting throughput and upgrading the process at Chelopech to produce copper and 
gold metals for direct sale to end users and to transform the arsenic in the ore to an environmentally 
stable form able to be safely disposed of into a TMF. 
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This was presented in 2005, in the form of a DFS, undertaken by GRD Minproc, which covered the 
proposed Chelopech Expansion Project (Project).  DPM board approval was given to the expansion at 
that time, and the project has been continuously advancing since that time within the constraints of 
receiving the appropriate permits from Bulgarian Government.  Detailed engineering is now almost 
complete, the majority of long lead equipment items being purchased while permitting has progressed 
since the approval of the Environmental impact Assessment by the Bulgarian Government in July 2008. 
 
Dundee requested GRD Minproc to update the original DFS with the latest information available to 
demonstrate the Project’s continued viability. This document therefore supersedes the 2005 publication. 
The updated DFS revised the whole Project combining the existing operation, the mine and process 
plant upgrade, the new MPF and associated facilities proposed to be added or upgraded to the Project. 
The 2005 document therefore forms the basis of this report with the relevant sections having been 
updated with the latest progress. 
 
After commissioning, and between 2012 and 2018, the Project is anticipated to produce 47.9 M lb 
(21 748 t) of copper metal and 139 568 oz per annum of gold doré from mining and processing 2 Mtpa 
of ore; by flotation, pressure oxidation (POX) and solvent extraction and electrowinning (SX/EW) for 
copper, and cyanidation of the residue for gold recovery.  Based on present Measured and Indicated 
Resources, Mineable Reserves and other DFS results, the life of mine for the operation at the design 
treatment rate will be 2020 and is expected to continue beyond this date as the reserve is continuously 
updated. 
 
The process plant design, including infrastructure and utilities, has been developed to support a capital 
cost estimate, as well as the MPF  operating cost estimate, to an accuracy of ±10%.  The mine upgrade 
capital estimate (performed separately from that of the MPF) is estimated to an accuracy of ±10%.  
Overall  capital and operating costs consider the mining, processing, general administration costs and 
environmental implications and are in United States Dollars (US$),  expressed as fourth quarter (Q4) 
2008 values. 
 
1.7 FINANCIAL ANALYSIS 

1.7.1 Introduction 

This section describes the economic returns from the Project under the conditions applicable for its 
development and operation, and analyses the sensitivity of the Project to changes in the key 
parameters. 
 
The analysis has been conducted on a Project basis only and, consequently, does not include 
corporate overheads or head office costs. 
 
Mining and processing data, and capital and operating costs, are drawn from other parts of the DFS 
Update and combined with the Project’s fiscal regime in an economic model that calculates normal 
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measures of economic return (such as Internal Rate of Return (IRR) and Net Present Value (NPV)) and 
reports key production statistics for the Project. 
 
1.7.2 Financial Analysis 

1.7.2.1 Production 

Financial analysis for the Project is based on extraction of underground ore from the Chelopech Mine 
(at a rate which is expanded to 2 Mtpa) to produce a flotation concentrate which, up to the end of 2010, 
will be sold to smelters outside Bulgaria.  From the start of 2011, the concentrate will be treated through 
new facilities constructed on site to produce LME grade copper and gold doré, with the copper cathode 
and doré both exported from Bulgaria (the doré to a foreign refinery, most likely in Europe). 
 
1.7.2.2 Assumptions 

In calculating the returns from the Project, the following fundamental assumptions have been made: 

·  Metal prices of $800/oz gold, $1.75/lb copper and $11.00/oz silver will be maintained throughout 
the life of the Project. 

·  Metal price and currency hedging is excluded. 

·  The life of the Project will be 12 years from the beginning of 2009. 
 
The period covered by the evaluation includes a 2 year period for final design, completion of permitting 
and construction of mine, concentrator and MPF facilities (January 2009 to January 2011), through to 
the end of ore processing in 2020 (12 years of operations for the combined project). 
 
1.7.2.3 Currency, Exchange Rates and Escalation 

The analysis has been conducted in United States dollars ($) rather than Bulgarian Lev (BGN), since it 
is considered to be the standard currency for evaluation of mineral projects in Eastern Europe. 
 
Base exchange rates used for the evaluation of the project are: 

·  $US 1.35/€ 

·  BGN 1.95583/€ (Note the Bulgarian currency is fixed against the Euro) 

·  BGN 1.45/$US 

·  CAD 1.20/$US 

·  $US 0.70/AUD. 
 
Effects of significant changes (favourable and unfavourable) in the Euro against the US$ are assessed 
in the sensitivity analysis. 
 
The analysis has been conducted without escalation of capital or operating costs, or metal prices. 
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1.7.2.4 Taxation 

The economic evaluation has been conducted both before and after the application of corporate taxes.  
Details of the fiscal regime applicable in Bulgaria to such an investment are provided in Section 16. 
 
1.7.2.5 Funding 

Financial analysis is based on the Project being wholly equity funded, although cashflows recognise 
obligations for principal and interest repayments under existing debt facilities. 
 
1.7.3 Project Ownership and Reporting of Results 

1.7.3.1 Project Ownership 

Since the completion of the Chelopech Expansion DFS in 2005, a Memorandum of Understanding has 
been concluded between Dundee Precious Metals (DPM) and the Republic of Bulgaria, which provides 
for the formation of a new joint stock Bulgarian company (Newco) to be owned 75% by DPM and 25% 
by a company owned by the Republic of Bulgaria (Bulco).  The MOU provides for Newco to undertake 
treatment of Chelopech copper gold concentrates to produce cathode copper and gold doré through the 
metals production facility (MPF) and to charge CMEAD a processing fee based on a combination of 
treatment and refining charges, an amount equal to an arsenic penalty charged by a third party smelter 
and a transportation credit – effectively a toll treatment arrangement.  The intention is that these 
charges will ultimately reflect prevailing market conditions. 
 
This effectively separates the Chelopech Project into two different parts: 

·  The mine and concentrator – owned 100% by DPM, through CMEAD. 

·  The MPF – owned 75% by DPM and 25% by the Republic of Bulgaria. 
 
1.7.3.2 Reporting of Results 

Evaluation of the economics of a project normally includes calculation of Net Present Value (NPV), 
Internal Rate of Return (IRR) and payback period. 
 
Since the fundamental purpose of economic evaluation of projects is to provide information about the 
returns which are likely to result in the future from capital expenditure now (normally a programme of 
capital expenditure over the period required to develop a project), and considering that the future of the 
two parts of the Chelopech project are inextricably linked, reporting of results has been focused on the 
whole project (rather than each part), and the returns on the capital yet to be spent (excluding the 
capital that has already been sunk). 
 
Project results for the whole Project are tabulated below. 
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Table 1.7.1 

Throughput, Life & Metal Prices 

Throughput 

Mine/Concentrator   

2009 Mt/a ore 0.93 

2010 Mt/a ore 1.06 

2011 onwards (average) Mt/a ore 1.99 

Metal Production Facility 

2011 kt/a conc. 86 

2012 kt/a conc. 150 

2013 - 2018 (average) kt/a conc. 146 

Project Life Years 12.0 

Metal Prices 

Gold $US/oz $800 

Copper $US/lb $1.75 

Silver $US/oz $11.00 

 
Table 1.7.2 

Project Economics 

Item Unit  

Pre-tax   

NPV at a discount rate of 7.5% $US M $262.6 

Internal Rate of Return % 29.0% 

Payback Period (from start 2011) Years 2.8 

After Tax   

NPV at a discount rate of 7.5% $US M $237.6 

Internal Rate of Return % 27.7% 

Payback Period (from start 2011) Years 2.8 
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Table 1.7.3 

Production 

Item Unit Life of Mine 

Total Quantity Ore Mined/Milled M t 21.9 

Average Grades   

Gold g/t 3.84 

Copper % 1.31% 

Silver g/t 8.67 

Metallurgical Recoveries 

Copper Concentrate   

Gold % 58.2% 

Copper % 85.3% 

Silver % 43.5% 

Metal Production Facility 

Gold % 95.0% 

Copper % 95.0% 

Silver % 4.0% 

Annual Production 

2009   

Gold (in copper concentrate) ounces 84 276 

Copper (in copper concentrate) tonnes 11 120 

  M lbs 24.5 

Silver (in copper concentrate) ounces 111 503 

2010   

Gold (in copper concentrate) ounces 94 543 

Copper (in copper concentrate) tonnes 15 221 

  M lbs 33.6 

Silver (in copper concentrate) ounces 141 040 

2012 - 2018 (average)   

Gold (in doré) ounces 139 568 

Copper (in copper cathode) tonnes 21 748 

  M lbs 47.9 

Silver (in doré) ounces 9 552 

Gold Equivalent (Net) ounces 244 580 

Total Production 

Gold (in copper concentrate/ doré) ounces 1 506 179 

Copper (in copper concentrate/cathode) tonnes 234 822 

 M lbs 517.7 

Silver (in copper concentrate/ doré) ounces 393 115 

Gold Equivalent ounces 2 644 037 
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Table 1.7.4 

Revenue & Operating Surplus 

Item Unit  

Revenue 

Annual Revenue   

2009 Net Revenue (after TC/RC's and transport charges) $US M $77 

2010 Net Revenue (after TC/RC's and transport charges) $US M $87 

2012 - 2018 Revenue (average) $US M $195 

Total Net Revenue $US M $2 011 

Operating Surplus 

2009 $US M $18.0 

2010 $US M $21.3 

2012 Onwards  (average) $US M $90.6 

 
Table 1.7.5 

Capital Costs 

Item Unit  

Capital Expenditure (to end 2010)   

Mine $US M $54.33 

Concentrator $US M $15.70 

Metal Production Facility $US M $70.54 

Owners Costs $US M $30.90 

Environmental Expenditure (Including TMFs) $US M $9.68 

Infrastructure & Services $US M $35.10 

Total Capital $US M $216.2 

Sustaining/Deferred/Replacement Capital $US M $85.54 

Total Capital – Life of Mine $US M $301.78 

Maximum Negative Cashflow $US M -$210.0 

Additional Working Capital - to end 2010 $US M $10.4 

Loan & Lease Payments  $US M $24.9 
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Table 1.7.6 

Operating Costs 

Item Unit Life of Mine 2009 2012–2018 Average 

Operating Cost Statistics 

Cash Operating Costs / tonne ore treated $US/t ore $51.56 $89.82 $47.68 

Total Cash Costs / tonne ore treated $US/t ore $55. 99 $93.81 $52.46 

Gold Equivalent Basis 

Cash Operating Costs / oz Au Equivalent $US/oz Au $426 $601 $391 

Total Cash Costs / oz Au Equivalent $US/oz Au $463 $628 $430 

Copper By-Product Basis 

Cash Operating Costs after Cu Credits / oz Au $US/oz Au $151 $516 $83 

Total Cash Costs after Cu Credits / oz Au $US/oz Au  $216 $560 $152 

Copper Co-Product Basis 

Cash Operating Costs / oz Au $US/oz Au $428 $606 $391 

Total Cash Costs / oz Au $US/oz Au $464 $632 $430 

Cash Operating Costs / lb Cu $US/lb Cu $0.93 $1.34 $0.85 

Total Cash Costs / lb Cu $US/lb Cu $1.01 $1.40 $0.9 4 

Unit Operating Costs 

Mine $US/t ore $21.51 $29.27 $21.52 

Concentrator $US/t ore $7.23 $13.82 $6.55 

Services $US/t ore $3.53 $7.15 $3.18 

General & Administration $US/t ore $4.50 $9.19 $4.03 

Environmental Bond – Bank Charges $US/t ore $0.12 $0.00 $0.13 

Metal Production $US/t ore $10.62 $0.05 $12.20 

Royalty $US/t ore $4.43 $3.99 $4.78 

Total Unit Operating Costs $US/t ore $51.94 $63.48 $52.39 

 
Table 1.7.7 

Cashflows 

Item Unit Life of Mine 2012 – 2018 

Total Pre-tax Cashflow $US M 546.4 578.7 

Corporate Taxation  $US M 46.8 36.3 

Total After Tax Cashflow $US M 499.6 542.3 

 
1.7.4 Sensitivity Analysis 

Sensitivity analysis has been conducted to assess the effects of changes in key parameters upon IRR 
and NPV, before and after taxation. 
 
Table 1.7.8, Figure 1.7.1 and Figure 1.7.2 show the effects of changes in key parameters upon the 
returns from the combined project. 
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Table 1.7.9 shows the effect of exchange rate changes upon results of the combined project. 
 

Table 1.7.8 

Sensitivity Analysis – After Tax 

Parameter / Variation  Value IRR 

(%) 

NPV at 7.5% 

($ M) 

  Average Gold   

Gold Price Price ($US/oz)   

-25% $600 14.7% $87.0 

-13% $700 21.3% $163.9 

0% $800 27.7% $237.6 

13% $900 34.1% $309.2 

25% $1,000 40.4% $378.4 

  Average Copper   

Copper Price Price ($US/lb)   

-20% $1.40 20.0% $148.0 

-9% $1.60 24.4% $199.3 

0% $1.75 27.7% $237.6 

9% $1.90 31.0% $275.5 

20% $2.10 35.3% $324.8 

  Total Cash Costs   

Operating Costs $US/oz Au Equiv   

-20% 399 36.5% $333.8 

-10% 430 32.2% $286.7 

0% 463 27.7% $237.6 

10% 496 23.2% $186.8 

20% 531 18.6% $133.5 

  Initial Capital   

Capital Costs (to end 2010) $USM   

-20% 173 36.0% $282.3 

-10% 195 31.5% $260.0 

0% 216 27.7% $237.6 

10% 238 24.5% $215.1 

20% 259 21.8% $192.7 
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Figure 1.7.1 

After Tax Internal Rate of Return  

$1000

$900

$700

$600

$2.10

$1.90

$1.60

$1.40

0%

10%

20%

30%

40%

50%

-30% -20% -10% 0% 10% 20% 30%

Percentage Change in Parameter

A
fte

r 
ta

x 
IR

R
 (

%
)

Gold Price

Copper Price

Operating Costs

Capital Costs

 
 



 
The Chelopech Expansion Project  

Update to the 2005 Definitive Feasibility Study  
Section 1 Project Summary  

 

 

 w:\chelopech\52011\engineering\dfs update\dfs section 1 final.doc 

 

Page 16 

 

Figure 1.7.2 

After Tax Net Present Value  
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Table 1.7.9 

Sensitivity Analysis – Exchange Rate Changes 

After Tax After Tax Initial Capital Total Cash Cost s Exchange Rate 

NPV @ 

7.5% 

IRR (to end 2010) Au 

Equivalent 

After Cu 

Credits 

Co-Product Basis 

 

€/$US $US/€ $US M % $US M $US/oz Au 

Eq 

$US/oz 

Au 

$US/oz 

Au 

$US/lb 

Cu 

Base -

20% 

0.93 1.08 $357.4 41.2% $193.8 $400 $106 $402 $0.87 

Base -

10% 

0.82 1.22 $295.7 33.9% $205.4 $432 $162 $434 $0.95 

Base 0.74 1.35 $237.6 27.7% $216.2 $463 $216 $464 $1.01 

Base 

+10% 

0.68 1.48 $179.0 22.1% $227.0 $493 $270 $495 $1.08 

Base 

+20% 

0.62 1.62 $115.8 16.6% $238.7 $526 $327 $528 $1.15 
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1.8 PROJECT IMPLEMENTATION 

The Chelopech plant expansion consists of two elements, with the first, the Concentrator Upgrade, 
planned to start in April 2009, and be completed in April 2010.  The second element, the Metal 
Production Facility, is planned to start in August 2009 and be completed by April 2011. The overall 
project schedule is presented in Figure 1.8.1 below 
 
Upgrading of the electrical power system is required to support both the Concentrator Upgrade and the 
Metal Production Facility.  This requires replacement of one of the main 110 kV supply transformers 
with a larger unit. During the period of changeover, emergency generation facilities will be required to 
maintain the mandatory requirement for two alternate sources of power for the mine. 
 
