
 

 

   

 

 
 
 

NI 43-101 TECHNICAL REPORT ON THE DON MARIO 
UPPER MINERALIZED ZONE PROJECT, EASTERN 

BOLIVIA 

Prepared for 

Orvana Minerals Corp 
320 Bay St.  Suite 1530 

Toronto, ON 
M5H 4A6 
CANADA 

By 

Gino Zandonai, B.Sc. Mining, M.Sc., MAusIMM 

Fernandez Concha 342 
Las Condes, Santiago, Chile 

Email: gino.zandonai@gmail.com 

Roshan Bhappu, P.E., Ph.D. 
 

Mountain States Research & Development, Inc. 
13801 East Benson HIghway, Suite A 

Vail, Arizona, USA 85641 
 

W. C. Williams, Ph.D. 
 

Orvana Minerals Corp 
320 Bay St.  Suite 1530 
Toronto, ON M5H 4A6 

CANADA 
 

Effective Date : 23 August 2010 
 

 



TECHNICAL REPORT ON DON MARIO UMZ PROJECT 

 Page 2

 

IMPORTANT NOTICE 

This report was prepared as a National Instrument (“NI”) 43-101 Technical Report, in 
accordance with Form 43-101F1, for Orvana Minerals Corp (Orvana) by Gino 
Zandonai, Consultant Mining Engineer, and Dr. Roshan Bhappu, Metallurgist, both 
independent qualified persons for the purposes of NI 43-101, and Dr. William C. 
Williams, Vice President of Corporate Development for Orvana Minerals  
Corp.  The quality of information, conclusions, and estimates contained herein are 
consistent with the level of effort involved in the authors’ services, based on: i) 
information available at the time of preparation, ii) data supplied by outside sources, 
and iii) the assumptions, conditions, and qualifications set forth in this report.  This 
report is intended for use by Orvana subject to the terms and conditions of its 
contract with the independent qualified persons.  This contract permits Orvana to file 
this report as a Technical Report with Canadian Securities Regulatory Authorities 
pursuant to National Instrument 43-101, Standards of Disclosure for Mineral 
Projects. Except for the purposes legislated under provincial securities laws, any 
other use of this report by any third party is at that party’s sole risk. 
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3D three dimensional 
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1 SUMMARY 
1.1 Introduction and Overview 

The Don Mario district, located in the Santa Cruz Department, Bolivia, includes three 
deposits: 1) the Lower Mineralized Zone (“LMZ”) gold deposit, now depleted, 2) the Las 
Tojas (“LT”) gold deposit, now in production, and 3) the Upper Mineralized Zone (“UMZ”) 
copper-gold-silver deposit, now in development.  

Empresa Minera Paititi S.A. (“EMIPA”), a wholly-owned subsidiary of Orvana Minerals Corp, 
retained Gino Zandonai (“Consultant”) to prepare an updated reserve statement based on 
an open-pit optimization, phase-design, and mine-plan for the UMZ deposit. In addition, 
Mountain States Research & Development Inc. (“MSRDI”) was retained to conduct various 
metallurgical tests whose results provided justification for the application of the Leach-
Precipitation-Flotation (“LPF”) process to much of the mineralization, thus optimizing the 
overall metal recovery throughout the life of the mine.  Both the Consultant and R. Bhappu, 
an employee of MSRDI, are independent qualified persons for the purposes of National 
Instrument (“NI”) 43-101. 
 
All information and data were provided by EMIPA and are referenced in Section 20.  Key 
reports, which can be accessed on SEDAR, on the Orvana’s website (www.orvana.com), or 
upon request are as follows: 
 

1. Kappes, D., 2009, Don Mario UMZ Feasibility Study Updated Financial Summary – 
684,000 tonne per year Flotation Plant: unpublished non-43-101-compliant study 
prepared for Orvana by Kappes, Cassiday & Associates, 2 p. (“KCA-2009 report”). 
 

2. Kappes, D., 2008, Don Mario UMZ Flotation Only Feasibility Study – 684,000 tonne 
per year Flotation Plant: unpublished non-43-101-compliant study prepared for 
Orvana by Kappes, Cassiday & Associates, 167 p.  (“KCA-2008 report”). 
 

3. Wright, C., Podhorski-Thomas, M., and Colquhoun, W., 2008, Technical Report for 
the Don Mario Property, Chiquitos Province, Bolivia: AMEC (Peru)  207 p. (“AMEC-
2008 report”). 

 
4. Kaminante Consultores Ltda., 2008. Informe Final de Estimación de Recursos 

GeológicosProyecto UMZ: unpublished non-NI 43-101-compliant report on mineral 
resources for the  UMZ Project prepared for Orvana by Kaminante Consultores Ltda, 
90 p. (“Kaminante-2008 report”). 

 
5. Kolin, K.M. and Bentzen, E.H., 2006, Don Mario Upper Mineralized Zone (UMZ) 

Copper-Gold-Silver Project, Chiquitos Province, Bolivia: unpublished Technical 
Report: NCL Ingeníera y Construcción S.A., 200 p. (“NCL-2006 report”). 
 

6. Addison , R. and Barrestero, R.H., 2005, Don Mario Upper Mineralized Zone (UMZ) 
Gold Project, Chiquitos Province, Bolivia, unpublished Technical Report prepared for 
Orvana by Pincock, Allen, & Holt, 81 p. (“PAH-2005 report”). 

 
7. Brisbois, K., Berezowsky, M., and Kiernan, J., 2003. Technical Report on the Don 

Mario Gold Property Chiquitos Province, Bolivia. unpublished Technical Report 
prepared by AMEC E&C Services Ltd for Orvana, 343 p. (“AMEC-2003 report”). 
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8. TWC, 1999. Orvana Don Mario Project, Detailed Base Case Estimate, Vol. 1. 

Unpublished resource estimate and mining study by The Winter Group for Orvana 
Minerals Corp.  (“TWC-1999 report). 

Mining phase designs, ultimate pit design, and period plans showing mining advance on 
annual increments for the Life-of-Mine (“LOM”) were developed by the Consultant. The 
Whittle 4X (W4X) pit-optimizing software package was used for pit optimization, creation of 
mining phases, production scheduling and strategic analysis. Gemcom Enterprise Mining 
System (GEMS) was used for the design of mining phases and ultimate pit as well as the 
generation of end-of-period contoured plans. 
 
This report summarizes the mine plan that was developed by the Consultant and will be the 
basis for the UMZ mining operations; it updates, based on additional drilling as well as 
revised processing methods, the previously reported reserve statement outlined in the NCL-
2006 report.  Also, it provides details of the metallurgical testing done by MSRDI, as well as 
EMIPA, that justifies the planned processing circuits used for the updated reserve 
statement.  Finally, a cash-flow model is developed. 

