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Abstract 

 

Surface mining operations involve high levels of complexity and uncertainty that last for 

many years and require huge capital investment and risk. Each open-pit mine is unique, based 

on the physical characteristics of the ore deposit and on the operational parameters of the 

extraction method; therefore, the most profitable way to exploit a mineral deposit requires 

considerable evaluation and planning. However, all operations share the same priorities, the 

maximization of the return on the investment and the maximization of the recovery of the 

resource. Both are linked to the optimization of profits, which in mineral operations is done 

by optimizing the ore cutoff grade, considering the block model geometry.  

 

The Coriorcco Gold Project refers to an open-pit mining operation at pre-feasibility stage 

located at about 4100 meters above sea level in the Peruvian Andes. This mining project is 

currently owned by the company Management Environmental Solutions (MESSA) and is 

intended to begin operations before the year 2019. To have a better understanding of the 

project, a general description and a technical overview of the main parameters related to the 

development will be addressed, including, but not limited to:  the open-pit design, production 

rate, tailing facility construction, haul road construction, blasting design, and material 

handling equipment selection. 

 

The present study is intended to develop the economic assessment and mine production 

optimization of the Coriorcco Gold Project, based on the iterative cutoff grade analysis 

approach. This approach represents a win-win situation for all major players in the mining 

industry. The company benefits from better economic results due to a 40.79% higher Net 

Present Value (NPV) and 24.5 % higher Internal Rate of Return (IRR). The government and 

nearby communities benefit from a smaller environmental and social impact, as an optimized 

cutoff grade reduces the mine life from 23.25 to 15.73 years, and therefore, the presence of 

the company in the region.  

 

Furthermore, the economic viability of the project will be thoroughly analyzed in distinct 

operational and economic scenarios. Three different sensitivity analysis regarding alternative 
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values of processing capacities, gold prices and dilution rates will be evaluated. Finally, 

results will be analyzed and discussed, revealing the advantages and disadvantages of the 

optimization method, as well as the economic impact that a change in these variables could 

cause. 
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Disclaimer 
 

This document includes certain “forward-looking statements”. All statements other than 

historical facts, including without limitation, statements regarding potential mineralization, 

resources and reserves, exploration results, estimated costs, financial projections, and plans 

and objectives of the Company are forward-looking statements. Words such as “expect”, 

“anticipate”, “estimate”, “may”, “should”, “would”, “could”, “intend”, “predict” and other 

similar expressions are forward-looking statements. Forward-looking statements do not 

guarantee future events and are subject to risks, uncertainties and assumptions that cannot 

determine that such forward-looking statements will prove to be accurate. 
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Chapter 1: Introduction 
 

Increasing mining costs, lower gold prices, decreasing ore grades, stronger environmental 

regulations, and an ascending awareness for health and safety are currently some of the main 

challenges facing the gold mining industry (Darling, 2011). As all mining projects are unique, 

the operational and economic feasibility depends on a complete analysis of the technical, 

financial, social and political matters related to the environment in which the mineral deposit 

is located. Nonetheless, as all mining operations have in common the maximization of the 

return on the investment, hence, the choice of the best economic method depends primarily 

on the type of deposit, its physical characteristics, and the selected mining rate. This industry 

is fundamentally based on intensive labor, large and modern machinery, energy, optimum 

mining design and intensive capital requirements. 

 

Because all mining operations work with non-renewable resources, mining is considered an 

unsustainable industry, where eventually the extraction rate will exhaust the entire economic 

mineral reserves. This type of long-term investments is considered risky, but if analyzed from 

the point of view of planning, high risk is really in the stages of prospecting and exploration. 

Before entering the phase of exploitation and processing, all projects must have an approved 

feasibility study where the mine life has been established based on proven reserves, and 

location, as well as the size of the plant to install have been determined. Furthermore, the 

metallurgical method,  recovery (%), staff to be employed, secured financing for the 

development and implementation of the project, operating costs, working capital 

requirements, profitability, rates of return on investment, and the respective environmental 

study are variables that have been well studied and determined (Darling, 2011). 

 

This paper will discuss the most important aspects for the development of the Peruvian open-

pit gold mining project named “Coriorcco Gold”, including a project description, an 

explanation of the main operational parameters, and an economic evaluation of the project. 