In parallel with these works, the mine upgrade will be undertaken to allow the increase of ore production 
to a rate of 2.0 Mtpa by the end of 2010.  This will include a major shaft upgrade by conversion to skip 
hoisting, an increase in the mining fleet and a corresponding enhancement of ventilation capacity. 
 
Dundee will have overall management responsibility for the Project.  The organisation charts for the 
Chelopech Expansion Project are shown in Section 13.17. 
 
To implement the Project, Dundee will enter into a number of reimbursable agreements.   
 
These contracts will include: 

·  Engineering and procurement of the process plant upgrade. 

·  EPCM for the mine materials handling and ventilation system upgrades.  Sections of these works 
will be directly undertaken by Dundee’s own workforce under Dundee supervision. 

·  Detailed design and technical supervision of the TMF construction.  Dundee will let and supervise 
the contracts for these works. 

·  Provision of assistance to Dundee to obtain permits and ensure compliance with all aspects of the 
EIA, IPPC and Seveso procedures. 

·  Technical assistance to Dundee to enter a contract to supply oxygen “over the fence” and to 
coordinate the necessary supporting capital works with the process plant engineering contractor. 

·  Construction Management contractor to manage the construction activities, contractors and site 
administration. 

 
The engineering contractors for the process plant and mine upgrade will operate individual cost 
recording and control systems for the sections of the works under their control and supervision.  This 
data will be reported to Dundee for incorporation into the overall project cost recording and control 
system to be set up, operated and managed by Dundee. 
 
Project accounting systems will be arranged to facilitate transfer of information into the existing 
Chelopech asset registers. 
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Major long lead time items are: 

·  Support services: 

110 kV transformer 

10kV transformers 

10kV Switchboards. 

·  Mine: 

Mine trucks 

Winder thyristor controls. 

·  Concentrator Upgrade: 

5.4 MW SAG mill 

Flotation cells. 

·  Metal Production Facility: 

Oxygen plant 

Autoclave, autoclave piping and feed pumps 

Condenser/flash vessel 

Electrowinning cells 

Clarifiers and thickeners. 
 
The major long lead time equipment for the processing plant has been purchased and is either already 
supplied or will be available within the scheduled required-on-site dates. 
 
The main 110 kV power transformer has been procured, but the 10 kV transformers and switchgear for 
the Mill area has not been purchased and is on the critical path for the Concentrator Upgrade. 
 
The critical path for the Metal Production Plant construction is through the Pressure oxidation (POX) 
area and the installation, brick-lining and pre-commissioning of the autoclave.  It will be necessary to 
plan out in detail the timing and sequencing of activities for this area well in advance. 
 
During the DFS, a number of contractors were requested to supply rates for the construction estimate.  
It was evident from this review that Bulgarian contractors have the capability to perform all the general 
fabrication and construction activities required for the Project.  It was also evident that these contractors 
would need guidance through the tendering process and extensive supervision during fabrication and 
construction to ensure quality and time requirements, as these contractors are not familiar with this type 
of mineral processing facility. 
 
The Construction Management will develop and implement specific safety procedures based on their 
own proven policies and standards, and in full compliance with the laws and regulations of Bulgaria.  
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They will actively pursue and promote zero health and safety accidents and incidents throughout all 
stages of construction projects. 
 
The process plant Dundee Commissioning Team will take over after mechanical completion. 
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Figure 1.8.1  

Overall Project Summary 
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1.9 GEOLOGY AND RESOURCE MODELLING 

Coffey was commissioned by Dundee to complete an Independent Mineral Resource Estimate on the 
Chelopech Copper/Gold Project. 
 
The resource study was completed as part of the Chelopech Expansion Project.  The resource estimate 
was generated and classified to conform to the disclosure and reporting requirements set forth in the 
Toronto Stock Exchange Manual, National Instrument 43-101 Standards of Disclosure for Mineral 
Project (“NI 43-101”), Companion Policy 43-101CP to NI 43-101, and Form 43-101F1 of NI 43-101. 
 
1.9.1 Regional and Project Geology 

The geology of the Panagyurishte mining district comprises a basement of Pre-Cambrian granitoid 
gneisses intruded by Palaeozoic granites and overlain by Upper Cretaceous magmatic and 
sedimentary sequences. Mineralisation in the Panagyurishte district is intimately related to Cretaceous 
magmatic activity.   
 
The Chelopech deposit is located within the Chelopech volcanic centre, on the northern side of a north-
easterly trending jog in the regional, east-west trending, Balkan fault.  The northern and north-eastern 
part of the volcano has been eroded off whilst the southern part has been thrust down by part of the 
Balkan Fault complex. 
 
Within the mine environment, ore is associated with the Lower Chelopech Formation, comprising 
propylitically altered andesitic and dacitic lavas, tuffs and agglomerates.  The mineralisation occurs 
within sulphide-rich zones of replacement silicification surrounded by haloes of silica-sericite alteration. 
 The ore bodies, which formed as both complex branched bodies and discrete pipes, are grouped into 
two mining areas.  The Central zone consists of 11 mineralised bodies whilst the Western zone 
comprises a further 9 mineralised bodies.  Of these, eight are considered significant to the defined 
resources.   
 
These are 17, 18, 19E, 19W and 8 in the Central zone and 103, 150 and 151 in the Western zone. 
 

·  Mineralogy 

The ore mineralogy of the Chelopech deposits is dominated by pyrite, marcasite, and melnikovite, 
which forms, on average, some 50% by volume of the ore bodies.  The principal ore minerals 
comprise tennantite, enargite-luzonite, and chalcopyrite together with subordinate famatinite, 
sphalerite and galena.  In gross terms about 75% of the copper is in the form of arsenides and 
sulphosalts, 20% as chalcopyrite and 5% as oxides. 

 

There is good correlation between copper, gold, and sulphur, thus indicating that the main phase of 
mineralisation is, as observed, dominantly copper-gold-sulphur associated with pyrite (and other 
sulphides and arsenides).  In addition, there is a strong relationship between copper (and to some 
extent gold) mineralisation and stockwork veining.   
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·  Data Collection 

Mineral resource definition drilling at Chelopech has been completed on a notional hole spacing of 
between 50 m by 50 m and 25 m by 25 m.  A combination of surface diamond drill holes, 
underground diamond drill holes, and underground face samples comprise the database applied to 
resource estimation.  Most surface holes are vertical or steeply inclined and average 600 m to 
700 m in depth with some holes exceeding 1 000 m.  Underground drilling, originally horizontal, is 
now inclined in all orientations to achieve the best angle of intersection. 

 

A review of the available quality control data for the drilling and face sampling was completed, 
including drilling phase, survey, geological logging, recovery, and analytical data.  Based on the 
available information, all drilling and face data was accepted as appropriate for resource 
estimation. 

·  Sampling Method and Approach 

Underground development face samples are taken as horizontal panel chips on a 20 cm grid over 
the bottom half of the face for each development round advance of between 3 m and 5 m.  The 
samples are usually split on the basis of different mineralisation and geological characteristics.  
Each sample represents around 160 t of ore.  All drill core is sampled in intervals up to a maximum 
of 3 m but with 1.5 m sample intervals more common within mineralised zones. Samples are 
routinely assayed for Cu, Au, Ag, S and As in the mine. 

 

The majority of sample preparation has been completed on site at Chelopech.  The majority of the 
analyses were completed on site at Chelopech up to the start of 2003; however, between 2003 and 
2004 all drillhole analyses was completed at UltraTrace in Perth, Australia.  Since late 2004, all drill 
samples have been analysed at the SGS operated laboratory on site at Chelopech.  Drill samples 
collected by Homestake were sent for analysis to Bondar Clegg in Canada, and Chemex in the 
USA.  In addition, 1 488 drillhole samples and face samples were sent to OMAC in Ireland in 2000. 
 These samples were prepared on site in Chelopech and the pulps sent to OMAC for gold and 
silver analysis. 

 

The assay quality control procedures applied to the samples from Chelopech appear to be rigorous 
and should provide adequate control and monitoring of the analyses undertaken. The supplied 
drilling data were reviewed, validated and checked in late 2008. The database is considered robust 
and suitable for use in resource estimation studies. 

·  Bulk Density 

Bulk density measurements have been routinely completed since the start of 2003 at the (ISO9002 
rated) Eurotest facility in Sofia using the industry standard wax coating water immersion method.  
Prior to 2003, the bulk density was assigned based on a formula that uses sulphide and copper 
assays.  The bulk density measurements completed in 2003 and 2004 were used to assess the 
formula and estimate density directly. 

·  QAQC Analysis 
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Based on the available assay quality control data, Coffey concludes that the copper, gold and to a 
lesser degree sulphur assay data for the Chelopech project show acceptable levels of overall 
precision and accuracy for use in resource grade estimation investigations.  The quality control 
data for the silver and arsenic data, while in cases problematic and contradictory, shows that 
although precision and/or accuracy levels are lower than expected, no systematic bias is present.  
The silver data and sulphur data is also considered appropriate for resource evaluation studies. 

·  Block Model and Grade Estimation 

A 3D block model was constructed for the purposes of grade estimation with a parent block size of 
20 mE x 20 mN x 10 mRL.  Sub-blocking was employed to a sub-block cell size of 1 mE x 1 mN x 
1 mRL to ensure adequate reproduction of the interpreted geological model.  All relevant geological 
interpretation, for example the silica envelope and domain wireframes were coded to the block 
model. 

 

The integrity of the resource block model was validated by mean of detailed visual comparison of 
the various wireframe models with the configuration of the sub-blocking and domain coding 
developed in the block model.  The block model and wireframe volumes were compared for the 
silica constraints, the sub-domain envelopes, and the underground mine development.   

 

Mineral resource estimates for the Chelopech project have been generated using a variety of 
estimation techniques, including ordinary kriging.  Arsenic grades have been estimated by linear 
regression from the ordinary kriged copper estimates.  The estimation parameters were derived 
from the variography and sample search neighbourhood tests completed on selected blocks.  The 
resource was validated visually and statistically and alternative estimates were generated for 
comparison. 

 

Kriging within each domain for the resource estimate was completed using up to three estimation 
passes.  All estimation passes were completed using a maximum of 24 and a minimum of 12 input 
data, with a maximum of 4 data selected from any one drill hole.  The ordinary kriged estimates 
were extensively validated by visual and statistical comparison of block estimates against the 
source composite data for each estimation domain. 

 

Coffey believes that the ordinary kriged estimates for the regions of the deposit well informed by 
drilling are globally robust.  The estimates in the domains based on lower density drilling and 
regions extending away from the drilling (e.g. along strike and down plunge) are of significantly 
reduced confidence. 

 
1.9.2 Resource Reporting 

The Resource Statement displayed in Table 1.9.1 has been prepared and reported in accordance with 
the Canadian National Instrument 43-101, Standards of Disclosure for Mineral Projects of February 
2001 (the Instrument) and the classifications adopted by CIM Council in August 2000. 
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Table 1.9.1  

Chelopech Copper/Gold Project – September 30, 2008 

Grade Tonnage Report Grouped by Resource Category 
Ordinary Kriged Estimate (Regressed As - Cu_ok), 20 mN x 20mE x 10mRL 

Cut Cu, Au and Ag, Min-12 and Max-24 Composites  

Cut-off 

(AuEq) 

M Tonnes AuEq 

(g/t) 

Cu  

(%) 

Au 

(g/t) 

Ag 

(g/t) 

S 

(%) 

As 

(%) 

Measured Resource 

2 18.374 6.4 1.3 3.7 9.9 14.4 0.4 

3 15.480 7.1 1.5 4.1 10.9 15.2 0.5 

4 13.045 7.8 1.6 4.5 11.8 15.9 0.5 

5 11.145 8.3 1.7 4.9 12.6 16.5 0.5 

6 8.831 9.1 1.9 5.3 13.4 17.3 0.6 

Indicated Resource 

2 32.763 4.3 0.8 2.6 6.2 12.3 0.3 

3 18.070 5.9 1.1 3.6 7.5 14.1 0.3 

4 11.928 7.1 1.3 4.5 8.3 15.4 0.4 

5 8.694 8.1 1.5 5.1 8.8 16.2 0.5 

6 5.997 9.3 1.7 6.0 9.5 17.1 0.5 

Measured + Indicated Resource 

2 51.136 5.1 1.0 3.0 7.5 13.0 0.3 

3 33.550 6.4 1.3 3.9 9.1 14.6 0.4 

4 24.973 7.5 1.5 4.5 10.1 15.7 0.5 

5 19.839 8.2 1.6 5.0 10.9 16.4 0.5 

6 14.828 9.2 1.8 5.6 11.8 17.2 0.6 

Inferred Resource 

2 23.130 3.3 0.6 2.0 8.8 10.6 0.2 

3 8.974 4.6 0.9 2.8 11.8 12.0 0.3 

4 3.789 6.2 1.2 3.9 15.0 13.4 0.4 

5 2.043 7.8 1.5 4.8 16.8 14.3 0.4 

6 1.191 9.4 1.8 5.8 18.6 15.5 0.5 

 
1.10 MINING 

1.10.1 Resources 

Mining of ore for treatment at the Chelopech Project (the Project) commenced in 1954 and up to 1992, 
ore mined was estimated to be in the order of 8.2 Mt, at an average grade of 0.95% Cu and 2.68g/t Au. 
Ore treated between 1994 to the end of 2002 is estimated to be in the order of 4.75 Mt at an average 
grade of 1.37% Cu and 3.89 g/t Au. 
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A revised resource model, completed by RSG Global in December 2004, which incorporated all the 
latest drill hole data at the time, consisted of the following Measured and Indicated Resources at 4 g/t 
Au equivalent cut-off and AuEq (g/t) = Au (g/t) + 2Cu (%). 

·  22.5 Mt at 1.52% Cu, 4.15 g/t Au, 11 g/t Ag, 15% S and 0.44% As. 
 
In September 2008 Coffey Mining (formerly RSG Global) revised the block model and issued a new 
Resource statement at a 3.2 g/t Au equivalent cut-off and AuEq (g/t) = Au + 2.5 Cu (%). 

·  34.78 Mt at 1.27% Cu, 3.78 g/t Au, 8.94 g/t Ag, 14.4% S and 0.38% As. 
 
1.10.2 Study Background 

In 2004, RSG Global was commissioned to provide a Mining Feasibility Study (MFS) to give 
recommendations that would enable the mine operations to increase production from just under 1 Mt/a 
to 2 Mtpa.  The study was published in December 2005, as part of the original DFS.  This has now been 
updated by Coffey Mining, who was commissioned - in 2008 to update the MFS, taking into account the 
fact that the mine workings were considerably deeper than when the original study was completed, the 
economic climate different and the Resource model had been updated.  The mine also had the benefit 
of three years experience using the Long Hole Open stoping (LHOS) method, a change from the 
Sublevel Caving (SLC) method used prior to 2005.   
 
1.10.3 Mining Operations 

Until 2005, the dominant stoping method in use at the Project was Sublevel Caving (SLC).  Three block 
failures and 1 surface disturbance were registered between 1977 and 1990, occurring as a result of 
mining activities in the 10, 103 and 150 blocks. 
 
In addition to the potential of the underground caving mining methods causing surface subsistence, the 
Western Decline, which is the primary means of access to the 150 and 151 blocks on the Western Area 
of the underground workings, was in danger of being lost if caving mining methods were to continue in 
either the 150 or 151 blocks.  Since these two blocks currently represent in the order of 60% of the 
mining inventory, the mine design was changed after 2003, so that the caving process could be 
arrested, by leaving two crown pillars below the current SLC stopes and continuing to carry on stoping 
operations by means of LHOS with post backfill. 
 
The Bulgarian Government has also determined that pillars must be maintained to protect public 
surface infrastructure and this now prevents caving mining methods being used in the 103, 19E and 
19W blocks.   
 
Based on the results of past mining methods applied at the Project, it was essential that the design of 
future mining methods does not involve caving mining methods. 
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1.10.4 Dundee Implementation Programme 

With the acquisition of the Project by DPM in September 2003, the company embarked on a mining 
upgrade implementation programme.  This was necessary due to the poor condition of the fixed plant 
and equipment and the low productivity levels achieved from the mining operations, largely a result of 
the lack of sufficient capital being made available to the project during the latter period of the previous 
owner.  
 