Orvana is listed on the Toronto Stock Exchange under the ticker “ORV”.  In addition to the 
Don Mario property, Orvana is developing the El Valle-Boinás/Carlés Project in northern 
Spain and the Copperwood Project in Michigan, USA. 

In this report, Orvana and EMIPA are used interchangeably and collectively. 

1.2 Location, Property Description, and Ownership 

The UMZ is located in the San Juan Canton, Chiquitos Province, Santa Cruz Department, 
eastern Bolivia approximately 380 km from the departmental capital of Santa Cruz de la 
Sierra and 76 km from the nearest town, San Juan de Chiquitos.  Its coordinates are 
17o45’S latitude and 59o47’W longitude. 

The property consists of 11 contiguous concessions covering 70,100 has.  EMIPA retains 
the mineral rights to these concessions.  EMIPA is a valid existing corporation under the 
laws of Bolivia and is duly qualified to carry out business, own property, and extract minerals 
in accordance with Bolivian laws and regulations.  Bolivian law allows for up to 100% foreign 
ownership of all Bolivian corporations as well as up to 100% foreign ownership of interests 
in mining concessions. 

1.3 Geology and Mineralization 

The Don Mario district is located in the southwest portion of the Precambrian Brazilian shield 
(Figure 1.3.1). This shield is composed of a gneissic basement with well-developed belts of 
Mid- to Upper Proterozoic amphibolites-facies schistose rocks intruded by granitic intrusions. 
The Bolivian portion of the shield is also known as the Paragua craton; it is up to 270 km 
wide and bordered by two parallel orogenic belts of mid- to late Proterozoic age: 1) the 
Sunsas Mobile Belt along its western edge and 2) the Aguapei Mobile Belt along its eastern 
border. The LMZ and UMZ deposits are located within the Cristal Schist Belt, which is 
composed principally of quartz-muscovite and quartz-biotite schists surrounded by gneiss to 
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the north and east and by the Señoritas granite to the west.  The Las Tojas gold deposit is 
located in the Eastern Schist Belt further east. 

The UMZ mineralization is hosted by a package of calc-silicate schists, which are largely 
composed of tremolite, diopside, ophicalcite, dolomite and talc.  The deposit may be a 
metamorphosed skarn or carbonate replacement deposit. 

The UMZ is oval in plan, strikes southeast-northwest, dips to the northeast at about 35o-60o, 
extends for about 500 m along strike, has a width of 100 to 150 m, and a thickness of 20 to 
100 m. The rocks are located in the hangingwall of a shear zone, which shear zone hosted 
the LMZ gold mineralization.  Gold production from the LMZ exceeded 420,000 ounces from 
2003 to 2009. 

A large portion of the UMZ is oxidized to depths of up to 50 m and is underlain by a 
transition mineralized zone, which is underlain by a sulphide mineralized zone. Secondary 
oxide minerals are malachite, azurite and chrysocolla. The minerals in the sulphide zone are 
chalcopyrite, pyrite, bornite, galena, and sphalerite with native gold. The transition zone 
includes both oxide and sulfide minerals, including secondary chalcocite.  The copper 
mineralization tends to be more evenly distributed whereas gold and silver are more 
irregular. 

 

 

 

 

 

 

 

Figure 1.3.1 Regional Geological Map 

1.4  Database and Resource Estimation 

The AMEC-2008 report summarized the resource estimate that included all drill hole data 
through the 2007 UMZ drill campaign. The UMZ mineral resource database includes drill 
holes, a surveyed topographic surface, and a geology model comprising solids enclosing 
sulphide, transitional, oxidize and porous mineralization types. The current sample database 
contains data for 129 surface drill holes. 

The Kaminante-2008 report described the updated resource estimate, which included 
information from the 2007 drill program. AMEC audited the updated resource model and 
made suggestions for improvement of the geologic model and the final block grades. As a 
result of these suggestions, EMIPA staff geologists made changes to the geologic model 
and re-estimated the resources.  The AMEC-2008 report summarizes the review of EMIPA’s 
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model and the current 43-101-compliant resource estimate, which is the basis for the pit 
optimization, mine design, and mine plan presented herein.  Table 1.1 shows the UMZ 
mineral resources above the 325-metre reference elevation as reported in the AMEC-2008 
report. These resources were constrained by a pit shell discussed in the NCL-2006 report, 
which report estimated reserves.  

Mineralization Classification
Tonnes, 

'000t Cu, %
Au, 
gpt

Ag, 
gpt

Sulphide Measured 774 1.19 1.18 32.3
Indicated 1148 1.11 1.05 33.5
Inferred 17 0.78 0.95 18.2

Transition Measured 913 1.32 1.45 51.7
Indicated 1041 1.23 1.33 46.6
Inferred 82 1.08 0.95 45.1

Oxide Indicated 1788 1.74 1.63 50.7
Inferred 173 1.74 1.43 43.8

Porous Indicated 539 1.99 1.39 43.4
Inferred 45 2.54 1.44 29.3

Measured and Indicated Resources 6,203 1.43 1.37 44.0
Inferred Resources 317 1.63 1.28 40.7  

 
Table 1.4.1 Mineral Resources for the Don Mario UMZ Project (AMEC-2008 report). 

1.5 Pit Optimization 

The UMZ open-pit optimization and subsequent mine design and planning were carried out 
using the resource block model from the AMEC-2008 report and current topographic data 
provided by Orvana. GEMS software was used for mine design and Whittle 4X software for 
pit optimization and scheduling. The Consultant reviewed in detail the geological data and 
the mineral resource block model from the AMEC-2008 report, and all the relevant technical-
economic parameters (mining and metallurgical) associated with each ore type. 
 
The methodology applied can be summarized as follows: 
 
 The AMEC-2008 report mineral resources were reviewed in the GEMS database and a 

revised statement of mineral resources was generated.  
 The block model was imported into Whittle for further optimization work, and a mineral 

reserves statement was then generated.  
 Optimum pit envelopes were calculated using Whittle 4X for a given set of mining, 

metallurgical, and economic parameters as well as long-term gold, copper and silver 
metal prices. 

 The final optimum pit shells were smoothed to eliminate non-operational areas and for 
geometry. This smoothed pit was considered as the final pit for reserve reporting. 

 
The metals price inputs are based on long-term values of $2.00/lb copper, $800/oz gold, 
and $12.50/ounce silver. 