In the economic evaluation, variables as the breakeven cutoff grade (BCOG), stripping ratio 

and optimal cutoff grade (OCOG) will be considered in order to determine the Net Present 

Value (NPV), Internal Rate of Return (IRR) and mine life. The BCOG is the minimum grade 
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value that can be mined in order not to incur economic loses. To calculate the BCOG, the 

processing cost is then equal to the value of the resulting mineral after processing minus the 

sales cost. Finding the OCOG is a bit more complicated because first, the opportunity cost of 

maintaining unexploited reserves has to be calculated, and then added to the processing cost. 

However, this value will automatically optimize the NPV and IRR. The stripping ratio is the 

relationship between the waste and ore volume.  

 

Different sensitivity analysis will also be performed in order to appreciate what happens to 

the project economics when certain variables of high importance, such as the processing 

capacity, gold price and dilution rate vary. Open-pit mining operations are long-term 

investments, and therefore, are subject to possible unexpected changes during the mine 

exploitation stage. This analysis is performed in order to appreciate the possible economic 

risks that could be generated on different economic and operational scenarios.   

 

The Coriorcco Gold Project is located at about 4100 meters above sea level (masl) in the San 

Juan de Lucanas Mining District, province of Lucanas, Department of Ayacucho, at 514 km. 

southeast from Lima, capital city of Peru, in the western Andes. The project can be reached 

from Lima in a 7 - 8 hour drive by following the longitudinal Panamericana road to the south 

and connecting with the Nazca - Puquio road, totally paved up to 6 km. from the mine site. 

The San Juan de Lucanas mining district was previously known for its small-size mining-

milling activity located near the Utec village, the so-called Old San Juan de Lucanas 

operation. It mined lead-zinc ores containing + 8.5 Ag Oz / ton and 2.5 Gr Au / ton from 1 

m to 2.8 m wide veins. Operations were shut down in 1983, since then the mine has been 

inactive and the property has only been under exploration. The San Juan de Lucanas mining 

district comprises three conspicuous ore zones:  

 

 Old San Juan Mine (Pb, Zn, Ag, Au)  

 Pilarica - Iruro and Machucruz (Pb, Zn and Ag)  

 The Epithermal Au-Ag System of Coriorcco  
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Well-formed ore structures outcrop in these three areas: veins, mantos, stock work and 

disseminated patterns occur in folded and intensively fractured and altered volcanic and sub-

volcanic rocks. A total of 19,200 hectares of mining rights cover the entire San Juan de 

Lucanas mining district. The Peruvian company: Management Environmental Solutions 

(MESSA) is currently the owner of the epithermal Au-Ag System of Coriorcco, considered 

the most important mining zone, covering four different anomalous areas with over 6,700 

hectares known as:           

 

A. Yanahorco - Jelloma 

B. Cerro Amarillo 

C. Yuracmarca 

D. Coriorcco Dome 

 

Even though not all areas have been mapped and drilled, they seem to conform at depth the 

same hydrothermal system, displayed at surface as a large “multi-dome” super structure, 

showing similar hydrothermal acid-sulphate alteration patterns.  

 

Results show that during the 15.73-year of expected mine life, the Project should annually 

process 21,000,000 tons of mineralized optimum economic material with an average strip 

ratio of 1.039 : 1. The mine operating costs are estimated at $US1.51 per mined ton,  initial 

capital cost is estimated at $286,645,232, annual fixed cost at $46,759,088 and processing 

cost of US$ 7.59 / ton. The planned pit design incorporates 15.2 m high and 50 m wide 

benches with double benching yielding a 65º inter-ramp angle. Mine ramps have been 

designed with a 25 - 30 m width and an 8% overall gradient due to expected rainfall 

conditions. Production equipment will mainly consist of ten 400-ton mine haul trucks, one 

52-m3 hydraulic shovel, and three production drills, among other smaller pieces of 

equipment. The project expects to count with a labor force of about 300 workers, including 

management team, mining engineers, different types of operators, mechanics and non-

technical people, among others.  
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The mining project includes the open-pit mine development, the construction of a 6.61 km 

access road to the processing plant location, the design and construction of a tailing facility, 

and the construction of a milling processing plant of 60,000 tons/day (capacity calculated 

using the Taylor`s Rule). Electric lines pass at a distance of approximately 2 km from the 

plant site, so even though an initial investment has to be done to bring electricity to the 

project`s facilities, low cost electric power to run the camp and processing planta is 

guaranteed. The camp is located next to the plant, however a proper distance has been 

considered due to health and safety reasons. The water supply requirement will be satisfied 

by pumping the resource from previously drilled and implemented wells. Water permits have 

been previously approved. 