With specific reference to the implementation plan for the mining component of the Project, which was 
developed during late 2003, the primary goals of the programme were as follows: 

·  To provide the correct infrastructure for underground mining 

·  To upgrade the mining equipment required 

·  To train and improve the supervisory capability of operational personnel 

·  Select and implement an appropriate stoping method. 
 
1.10.5 History and Study Methodology 

At the time of the acquisition of the Project by DPM, the annual ore production output for the previous 
4 years was in the order of 640 ktpa, with 522 kt achieved in 2003.  The production target of the mining 
implementation plan was 2.0 Mtpa, which was to be achieved by upgrading existing facilities and 
infrastructure, whilst at the same time, introducing a new stoping method.  This implementation plan is 
currently in progress.   
 
LHOS has now been successfully implemented, and by December 2008, the mine output had been 
increased to the equivalent of 1 Mtpa, which is the current pre-upgrade design capacity of the Kapitalna 
shaft.   
 
1.10.6 Mining Study Methodology  

Coffey Mining undertook the mining study update as part of the DFS with the objective of providing a 
sound basis for the justification of the further development of the Project.  The study examined and 
recommended new methods and enhancements to existing systems to allow a systematic 
improvement, whilst ensuring that mine production can be maintained during the upgrade phase. 
 
As the Project is an operating mine, the study update focused on the aspects that provide value to 
Dundee without compromising the on-going mining operations.  For this reason, the methodology 
adopted for the study was as follows: 

·  The primary focus was to ensure that the current LHOS mining method is suitable and practical for 
the geometry and spatial distribution of the orebodies based on the revised block model shapes.  
This also included a detailed assessment of the geotechnical inputs which have a direct bearing on 
the stope design parameters and the LHOS experience to date. 
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·  In the original 2005 DFS, a review of the drill and blast characteristics of the operations was 
undertaken.  This included a study to determine the fragmentation characteristics of the ore when 
subjected to different drill and blast patterns associated with the new mining methods and also to 
predict the impact of run-of-mine fragmentation on material handling systems. 

·  The determination of the cut-off grade is based on estimated future operating costs and production 
targets that are sufficiently accurate for reserve determinations. 

·  Selection of block model blocks for inclusion in the Reserve was made following the cut-off grade 
methodology as detailed in the cut-off grade section. 

·  The scheduling of the stope extraction and backfill sequence forms a focal aspect of this study 
update.  It is important that the mine design presented in the study update represents an optimum 
mining method, which also takes into account current mining operations, allowing sufficient 
flexibility for the mine operators to modify the study mine design to suit actual conditions 
encountered. 

 
Although the study update examines the LHOS method and enhancements to the existing systems, 
adherence to these aspects is not expected to be absolute, since the current mining operations take 
precedence over the short term recommendations made in the study.  The study therefore attempts to 
adopt the methods and enhancements currently being implemented at Chelopech where possible. 
 
1.10.7 Cut-Off Grade Analysis 

As the Project is a polymetallic deposit and the value of the ore is in the contained copper, gold and silver, 
it is only possible to express the cut-off grade (COG) in terms of an equivalent grade.  That is, a grade 
which aims to equate the value of all the contained metals into a single equivalent grade.  This number is 
dependant on the relative prices of the metals, as well as their absolute value. 
 
Future project plans include the construction of a metals production plant at Chelopech which uses 
pressure oxidation, solvent extraction and carbon in pulp to liberate the copper, gold and silver.  This has a 
different set of costs and recoveries to the current processing and refining regime.  It should be noted that 
the current cut-off grade work was undertaken prior to the memorandum of understanding was finalised 
between the Bulgarian Government and DPM.  The results of the June 08 equivalent grade and cut-off 
grade calculations allow the following conclusions to be drawn: 

·  The cost and revenue inputs have changed significantly since previous studies and more importantly, 
since the currently used equivalence quotient of two, and cut-off grade of 4 g/t AuEq were selected. 

·  The use of a complex equivalence formula was considered, however the use of a linear relationship 
gives reasonable accuracy for the typical data range.  The equivalence function has been revised and 
is expressed as: 

AuEq (g/t) = Au (g/t) + 2.5Cu (%)  

·  An optimum cut-off grade of 3.2 g/t AuEq can be applied to all normal planning and operating 
conditions with a lower cut-off of 2.6 g/t AuEq to be used where incremental feed is available. 
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·  The proposed construction of a metals treatment plant on site will significantly lower the cut-off grade.  
The costs provided for the proposed metal treatment plant indicated significant differences to costs for 
the concentrator in the current mine budget.  Future cut-off grade analyses will include all the current 
cost changes occurred by the operation, including any and all differences that will be determined 
once the metals plant is operational. 

 
1.10.8 Mining Schedule 

The mining development and production schedule is outlined in Section 5.13 of the DFS The main 
features of the mine schedule are as follows: 

·  Project production commences at the current 1 000 ktpa and ramps-up during the period between 
late 2009 to early 2011, and thereafter remains at 2.0 Mtpa. 

·  Total development metres advance peaks at 640 m/month in 2011, which will require 3 jumbo 
development units. 

·  Mine production remains constant at 2.0 Mtpa between 2012 and 2020, with the tonnage 
recovered dropping off after 2021. 

·  The LOM schedule is shown in Table 1.10.1. 
 
1.10.9 Materials Handling System 

The underground materials handling system in the mine is required to transport ore to the primary 
crushing station located on surface adjacent to the Kapitalna Shaft headframe.  There is also a 
requirement for the handling of the waste material derived from development.  With the proposed LHOS 
method, all waste material is planned to be disposed of directly into open stopes as backfill, and 
consequently, the material handling system addressed in the DFS update is focused on the handling of 
ore material only. 
 
Coffey Mining has reviewed the current ore handling system.  A major design assumption was that the 
current system of grizzlies and hoisting of un-crushed rock would be an interim arrangement only.  
However, investigations indicate that based on current and projected Resources at the proposed mining 
rate of 2 Mtpa, an upgrade to the current system is not likely to be economically viable.  The most 
recent analysis concludes that it will prove to be cheaper to continue to truck ore to the 405 L level 
grizzlies.   
 
 
 



 
The Chelopech Expansion Project  

Update to the 2005 Definitive Feasibility Study  
Section 1 Project Summary  

 

 

 w:\chelopech\52011\engineering\dfs update\dfs section 1 final.doc 

 

Page 29 

 

 

Table 1.10.1  

Mining Feasibility Study Update 

LOM Schedule Summary 

Name Unit 2009 2010 2011 2012 2013 2014 2015 2016 201 7 2018 2019 2020 2021 2022 2023 Total 

MINED ORE Mt 0.91 1.08 1.79 1.97 1.93 1.95 2.02 2.02 2.00 2.00 2.00 2.00 1.59 0.70 0.24 24.37 

Cu Total % 1.51 1.63 1.30 1.33 1.28 1.39 1.12 1.28 1.51 1.47 1.42 0.70 0.60 1.65 1.69 1.27 

Au Total g/t 4.57 4.23 3.90 3.58 3.87 3.61 3.73 4.13 4.70 4.43 4.06 1.81 1.58 4.25 4.38 3.71 

Ag Total g/t 8.09 8.15 6.95 7.62 7.07 7.73 7.34 10.10 11.69 9.98 12.74 5.94 4.85 11.36 11.07 8.53 

As Total % 0.45 0.52 0.39 0.41 0.38 0.42 0.33 0.38 0.45 0.44 0.43 0.22 0.19 0.51 0.51 0.39 

S Total % 13.66 14.94 13.76 13.94 14.12 15.03 13.41 15.38 16.44 16.79 16.08 8.30 6.92 17.61 17.35 13.97 
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1.10.10 Mining Equipment Selection 

The planned operation at Chelopech can be considered to be a typical medium to large scale 
mechanised operation and will use larger sized equipment. 
 
The proposed primary equipment selected is similar to those currently in use at the mine. 
 

Table 1.10.2  

Mining Feasibility Study Update 

Existing Primary Mobile Equipment  

Equipment Type Equipment Model Number 

Loader Sandvik Tamrock Toro 0010 4 

Haul Truck Sandvik Tamrock Toro 50D 6 

Jumbo Sandvik Tamrock Axera D07 240 3 

Longhole Drill Sandvik Tamrock Solo DL420-15C, Solo  DL430-7C 3 

 
1.10.11 Summary of Mining Fleet Size 

The mining fleet requirements are shown in Table 1.10.3.  The fleet numbers have been calculated by 
applying the various production factors to the mining schedule to determine the size of fleet required on 
a year by year basis. 
 

Table 1.10.3  

Mining Feasibility Study 

Fleet Size Schedule 

Name 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Jumbo, Axera D7 3 3 3 2 2 2 2 2 1 1 1 1 1 1 1 

Loader, Toro 0010 4 3 4 4 4 4 4 4 4 4 4 4 4 2 1 

Trucks, Toro 50D 6 6 10 10 8 8 9 9 7 7 6 4 3 3 1 

LH Drill, Solo 1020/1520 3 3 3 3 4 4 4 4 4 3 3 2 2 1 1 

 
The increase in mining fleet size will require the ventilation system to be upgraded.  It is proposed that 
this will be achieved by installing larger fans on the ventilation shaft and by the installation of an 
exhaust fan on the secondary hoisting shaft.  There will also be some stripping of primary airways 
required to lower the mine resistance. 
 
1.10.12 Backfill 

Turnbery RPA Pty Ltd (Turnbery) was commissioned in November 2004 by DPM to prepare a study 
(Backfill Project) for the Chelopech DFS.   
 
This study covered the following aspects of the Backfill Project: 

·  Surface transfer of tailings. 

·  Backfill preparation plant. 
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·  Binder storage and dosing arrangements. 

·  Underground reticulation. 

·  General infrastructure and plant services including power, water, air and communications 
requirements. 

·  Engineering design and construction. 

·  Capital costs. 

·  Operating costs. 

·  Project implementation plan. 
 
Phase 1 Backfill System 
 
The Backfill Project Study describes the construction of a Phase 1 backfill system and includes a 
backfill preparation plant based on a fishtail cyclone classifier, which has been implemented.  This 
dewatering technology is relatively inexpensive, is simple to operate and is essentially self regulating.  It 
is estimated that the plant will have a 70% recovery of tailings to backfill (58% was achieved to 
December 2008).  The backfill produced will be a high density tailings fill, which will tend to be fast 
settling and relatively abrasive.  The plant produces a reject stream of fine, dilute slurry which reports to 
the tailings storage facility.   
 
Phase 2 Backfill System 
 
Due to operating constraints of the flotation TMF, there is a requirement for the Phase 1 system to be 
upgraded to a full “paste” system, which generally incorporates filtration of the final tailings product.  
This dewatering technology is more expensive but allows 100% recovery of tailings to backfill with an 
improved quality product.  The fill produced is a high density paste tailings fill, which tends to be slow 
settling with relatively low abrasivity.  The plant will produce a reject stream of filtrate, relatively clean 
process water which may report to the mine process water circuit, i.e. zero discharge to the tailings 
storage facility during backfill operations. 
 
According to feedback from site, the pastefill plant can be installed and commissioned within 12 months 
at an estimated additional capital cost of US$10.5 M.   
 
The installation of the pastefill reticulation system is estimated to be US$3 M.   
 
The pastefill plant is planned to be commissioned by January 2010 and, at planned production levels of 
2 Mt/a, the plant will be required to run for 60% of the time. 
 
1.10.13 Mining Reserve 

Based on the results of this study a summarised ore reserve is shown in Table 1.10.4. 
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Table 1.10.4 

Mining Feasibility Study 

Ore Reserve 

Gold  

(Au) 

Copper 

(Cu) 

Category Tonnes 

(Mt) 

Grade  

(g/t) 

Ounces 

(Moz) 

Grade 

(%) 

Mlb 

Proven 11.68 3.89 1.46 1.42 366.03 

Probable 12.69 3.53 1.44 1.15 321.86 

Total 24.37 3.70 2.90 1.28 687.89 

 
The mining envelope was optimised using Datamine’s Mineable Resource Optimiser (MRO).  This 
software is programmed to produce an optimum boundary based on specified mining constraints. 
 
The stope optimisation process, combined with a lower cut-off grade of 3.2g/tAuEq compared to 4g/tAuEq 
has significantly increased the Reserve, from approximately 16 Mt to over 24 Mt. 
 
1.11 METALLURGY AND FLOWSHEET DEVELOPMENT 

Several comprehensive testwork programmes have been completed on samples representing various 
Chelopech ore types.  The testing included batch and continuous pilot scale programmes for the 
mineral processing and hydrometallurgical aspects of the Concentrator Upgrade and Metals Production 
Facility. 
 
The results of the metallurgical testwork programmes were employed to develop the DFS process flow 
sheet, process design criteria, mass balance model and equipment sizing.   
 
This section describes the metallurgical testwork programmes and process development activities, with 
process and plant descriptions presented in Section 1.12 and metal recovery estimates outlined in 
Section 1.11.5 of this Project Summary.  Detailed descriptions of the process development and plant 
are presented in Section 6 and Section 7, respectively. 
 
1.11.1 Metallurgical Testwork Overview 

During the latter part of 2004, GRD Minproc, on behalf of Dundee, commenced and managed a 
comprehensive testwork programme as part of the DFS.  This testwork programme followed on from a 
limited batch testing programme conducted during 2003 as part of the earlier pre-feasibility level Due 
Diligence study and continued until November 2005.   
 
The key objectives of the testwork programme were to: 

·  Confirm that the high copper and gold extraction results obtained in earlier Due Diligence phase 
batch testing (approximately 95% Cu, and 90% to 95% Au) could be achieved on a range of 
Chelopech concentrates, including future concentrate samples derived from bulk flotation of 
representative composites of drill core from the three major ore zones of the deposit (Blocks 19, 
150 and 151). 
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·  Identify process conditions and an overall process flow sheet which could deliver these extractions 
at optimal reagent consumptions and, preferably, in a single train POX plant. 

·  Confirm the process performance and design criteria of the key circuits. 
 
This programme culminated in the development of the flow sheet outlined in Figure 1.12.1 for the 
treatment of Chelopech copper-gold sulphide concentrate.  
 
Included in this programme was characterisation and flotation of run-of-mine (ROM) ore and a number 
of stope and drill core ore samples from the Chelopech Resource, characterisation of two limestone 
samples from potential Bulgarian suppliers near the Chelopech site, and environmental testing of 
barren liquors and residues following the recovery of copper and gold.  Commissioned by Dundee, the 
bulk of this testwork was conducted in three laboratories; SGS Lakefield-Oretest and Ammtec in Perth, 
Australia and Dynatec at Fort Saskatchewan in Canada.  
 
1.11.2 Comminution Testwork 

A series of comminution characterisation testwork programmes was completed to establish the 
competence, hardness and variability of the three main Chelopech ore types, i.e. Block 19, Block 150 
and Block 151. 
 
Unconfined Compressive Strength (UCS) measurements indicated strong rock characteristics for each 
ore types, with average values between 67 MPa and 93 MPa recorded. 
 
Bond work index testing demonstrated moderate hardness and grindability characteristics on average, 
although some variation was shown within and between the ore types tested.  In general, average Bond 
rod mill work index tests results of between 15.6 kWh/t and 19.2 kWh/t were achieved, with Block 151 
samples exhibiting the hardest characteristics.  Similarly, average Bond ball mill work indices of 
between 16.3 kWh/t and 18.2 kWh/t were shown, with Block 19 and Block 151 demonstrating the 
harder values.  Average Bond abrasion index results ranging from 0.42 to 0.62 were indicated, with 
Block 151 exhibiting the most abrasive ore type tested.  MinnovEX completed a variability programme 
on drill core samples at depth, the results indicating relatively consistent hardness characteristics 
similar to the Bond ball mill work index results previously obtained. 
 
JK Tech drop weight testing indicated hard impact breakage characteristics for all samples and similarly 
hard abrasion resistance, except for Block 19 which was described as moderate. 
 