A maximum cash-flow definition for marginal cut-off definition is used for the best-option 
determination in Whittle. Part of the strategic driver was the ore-zone types, of which there 
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are four, in order to sustain the production schedule. Porous, oxide and transition ores will 
be run through the LPF circuit in order to recover the copper from these ores; the tails will 
the be run through the CIL circuit to recover remaining gold and silver.  The sulphide ore will 
be processed by froth flotation. 
 
Based on the economic, mining and geological parameters, Whittle software generated a 
set of nested pit shells for a range of metal prices. One of the pit shells, in this case number 
Nº 85 has been selected as the final pit surface for detailed pit engineering. This surface 
yields 6,400,000 tonnes of in situ resources at average grades of 1.34% copper, 1.29 gpt 
gold, and 41.4 gpt silver, and requires 1,000,000 tonnes of waste removal. The main reason 
for selecting the break-even pit shell is the narrow discounted difference in value between 
the worst and best case relative to the in-pit inventory. The designed final pit encloses 
5,700,000 tonnes of proven and probable reserves of ore at average grades of 1.47% 
copper, 1.45 g/t gold, and 45 g/t silver, and requires 2,940,000 tonnes of waste removal, 
which includes the material classified as inferred resources.  

1.6 Mine Planning and Design 

The Whittle pit shells are used as a guideline for detailed pit engineering and mine planning.  
GEMS was used to design pits for the optimized pit shell  Nº 85 (Base Case). Figure 1.6.1 
illustrates a section through the pit comparing the profile resulting from the final pit design 
and the Whittle pit shell. 

 

 

 

 

 

 

 

 

Figure 1.6.1 Final Pit Shell Nº 24 Engineered and Whittle Raw Pit 

The Consultant defined phases applied to the stripping ratio of each increment of nested 
pits. 

1.6.1 Mining Method 

In order to maximize the ore exposed, several criteria need to be satisfied.  These include 
minimum width of cutbacks, including access for mining for every bench, identification of 
high-grade areas, and minimum number of working faces per period of time, among others. 
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The Consultant considers that applying a truck-and-excavator mining method for the 
operation will satisfy these requirements and prepared each cutback plan for this mining 
method and operation.  

Although EMIPA will use contractors with small equipment (20-25 t capacity), the pit design 
assumes that a fleet of 30-40-tonne trucks will be used. Consequently, the standard haul-
road design width for a double-lane system is then 20 m, including the drainage ditch and 
the safety berm. However, when a bench is being mined close to the projected pit bottom, a 
reduced road width of 13 m should be used.  

The overall geometry of the pit is designed on 5-metre benches with a batter angle of 68º 
and inter-ramp angles of 43o. These assumptions must be confirmed by a geotechnical 
study of the rock properties of the sulphide zone; it is common in competent rock to use 
double benches in order to reduce the waste extraction.  

1.6.2 Description of the Cutbacks (Phases) 

The pits or cutbacks were designed following the outline of the Whittle Pit Shell Nº 36 (Base 
Case). The designs retain some 98% of the diluted ore tonnes in the Whittle Pit Shell Nº 36. 
These designs can be further improved to retain 100% of the identified diluted ore tonnes 
and reduce the stripping ratio. However, the Consultant considers these are adequate for 
the level of accuracy of this analysis.  
 
The UMZ mineral deposit can be divided into 3 distinctive phases), detailed in Table 1.6.2.1. 
 
With the phases designed, an LOM plan was prepared using the scheduling tools of Whittle 
software. A 10-year mine plan, based on the long-term metals prices, mining, and 
processing parameters provided by Orvana and MSRDI as well as found in the KCA-20080 
report, was generated. The results are shown in Table 1.6.2.2. 
 
 

Porous, t Cu, %
Au, 
gpt

Ag, 
gpt Oxide, t Cu, %

Au, 
gpt

Ag, 
gpt 

1 205,077 1.63 1.21 27.49 590,296 1.25 1.67 55.59
2 59,273 1.64 0.81 40.32 426,099 1.56 1.56 24.46
3 249,365 2.46 1.74 58.93 706,548 1.84 1.70 63.61

Transition, t Cu, %
Au, 
gpt

Ag, 
gpt Sulphide, t Cu, %

Au, 
gpt

Ag, 
gpt 

1 449,739 1.25 1.33 27.49 498,524 1.24 0.95 51.27
2 535,209 1.27 1.67 40.32 957,991 1.21 1.33 24.28
3 780,605 1.39 1.38 58.93 244,616 0.92 0.70 33.95  

 
Table 1.6.2.1 Mineral Resources within the Phases for the Don Mario UMZ Project. 
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Year 1 2 3 4 5 6 7 8 9 10 11 Total

Total Movement 623,057 708,245 735,635 717,222 745,461 806,160 918,500 999,999 1,000,000 999,999 377,984 8,632,262    

Total Ore To Mill, t 584,999 585,000 585,003 585,000 585,002 585,000 584,998 584,996 503,653    382,925 136,766 5,703,342    

Au, gpt to Crusher 1.88      1.73      1.37      1.30      1.35      1.52      1.37      1.25      1.58        0.82      0.53      1.41            

Ag, gpt to Crusher 56.12    67.78    49.88    50.97    49.78    44.78    40.37    35.14    24.24       25.66    36.00    45.22          

Cu, % to Crusher 1.90      2.02      1.54      1.33      1.31      1.46      1.28      1.34      1.22        1.14      1.01      1.46            

Waste 38,058   123,245 150,632 132,222 160,459 221,160 333,502 415,003 496,347    617,074 241,218 2,928,920    

Sulphide to Mill, t -        11,796   44,221   63,910   92,234   119,622 181,070 313,114 379,290    359,108 136,766 1,701,131    

Au, gpt to Crusher -        0.84      0.99      0.61      0.66      1.20      1.14      1.30      1.69        0.83      0.53      1.13            

Ag, gpt to Crusher -        42.56    41.63    35.63    34.22    61.45    46.57    35.06    22.96       24.93    36.00    33.58          

Cu, % to Crusher -        0.84      0.98      1.05      0.94      1.32      1.15      1.38      1.21        1.12      1.01      1.18            

Transition to Mill, t 60,369   227,795 208,681 208,235 249,551 204,191 274,158 204,063 105,434    23,076   -        1,765,553    

Au, gpt to Crusher 1.85      1.91      1.28      1.13      1.24      1.55      1.65      1.36      1.36        0.80      -        1.45            

Ag, gpt to Crusher 74.38    80.34    60.67    51.58    57.05    45.34    34.93    33.60    27.82       36.50    -        50.92          