 

Even though this paper is focused on all matters related to the mining operation and not the 

ore processing activity, certain basic parameters are mentioned based on previous studies 

performed by MESSA. The processing plant will process the ore by the cyanidation and 

leaching method with further capture of gold through activated carbon. This processing 

method was determined based on metallurgical tests done to the core samples obtained during 

the exploration stage. Results showed that no major contaminants were found that could 

affect the process and that a recovery rate of over 90% could be easily achieved. Based on 

these results, the most adequate and cost effective process was established. 

 

The access road to the processing plant will be a continuation of the open-pit internal spirally 

designed road, and will be located at the side of the pit. Trucks will operate through this road 

transporting the economic ore for the plant, the economic ore for the stockpile, and waste 

rock. Waste rock will be piled in the waste dump, located at the surface, near the edge of the 

pit. The stockpile will be located at an approximate distance of 300 meters from the 

processing plant. Even though this mineral is under the OCOG, it is still profitable (above 

BCOG grade) and can wait to be processed once the mineral with higher grades has been 

totally consumed.  

 

Tailings (slurry) from the processed ore will be pumped to the tailings dam, located at an 

approximate distance of 480 meters from the processing plant. The tailings dam is toxic, due 
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to the presence of the cyanide used to treat gold ore via the cyanide-leach method in the plant. 

Because of this, significant signing and some type of secure fences will be placed on the site 

perimeter to prevent outsiders getting near this area.  
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Chapter 2: Project Description 

 

This chapter refers to an overview of the project`s history, geological conformation, reserve 

quantification and local conditions. Social and environmental matters, which have great 

importance in the viability of the project, will also be address. Certain parameters such as the 

access to water sources, power lines, and land use are mentioned. Furthermore, information 

regarding the actual relationship with communities located on the surrounding areas of the 

project and the efforts of the company to maintain the good relations are described. This 

aspect is of mayor importance because it is currently required by Peruvian authorities in order 

to obtain the Environmental Impact Study and other required authorizations. 

 

2.1 Exploration and Mining History 
 

The Coriorcco Gold Project is located on the northwestern area of the district and it refers to 

the mine preparation, development, exploitation and milling of the Coriorcco Dome, one of 

the four different areas, which represent the most attractive target of the district. This area 

was initially explored in campaigns during the hard times of terrorism back in 1995, 1997 

and 1998 under the name of Anta Project by the Joint Venture formed by two important 

mining companies, Hochschild (Eduardo Hochschild) and Anaconda (Andronicus Luksic). 

Years later, the Joint Venture Hochschild - Anaconda had a financial dispute and decided to 

dissolve the partnership on 2001, so the project was paralyzed for many years On June 2006, 

MESSA signs a buying option agreement with the former owner, and the final purchase of 

the option was completed in June 2009.  

 

During many years while the open pit mine was being explored, an area of the property that 

contains 16 gold veins of about 60 – 80 cm wide was invaded by informal miners. 

Approximately 240 artisanal gold miners took possession of the land and extracted gold of 

approximately 0.32 – 0.48 Oz/ton (10 – 15 gr/ton). These miners came from the nearby 

community (village) of San Cristobal. In order to maintain good relations with the 

communities, the Joint Venture Hochschild - Anaconda, and subsequently MESSA, allowed 

the illegal gold extraction.  
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In 2010, MESSA decides to invest and develop underground operations in the veins in order 

to finance part of the exploration of the open-pit mine. For months, MESSA negotiated the 

departure of the informal miners by allowing them to continue extracting the gold for a period 

of 12 months with the condition they would peacefully withdraw, and so, in June of 2011, 

MESSA was able to begin mining operations. For a little more than a year, by means of a 

contractor, the company developed small-scale underground operations and extracted gold 

from two of the sixteen veins (Vein Nº 3 and Nº 6). The company managed to produce hardly 

30 tons/day, and the ore was sold to a company that owned a processing cyanide leaching 

plant located about 200 km south from the mine site, called Caraveli Mining Company.  