Average comminution characterisation testwork results for the 3 main ore types tested are presented in 
Table 1.11.1. 
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Table 1.11.1  

Comminution Characterisation Testwork Average 

Results Summary 

Comminution Testwork Parameter Ore Type 

Description Unit Block 19 Block 150 Block 151 

Unconfined Compressive Strength MPa 66.8 85.9 93.2 

Bond Rod Mill Work Index kWh/t 17.6 15.6 19.2 

Bond Ball Mill Work Index kWh/t 18.1 16.3 18.2 

Bond Abrasion Index - 0.42 0.51 0.62 

MinnovEX  - SAG Power Index (SPI) 

MinnovEX -  Modified Bond Work Index 

mins 

kWh/t 

140 

17.0 

104 

14.8 

128 

18.6 

JK Tech Axb SAG Model Parameter - 30.0 35.1 35.0 

JK Tech ta SAG Model Parameter - 0.36 0.32 0.35 

 
Concentrate regrind power requirements for a range of target concentrate size distributions were 
established via vendor testwork and illustrated significant additional grinding power requirements for 
grinds finer than 20 µm. 
 
1.11.3 Flotation Testwork 

Flotation testwork completed during the DFS included batch testing to establish performance variability 
and four bulk flotation campaigns predominantly undertaken to provide large scale samples for 
subsequent hydrometallurgical pilot scale campaigns. 
 
Initial batch flotation programmes focussed on the development of a suitable batch procedure to 
simulate the performance of the full scale concentrator, with “Procedure G” (rougher/scavenger/cleaner) 
providing similar results to the full scale circuit with respect to concentrate weight, copper and gold 
recovery and copper grade.  However, recovery of gold to copper concentrate were generally lower 
than those achieved in the existing concentrator, probably due to the multi-stage cleaning circuit 
employed at the concentrator and due to differences in grind characteristics.  In general, conditions 
similar to those applied at full scale were maintained for the batch testwork procedures.  The production 
of a pyrite concentrate via a differential flotation regime was also included in much of the earlier batch 
testwork. 
 
Several samples representing material from various areas of the three main ore types were tested and 
illustrated variable copper and gold recoveries of between 57% to 87% and 20% to 65%, respectively.  
In general, copper recoveries of approximately 80% and gold recoveries in the range of 40% to 50% 
were reported for most ore types.  However, Block 151 samples consistently exhibited poorer gold 
recoveries. 
 
As a result of the relatively poor Block 151 gold recoveries, and in recognition of the lack of any 
substantial flotation optimisation testwork in recent years, a testwork programme has recently 
commenced to assess alternative flotation regimes for Chelopech ores, where the work has initially 
focused on Block 151. 
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Additional Block 19 samples (Block 19 East, Block 19 West and Block 19 Au) were submitted for a 
detailed flotation programme which investigated the effect of grind size, flotation reagents and 
conditions.  The results indicated that very good copper and gold recoveries (of between 86% to 93% 
and 62% to 78%, respectively) could be obtained under conditions similar to those employed at the 
existing concentrator.  The purpose of this programme was to discover any differences in flotation 
response within Block 19.  None were found.  However, a useful by-product of the work was the 
identification of the potential for improvements beyond the standard current regime. 
 
Four bulk flotation campaigns were completed during the course of the DFS, predominantly to provide 
large scale samples for subsequent continuous hydrometallurgical testwork programmes.  Various flow 
sheets were employed for treatment of samples representing the three main ore types.  Flotation 
performance was generally as derived from the batch campaigns, with copper and gold recoveries 
ranging from 70% to 88% and 34% to 67%, respectively.  Block 151 again proved to be the poorest 
performing ore type with respect to both copper and, more significantly, gold recovery. 
 
A preliminary evaluation of flash flotation was undertaken on cyclone underflow and mill discharge 
samples derived from the bulk flotation Campaign 4.  The results indicated no particular benefit from 
this approach, although the testing could have been improved with lower collector addition rates, as 
evidenced by the generally high flash flotation concentrate weights obtained. 
 
Further drill core interval samples were submitted to MinnovEX to establish any flotation performance 
variability.  However, the procedure employed was limited to rougher/scavenger testing which was 
difficult to compare directly against the previously completed batch and bulk flotation programmes.  
 
1.11.4 Gravity Gold Recovery Testwork 

Scoping level testwork was undertaken to samples representing the three main ore types to evaluate 
the potential for gravity gold recovery from the proposed milling circuit.  Whilst gold recoveries to a 
laboratory centrifugal concentrator ranged between 17% and 31%, the portion associated with free gold 
(defined by mercury amalgamation and compared to gold contained in the relatively high specific 
gravity sulphides) was relatively low at less than 6% and further work in this direction was abandoned. 
 
1.11.5 Pressure Oxidation and Cyanidation Testwork 

The programme of POX and cyanidation testing for the project progressed through 5 distinct phases, 
only the first 3 of which were originally expected to be necessary for completion of the study: 

·  Scoping batch testwork completed as part of the 2003 prefeasibility level Due Diligence study. 

·  Stage 1 batch testing at Lakefield-Oretest in Perth completed between July and October 2004. 

·  Stage 2 – attempted continuous integrated pilot plant testing at Lakefield-Oretest in November 
2004 and the subsequent POX and cyanidation only stage 2B campaign in December 2004. 

·  Stage 3 “demonstration run” integrated pilot plant campaign at Dynatec in Alberta, Canada during 
March-April 2005. 
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·  Stages 4 through 6 POX and cyanidation only campaigns at Dynatec conducted between June and 
November 2005 

 
Each phase advanced the project understanding and confidence in the optimal conditions and flow 
sheet for hydrometallurgical treatment of Chelopech concentrate, and gold bearing copper arsenic 
concentrates in general.  With the exception of the final stage 5 and Stage 6 campaigns, each 
programme uncovered processing issues and problems which required the subsequent phases to 
resolve. 
 
A series of five scoping batch POX and cyanidation tests were completed as part of the 2003 pre-
feasibility level Due Diligence study.  These tests yielded approximately 99% sulphur oxidation, greater 
than 95% copper extraction in POX, and 90% to 97% gold extraction in subsequent cyanidation testing 
of the POX residue.  Samples included concentrates from Western and Central zones of the Chelopech 
deposit, as well as a blended composite.  The conditions of these tests were, however, not optimised 
and included a 2 hour batch-residence time in POX at 220ºC (which would necessitate a two-train 
autoclave circuit), and in all but one test produced residues which were not stable at alkaline pH and 
required high lime consumption in cyanidation, on the order of 100 kg CaO/t of residue.  The initial 
focus of the DFS phase POX and cyanidation testwork programme was therefore to identify POX 
conditions under which ~95% Cu and Au extractions could be maintained, but within a residence time 
which would allow a single autoclave train design (roughly 70 minutes or less) while producing a pH 
stable residue. 
 
Stage 1 batch testing was conducted at Lakefield-Oretest in Perth between June and October 2004.  
This programme confirmed that approximately 95% Cu and Au extractions could be maintained, with no 
more than 1 hour batch-residence time in POX required for concentrates reground to a nominal P80 size 
of 25 µm at 230°C.  In addition, low lime and cyani de consumptions in subsequent cyanidation testing 
(less than 10 kg/t CaO and less than 5 kg/t NaCN) were shown if 10 g/L magnesium (Mg) and 2 g/L to 
5 g/L sodium (Na) were maintained in the SX raffinate used to prepare the autoclave feed slurry and as 
quench water in POX.  The combined effect of Na and Mg is to promote the formation of a pH stable 
sodium-jarosite precipitate in POX, instead of the unstable and lime-reactive species (basic iron 
sulphates and related sulphate-arsenate precipitates) otherwise formed in the absence of these 
additives.  Sodium could be provided in the commercial plant by partial neutralisation of the raffinate 
with soda ash, and magnesium could be provided by the limited addition of dolomite to the limestone 
used in primary neutralisation and impurity removal.  
 
Without the addition of magnesium or sodium, pH stable residues were not produced, even at 190ºC, 
the lowest practical POX temperature tested.  With Mg addition (but in the absence of sodium), pH 
stable residues were produced at temperatures of 190ºC to 200ºC in these batch tests.  However, batch 
POX residence times of between 60 and 90 minutes were required on concentrates reground to 
nominal P80 sizes of 10 µm to achieve complete sulphide sulphur oxidation and maximum copper 
extractions at the lower temperatures. 
 
Flow sheet development during this phase of testwork introduced the concepts of: 

·  Separate filtration of POX residue to limit the tonnage, and improve the filterability, of solids 
directed to cyanide leach. 
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·  The Primary Neutralization circuit, in which the filtered POX solution is only partially neutralised 
with limestone (to approximately 5 g/L H2SO4), precipitating an easily filtered gypsum waste 
product that is largely free of arsenic.  This filtered product can be washed and either used in 
backfill or directed to the Flotation TMF, while leaving residual iron and arsenic in solution in the Cu 
SX feed. 

·  Neutralisation of approximately half the Cu SX raffinate in an Impurity Removal circuit with a 
combination of limestone and lime to precipitate arsenic, iron, residual copper and zinc into a solids 
slurry stream for recycle to the POX autoclave. 

·  The use of the Mg bearing overflow solution from the IR circuit (Neutral Barren Solution – NBS), for 
limestone and concentrate milling to facilitate recycle of Mg to the autoclave. 

·  The use of the remaining SX raffinate (containing approximately 26 g/L H2SO4) as autoclave 
quench water. 

 
Due to Project schedule constraints at the time of testing, it was not possible to conduct this phase of 
the hydrometallurgical testwork program on either a representative composite sample or a suite of ore-
zone specific future concentrate samples derived from drill core.  Instead, the majority of the batch 
development phase testing was conducted on two essentially identical samples of Cu concentrate 
produced from the Chelopech concentrator during July 2005 (Concentrates A and B); these 
concentrates were produced when a specially prepared parcel of Block 151 ore was selectively batched 
through the mine and concentrator.  Optimal batch-test conditions were then confirmed on several 
variability samples of concentrates.  The Stage 2 continuous integrated pilot plant testing was 
conducted at Lakefield-Oretest in November 2004.  This was intended to be a demonstration run of the 
full integrated flow sheet, in which the unit operations described above were to be tested over a range 
of POX temperatures and residence times on the B151 bulk sample, followed by confirmation at 
optimum POX conditions on stope and drill core derived variability samples from all three ore zones.  
This program was unfortunately plagued by extensive equipment failures and operational errors, as well 
as an apparent propensity for excessive scale formation in the interconnecting piping of the Lakefield-
Oretest pilot autoclave system. 
 
The configuration of the Lakefield-Oretest “4-Pot” pilot autoclave aggravated the effect of the scaling 
behaviour, and the degree to which a commercial scale horizontal autoclave would suffer from similar 
scaling issues is unknown.  Nonetheless, to allow piloting to continue and to mitigate the commercial 
scale risks that may result, the use of sodium to promote the formation of pH stable Na-jarosite 
containing POX residues was abandoned as a result of the scale formation propensity and the apparent 
detrimental impact upon Au extraction discussed below. 
 
The range of POX conditions tested in this campaign all yielded 98% or higher sulphide sulphur 
oxidation, 92% to 94.5% Cu extraction and 89% to 93% Au extractions for sodium based tests, 
somewhat lower than had been achieved in prior batch testing under similar conditions. 
 
The Stage 2 campaign also included two test periods conducted without sodium addition and at lower 
temperatures of 190ºC to 200ºC.  Copper extraction from the two tests was significantly higher at 97.9% 
and 98.7%, suggesting sodium may promote an increased lock-up of oxidised copper in the POX 
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residue, while Au extractions on these two periods were among the lowest seen in the Stage 2 program 
at 87.8% and 90.6%   
 
Pilot testing at Lakefield-Oretest concluded with a final series of POX-only tests (the Stage 2B 
campaign) in which a revised flow sheet and POX chemistry regime was tested on the B151 bulk 
sample under temperature and residence time conditions ranging from 200ºC and 70 minute up to 
230ºC and 50 minutes.  The flow sheet revisions aimed at lowering effective residual acid levels in the 
POX discharge to promote pH stability in cyanidation, without Na addition in POX. 
 
Consistent with the goals of this campaign, pH stable residues were produced from all conditions 
tested, but sulphur oxidation, as well as Cu and Au extraction results, reported by Lakefield-Oretest for 
the Stage 2B campaign were highly variable, ranging from 96% to 98.6% sulphur oxidation, 91% to 
97.3% Cu extraction in POX, and 81.7% to 94.5% Au extraction in cyanidation.  Subsequent to 
completion of the campaign, it was also discovered that the excess limestone present in the autoclave 
feed blends generally exceeded targeted ratios and was also highly variable.  The trends in the data 
suggested lower Cu extractions for the highest limestone dosages tested (greater than 0.3 kg limestone 
per kg concentrate), but no clear trends between POX conditions and Au extraction were apparent on 
initial review of the results.  
 
On the basis of the Stage 2B results, a POX temperature of 230ºC and a limestone dosage of 0.25 kg 
limestone/kg of concentrate (equivalent to 0.86 kg carbon/kg sulphide sulphur) was identified as the 
best compromise between minimising required autoclave volume, maximising Cu and Au extraction, 
and limiting scaling and oxygen utilisation issues associated with limestone in the feed.  These 
conditions were therefore selected as the base case conditions for further testing, but at a slightly 
increased residence time of 70 minutes to maximize sulphide oxidation. 
 
In light of the operational and equipment reliability issues encountered with the Lakefield-Oretest 4-pot 
pilot unit, further pilot testing for the project was conducted in a more conventional horizontal 
“submarine”– style pilot autoclave at Dynatec’s laboratory facilities in Ft Saskatchewan, Alberta.  This 
commenced with the Stage 3 integrated pilot plant demonstration run in March-April 2005.   Prior to the 
pilot campaign, all concentrate samples to be tested were subjected to batch POX-cyanidation tests 
under the standard base case conditions.  These batch tests yielded Cu and Au extractions in the mid 
90s on all concentrates tested. 
 
On initial start up of the Stage 3 campaign, problems were encountered with magnesium sulphate 
precipitation and blockages of the quench water lines into the pilot autoclave.  This necessitated a 
change to the use of fresh water as quench water downstream of the first compartment.  For the first 
few test periods of the campaign, Mg dosing in the feed slurry was maintained while processing the 
B151 bulk sample previously tested in Stages 2 and 2B, then Mg dosing was discontinued.  POX 
residues produced without Mg dosing remained pH stable with low lime consumption in subsequent 
cyanidation, and all variability samples were therefore tested under standard temperature and 
residence time conditions without Mg dosing.  This operating regime provided consistent sulphide 
sulphur oxidation levels of 98% to 99% and excellent copper extractions of 96% to 98% on all samples 
tested.  On the previously tested B151 bulk sample, Au extractions averaging 95.5% were achieved 
with Mg dosing and 91% to 94% without Mg, but Au extractions achieved on most of the variability 
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concentrate samples (without Mg dosing) were disappointing and well below the analogous Mg-dosed 
batch test results, ranging down to 77%. 
 
On the belief that the absence of Mg dosing was the principal cause of the disappointing Au extractions, 
the Stage 4 POX programme was planned during which a subsequent set of variability samples were 
treated under the same standard POX conditions, but with Mg dosing. 
 
A thorough review of the results through to Stage 4 led to some theories on the mechanism for the 
losses in gold recovery.  These were tested on a sample of current concentrate (Conc. D) in Stage 5 of 
the pilot plant testwork.  The campaign was conducted in October 2005 and included continuous 
pressure oxidation at two alternative temperatures (200ºC and 225ºC) under various conditions.  The 
main aim of the work was to determine whether improved Au extractions could be achieved whilst 
maintaining overall sulphide oxidation and Cu extraction at acceptable levels.  These efforts proved 
successful, and Au extractions in the order of 92% to 95% were achieved under at least one of the 
conditions tested at both 200ºC and 225ºC.   The autoclave feed blending ratios used in this campaign, 
as well as IR solids feed slurry and quench water solution compositions, were also updated to reflect 
the final optimised proposed flow sheet, which included amalgamated treatment of mine ARD water in 
the IR circuit and recycle of the resulting solids precipitates to the autoclave. 
 