Cu, % to Crusher 1.20      1.61      1.42      1.32      1.23      1.21      1.24      1.25      1.30        1.45      -        1.32            

Oxide to Mill, t 285,607 296,040 252,952 238,160 217,515 246,200 103,385 63,414   18,929     741       -        1,722,943    

Au, gpt to Crusher 1.94      1.67      1.69      1.66      1.74      1.69      1.22      0.73      0.48        0.26      -        1.65            

Ag, gpt to Crusher 56.84    62.06    48.87    59.17    50.40    35.64    41.61    39.28    29.78       44.35    -        51.18          

Cu, % to Crusher 1.69      2.27      1.74      1.36      1.49      1.67      1.60      1.46      0.93        1.72      -        1.70            

Porous to Mill, t 239,023 49,369   79,149   74,695   25,702   14,987   26,385   4,405     -           -        -        513,715       

Au, gpt to Crusher 1.82      1.47      0.78      1.19      1.65      0.91      0.56      0.35      -          -        -        1.42            

Ag, gpt to Crusher 50.64    50.12    29.28    36.27    29.70    54.43    49.61    52.03    -          -        -        44.23          

Cu, % to Crusher 2.32      2.68      1.52      1.53      1.91      2.30      1.34      1.01      -          -        -        2.03             
 
Table 1.6.2.2 Life-of-Mine (LOM) Plan for the Don Mario UMZ Project.   
 

1.7 Updated Resource and Reserve Estimates 

The evaluation work was carried out and prepared in compliance with Canadian National 
Instrument 43-101, and the mineral resources in this estimate were calculated using the 
Canadian Institute of Mining, Metallurgy and Petroleum (“CIM”), CIM Standards on Mineral 
Resources and Reserves, Definitions and Guidelines prepared by the CIM Standing 
Committee on Reserve Definitions and adopted by CIM Board Council December 11, 2005. 
 
For the mineral resources, the definitions provided in the AMEC-2008 report were used to 
generate the final pit shell reserve estimate shown in Table 1.7.1. The mineral resources 
reported herein are ores within the updated final pit shell generated for this Technical 
Report.  Only the measured and indicated resource tonnes were converted to proven and 
probable reserves, respectively. 

Proven and probable reserves were blocked out based on their classification as measured 
and indicated resources, respectively, within the final pit, with reference to the combined 
metals prices, mining, and processing costs.  The mining schedule was developed for these 
reserves. At an annual ore production of 585Ktpa and this reserve base, a mine life of over 
10 years is expected.  
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Table 1.7.1 Updated UMZ Mineral Resources and Reserves (within pit shell).  

1.8 Mineral Processing and Metallurgical Testing 

The current Don Mario mill is based on closed-circuit SAG milling and a typical carbon-in-
column (“CIC”)/carbon-in-leach (“CIL”) operation that produces a doré bar through electro-
winning and smelting. During 2009, a ball mill was added to increase throughput capacity 

Resources inside Final Pit

Tonnes Cu, % Au, gpt Ag, gpt 

Measured 851,632  1.04  1.03  27.94  

Indicated 1,210,430  0.98  0.92  29.03  

Inferred 7,062  0.61  0.66  23.31  

Measured 922,323  1.28  1.42  50.48  

Indicated 1,072,146  1.15  1.25  43.90  

Inferred 83,832  0.91  0.81  40.55  

Measured 769,028  1.67  1.57  55.92  

Indicated 1,051,185  1.69  1.58  44.18  

Inferred 190,401  1.53  1.27  38.76  

Measured 206,034  1.98  1.43  50.77  

Indicated 326,664  1.99  1.35  38.62  

Inferred 44,323  2.54  1.44  29.34  

Measured 2,749,017  1.37  1.34  45.04  

Indicated 3,660,425  1.32  1.25  38.59  

TOTAL M&I 6,409,442  1.34  1.29  41.36  

Inferred 325,618  1.49  1.16  37.61  

Reserves 

Tonnes Cu, % Au, gpt Ag, gpt 

Proven 716,651  1.20  1.19  32.40  

Probable 984,480  1.16  1.08  34.43  

Proven 837,474  1.37  1.52  53.67  

Probable 928,079  1.27  1.39  48.43  

Proven 742,580  1.71  1.62  57.26  

Probable 980,363  1.79  1.68  46.58  

Proven 198,180  2.03  1.47  52.05  

Probable 315,535  2.04  1.39  39.33  

TOTAL Proven 2,494,885  1.48  1.45  48.50  

Probable 3,208,457  1.47  1.39  42.67  

TOTAL P&P 5,703,342  1.46  1.41  45.22  

Transitional

Oxide

Porous

Sulphide

Transitional

Oxide

Porous

TOTAL 

Sulphide
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from 750 tpd to 2,000 tpd.  The mill is currently processing ore from the nearby Las Tojas 
(“LT”) gold deposit. 

The processing of UMZ ores involves the treatment of four different ore types: Porous, 
Oxide, Transition and Sulphide ores. MSRDI has conducted metallurgical tests whose 
results permit the implementation of a LPF process for treating the porous, oxide, and 
transition UMZ ore types; these results are summarized in this technical report.  Sulphide 
ores will be treated by froth flotation as described in the KCA-2008 report. 

 
1.8.1 Leach-Precipitation-Flotation (LPF) Process 
 
Orvana has decided to implement the LPF process, which has been used for commercial 
copper recovery from copper oxides ores as early as 1929.  It is particularly suited for the 
UMZ porous, oxide, and transition ores. 
 
After crushing and grinding, sulphuric acid is applied to the ore to put copper into solution. 
After dissolution, sponge iron is added to the leached slurry to precipitate copper as fine 
flakes of metallic copper. The iron is oxidized and passes into solution. The slurry is then 
neutralized by the addition of milk of lime prior to being sent to froth flotation.  The iron can 
be recovered by utilizing the lead flotation circuit. 
 
In the neutralization step, some of the iron may be precipitated and thus will report to 
tailings. It is doubtful that there will be a build up of dissolved iron in the circulating reclaimed 
process water because there is a natural bleed with the water impounded with the tailings. 
 
In the flotation process, a collector is chosen that activates flotation for both the metallic and 
sulphide copper along with any gold and silver minerals. Further testing is required to 
confirm the deportment of the zinc sulphides during the leaching and froth flotation. 
 