 

However, the hired contractor was not able to work in a selective manner as the artisanal 

miners did, which provoked gold grades to fall to about 0.22 Oz/ton (7 g/ton). This grade and 

small volume were not as profitable as expected, mainly because of the cost of transportation 

and processing. Later on, additional internal problems occurred with the internal 

management of the company, so MESSA decides to paralyze such operation in late 2012. 

Since then, the underground mining operations of veins has not been reopened, focusing all 

efforts on the exploration and development of the open-pit. 

 

On March 2013, an Environmental Impact Study for the Coriorcco Gold Project was 

completed and approved by the Regional Office of Energy and Mines of Ayacucho, and new 

site facilities with office and housing capacity for 300 employees was placed on site in order 

to continue with further exploration and begin with the implementation of the project. 

Currently, MESSA is setting new claims, covering areas that will eventually protect the 

mining rights for future consolidation of the district. 

 

The relationship with the nearby communities is currently good. The superficial land belongs 

to the Achulla`s Estate family with whom agreements and contracts have been signed that 

allow land use in favor of MESSA, for a retribution annual payment of US$ 30,000. The 

closest town is Santiago de Vado, located at a distance of 14 km, and to date there is no 

opposition or rejection to any mine development project. However, MESSA agreed to sign a 
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written compromise accepting to hire town villagers as labor force for non-technical 

positions. The company is constantly working on the social relationships with nearby 

communities in order to maintain good long lasting relationships and make the mining project 

viable. Two social advisors with permanent working positions are in constant communication 

with the communities trying to cover most of their affordable needs, financed with MESSA`s 

funds, and with primary focus on education and health. 

 

2.2 Mineral Resources and Mineral Reserves 
 

With an increasingly globalized mining industry, the need for a common worldwide 

terminology for the reporting of Mineral Reserves, Mineral Resources and Exploration 

Results has become essential. In 2006, CRIRSCO (Committee for Mineral Reserves 

International Reporting Standards) published its reporting standards, where mineral deposits 

are classified based on the level of geological knowledge and economic feasibility. These 

standards are described on Figure 1, and have been accepted and adopted worldwide. Results 

are used as a guide for industrial planning and financing.  

 

 

Figure 1: Mineral Reserves and Mineral Resources Configuration 

     (Standards, 2013) 

 

Mineral Resources are subdivided in order of increasing geological confidence into Inferred, 

Indicated and Measured categories. A Mineral Resource is the concentration of solid material 
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of economic interest in the Earth’s crust in such form, grade, quality and quantity that there 

is reasonable evidence for further feasible, legal and economic extraction. In order to convert 

Mineral Resources to Mineral Reserves, modifying factors have to be considered. These 

modifying factors include mining, processing, metallurgical, infrastructure, economic, 

marketing, legal, environmental, social and governmental factors, among others. In essence, 

resources are converted to reserves by the elaboration of a pre-feasibility or feasibility study. 

Studies must include all of the modifying factors to demonstrate that extraction could 

reasonably be justified. (Weatherstone, 2008).  

 

For the Coriorcco Gold Project, geologic mapping and rock sampling, soil geochemical 

surveys and ground geophysical surveys were previously conducted with positive results, 

which lead to a surface drilling program totaling 18,278 feet between the years 1995-1998. 

Mineral Reserve and Resource modelling was performed using the block model. Blocks were 

designed and grades were estimated using geostatistical techniques, based on drilling results. 

Estimates are undiluted, uncut, and comply with the CIM Definition Standards for Mineral 

Resources and Mineral Reserves, as well as to the Canadian National Instrument 43-101.  