The 225ºC option, with a 60 minute residence time, was selected as a base case for the final Stage 6 
campaign, during which a third set of drill-core derived variability concentrate samples (from B151, 
B150 and B19) were tested, along with a further bulk concentrate sample (Conc. E), to confirm Au 
achievable extractions.  
 
Gold extractions in the mid 90% range were achieved on all samples, whilst maintaining average 
copper extractions above 96%, as shown in Table 1.12.2. 
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Table 1.11.2  

Summary Results of Final Stage 5 and Stage 6 POX-Cyan idation Testing 

Concentrate Sample &  

Test Conditions 

POX Temp 

(º C) 

POX Residence 

Time 

(min) 

Sulphide Sulphur 

Oxidation 

(%) 

Copper 

Extraction in POX 

(% Cu) 

Gold 

Extraction 

(% Au) 

B151 Core-3 (Stage 6)      

Batch test 225 90 98.7 93.2 99.0 

Best period – 4B 225 62 99.0 94.2 96 - 97 

2nd best period – 3  225 64 99.1 94.0 96.5 – 97.5 

B150 Core-3 (Stage 6)      

Batch test 225 90 99.1 97.6 96.4 

Best period – 6  225 60 98.9 98.0 93 - 94 

2nd best period – 5  225 63 98.9 97.3 93 - 94 

B19 Core-3 (Stage 6)       

Batch test 225 90 99.1 96.8 94.7 

Best period – 7  225 62 98.9 97.8 93 - 97 

2nd best period – 8  225 65 98.9 97.7 92 - 93 

Conc. E (Stage 6)       

Batch test 225 90 99.0 96.6 98.3 

Best period – 7  225 62 98.9 97.8 93 - 97 

2nd best period – 8  225 65 98.9 97.7 92 - 93 

Conc. D (Stage 5)       

Batch test 230 90 99.4 96.1 95.0 

Best period –1 225 66 98.9 97.8 93 - 97 

2nd best period – 2 225 65 98.9 97.7 92 - 93 

 
1.11.6 Cyanide Destruction Testwork 

A GRD Minproc desktop trade-off study on cyanide management options recommended the Caro’s acid 
cyanide destruction process for the Chelopech DFS.  Testwork was completed on 3 samples derived 
from the Stage 3 testwork programme completed at Dynatec.  The testing established that levels of 
weak acid dissociable cyanide (CNWAD) of 10 ppm (the EU statutory limit for tailings discharge) could be 
obtained relatively easily and with moderate reagent addition rate requirements. 

Some concerns have been subsequently raised relating to continuous compliance with the 10 ppm 
CNWAD standard. It is therefore proposed to replace the Caro system with a SO2/Air system. This still 
has to be tested and engineered. 
 
1.11.7 Primary Neutralisation Testwork 

Stage 2 testwork demonstrated that neutralisation of acid to a target of 5 g/L could be achieved using 
Chelopech limestone, thereby producing a PLS solution with a suitable pH for SX.  Furthermore, the 
testwork demonstrated that neutralisation could be readily achieved within the nominated residence 
time of 3 hours.  Control issues associated with achieving a consistent discharge acid concentration 
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during Stage 2 were overcome in Stage 3 by the use of more suitable equipment and attention to 
operating parameters.  
 
Separation of the gypsum precipitate from the copper-bearing solution was successful as thickener 
underflow densities ranging from 40% to 50% (w/w) were achieved during the Stage 3 campaign.  
Filtration and two-stage washing of the gypsum filter cake demonstrated that soluble copper losses 
could be reduced to less than 400 mg/L. Analysis of the Stage 3 gypsum filter cake showed that co-
precipitation of species such as arsenic was not occurring. 
 
1.11.8 Solvent Extraction Testwork 

Solvent extraction (SX) was shown to be a technically feasible unit operation for the Chelopech flow 
sheet during both Stage 2 and Stage 3 campaigns.  Extraction of copper from the PLS solution 
generally ranged from 92% to 97% and consistently exceeded the design target of 90%.  A high purity 
electrolyte stream, suitable for electrowinning, was produced throughout both campaigns.  
 
Computer modelling and results from Stages 2 and 3 testwork indicated that the above mentioned high 
recoveries necessitated an SX circuit comprising three extraction and two stripping stages.  A wash 
mixer settler was also tested during both campaigns to minimise the transfer, via aqueous entrainment, 
of impurities such as chloride, manganese and iron from the PLS to the electrolyte.  
 
A later review of the Chelopech flow sheet indicated that reductions in capital expenditure and SX plant 
footprint could be realised by decreasing the number of stages, whilst still achieving suitable extraction 
of copper.  A 2 extract, 1 strip circuit (2+1) was proposed on the basis that SX copper extraction of 85% 
could be accepted.  This was on the grounds that unextracted copper remaining in the raffinate would 
be captured at the Impurity Removal (IR) stage and recirculated through the process without reduction 
of overall recovery.  The wash mixer settler could also be removed from the flow sheet without 
detriment due to the low concentrations of harmful impurities such as chloride, manganese and iron in 
the Chelopech PLS.  
 
Modelling of the 2+1 circuit indicated that 85% copper recovery could be achieved from the Chelopech 
PLS and the modelling was later validated by an extractant supplier during a 10 day pilot campaign.  
The 2+1 circuit was further demonstrated during the Stage 5 campaign at Dynatec, during which copper 
recoveries in excess of 85% were consistently achieved over a three week period.  
 
Formation of a stable emulsion in the organic phase was the main technical issue to arise during the 
Stages 2 and 3, but did not occur during the three week Stage 5 campaign. Initially the emulsion was 
believed to be the result of colloidal silica transfer from the aqueous to the organic phase, subsequently 
causing a decrease in the interfacial tension (IFT) of the organic and allowing the emulsion to form.  
Silica levels during Stages 2 and 3 ranged from 300 to 500 ppm, whereas levels during Stage 5 were 
much lower at around 100 ppm. 
 
The suspected cause of the emulsion was later confirmed during several stages of investigative 
testwork by Cytec, suppliers of SX extractant chemicals.  Testwork conducted by Cytec showed that 
silica was being transferred to the organic and that a gradual decrease in IFT would result in the 
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formation of the stable emulsion.  Anecdotal evidence also suggested that the problem was 
exacerbated by operating with aqueous phase continuity in the SX mixers.  Further testwork by Cytec 
showed that treatment with activated clay, as practised in most copper SX operations, was effective in 
restoring the organic IFT to a value approximating that of fresh organic. Following a single pass 
treatment with 1–2 wt% clay, the organic was returned to the circuit and stable operation resumed. 
 
Whilst the investigative testwork provided an understanding of the cause of the emulsion and a viable 
means of treatment, additional design considerations have been made to further mitigate both the 
potential cause and effect of the emulsion. These design considerations are discussed in further detail 
in Section 6 of the DFS. 
 
1.11.9 Electrowinning Testwork 

Copper cathodes were produced during both Stage 2 and Stage 3 pilot campaigns and, on both 
occasions, the purity of the cathode exceeded LME specifications.  The ability of the SX process to 
provide a high purity electrolyte was a significant factor in the high purity of cathode produced.  During 
both campaigns, the EW operating parameters applied very closely approximated those used in a 
full-scale commercial plant.  Results for major impurity elements are presented for Stage 2 and Stage 3 
cathode in Table 1.11.3, along with the corresponding LME limits for each element. 
 

Table 1.11.3  

Analytical Results for Stage 2 and Stage 3 COPPER Cat hode 

Element LME Spec Limit 

(ppm) 

Cathode Assay Stage 2 

(ppm) 

Cathode Assay Stage 3 

(ppm) 

Lead <5.0 3.4 0.7 

Sulphur <15.0 2.7 2.6 

Iron <10 0.5 0.6 

 
1.11.10 Impurity Removal Testwork 

Results from the Stage 2 and Stage 3 campaigns demonstrated that virtually all of the soluble species 
in the SX raffinate could be precipitated in the two stage Impurity Removal (IR) process.  Overflow from 
the IR2 thickener generally contained less than 5 ppm copper and less than 1 ppm arsenic.  Underflow 
densities from the IR2 thickener ranged from 35% to 45% (w/w) during batch and continuous testwork 
campaigns, allowing an underflow density of 40% (w/w) to be selected for the process design. 
 
1.11.11 Solid liquid separation testwork 

Solid liquid separation tests with process slurries from the pressure oxidation (POX), primary 
neutralization (PN) and impurity removal (IR) were conducted by Pocock Industrial Inc. Flocculant 
screening, gravity sedimentation, pulp rheology and vacuum filtration tests were conducted, the results 
of which are attached in Appendix 6 
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1.11.12 Environmental Testwork 

Results from environmental tests conducted during Stage 2 indicated that the analytical results for all 
methods of analysis were below the allowable TCLP limits.  Further environmental tests during Stage 3 
and subsequent campaigns demonstrated that stable residues were produced and TCLP limits were 
not exceeded for any of the test methods. 
 
1.12 PROCESS AND PLANT DESCRIPTION 

Design of the process plant is based upon design criteria and flow sheet development activities derived 
predominantly from the various testwork programmes summarised in Section 1.12.  In the instances 
where no specific test data exist, design parameters have been assumed, based on information derived 
from previous similar designs or existing operations. 
 
A simplified block diagram of the plant is shown in Figure 1.12.1. 
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Figure 1.12.1  

Chelopech Project Process Flow Block Diagram 
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A 3D view of the DFS facility is presented as Figure 1.12.2. 
 

Figure 1.12.2  

View of Plant 

 
 
1.12.1 Design Production Basis 

Concentrator Annual Ore Throughput 2 000 000 t 
Concentrator Availability 91.3% (8 000 h/a) 
Concentrator Throughput Rate 250 t/h 
Design Copper Head Grade 1.45% 
Design Gold Feed Grade 3.80 g/t 
Copper Concentrate Weight 7.5% 
Concentrator Annual Production 150 000 t 
MPF Availability 85% (7 446 h/a) 
MPF Concentrate Throughput Rate 20.1 t/h 
Concentrate Copper Grade 15.5% 
Concentrate Gold Grade 29.9 g/t 
 
Design annual metal production is 22 088 t (48.7 M lb) of LME grades copper and almost 137 000 oz of 
gold in doré.  
 
For the financial evaluation on an average annual basis, metal production is expected to be 47.3 M lb 
(21 471 t) of LME grade copper and approximately 139 568 oz and gold in doré, respectively per year 
between 2012 and 2018 
 
The current process design has a gold production capacity of 137,000 Oz of gold in doré. Subsequent 
to the design being completed the mine schedule has been updated and now has a number of years 
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exceeding this design basis by up to 6.5%. These revised gold production levels have been used in the 
financial model. A preliminary review of the current design has indicated that the circuits will be able to 
process the increased production.   
 
1.12.2 Plant Description 

Chelopech MPF Flow Sheet is presented in Figure 1.12.3 and the proposed overall plant layout in 
Figure 1.12.4. 
 
Concentrator Upgrade 
 
In general, the Concentrator Upgrade makes use of much of the existing equipment, including the 
primary crushing area, flotation equipment, concentrate dewatering facility and services.  However, the 
existing secondary and tertiary crushing circuit, as well as the existing primary and secondary milling 
circuit, are replaced with new equipment as described below: 

·  ROM bin, reciprocating plate feeder and conveyor for introduction of decline delivered ore to the 
third primary crusher.   

·  Two new conveyors to transfer primary crushed ore from the existing transfer conveyor to the SAG 
mill feed chute. 

·  Grate discharge SAG mill at 8.24 m diameter (inside liners) and 4.73 m EGL (effective grinding 
length) powered by a 5.4 MW motor and including a ball charging arrangement, liner handler and 
associated equipment. 

·  SAG mill classification circuit comprising mill discharge hopper, cyclone feed pumps and cyclone 
cluster. 

·  Four 100 m3 tank cells for the upgraded rougher and scavenger duties. 

·  Utilisation of existing flotation circuit as the new cleaning circuit. 

·  Metso vertical plate and frame pressure filter and ancillary equipment to complement the existing 
Ceramec filter for concentrate dewatering. 

·  Concentrate filter cake handling system including two screw feeders, transfer conveyor, diversion 
gate and emergency bunker.  A system for introduction of stockpiled concentrate includes a bin 
and transfer conveyor to direct material to the concentrate repulp tank. 

 
Metals Production Facility Process Description 
 
To improve POX kinetics, the flotation concentrate is reground prior to introduction to the autoclave.  
The regrind mill is the existing secondary mill, a 300 kW overflow unit, designed to reduce the repulped 
concentrate from a feed size (F80) of 90 µm to a product (P80) size of 25 µm.  The regrind thickener 
underflow stream is pumped at 55% solids to the POX autoclave feed tank and the overflow stream 
usually reports to the concentrate repulp tank, with provision for transfer to the NBS system if required. 
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Figure 1.12.3  

Metals Production Facility Flow Sheet 
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Figure 1.12.4  

Chelopech Plant Layout 
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Regrind thickener underflow and underflow from the impurity removal thickeners are pumped to the 
agitated POX autoclave feed tank for blending and 36 hours of storage.  Limestone slurry is also added 
to the tank.  The total design autoclave feed rate is 56.9 t/h. 
 
The oxidation autoclave is a five compartment, membrane and brick lined, horizontal agitated steel 
pressure vessel operating at 225°C and a normal ope rating pressure of 3 450 kPa.g.  The oxidation of 
the sulphide species provides sufficient heat to generate the required operating temperature and 
associated pressure and, in fact, requires quench water to allow for temperature control.  Quench water 
and oxygen are introduced to each compartment via sparges located under each agitator.  The 
operating conditions are based on extensive metallurgical testwork (described in Section 6 of the DFS) 
to maximise copper and gold recovery whilst minimising subsequent neutralisation requirements and 
providing stable final residues for disposal. 
 
Oxygen is supplied by a cryogenic facility at a purity of 96% by weight.  The facility also has the 
capacity to produce a liquid oxygen (LOX) stream for storage and use during oxygen plant downtime.  
This facility is not included in the capital cost and it is assumed that oxygen is purchased from a third 
party supplier who will build a facility at Chelopech. 
 
The purpose of the flash vessel and associated scrubbing system is to allow the autoclave discharge 
slurry to be reduced from the autoclave operating pressure and temperature to just above atmospheric 
pressure.  Slurry is separated in the upper section of the vessel and the resulting flash steam directed 
to the cyclonic scrubber for particulate removal prior to discharge to the atmosphere. 
 
Flashed slurry flows by gravity through the two discharge conditioning tanks connected in series to 
improve metal recovery and arsenic fixation.  Slurry from the second tank flows by gravity to the CCD 
circuit. 
 
Solid-liquid separation of the POX discharge is required to allow separate treatment of the solution 
phase (containing the copper, zinc and other base metals) and the solid phase (containing the gold 
values).  Separation is achieved using a five-stage counter-current decantation (CCD) circuit 
incorporating 13 m diameter high rate thickeners.  Process water and return water from the POX/CIL 
residue TMF is employed as wash water.  The liquor from the CCD circuit reports to the PLS storage 
pond.  The underflow from the final stage thickener (CCD 5) is pumped to the CIL neutralisation 
system. 
 
The position of the PLS pond, with respect to the flow sheet, is such that excess heat can be removed 
from the solution stream prior to solvent extraction.  In addition to losses from the relatively large 
surface area of the pond, heat removal can be supplemented (if necessary) by operation of a PLS 
cooling tower.  Some gypsum precipitation is expected to occur as a result of PLS cooling. 
 
The primary function of the Primary Neutralisation (PN) circuit is to neutralise the residual acid content 
of the PLS solution from approximately 34 g/L to a target value of 5 g/L via the addition of limestone 
and removal of the resultant gypsum product.  This is achieved via a series of three agitated tanks and 
assisted by the recycle of a gypsum seed stream to the head of the PN circuit, which provides suitable 
nucleation sites for gypsum precipitation and helps reduce scaling on the PN tank internals.  The seed 
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stream comprises a portion of the repulped gypsum filter cake and the Pinned Bed Clarifier (PBC) 
underflow stream. 
 