Metallurgical tests were undertaken to assess the mineralogical, leach, precipitation, 
flotation, and ancillary characteristics of the different mineralization types. These tests 
utilised samples of representative material and enabled key process design parameters to 
be established and confirmed. Metallurgical tests are ongoing at the Don Mario laboratory in 
order to further optimize process plant performance.  Nevertheless, the test work shows that 
porous, oxide, and transition ores can be subjected to the LPF process resulting in 
recoveries of more than 80% of the copper, as much as 55% of the gold, and as much as 
65% of the silver.  Furthermore, the resultant tailings can be processed through the CIL 
circuit to enhance gold and silver recoveries. 
 
By the effective date of this report, construction of the flotation cells and other auxiliary 
infrastructure necessary to commence mining was over 75% complete.   

1.9 Tailings Impoundment 

Based on 8 years of operations between 2003 and 2010, Orvana reported that the mine-
water balance is in an operating deficit.  Thus, there is zero discharge and even though 
water is recirculated from the tailings impoundment to the process circuit, additional water is 
required. 
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The current tailings pond has been designed with a 1.5 mm liner so that the mine can 
operate with a live cyanide pond for process purposes; hence, Orvana does not have a 
cyanide destruction plant. When the mining operation is complete, the water will evaporate 
from the tailings pond with any residual cyanide being naturally destroyed through exposure 
to sunlight and oxygen. The water in the tailings should not pose a long-term threat.  
 
The capacity of the tailings pond will be expanded to accommodate the tailings from the 
UMZ operation.  Three expansions were recommended and are summarized in Table 1.9.1 
(AMEC, 2008).  By the end of Year 5, or 2015, the dam’s final elevation of 296 masl will be 
reached.  AMEC is currently designing the Stage IV expansion. 
 

Stage - Year

Level of 
water/ 
tails 

(masl)

Dam 
Height 
(masl)

Stage IV – Years 1 & 2 286 288

Stage V – Years 3 to 5 290 292
Stage VI – Years 6 to 11 294 2967,314,960

Storage 
Capacity  

(m³)
2,380,502

4,567,403

 
Table 1.9.1 Tailings Impoundment Expansions (AMEC, 2008). 

1.10 Cash-Flow Model 

Historic mining costs, the cost estimates for the flotation-only circuit summarized in the KCA-
2008 report, and the cost estimates for the LPF circuit established by MSRDI and discussed 
herein are the basis for the capital and operating costs.  Since development of the UMZ 
infrastructure is more than 75% complete as of the effective date of this Technical Report, 
the appropriate adjustments were made on the aforementioned estimates based on the 
actual engineering, procurement, construction, and management costs incurred and 
projected for the completion of the work. In addition, MSRDI completed a review of the 
construction, capital costs and operating costs in June, 2010 (Appendix 6).  Capital costs 
are now estimated to be $20.96 M, of which $12.7 M has been expended and committed at 
the end of June, and first production is expected during October, 2010.   

Capital costs are now estimated to be $20.96 M and first production is expected in October, 
2010.  The project has a robust cash flow and an NPV (10%) of $43.6 M. 

1.11 Conclusions 

 Based on the technical and economical reports provided by EMIPA, the current 
market conditions, and the completed optimization work, the Don Mario UMZ mine 
project is a very profitable endeavour.  
 

o In the long term, the reserves will likely increase given that the 
metals prices are much higher than the base-case prices used 
herein.  
 

o The installation of an LPF circuit to process the porous, oxide, and 
transition ores along with the flotation circuit to process the sulphide 
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ores, and the use of the existing CIL circuit to leach all tailings, 
facilitate the optimum recovery of all metals in the deposit. 

 
 The 10-year life mine plan provides reasonable stable and consistent higher head 

grades of copper, gold and silver during the early years of the mine. This is the 
result of the cut-off optimization approach, which assures higher cash flows during 
the early years of the mine life and therefore a higher NPV of the project, as well as 
the economic viability of the LPF process to extract metals from the porous, oxide 
and transition ores.  
 

 The UMZ deposit is geologically constrained and the contact zones between the ore 
zones could be challenging during short-term planning. It is imperative that sulphide 
ore is not processed by LPF or recoveries will be lower.  Therefore, good bench-
face mapping is critical. 

   
 The topography and layout of the deposit are favourable to have accesses and 

ramps within the phases.  
 

 Given that the project is in construction, the actual and projected expenditures are 
below that estimated by KCA and MSRDI  
 

 With an NPV (10%) of $43.6 M the UMZ open-pit mine is an economically viable 
project. 

1.12  Recommendations 

Orvana is currently in the construction phase of the UMZ mine project and plans to 
commence production during October, 2010.  Nonetheless, the Consultant and MSRDI 
make the following recommendations: 
 

 To consider one or more accesses through the exterior of the phases to extend the 
use of them in order to minimize the reconstruction of temporary accesses.   
 

 Complete structural and characterization studies of the rock mass to evaluate the 
acceptable depth to begin double benching. 
 

 Partition the molten sulphur tank in order to filter the industrial sulphur’s non-melting 
impurities and prevent burner blockages as well as build up in the oxidation furnace, 
and insert a pump-to-pump in the unfiltered side so the melted sulphur passes 
through a plate-and-frame filter press to the the side of the tank.  

 
 The sulphur burner waste heat boiler produces 86 t/hr of steam.  In general, froth 

flotation is more efficient in heated slurry. Flotation testing should be done to 
determine whether the LPF flotation is improved with warm feed slurry.  If 
improvement is attained, waste heat steam can be used to heat the feed slurry.  
This may be done by installing steam coils in the process water and flotation 
conditioning tanks.  The use of these coils enables the recovery of condensate for 
recycling to the boiler. 
 

 Along with the added rubber linings in the acid-leach tanks, it would be prudent to 
locate a supplier for acid-resistant flotation mechanisms so that if mechanism 
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corrosion failure occurs, rapid replacement with a more acid-resistant mechanism 
may take place. 
 

 The plant design accommodates flotation reagent handling and mixing in 
accordance to EMIPA test work, but scale-up from test work to a full-size plant is 
generally a factor of 2.0 to 2.5; thus, the plant handling of these reagents should be 
modified to handle larger quantities than now being considered. 

 
 In the LPF circuit, dissolved zinc may eventually build up in the recycle water from 

the tailing impoundment, possibly reducing flotation recovery. The dissolved zinc in 
the tailings thickener underflow will consume cyanide in the CIL gold leaching.  
Dissolved zinc may be removed from the tailings by adding lime slurry to the tailings 
pump box to raise the pH and precipitate zinc.  Lime slurry piping should be 
provided to this pump box, so that lime can be added as necessary to control the 
dissolved zinc. 

 
 The blending of oxide and transition ores for feeding the milling circuit is highly 

recommended.  As the oxide and transition ores have been found to have different 
grinding and flotation characteristics, blending is advised in order to prevent extreme 
rapid changes of operating parameters in the LPF milling and flotation processes.  