Gypsum is removed from the PN tanks discharge stream via 2 stage vacuum belt filtration, where the 
first stage wash is completed with NBS and the second stage wash by process water to recover the 
maximum quantity of metal values.  The two filtrate streams are combined and transferred to the PBC 
to remove any fine entrained particles which may be detrimental to the downstream SX process with 
respect to crud formation.  Metallurgical testwork has shown that a stable emulsion may be formed 
under some conditions in SX, and that may be minimised by the addition of a coagulant (Polysil RM 
1250 or similar) to reduce soluble silica levels.  This coagulant, in addition to flocculant, is added to the 
PBC feed stream.  The PN filter cake is repulped with process water and reports to the Flotation TMF 
and the PN seed recycle stream (50% each).   
 
PLS solution (16 g/L Cu)  from the clarifier reports to the solvent extraction (SX) circuit.  The SX mixer 
settlers are configured for 2 stages of extraction and 1 stage of stripping.  The copper solvent extraction 
process involves the selective recovery of copper from the dilute PLS stream of produce a high purity 
copper sulphate solution suitable for the subsequent electrowinning process. 
 
The aqueous phase exits the SX circuit as the raffinate stream and gravity feeds to the raffinate pond.  
The pond has two sections, a pre-settler with a floating boom for organic recovery and a surge pond.  
Organic entrainment entering the pond is retained in the pre-settler pond behind the floating boom and 
later recovered using the organic recovery skimmer and returned to the SX circuit.  The settled raffinate 
stream reports to the Impurity Removal (IR) circuit. 
 
Strong (or advance) electrolyte contains minor amounts of particulate solids and entrained organic 
which are removed prior to electrowinning via two Co-matrix dual media filters. 
 
Electrowinning of copper involves the electrochemical deposition of metallic copper from the advance 
electroyte copper sulphate solution.  The advance electrolyte is mixed with circulating electrolyte and 
introduced to each electrowinning cell via a manifold in the bottom of the cell.   
 
In the electrowinning process at Chelopech, advance electrolyte from copper solvent extraction is fed to 
the copper EW circuit after removal of entrained organic.  The solution temperature is controlled to 45°C 
to achieve optimal conditions in electrolysis.  This is achieved via heat exchange with the spent 
electrolyte followed by trim heating by direct steam injection. 
 
Spent electrolyte, containing 35 g/L Cu and 180 g/L H2SO4, is pumped from the circulation tank and 
returned to copper solvent extraction stripping circuit.  In addition, a bleed is withdrawn from the 
electrolyte stream to control the concentration of soluble impurities such as iron, chloride and 
manganese. 
 
Copper cathode is grown continuously over a period of approximately 7 days at a current density about 
300 A/m2.  Copper cathodes are strapped together in bundles weighing approximately three tonnes and 
then shipped and sold. 
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The impurity removal process involves two stages of neutralisation to reduce free acid and precipitate 
soluble species such as copper, zinc, iron, arsenic and others from the raffinate exiting the solvent 
extraction plant. A third neutralisation circuit is included to recover a separate basic zinc sulfate product 
(BZS). 
 
IR1 comprises three agitated tanks in series.  Oxygen is injected to oxidise ferrous iron to ferric and 
limestone slurry is added to increase the pH to approximately 6.3 in order to precipitate most of the 
contained copper, arsenic and iron.  The resultant slurry is thickened to 40%w/w solids; approximately 
half the solids are recycled to the IR1 precipitation tanks to provide seed whilst the remainder are 
recycled to the POX circuit for the purposes of fixing the contained arsenic and the recovery of 
precipitated copper. 
 
The overflow from the IR1 thickener is split: a small bleed is sent to the BZS precipitation circuit, whilst 
the remainder is used as neutralised barren solution (NBS) which is recycled to several locations 
throughout the process. 
 
BZS is precipitated in two agitated tanks in series using lime at a pH of 6.7.  The resultant slurry is 
thickened to 40%w/w solids; approximately half the solids are recycled to the BZS precipitation tanks to 
provide seed whilst the remainder are filtered in a horizontal pressure filter to produce a potentially 
saleable zinc product. 
 
Surplus NBS is combined with acid rock drainage (ARD) collected from the mine and neutralised in the 
IR2 circuit to recover contained metal values and render the water suitable for use as process water. 
IR2 uses lime to raise the pH to 10.5 in two agitated tanks thereby scavenging soluble impurities, 
including magnesium. The resulting slurry is thickened to 40%w/w solids solids; approximately half the 
solids are recycled to the IR2 precipitation tanks to provide seed whilst the remainder are recycled to 
the POX circuit for the same reasons as IR1 solids. IR2 thickener overflow is sent to the process water 
tank. 
 
After pre-treatment of the ore by pressure oxidation and removal of the majority of the soluble copper in 
the CCD circuit, the CCD 5 underflow slurry is transferred to the carbon-in-leach (CIL) circuit for gold 
extraction.  Initially the slurry pH is increased to 10.5 with lime slurry to facilitate the subsequent 
cyanidation process. 
 
Gold extraction is effected in a typical leach/adsorption circuit configured as one leach tank and five 
carbon adsorption tanks.  Gold is recovered from the loaded carbon via a standard AARL style elution 
system with a two tonne batch capacity, and electrowon from the resultant eluate to produce gold doré. 
 
DPM is a signatory company to the international cyanide management institutes cyanide management 
code.  The Chelopech project was nominated for pre-operational certification and the project design 
and scoping level operating documentation and procedures and cyanide management plan was audited 
by ICMI during the second half of 2008.  Certification was awarded at the end of 2008 and the project is 
fully compliant with the provisions of the code.  The project is also fully compliant with the provisions of 
the European “Seveso” safety directive and with the integrated pollution prevention and control 
directive. 
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1.12.3 Plant Services Description 

Plant services for the Concentrator Upgrade and MPF include: 

·  Conversion of the existing primary mill for the preparation of limestone slurry for use in the POX, 
PN and IR areas.  Limestone is received in a new bin located within the existing secondary and 
tertiary crushing facility.  The existing fine ore conveyor is modified for the feeder duty and the 
existing fine ore bin (FOB) employed for as-delivered limestone storage.   

·  The existing lime preparation facility is retained for the expanded duty. 

·  A new cyanide preparation, storage and distribution facility. 

·  A new caustic receipt, storage and distribution system. 

·  A new nitric acid receipt and distribution system. 

·  A new flocculant preparation and distribution system. 

·  A new sulphuric acid receipt, storage and distribution system. 

·  A new coagulant receipt and distribution system. 

·  A new peroxide receipt and distribution system. 

·  Retention of the existing diesel receipt and storage facility, with new distribution systems to the 
elution, gold room and carbon regeneration equipment. 

·  A new cobalt sulphate preparation, storage and distribution system. 

·  A new diluent receipt, storage and distribution system. 

·  A new extractant receipt and distribution system. 

·  A new guar preparation, storage and distribution system. 

·  Additional process and fresh water distribution systems. 

·  Additional compressed air generation and distribution systems. 
 
1.12.4 Electrical Upgrade Description 

The existing electrical supply to the plant is via the 110 kV transmission line between Galabets and 
Chavdartsi.  This feeds the 2 existing 16 MVA 110/6 kV power transformers.  To accommodate the 
expanded plant load of approximately 38 MVA, 1 of these 2 transformers is replaced with a new 
30 MVA 110/10 kV transformer. 
 
The existing transformers feed a 6 kV indoor switchgear in the CDS indoor substation. To support the 
expanded plant requirements, a new 10 kV switchboard is installed in the CDS substation and supplied 
from the new 30 MVA transformer.  
 
The overall plant requirements are supplied partly from the existing 6 kV system and partly from the 
new 10 kV system.  The Oxygen Plant, 5.4 MW SAG Mill motor, copper electrowinning rectifiers, 
grinding, SX and electrowinning area loads are supplied from the 10 kV system.  The existing mine, 
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crushing, flotation and concentrate filter loads along with the new POX, CCD, Primary Neutralisation, 
CIL and Elution loads are supplied from the existing 6 kV system. 
 
A new 7.5 MVA, 10/6 kV transformer is installed at the CDS substation to provide a connection between 
the new 10 kV system and the existing 6 kV system. This transformer provides a second source of 
supply to the mine to satisfy Mining Regulations. 
 
New 10 kV power cables reticulate power to new 10 kV switchboards at the Oxygen Plant and Sag Mill 
10 kV switchrooms.  The Oxygen Plant 10 kV switchboard supplies all associated oxygen plant loads 
while the Sag Mill 10 kV switchboard supplies the sag mill motor, electrowinning rectifiers and 
transformers for LV loads in the grinding, SX  and electrowinning areas. 
 
Two 1000 kVA transformers in the existing Concentrator area are replaced with 2 new 2500 kVA 
transformers providing additional capacity of 3000 kVA.   New LV switchboards and motor control 
centres distribute this additional capacity to POX, CCD, Primary Neutralisation, CIL and Elution loads. 
 
The plant control system is designed to control the entire plant from a centralised control room.  This is 
possible utilising the PLC’s within each substation, connected via a fibre-optic network.  Resident above 
the PLC’s is the operator interface system which allows transfer of data between the operators in the 
control room and the devices in the plant. 
 
The plant control is based around the use of bus communications, with Profibus communications 
available to the MCC modules and Profibus communications available to much of the field 
instrumentation. 
 
1.13 TAILINGS MANAGEMENT 

Knight Piésold was appointed to complete the feasibility level design and cost estimate for the tailings 
storage facility and associated works for the Project. 
 
1.13.1 General 

Two tailings management facilities (TMF) will be operated for the Chelopech project.  The existing 
Flotation TMF will be upgraded and raised progressively as is currently undertaken.  A new, two celled, 
POX/CIL residue facility will be constructed upstream of the Flotation TMF to store the relatively high 
arsenic concentration tailings produced by the MPF.  Although the arsenic content is in a stable form, 
demonstrated by its performance on TCLP (and other) stability tests, regulations require such 
concentrations to be contained in a geomembrane lined dam.  The residual cyanide levels in the 
contents of the POX/CIL TMF also demand the use of a liner. 
 
The separate gypsum tailings stream is deposited into the Flotation TMF. 
 
Detailed information regarding the tailings management facilities design is presented in Section 8.  The 
following is a general description of each facility.  
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1.13.2 Flotation Tailings Management Facility 

An existing Flotation TMF is located 3 km south of the plant site.  The existing facility will be 
progressively raised using imported or borrowed low permeability fill and structural fill on an annual 
basis using a downstream raise construction method.  
 
Flotation tailings, combined with gypsum, will be discharged into the facility by sub-aerial deposition 
methods, using a combination of banks of spigots at regular intervals on the main embankment.  The 
gypsum stream will be discharged as a slurry from the northern end of the facility during times when the 
mine backfill plant is operating. 
 
1.13.3 POX/CIL Tailings Management Facility  

A geomembrane lined POX/CIL residue facility will be provided to allow separate containment of all 
POX/CIL tailings.  The facility will be located south of the plant site in the upstream catchment of the 
existing flotation facility and will consist of two cells. 
 
The embankment will be constructed in stages throughout the life of the facility.  The POX/CIL facility 
embankment will be constructed using material won from borrow areas from within the basin, which will 
increase the storage capacity of the facility. 
 
A continuous geomembrane basin liner will be provided throughout the facility.  The geomembrane liner 
will comprise 1.5 mm smooth HDPE overlying a sub-grade layer of either scarified and recompacted in 
situ soils or imported fill. Under drainage solution will be recovered from the POX/CIL tailings via an 
engineered collection system.  The under drainage system will be constructed during the first stage of 
both cells and will cover the lower half of the facility basin.  A leachate collection and recovery system 
(LCRS) will be installed below the geomembrane.  The LCRS will collect seepage through the 
geomembrane or rising groundwater table and will convey it to a sump which will be monitored for water 
quality.  
 
1.13.4 Site Water Management 

Knight Piésold has developed and continues to manage a comprehensive site water balance model.  
The TMF water balance model has been modified in the course of 2007/2008 to include plant site and 
mine area runoff in order to: 

·  Estimate the magnitude of surface water discharge of the project area for a range of design 
conditions ( 1 in 5 year, 1 in 10 year and 1 in 100 year ) 

·  Generate preliminary pond sizes/pump discharge rate to help identify where containment of 
surface water may be possible and the pump out rates required reducing discharge offsite as far as 
practical. 

·  Estimate the impact of using contaminated water ponded on site as process water in preference to 
the TMF or other external make-up waster sources. 

·  Updated the plant balance with provided flow information from GRD Minproc for various scenarios 
of throughput, backfill operation and ARD water treatment. 
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·  Examined the effect on the increased raw water usage from the Kachulka reservoir and increased 
process water usage from the TMF facility. 

 
The following conclusions have been arrived at based on the plant site surface management work and 
the assessment of the impact of the plant upgrade work: 

·  While the proposed ponds located around the plant site are unable to be constructed large enough 
to cater for a anything more than a 1 in 5 year return, excessive run-off will be diverted to the 
tailings flume and eventually report to the TMF providing full containment for a 1 in 100 year return.  

·  While the raw water usage from the Kachulka Reservoir increases dramatically with the increased 
throughput due to the commissioning and operation of the MPF, the reservoir can sustain the 
increase even though more than the maximum raw water component is being source from this 
location. No account of any imposed water usage restrictions was considered. 

 
1.13.5 Stability Assessment 

General 
 
The stability of both the Flotation and POX/CIL embankments were assessed as part of the original 
study under static and seismic loading conditions using limit state equilibrium methods.  The seismic 
assessment included both operating and maximum credible earthquake loads, and the possibility of 
liquefaction was also assessed.  Generally accepted minimum factors of safety of 1.5 for static 
conditions, and 1.1 to 1.25 (OBE) and 0.8 to 1.0 (MCE) for pseudo-static seismic conditions were 
adopted for the design of the embankment.   
 
Liquefaction Potential Assessment 
 
The possibility of embankment failure due to liquefaction was assessed based on the intensity of the 
maximum credible earthquake event, standard penetration testing (SPT) results of the in-situ tailings 
mass and physical properties of the tailings as determined by laboratory testing.   
 
Based on the assessment, it was determined that the entire tailings mass adjacent to the main 
embankment has a medium to high potential for liquefaction, subject to the water table level, i.e. only 
the areas below the water table are likely to liquefy during the MCE event. The assessment indicated 
that an operational basis earthquake (OBE) is not expected to trigger liquefaction of the entire tailings 
mass. 
 
Embankment Stability 
 
The stability assessment indicated that the main embankment has an adequate factor of safety for 
static conditions in its current state and during the 2005 embankment raise.  In the event of an OBE 
magnitude earthquake, the embankment continues to meet the required factors of safety.   
 
The analysis indicates that the embankment geometry adopted provides adequate factors of safety for 
the range of events analysed.  Further assessment of worst case scenarios, where an MCE seismic 
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event occurs when a high phreatic surface is present in the facility (if the drainage systems were to fail 
for example) and the tailings mass fully liquefies, also indicates acceptable factors of safety can be 
maintained. 
 
The stability of the POX/CIL embankment was assessed for the final embankment heights.  Both 
embankments were modelled with the rehabilitated downstream batter slope of 1V:3H constructed to 
the final flotation tailings elevation.  Both embankments satisfied all conditions and, as such, the final 
rehabilitation slope of 1V:3H was adopted for design of the final stage.  
 
1.13.6 Tailings Management Facility Design Paramete rs 

The design of the tailings management facilities is based on the parameters summarised as follows: 

·  Three tailings streams report to the TMF, i.e. 

-  Flotation tailings – the portion that will not be used as feed to the paste plant for deposition 
underground – these will continue to be deposited into the existing unlined Flotation TMF. 

-  POX/CIL tailings – The solid tails from the POX circuit will be deposited after cyanidation and 
cyanide destruction in a facility lined with a geosynthetic membrane (HDPE liner). 

-  Gypsum tailings - Gypsum is deposited into the existing Flotation TMF.  

-  Ore production and throughput will ramp up from the current 1.0 Mt/a to 2.0 Mt/a over the 
period from 2009 through 2011.  The POX/CIL process and TMF will be commissioned by the 
end of the first quarter, 2011. 

-  Backfilling of underground mine workings with flotation tailings commenced in 2008 via 
hydraulic and cemented rock fill, with the conversion to full paste backfill expected to be 
completed in 2010. 

-  For the case of the Life of Mine being 10 years from POX/CIL commissioning, the total 
flotation tailings stored will be approximately 16.0 Mt, the total gypsum tailings stored 0.65 Mt, 
and the total POX/CIL tailings stored 2.2 Mt. 

 
1.13.7 Conformation to the “Cyanide Code” 

As noted in section 1.12 the project engineering and planning has been certified by ICMI as being 
compliant with the cyanide code.  The TMF and water balance for the project was included in this 
certification.  An operating audit is scheduled to be carried out once the project is in operation to 
provide for an operational certification.  The POX TMF is also engineered to be compliant with the 
European directives on safety and the management of waste form the extractive industry. 
 
1.14 INFRASTRUCTURE AND SERVICES 

1.14.1 General 

Infrastructure elements included in the development of the Concentrator Upgrade and Metals 
Production Facility design include road access, site buildings, the power supply system, the water 
supply system and the sewage treatment facility.  Existing concentrator infrastructure, (including 
general administration and change room facilities, and the use of existing buildings to house new 
equipment), are used wherever possible.  Further details are presented in Section 9 of this DFS. 
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1.14.2 Water Management 

The site water management is critical to the Project operation.  As part of the water management 
strategy, the plant water demands are met via the following: 

·  Raw water required for systems that need good quality clean water (such as reagent mixing, 
elution and autoclave agitator seals) is drawn from the Katchulka Reservoir. 

·  CIL TMF decant return water is introduced as CCD wash water only for subsequent utilisation in 
the CIL circuit.  Minor concentrations of deleterious elements in the CIL TMF stream are thus 
contained within this system, and release to the environment via the flotation TMF is eliminated. 

·  Additional process water requirements come from a combination of treated acid rock drainage 
(ARD) water from the mine and the Flotation TMF supernatant return water. 

·  Any remaining water demand is provided from the Katchulka Reservoir. 
 
1.14.3 Power Supply and Reticulation  

The power supply to the Chelopech site is currently provided by the National Electric Company (NEC) 
of Bulgaria, via an overhead 110 kV transmission line between Galabets and Chavdartsi.   
 
The existing plant is supplied by two 110/6 kV, 16 MVA transformers (providing full redundancy), whilst 
the new project requires replacement of one 16 MVA transformer with a 110/10 kV, 30 MVA 
transformer to accommodate the expanded plant requirements. 
 
1.15 LAND ACCESS 

Development of the project will require the acquisition of land from a variety of impacted stakeholders in 
the Chelopech Municipality.  The land in the Project Impact Area (PIA) is required for: 

·  The new Tailings Management Facility (TMF) and upgrade to the existing TMF 

·  A buffer zone around the TMF’s 

·  Site access and buffer zones 

·  Allowance for future expansion of the plant facilities. 
 
The latter is not critical to progress of the Expansion Project. 
 
Details of the Bulgarian institutional and legislative framework covering aspects of the land acquisition 
exercise, from the identification of principles and the development of compensation approaches is 
covered in Section 3 and Appendix 3 of the DFS.   
 
With respect to impacted persons (i.e. land owners), Dundee is negotiating with household 
representatives to purchase required lands and residences and other buildings.  Purchase prices will be 
equitable, fair and appropriate.  In addition, Dundee will consider the economic dislocation caused by 
the transaction, both to the owners and other formal or informal users, and include appropriate 
livelihood restoration strategies for these households within its human resources and procurement 
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strategies, its community development efforts, and in other mitigation/benefits enhancement measures 
identified in the Project’s Environmental Impact Assessment (EIA). 
 
The process of purchase for private land and municipal owned land is relatively well documented and 
clear.  However land under the management of the municipality pending claims by unknown owners or 
heirs (article 19 land) is more complex.  At the time of writing of the DFS the law was being changed to 
simplify the process.  The requirements for purchasing article 19 land are being progressed with a view 
to the land being purchased within the time frame required without unduly impeding project 
implementation.  
 
Table 1.15.1 presents an overview of land ownership status in the Project Impact Area. 
 

Table 1.15.1  

Property Ownership in the Project Impact Area 

 Purchased to 

Date 

Still Required to 

Complete 

Notes 

TMF and Associated    

- Private Property Plots 328 51  

- Private Property Area (ha) 88.7 13.8  

- Municipal Property Plots 24 16 

- Municipal Property Area (ha) 52.7 4.4 

Includes some new pipeline corridor 

access arrangements 

Article 19 Property Plots 0 56  

Article 19 Property Area (ha) 0 26.2  

    

Plant Area and Associated    

- Private Property Plots 41 0  

- Private Property Area (ha) 11 0  

- Municipal Property Plots 0 0 

- Municipal Property Area (ha) 0 0 

Improved site access does require some 

land negotiation with the municipality 

Article 19 Property Plots 0 0  

Article 19 Property Area (ha) 0 0  

    

 
The estimated schedule for completing the resettlement and relocation project, and for acquisition and 
redesignation of municipal and state land required for project development, is for critical purchases 
(those related primarily to the TMF) to be completed by or in Q3 2009.  Some areas within the TMF 
zone are already completed or will be completed ahead of Q3 2009 in order for separate components of 
the facility to be completed earlier (for example the existing TMF upgrade and improvements to the 
tailings and reclaim water systems.  
 
The schedule assumes: 

·  Timely completion of all project permitting related tasks (as detailed in the Work Plan’s Project 
Development Milestones). 
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·  Cooperation from the municipality, particularly with the treatment of unclaimed agricultural land. 

·  Timely availability of absentee property (land and house) owners to participate in negotiations: 

If there is a need to expropriate, the state carries it out on an expedited basis. 

There are no undue delays due to court action involving: 

-  Property ownership issues 

-  The Detailed Development Plan 

-  Expropriation. 
 
The land acquisition Project has been split into 4 phases: 

·  Phase 1 Land Appraisal 

·  Phase 2 Owner Database 

·  Phase 3 Private Land Purchase 

·  Phase 4 Non-private land acquisitions. 
 
The current status of the acquisition works is as follows: 

·  Phase 1 (Land Appraisal) is complete 

·  Phase 2 (Owner Database) is complete 

·  Phase 3 (Private Land Purchase) is proceeding 

·  Phase 4 (Non-private land acquisition) is proceeding. 
 
At present, Dundee has completed purchase requirements at the plant site unless additional issues are 
raised regarding noise buffer zones once the plant is in operation.  The process is approximately 75% 
complete in the general TMF area with the main outstanding item being purchase of article 19 land, 
however the process for doing so is progressing, and actual purchase occurs at the end of that process. 
 As noted in the table there are also areas where land is required to complete separate stand alone 
components of the project relating to the TMF upgrade where purchase is complete. 
 
1.16 LEGAL AND PERMITTING 

This section outlines the important elements of the relevant legal framework under which the project will 
operate and the permitting requirements to bring the Project into production.  
 
1.16.1 Legal 

The legal framework has evolved rapidly in Bulgaria since the 1991 Commerce Act was first enacted. 
Details of the mining law, environmental law, taxation, export of precious metal, custom duties, social 
security and health insurance, foreign investment and land ownership are described in detail in Section 
12. Based on review of information provided by Dundee, it is GRD Minproc’s understanding that 
Dundee and the Chelopech Operation are fully compliant with all applicable legislation. 
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1.16.2 Permitting 

The Bulgarian system for permitting industrial and mining projects is complex and requires dealing with 
a large number of agencies at all levels of government. Section 12 highlights the requirements and 
phases DPM have had to complete. A brief status of the permits obtained to date and the anticipated 
completion of the balance is listed below, in order to meet the Projects construction schedule. 

·  First Class Investor Status granted in March 2005, renewed in 2008. 

·  EIA submitted – November 2005. 

·  Environmental Approval (Overall Project) – July 2008. 

·  Complex Permit Application – made in September 2008. 

·  Complex Permit Issuance – currently expected to be given in July 2009. 

·  Sevezo Permit –  currently expected to be issued in July 2009 

·  Construction Permit – currently expected to be issued August/September 2009.  

 

Note: This is a feasible date for obtaining Construction permits for the construction that will be 
performed on existing production areas of the company. Obtaining a Construction Permit for the 
facilities that will be built on the agricultural land that the Company acquired in the last few years 
will require completion of a land re-designation procedure.  This will take from 6 to 9 months from 
the preparation of the draft DDP.  For the facilities that will be constructed on municipal land which 
the Company has not yet acquired (principally the construction of the second phase of the TMF 
which is required in 2013), a further six months for the acquisition and six-to-nine months for land 
re-designation have been included in determining the date for obtaining a Construction Permit  

 

·  Practical Completion – October November 2010 

·  Operating Permit – November/December 2010. 

·  Process Commissioning Complete – December/January 2011. 

 
1.17 ENVIRONMENTAL IMPACT ASSESSMENT 

Under Bulgarian environmental regulations, proposed mining projects such as the Chelopech 
Expansion Project are required to comply with an Environmental Impact Assessment process (EIA) as 
a key part of project permitting.  The EIA process in Bulgaria comprises the following main steps: 

·  Formal establishment of EIA terms of reference (EIA scoping). 

·  EIA studies, including baseline survey, culminating in preparation of an EIA report. 

·  Submission of EIA report to environmental ministry. 

·  Review of report by ministry, public and consultative meetings and decision-making. 
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The above procedures for EIA are broadly in line with those established in the European Union (EU). 
 
Under Bulgarian regulations, the EIA must be conducted by independent experts, accredited for that 
purpose by the Government.  For Chelopech, the Balkan Science and Education Centre of Ecology and 
Environment (BSECEE), based in Sofia, was commissioned by Dundee to conduct the EIA.  Dundee 
also appointed AMEC Earth & Environmental (Amec) to assist BSECEE with the EIA, particularly in 
regard to addressing EU and international developments on the environmental management of mining 
projects.  The BSECEE/Amec team was tasked with production of EIA documentation that meets 
Bulgarian and EU standards for EIA. 
 
The following main tasks were carried out in order: 

·  Initial stakeholder consultation. 

·  Submission of EIA Terms of Reference (EIA scoping report). 

·  Baseline survey and data gathering. 

·  Project design and feedback. 

·  Environmental impact assessment. 

·  Preparation of the Bulgarian EIA report for submission to the authorities. 

·  Preparation of a summary version of the main Bulgarian EIA report for inclusion in the DFS report. 
 
The EIA scoping stage and subsequent impact assessment work identified the following issues to be of 
key importance in the Project design: 

·  Management of arsenic (from ore minerals) and cyanide (as process reagent) in the ore processing 
and in waste products. 

·  Potential for cumulative impacts with project set in an area subject to impacts from adjacent 
industrial zones. 

·  Water balance and water management. 

·  Management of mining waste products. 

·  Social and community impacts (both positive and negative). 

·  Project closure. 
 
In recognition of the nature of the expansion project and its environmental setting, the following project 
design parameters and characteristics are of key importance: 

·  Additional proposed operational areas contained within a small footprint, as far as possible using 
“brownfield” land (ie land impacted by the Chelopech mining project prior to purchase by Dundee) 
in the control of Dundee. 

·  The new lined POX tailings TMF to have no programmed discharge of effluent to the environment. 
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·  The proposed increase in production will change the water balance from positive (effluent 
discharged from the existing TMF) to negative with no effluent discharge. 

·  The proposed change in underground mining method will require backfill of both waste rock and 
flotation tailings in an environmentally advantageous manner. 

·  Ore minerals include those containing arsenic and the use of a high temperature and pressure 
oxidation (POX) concentrate processing system will produce stable arsenic compounds for 
disposal in the new lined TMF in line with recognised EU BAT. 

·  Cyanide is utilised in the ore processing and is subject to a Cyanide Management Plan controlling 
its transport, supply, use and disposal that is in line with the International Cyanide Management 
Code. 

·  Residual cyanide in the process wastes will be subject to a cyanide destruction process, in line with 
EU standards, prior to discharge to the new lined TMF. 

 
The EIA systematically assessed project impacts in relation to physical, biological and human 
environmental components taking account of construction, operation and closure phases with focus on 
the significant Chelopech expansion components, as follows: 

·  Change of mining method with backfill of voids and increase in production. 

·  On-site processing of concentrate using POX technology and cyanidation (CIL). 

·  Improvements to, and enlargement of, the existing Flotation TMF. 

·  Construction and operation of a new lined POX/CIL TMF adjacent to the upstream margin of the 
Flotation TMF basin. 

 
Due reference was also made to alternative options for technology (mining, processing and waste 
management) and location of facilities (process plant expansion and new TMF) as well as the “zero” 
option (that the Project does not proceed). The EIA notes that should the expansion project not 
proceed, the economic viability of the existing operation would come into question. 
 
The results of the environmental impact assessment are summarised below. 
 
1.17.1 Community Health Impacts (Including Air Qual ity) 

The setting of the Project is within a valley that is variably rural in character with scattered industrial 
complexes (notably the Pirdop smelter) and mining operations.  Baseline air quality is characteristic of 
pollution from industrial and domestic heating sources, aggravated by meteorological conditions in this 
valley location (temperature inversions).   
 
The impact assessment therefore took account of cumulative impacts. 
 
The site is located adjacent to the village of Chelopech, Sofia District.  The Project will be the potential 
source of emissions that are important in regard to community health and amenity, including gases, 
fumes, dust and noise.  The nature of these emissions is well understood and the design of the Project 
includes specific mitigation against non-fugitive and fugitive emissions, such as dust and noise.  
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Provided that this mitigation strategy is appropriately adopted, no significant impact is forecast for the 
local community regarding their health or enjoyment.  However, it is likely that, from time to time, a local 
nuisance impact will be experienced by adjacent communities, particularly in regard to dust during dry, 
windy weather.  Such impacts may be managed by good operational practices coupled with an effective 
community liaison scheme. 
 
Site traffic during construction and operation will lead to a significant increase in trucks on local public 
roads.  Attention will have to be placed on vehicle routing and site access to avoid undue increase in 
noise and traffic accidents. 
 
In summary, it is considered that the Project will have no significant impact on community health.  
Health of the workforce will be protected by industry-standard measures for avoidance of exposure to 
harmful emissions and (where that is not possible) wearing of personal protective equipment. 
 
1.17.2 Surface Water 

The project is located within a well-drained alluvial basin with tributary streams flowing from the valley 
sides (where the Chelopech mine site is located) feeding the main river.  The side streams tend to be 
naturally ephemeral in nature.  The mine receives its water supply from recycle (via the TMF) and from 
an adjacent reservoir.  As for air quality, baseline surface water quality data indicate the influence of 
industrial and domestic effluent discharges.  The mine currently discharges effluent to the river system 
but this does not significantly affect water quality. 
 
There are ample fresh water supplies available for the Project that avoid impact on existing users.  The 
change in water demands and usage will also result in the phasing out of mine effluent discharge to the 
environment.  Mine sewage effluent will also be treated before discharge in the receiving water. 
 
It may, therefore, be concluded that implementation of the Project will not significantly affect the 
quantity and flows of surface water.  Further, the Project will allow significant improvement in the 
management of water with a positive impact on downstream water quality. 
 
1.17.3 Groundwater 

The hydrogeological conditions and the potential yield of groundwater are determined by the geological 
and lithological structures and the degree of rock jointing and weathering in the region.  Sedimentary 
and meta-sedimentary rocks contain mainly fissure-ground water. The natural resource of this water is 
not significant, because the jointing of the rock at depth is minimal.  Groundwater flowing in the 
andesitic rocks is relevant to the Chelopech mine development and the groundwater in these rocks is 
fissure-ground and fissure-vein (pressure) water. 
 
Quaternary deposits in the region are part of the Pirdop-Zlatitsa Pan Valley aquifer with a maximum 
length of 32 km and width of 10 km and are natural accumulators of precipitation and snowmelt. 
 
The groundwater in the region is characterised as fresh and slightly mineralised (less than 1 g/L) and 
generally of good quality apart from high iron and manganese values. 
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The nature of the Project limits the potential for creation of any new impacts on groundwater resources 
and quality.  The new TMF will be lined and water management will generally be improved, including 
minewater.  The proposed new mining method with backfill will reduce potential for acid rock drainage 
problems.  No significant environmental impact over and above the existing operational baseline is 
therefore forecast. 
 