 

2 INTRODUCTION 

The Consultant and MSRDI, as independent Qualified Persons, were commissioned by 
EMIPA, a wholly-owned subsidiary of Orvana, to provide a revised reserve statement, which 
included the updated resource estimate as well as various metallurgical tests that justified 
the use of the LPF process for the UMZ copper-gold-silver deposit in eastern Bolivia,.  The 
property is held in the name of EMIPA.  EMIPA and Orvana are used interchangeably and 
collectively throughout this report. 

The Technical Report was prepared to support an updated current mineral reserve estimate 
and processing circuit for the Don Mario UMZ, whose construction and development is 
ongoing.   

This Technical Report uses primarily metric measurements, with the notable exceptions of 
ounces (“oz”) and pounds (“lbs”).   

The currency used is U.S. dollars (“USD” or “$”).     

2.1 Technical Report Sections and Required Items under Form 43-101F1 

Table 2.1.1 relates the sections as shown in the contents page of this Report to the 
Prescribed Items in the contents of Form 43-101F1 Technical Report.   

Form 43-101F1 
Item 

Item Heading Report Section 
Number 

Report Section Heading 

Item 1 Title Page  (Cover page of Report) 
Item 2 Table of Contents  Table of contents 
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Item 3 Summary Section 1 Summary 
Item 4 Introduction Section 2 Introduction 
Item 5 Reliance on Other 

Experts 
Section 2 Reliance on Other Experts 

Item 6 Property Description and 
Location 

Section 3 Property Description and 
Location 

Item 7 Accessibility, Climate, 
Local Resources, 
Infrastructure and 
Physiography 

Section 4 Accessibility, Climate, Local 
Resources, Infrastructure 
and Physiography 

Item 8 History Section 5 History 
Item 9 Geological Setting Section 6 Geological Setting 
Item 10 Deposit Types Section 7 Deposit Types 
Item 11 Mineralization Section 8 Mineralization 
Item 12 Exploration Section 9 Exploration 
Item 13 Drilling Section 10 Drilling 
Item 14 Sampling Method and 

Approach 
Section 11 Sampling Method and 

Approach 

Item 15 Sample Preparation, 
Analyses and Security 

Section 12 Sample Preparation, 
Analyses and Security 

Item 16 Data Verification Section 13 Data Verification 
Item 17 Adjacent Properties Section 14 Adjacent Properties 

Item 18 Mineral Processing and 
Metallurgical Testing 

Section 15 Mineral Processing and 
Metallurgical Testing 

Item 19 Mineral Resource and 
Mineral Reserve 
Estimates 

Section 16 Mineral Resource and 
Mineral Reserve Estimates 

Item 20 Other Relevant Data and 
Information 

Section 18 Other Relevant Data and 
Information 

Item 21 Interpretation and 
Conclusions 

Section 19 Interpretation and 
Conclusions 

Item 22 Recommendations Section 19 Recommendations 
Item 23 References Section 21 References 
Item 24 Date and Signature Page Section 22 Date and Signature Page 

Item 25  Additional Requirements 
for Technical Reports on 
Development Properties 
and Production 
Properties 

Sections 16, 17, 
18  

 

Capital Costs, Operating 
Costs, and Cash-Flow 
Model 

Item 26 Illustrations  Incorporated in Report 
under appropriate section 
number, 

 

Table 2.1.1 Report Section Headings in Relation to Form 43-101F1 Prescribed Items  

 



TECHNICAL REPORT ON DON MARIO UMZ PROJECT 

 Page 22

2.2 Qualified Persons and Site Visits 

The Qualified Persons responsible for the preparation of this document are Gino A. 
Zandonai, MAusIMM (“Consultant”), Dr. Roshan Bhappu, P.E., principal of Mountain States 
Research and Development Inc. (“MSRDI”), and Dr. William C. Williams, Vice President of 
Corporate Deveopment, Orvana Minerals Corp. 

Mssrs. Zandonai and Williams have visited the mine site and auxiliary mine facilities on 
various occasions during 2008, 2009, and 2010.  Dr. Bhappu has not visited the site 
although another MSRDI employee was on site in June, 2010. 

The Consultant is responsible for Sections 2, 3, 4, 10, 11, 12, 13, and 16 as well as certain 
parts of Sections 1, 17, 18, 19, and 20, especially regarding the pit optimization, mine 
design, and mine plan.  Dr. Bhappu is responsible for Section 15 and certain parts of 1, 17, 
18, and 19, especially regarding the processing methods described herein.  The Consultant 
and Dr. Bhappu are independent qualified persons for the purposes of NI 43-101.  

Since this technical report includes updates to the reserve statement and processing circuit 
that are not considered material changes and Orvana is a Producing Issuer under the 
definitions of NI 43-101, Dr. Williams, although not independent of Orvana for the purposes 
of NI 43-101, is responsible for Sections 6, 7, 8, 9, and 14, wherein reliance on previous NI 
43-101-compliant technical reports is common, and certain parts of Sections 1, 17, 18, 19, 
and 20. 
 
All available geologic data, cross sections, geological domains and electronic block model, 
as well as relevant mining, revenue and cost parameters for the optimization work, were 
based on estimates provided by EMIPA, based on operating precedent, and MSRDI as well 
as those encountered in the KCA-2008 report.  
 
The quality of information, conclusions, and estimates contained herein is consistent with 
the level of effort involved in the Consultant’s services, based on: i) information available at 
the time of preparation, ii) data supplied by outside sources, and iii) the assumptions, 
conditions, and qualifications set forth in this report. This report is intended for use by 
Orvana subject to the terms and conditions of its contract with the Consultant. This contract 
permits Orvana to file this report as a Technical Report with Canadian Securities Regulatory 
Authorities pursuant to National Instrument 43-101, Standards of Disclosure for Mineral 
Projects. Except for the purposes legislated under provincial securities laws, any other use 
of this report by any third party are at that party’s sole risk. 
 
The Consultant is of the opinion, based on his personal review as well as described and 
summarized in previous 43-101-compliant Technical Reports, that the programs and the 
data have been conducted and gathered in a professional and ethical manner and conforms 
to standards acceptable within the industry.  No additional drilling, assays, and geotechnical 
information has been collected since the effective date of the AMEC-2008 report and this 
Technical Report.  MSRDI has completed extensive metallurgical testing, which is reported 
herein, and the processing circuit has been modified from previous mine plans. 
 