1.17.4 Soils and Land Use 

The main soil types characteristic of the region are talus, alluvial-meadow, cinnamon forest and brown 
forest soils.  However, in and around Chelopech and Chavdar, these natural soils are heavily affected 
by anthropogenic impacts, with significant areas comprising rehabilitated stockpiles, quarries and 
tailings management facilities.  Such “brownfield” areas around the Chelopech mine typically have soils 
with elevated levels of heavy metals and land use is mining-related.  Within the wider Project setting, 
land use includes agriculture (vegetable growing, oil-yielding orchards and livestock raising), forestry 
and hunting, recreation and community use (towns and villages).  
 
The Project footprint has been designed to minimise land take outside the existing Chelopech 
“brownfield” area.  The newly acquired territory of approximately 195 ha will be impacted.  Only 
insignificant direct, indirect, negative, and cumulative impacts affecting the adjacent areas and their soil 
properties are foreseen.   The proposed closure works will provide for establishment of a productive 
end use on the site. 
 
1.17.5 Wildlife 

There are no official nature reserves located within 6 km of the proposed Chelopech operational areas 
and there are no rare, endangered or protected plant species established on the territory of the Project. 
 Fauna and flora assemblages and habitats display significant impact from house construction, mining 
and other industrial activities. 
 
The Project presents no significant additional impact to wildlife and the proposal to improve water 
management will be beneficial to downstream water quality and aquatic life.  The closure planning will 
include consideration of nature conservation after-uses. 
 
1.17.6 Cultural Heritage 

The list of registered and designated monuments of culture in the Pirdop valley includes more than 520 
monuments of national and local significance. Of these, 28 monuments are located within or close to 
the villages of Chelopech, Karlievo, Chavdar and Tsarkvishte, adjacent to Chelopech mine. 
 
The Project will result in some extension of the project footprint for the new TMF and process plant.  No 
known sites of archaeological interest are located within these operational areas.  However, there is the 
potential to locate remains in the future, which will be dealt with via consultation with the appropriate 
authorities at that time.  It is also acknowledged that continuing human activity in the valley maintains 
pressure on known sites of interest (eg from unlicensed treasure hunters), although no direct impacts 
may be forecast. 
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1.17.7 Landscape 

According to Bulgaria's regional landscape zoning system, the site is located within the Central-Balkan 
Mountain-Pan Valley landscape area.  The baseline for the Project includes the visual impact of the 
existing Chelopech facilities, including the mine and process plant buildings, waste stockpiles, TMF and 
infrastructure. 
 
As already noted, the Project is designed to minimise disturbance outside the existing brownfield site.  
Therefore, considering the environmental baseline inclusive of the existing Chelopech operation, the 
Project will have an insignificant impact with regard to landscape values and a localised additional 
visual impact, during construction and operation, in respect of the new TMF.  The proposed closure 
works will mitigate against significant long-term visual impact. 
 
1.17.8 Social Impacts 

Chelopech village has acquired its current status as a result of the restitution of land and operation of 
the mine.  The expansion of Chelopech village is largely due to the available jobs in the mine. In 1992, 
more than 85% of the active population (764 persons) were engaged in mining and processing and 
copper extraction industries.  Apart from mining and processing activities, the population of the area is 
involved mainly in agriculture.   
 
The Project is based on an existing industrial operation and the expansion phase will create no 
significant new pressures on the social infrastructure.  Employment opportunity will be increased both in 
regard to job numbers and diversity. 
 
1.17.9 Recommendations  

The EIA study indicates that the Project may be constructed, operated and closed in an environmentally 
acceptable manner.  This is dependent on adoption of key mitigation strategies and it is recommended 
that these form part of the ongoing design and planning.  The key strategies are as follows: 

·  Use of POX technology to ensure stability of arsenic compounds in tailings. 

·  Use of a cyanide destruction circuit to enable operation in line with draft EU regulations for mining. 

·  Operation of a project water balance that achieves no programmed discharge of effluent from the 
TMF. 

·  Adoption of industry-standard methods for mitigation against water pollution, noise, dust, and traffic 
problems. 

·  Drafting and adoption and upgrading of detailed operating plans, as follows: 

-  Environmental Management Plan 

-  Cyanide Management Plan 

-  Waste Management Plan 

-  Accident and Emergency Contingency Plan 

-  Closure Plan. 
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1.17.10 EIA Current Status 

The environmental section of the initial DFS is still current to the extent that there are no changes that 
would materially affect` the outcome of the DFS or the economics or scheduling of the project.  Several 
minor changes to the project are currently proposed or are already in process and budgeted for where 
required however they are all improvements which would result in improved effects, greater efficiency 
or improved security.  The key changes are: 

·  A second water supply source has been permitted and is proposed to be installed.  It involves the 
use of water from a reservoir upstream on the Topolnitsa River and supply to Chelopech via 
existing Cumerio Smelter infrastructure and a connection to Chelopech from Pirdop.  This will 
improved security of water supply. 

·  Minor changes are proposed to the oxygen plant to address possible exceedence of night-time 
noise standards at nearby houses and on start up some further mitigation measures may be 
required but they are of relatively little overall significance. 

·  An improvement is proposed to the secondary containment arrangement for the tailings lines which 
will now sit on a rack over the refurbished flume which will also be fitted with a light steel roof. 

·  The originally proposed Caro’s acid cyanide treatment system is proposed to be replaced by an 
SO2/Air system due to concerns relating to continuous compliance with the 10 ppm CNwad 
standard. 

·  An existing pyrite stockpile has been added to the requirements to be addressed by the mine 
waste management strategy. 

 
Since the DFS was completed progress has been made with improvements to environmental 
management systems, additional ambient air and dust-fall monitoring and other similar improvements.  
The site water balance has also been reviewed and remodelled for detailed management system 
design purposes.  Although there are some changes resulting from this review and remodelling the 
fundamental and environmentally critical zero discharge outcome remains unchanged. 
 
The EIA for the project was approved by MoEW in July 2008 and although there are 4 appeals pending 
and to be heard February 2009 it was approved with “pre-emptive execution” which allows the 
subsequent phases of the project to proceed prior to the appeals being heard and settled. 
 
The process of harmonisation with EU law and directives is ongoing.  Key legislative changes that could 
be potentially significant relate to the Natura 2000 component of the Biodiversity act, and changes to 
environmental law relating to the Integrated Pollution Prevention and Control (IPPC) directive and the 
Seveso directive.  Bulgaria is also in the process of adopting the EU directive on the management of 
extractive industry waste (mine waste directive) and regulations are currently being prepared. 

·  The Natura 2000 driven regulations in the Biodiversity act have been addressed and the project 
has already passed through this process without any additional requirement. 

·  An IPPC permit application has been prepared and lodged.  The application has been reviewed by 
MoEW and deemed complete and is in process.  The permit is expected to be in hand by 
mid-2009.  The application was prepared with assistance from Minproc and Amec Environmental. 
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·  An IPPC application has been prepared and submitted for the POX TMF.  The MoEW has 
reviewed the application and confirmed that it is complete however has also advised that no 
application is necessary given the implementation of the mine waste directive.  Provided the project 
is in compliance with the directive (as is the case) no further action is required. 

·  An application is in preparation for a safety permit under the Seveso regulations.  Hazops and a 
comprehensive semi quantitative risk assessment workshop were conducted with assistance from 
GHD consultants in Australia.  The outcomes and the safety documentation required for the permit 
applications are due to be delivered in early February and the application completed and lodged 
with MoEW late February.  The permit has been discussed in some detail with MoEW and the 
application is expected to be approved and the permit granted mid 2009. 

 
Under Bulgarian law the project is required to pass through the IPPC and Seveso procedures prior to 
detailed construction passports and permits being sought and obtained.  The design is being 
harmonised with Bulgarian regulations and the process of obtaining construction permits where 
required is expected to occur in Q3 and 4 of 2009. 
 
There are no other significant or time consuming environmental regulatory requirements or issues 
foreseen for the project and none of the foregoing has a material impact on the schedule or the costs 
for the project.  Nor does any of the foregoing incorporate, at face value, any risk which would have a 
material impact on the project, unless significant unexpected delay occurs during the processing of 
IPPC or Seveso permit applications. 
 
The project closure strategy remains unchanged although a new detailed closure plan has to be 
prepared for approval by the Bulgarian Government by January 2010.  The plan will be prepared and 
costs estimated during 2009.  No significant changes or increases in costs are expected.  The 
requirement to provide a financial guarantee for the purposes of ensuring closure in the event of DPM 
not meeting its obligations or a sudden closure is provided for in the cost estimate. 
 
1.18  RISK ASSESSMENT 

A risk review workshop was undertaken by MYR in May 2005, as part of the DFS and focused on: 

·  Identifying, assessing, and ranking significant risk in the delivery phase of the project. 

·  Identifying, assessing and ranking significant operational risk. 

·  Reviewing the general control environment and identifying gaps in existing controls. 

·  Establishing the basic framework for a control improvement program. 
 
The outcomes of the review are summarised in Section 17 and Appendix 17 of the DFS. 
 
During the review, 52 risk events were identified that had the potential to impact the Project.  Of these, 
17 were considered important enough for detailed assessment.  The 17 risk events were analysed and 
given a risk rating for their inherent and residual risk (following incorporation of risk management 
strategies). 
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The inherent risk provides a view of “raw risk”.  It shows what can happen if management does nothing 
at all about a risk event. 
 
The outcomes regarding inherent risk may be summarised as: 

·  The inherent risk profile is moderate. 

·  There are no inherent catastrophic risks. 

·  There were two inherently major risks, namely: 

-  Late approval of EIA in the delivery phase 

-  Plant recovery poorer than forecast in the operating phase. 
 
Late approval of the EIA is an event that occurred and the consequences have now been incorporated 
into the current project schedule and costs.  This risk is now redundant.  Subsequent assessment of the 
risk of ongoing delay in detailed permitting post EIA approval has not resulted in new, inherently major, 
risks being posed other than as is described below. 
 
There are 13 inherently moderate risks, three of which have critical to catastrophic consequences, 
namely: 

·  Major safety incident during ramp up 

·  Fire in SX during operations 

·  Uncontrolled tails discharge. 
 
There are six inherently moderate risks that are likely to occur, namely: 

·  Non compliance with Bulgarian and/or EU regulations in design 

·  Onerous statutory and permitting requirements imposed 

·  Capital cost overruns after definitive estimate 

·  Delays in construction schedule 

·  Inability to achieve operations safety culture improvement 

·  Ramp up delays in POX plant. 
 
The residual risk rating provides an insight into the level of risk the project currently faces and assists 
identifying areas of operations where control activity has been undertaken. The outcomes of the 
residual risk may be summarised as: 

·  The residual risk profile is minor. 

·  There are no residual major or catastrophic risks. 

·  There is one moderate risk with catastrophic consequences, namely: 

-  Uncontrolled tails discharge. 

·  There is one moderate risk which is likely to occur, namely: 
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-  Non compliance with Bulgarian and/or EU regulations in design. 

·  There are three moderate risks with moderate consequences, namely: 

-  Late approval of EIA (see notes above) 

-  Major safety incident during ramp up 

-  Plant recovery poorer than forecast. 
 
None of the risks identified are considered to have the potential to preclude the Project from proceeding 
in the context of the DFS, although further actions to improve risks should be undertaken to 
progressively improve the risk profile.  A commentary on the approach to managing the assessed risks 
is discussed in the Chelopech Risk Review Report presented as Appendix 17. 
 
Since the original DFS was published further and more detailed risk assessment and risk management 
system development has been completed.  These are: 

·  Hazard identification for the MPF (HAZID) with a feedback loop to engineering of an agreed action 
list. 

·  Hazard and operability study for the MPF and TMF (HAZOP) with feedback to engineering and 
updated hazard and action register being maintained. 

·  Semi Quantitative Risk Assessment and development of safety report and safety management for 
the purposes of safety reporting and permitting under the EU Seveso directive and associated 
documentation. 

 
The HAZID was completed in April 2007 and identified a number of recommended further actions to 
manage the risks associated with the proposed project design.  Key hazards inherent in the process, 
inventories of process or ancillary materials or equipment include: 

·  High pressure processes (including Pressure Oxidation) requiring careful engineering for 
containment. 

·  Significant inventories of acidic or basic process slurries or solutions. 

·  Various combustible inventories, with special note on the Solvent Extraction plant, with large 
volumes of combustible liquids (kerosene equivalent). 

·  Generation of acidic mist and hydrogen gas during electrowinning. 

·  The presence and use of cyanide as part of the CIL gold extraction process, with potential for HCN 
gas evolution and/or release of process fluids containing cyanide in solution. 

·  Generation and storage of liquid and gaseous oxygen (having various hazards). 

·  The use of diesel for combustion purposes (having various hazards including fire, explosion and 
environmental contamination). 

·  Water based cooling towers with associated legionella hazard. 

·  Some reagents in powder form having an inherent explosivity if the powder form is sufficiently 
aerated and at or above critical concentrations. 
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The resultant hazard ratings are of the “inherent” nature of the hazard, which in the absence of any 
safeguards (eg “if nothing was done” or the envisaged safeguards fail or are improperly implemented or 
maintained), would apply at the facility. This approach has been employed to highlight the relative 
significance of the various engineered safeguards identified. The potential consequences of the 
identified hazards arising have been used to inform subsequent design, and will be used in project 
implementation and the ongoing maintenance of relevant engineered and procedural safeguards. 
 
The HAZID study identified and recorded the current status of the engineered safeguards relevant to 
management of the identified hazards. The study team focussed on the engineered safeguards rather 
than the “procedural safeguards” (which are equally crucial in maintaining a safe facility) on the basis 
that DPM was in the process of determining the details of its Safety Management System (this study is 
now completed).  The engineered safeguards in concert with the proposed “procedural safeguards” 
(defined in the Safety Management System) should provide adequate levels of safeguard against the 
inherent hazards described here, and hence reduce the likelihood of unwanted events to a tolerably low 
level.  

·  There were 55 hazards with low levels of inherent consequence identified in the health and safety 
category and 28 in the environmental category. 

·  There were 51 hazards with moderate consequences (serious injury or environmental harm) in the 
health and safety category and 33 in the environmental area. 

·  There were 49 hazards with significant to catastrophic consequences (single or multiple fatalities, 
or very serious, long-term environmental impairment) in the health and safety category and 31 in 
the environmental category. 

 
The action items developed from the study to manage or mitigate the inherent hazards identified have 
been provided to the operations and project groups and have been or are being incorporated into the 
design and implementation plans for the project, or have been subject to more detailed scrutiny and 
action in the HAZOP study. 
 
A thorough HAZOP study of the MPF and TMF was completed in 2007 and a formal action items report 
released.  The bases for the study were the current Process and Instrumentation diagrams and flow 
sheets.  Action items are being monitored and outstanding action items reports released as required. 
 
In December 2008 a semi quantitative risk assessment workshop (SQRA) was held with input from the 
engineering and operations groups.  The workshop was independently facilitated by GHD consultants in 
Perth WA.  The purpose of the workshop was to follow up and extend on the work provided to date and 
to develop the procedural responses required for the development of an umbrella safety management 
system (SMS).  Development of the SMS and the workshop are requirements of the EU Seveso 
directive and its translation to Bulgarian law.  The Seveso permit application documentation has been 
drafted and is currently being reviewed by a Bulgarian based European expert in Seveso and is due to 
be submitted to the MoEW in March 2009. 
 
The engineering and SMS work that has resulted from the HAZOP and the SQRA has comprehensively 
addressed the inherent risks that were identified in the studies.  As the project has proceeded through 
study, engineering, and permitting a hierarchy of risk assessment and study and development of action 
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items has been pursued and has resulted in a robust project where all of the principal hazards have 
been or will be mitigated and managed to meet the best practice “as low as reasonably practical”  
standard. 
 
In addition to the risk assessments described the engineering phase of the project has passed through 
independent audit and risk assessment under the provisions of the international cyanide management 
institute to gain compliance with the international cyanide code.  This has served to further increase the 
robustness of the project and minimise related risks 