The Consultant understands that this Report will be used in support of Orvana’s disclosure 
of material information. 
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2.3 Disclaimer 

This report includes technical information that requires subsequent calculations to derive 
sub-totals, totals and weighted averages. Such calculations inherently involve a degree of 
rounding and consequently introduce a margin of error. Where these occur, the Consultant 
does not consider them to be material. 
 
All relevant data and reports were provided by EMIPA personnel.  They have been reviewed 
by the Consultant. 
 

2.4 Reliance on Other Experts 
 
The Consultant and MSRDI sourced information from pertinent reference documents as 
cited in the text and found in Section 20 of this report.  Certificates for land tenure for the 
mineral concessions that comprise the Don Mario district signed by the local land mining 
lands registrar have been reviewed by the Consultant.  However, the Consultant has not 
reviewed underlying property agreements, permitting, and environmental issues discussed 
herein, but relied on information supplied by EMIPA senior personnel.  In addition, the Don 
Mario mine has operated since 2003 without incident.  Therefore, the Consultant believes 
that there is a reasonable basis for this reliance on EMIPA and its experts. 
 
The Consultant has relied upon other experts, specifically a co-author, in the fields of 
geology, environment, and financial analysis. AMEC (2008) prepared the engineering and 
supervised the tailings pond expansion.  A. Sallés (2010) provided an estimate of closure 
costs. 

2.5 Effective Date 

The drill hole database was closed for estimation purposes on 30 April 2010.  Only input 
parameters, e.g., processing costs, were changed from that date to the effective date.  The 
effective date of the Report is 23 August 2010, which is the date up to which information 
from the property was included in the Report.  There were no material changes to the 
scientific and technical information on the Project between the closure date for the drill hole 
database and the effective date of the Report.   

3 PROPERTY DESCRIPTION AND LOCATION  
3.1 Location 

The Don Mario district is located within the San Juan Canton, Chiquitos Province, Santa 
Cruz Department in Eastern Bolivia, about 380 km east of the departmental capital of Santa 
Cruz de la Sierra, at an approximate position of 59º47’ W and 17º15’ S (Figure 3.1).   

The district includes the LMZ, where about 420,000 ounces were produced by principally 
underground mining methods from 2003 to 2009, the LT gold deposit, located 12 km from 
the Don Mario mine infrastructure and which is currently being mined by open-pit methods, 
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and the UMZ, located on the Cerro Pelado overlying the LMZ zone and which is currently 
under development. 

 

 

Figure 3.1.1 Location Map 

3.2 Mineral and Surface Rights 

The Don Mario district consists of 11 contiguous mineral concessions (“Property”) covering 
approximately 70,100 ha (“The Property”) (Figures 3.2.1 and Table 3.2.1). The Bolivian 
Government grants concessions conferring the right to explore, exploit, refine, and sell all 
mineral substances within the concession’s borders for an indefinite period. The 
Superintendent of Mines for the Department of Santa Cruz has granted EMIPA a 100% 
interest in the Mineral Concessions listed in Table 3.2.1 and, as a result, EMIPA has all the 
required rights to develop, mine and market the minerals and metals within its boundaries.  
The cancellation of concessions occurs only if the required annual mining patent 
(approximately $24 per unit for the first five years and approximately $48 per unit each 
additional year) is not paid. At the effective date of this report, all mineral concession fees 
for the 11 concessions have been paid by Orvana as evidenced by receipts provided by the 
Servicio Nacionál de Geología y Técnica de Minas. 
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Figure 3.2.1 Location of the Don Mario Concession and Contiguous Concessions 
  Controlled by Orvana. 
 
The perimeters of the mineral concessions have not been surveyed or physically marked in the 
field with the exception of Point 1 of the Don Mario Mineral Concession, which was surveyed 
with reference to the nearest National Topographic System datum point.  The UMZ deposit is 
located in the Don Mario concession. 
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Concession Area, ha Title Date
Title 

Number
Registration 

Date
Registration 

Number
Title 

Holder

Don Mario 5,300 9-Jul-98 108/98 5-Oct-98 705-00293 EMIPA

Oscar 13,500 28-Dec-98 203/98 3-Feb-99 705-00600 EMIPA

Las Tojas 11,700 8-Jan-07 004/2007 31-Aug-07 705-00298 EMIPA

La Aventura 8,200 8-Jan-07 004/2007 31-Aug-07 705-00853 EMIPA

Alvaro 11,300 8-Jan-07 004/2007 31-Aug-07 705-00299 EMIPA

La Tercera 1,150 12-Nov-03 282/2003 17-Aug-04 705-02022 EMIPA

Sena Quina 1,825 13-Nov-03 283/2003 17-Aug-04 705-02023 EMIPA

Mónica 925 12-Nov-03 281/2003 17-Aug-04 705-02024 EMIPA

Manantial 11,775 25-Aug-04 210/2004 29-Aug-05 705-02124 EMIPA

Minerva 3,225 1-Nov-02 270/2002 14-Jan-03 705-01754 EMIPA
Flor De Mayo 1,200 1-Nov-02 271/2002 14-Jan-03 705-01947 EMIPA  

 
Table 3.2.1 EMIPA Mineral Concessions 

 
All mineral substances in Bolivia belong to the State. A mineral concession conveys to the 
owner of the concession the exclusive rights to carry out any or all of the following mining 
activities: prospecting and exploration, exploitation (mining), beneficiation of ores, smelting 
and refining, and marketing of minerals and metals. The Bolivian government, through the 
Mining Code, Law No. 1777 of March 17, 1997, recognizes mining activities to be projects of 
national interest and of public utility. This recognition gives preference to mining rights over 
other surface rights or competing economic interests such as forestry or agriculture. If 
necessary, a mine operator can use arbitration and expropriation procedures to acquire use, 
surface easements, or water rights owned by third parties, if such rights or easements are 
required to operate a mine. 
 
In accordance with Articles 34 and 35 of the Mining Code, a concession owner is entitled to 
erect and construct within or outside his concession all the facilities and means of 
communication and transportation deemed necessary to carry out the activities permitted 
under the Mining Code. Within the perimeter of the concession, the concession owner may 
use the lands under public domain without charge, including extracting construction 
materials, timber and other materials from such lands.  
 
The sale and purchase of public lands is administered by the National Service of Agrarian 
Reform, in accordance with the provisions of the National Agrarian Reform Law. There is 
currently a nation-wide government moratorium on adjudicating any new land titles for 
agricultural property, effectively precluding EMIPA from the outright purchase of surface 
rights on the Property. 
 
Articles 36 and 37 of the Mining Code address the waters freely in the public domain as well 
as waters that flow out of or through the concession. These surface waters are subject to 
the Law on Waters, the Environmental Law and other dispositions governing water 
resources. 
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A referendum at the end of January, 2009 approved the revised Bolivian constitution. 
Changes to governmental regulations concerning mining activities, environmental 
compliance, foreign ownership of property, export controls and repatriation of profits are 
included in the new Constitution and could affect the ownership of the Property if and when 
they are implemented. 

3.3 UMZ Permits 

All permits required to operate the UMZ mine have been granted except for the operation of 
a sulphuric acid plant, which is expected to be granted in the near future. The following is a 
list of governmental approvals that are currently in place provided to the Consultant by Luis 
Isla, an EMIPA employee: 
 

 November, 1998: Estudio Evaluación de Impacto Ambiental Analítico Integral (EEIA 
categoría I) (Environmental Impact Study). 
 

 March, 1999: Declaratoria Impacto Ambiental (Licencia Ambiental). 
MDSPVMARNDF-DGICSA-UEIA-DIA Nº1091 (b)/99 (Environmental Impact Permit). 

 
 July, 2002: Declaratoria Impacto Ambiental Actualizada (Licencia Ambiental 

Actualizada). MDSP-VMARNDF-DGICSA-UPCA-DIA Nº1091/02 (Updated 
Environmental Impact Permit). 

 
 September, 2002: Resolución RU-SJC-PDM-p-023/2002. Superintendencia Forestal. 

Autorización Desmonte Proyecto Don Mario (36 has). (Forestry Permit for Land 
Clearing – area for waste dumps). 

 
 November, 2002: Licencia Forestal para desmonte y quema de residuos vegetales. 

SUPERINTENDENCIA FORESTAL, RU-SJC-PDM-p-023/2002 (Forestry Permit for 
Land Clearing – area for waste dumps). 
 

 November, 2002: Resolución 2000-01239-027.  Ministerio de Gobierno.  Certificado 
de Inscripción Sustancias Controladas. (Controlled Substances Permit). 

 
 December, 2002: Resolución 0066/2002.  Ministerio Defensa Nacional.  Certificado 

Registro Manipuleo Explosivos. (Permit to Handle Explosives Permit). 
 

 January, 2003: Resolución SSDH Nº 0084/2003. Superintendencia de 
Hidrocarburos.  Licencia Operación Gasoducto. (Permit to Operate Gas Pipeline). 

 
 October, 2003: Resolución Nº 070501-01-LASP-001-03. Ministerio de Desarrollo 

Sostenible. Registro y Licencia para Actividades con Sustancias Peligrosas LASP. 
(Permit to Handle Dangerous Substances). 

 
 May, 2005: Resolución RU-SJC-PDM-na-055/2005. Superintendencia Forestal. 

Autorización Desmonte Proyecto Don Mario (85 has). Ampliación desmonte. 
(Forestry Permit for Land Clearing – expansion of waste dump area). 

 
 September, 2007:  Resolución 0066/2007. Ministerio Defensa Nacional. Certificado 

Registro Manipuleo Explosivos. Renovación. (Updated Explosives Permit]. 
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 September, 2008: Licencia Manipuleo Explosivos. Ministerio Defensa Nacional, Nº 

Registro 0066/2002 (Updated Explosives Permit). 
 

 October, 2008: Licencia Manipuleo Sustancias Controladas. VICEMINISTERIO DE 
DEFENSA SOCIAL, Nº Registro 3000-01239-027 (Permit to Handle Controlled 
Substances). 
 

 March, 2009: Resolución RU-SJC-PDM-na-026/2009 Superintendencia Forestal. 
Autorización Desmonte Proyecto Don Mario (47 has). Ampliación desmonte. 
(Forestry Permit for Land Clearing – expansion of area for dumps). 

 
 October, 2009: Resolución Nº 0066/2009 Ministerio Defensa Nacional.  Certificado 

Registro Manipuleo Explosivos. Renovación. (Updated Explosives Permit). 
 

 February, 2010: Carta MMAyA-VMABCC-DGMACC-FA Nº 4059 (a)/10 
Categorización III Estudio Evaluación Impacto Ambiental (EEAI) Proyecto Don 
Mario-UMZ (Environmental Impact Study – UMZ approved without public hearing 
since a mine is in operation – Category III). 

 

3.4 UMZ Environmental Liabilities 

The Consultant did not audit or conduct a detailed review of environmental liabilities of the 
Don Mario site in the preparation of this report, but relied on Orvana and a study of closure 
costs for the Don Mario district prepared and documented by AMEC E&E Services of Chile 
(Tingey, 2007) subsequently updated by Water Air Earth Consultants (A. Salle, 2009). 

Based on 7 years of operations, Orvana reported that the mine-water balance is in an 
operating deficit, and as such additional water will be required for processing resulting in 
zero discharge, with water re-circulating from the tailings impoundment to be used in the 
process circuit. 
 
The current tailings pond has been designed with a 1.5 mm liner so that the mine can 
operate with a live cyanide pond for process purposes; hence, Orvana does not have a 
cyanide destruction plant. However, the tailings pond may present a hazard to birds and 
animals and EMIPA has employed measures to secure the tailings from access by erecting 
fences and using firecrackers. When the mining operation closes, the water will evaporate 
from the tailings pond with any residual cyanide being naturally destroyed through exposure 
to sunlight and oxygen. The water in the tailings should not pose a long-term threat. The 
saturated tailings will be capped, with the remaining cyanide in the tailings precipitating out 
as stable iron isotopes within the pile, such that within the hundred years plus over which 
the liner might eventually fail, the tailings should be harmless to the environment unless they 
were excavated for some unknown purpose. 
 
The capacity of the tailings pond will be expanded to accommodate the tailings from the 
UMZ operation.  Three expansions were recommended (AMEC, 2008).  By the end of Year 
5, or 2015, the final elevation of 296 masl will be reached.  The dike elevations of the each 
stage account for the storage of one 24-hour event of 398,000 m³ and freeboard of 2 m 
(Table 1.9.1, Figure 3.4.1).  
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Figure 3.4.1 Tailings Pond Design Parameters 
 
A waste dump of 2.5 ha located south of the UMZ pit was considered for the project in the 
KCA-2008 report. EMIPA designed a dump with an area of approximately 200 m by 300 m 
and a final height of 30 to 40 m in a single bench with a face slope not exceeding 40 
degrees (Figure 3.4.2). The waste dump and runoff water treatment facilities will be tied into 
the existing waste-dump pile used for the LMZ mine.   

 

Figure 3.4.2 UMZ Waste Dump Design 