 

Results show that potential gold resources and reserves with an average grade of 0.01488 

Oz/ton of gold and with 94 % of metallurgical recovery exists within this large zone, 

overpassing ten million ounces of fine gold in bulk mining under open-pit conditions. Based 

on the initially calculated BCOG of 0.00848 Oz/ton of gold, mineral reserves total 

488,267,278 tons with an average grade of 0.01893 Oz/ton. The BCOG was determined by 

using the processing cost of a 60,000 tons/day processing plant and a gold price of $US 1,000 

/ Au Oz.  

 

Mineral resources can`t be considered mineral reserves and have not demonstrated feasible, 

legal and economic viability. There is no certainty that all or any part of the mineral resources 

estimated will be converted in the future into mineral reserves. However, high potential exists 

for the upgrade of these resources; hence, MESSA is currently investing in ongoing surface 

exploration and drilling. Table1 shows all resource and reserves estimates. 
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          Table 1: Coriorcco Mineral Reserves  

 

 

Long-term exploration potential exists in additional gold zones on adjacent property owned 

by the company. Work continues on the structural geology and exploration model for these 

areas. A new exploration program is targeting known gold zones that could contribute with 

current mining reserves to extend the mine life. Twelve exploration targets have been 

identified throughout the property, suggesting there is good potential for the discovery of 

new Indicated and Inferred resources as the project matures. A six part, US$ 3,000,000 

program is recommended by the use of 3D computerized modelling for pre-production 

development areas, and areas targeted for exploration drilling. A minimum of two 

exploration targets should be tested annually, to ensure a continuous chain of new discoveries 

as the project develops. 

 

2.3 Accessibility, Climate, and Physiography 

 

The property is located in the San Juan de Lucanas Mining District, province of Lucanas, 

Department of Ayacucho, and can be accessed from Lima according to the following 

itinerary: 

 

Total Deposit Ore (tons) 673665000

Average Grade (Au Oz/ton) 0.01488

Total Gold Ounces 10027367.5

Reserves  (tons) 488267288

Minimum Cutoff Grade (Au Oz / ton) 0.00848

Average Grade (Au Oz / ton) 0.01893

Total Gold Ounces 9241678.7

Indicated & Measured Resources (tons) 1850000000

Average Grade (Au Oz / ton) 0.0116

Total Gold Ounces 21460000

Mineral Reserves & Mineral Resources  (Au Oz / ton) 2523665000

Total Gold Ounces 31497608.5
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 Lima - Nazca  408 Km. South Panamericana   (4 – 4.5 hours) 

 Nazca - Puquio  100 Km. to Cuzco   (3 hours) 

 Coriorcco       6 Km. dirt road    (15 min) 

 

The elevation of the mining site is of around 4,000 masl. From Nazca to the mine site 

there are only 106 km, but in that short distance the altitude varies significantly from sea 

level (Nazca) to 4000 masl (Lucanas), indicating the hard conditions, complexity, and 

steepness of the route.  

 

The climate is typical of the highlands, with a rainy season from December to March and 

a dry season between May and October. The weather during the day is mild, with an 

average annual temperature of 10.3° C and variations under ± 3.6 ° C throughout the year. 

The annual rain precipitation is 559 mm, being summer much more rainy than winter. The 

driest month is June with 1 mm of precipitations, while March is the most humid month 

with a precipitation of 173 mm. The hottest month of the year is February with an average 

temperature of 11.6 ° C, while July is the coldest month with a temperature of 

approximately 8 ° C.  Due to its altitude (4,000 meters), nights are extremely cold, and 

often presents temperatures below 0 ° C. Topography is relatively flat and undulating, 

with gently rolling grass, partially rugged, but presenting low-sloped terraces. 

 

2.4 Delimitation of the Influence Area 
 

The area of influence of a mining project is considered the portion of territory where the 

construction, operation and eventual closure of the mine will take place, including the 

surroundings where some sort of impact may occur. There are two types, the area of direct 

influence and the area of indirect influence, both related to the environmental and social 

fields. These areas are established based on geographical and ecological matters and its 

relation to the size and characteristics of the project, so there are various criteria for 

delimitation. 
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The area of direct environmental influence is considered the area corresponding to all mining 

and environmental components involved in the Coriorcco Gold Project, which includes the 

mine site, roads, ramps, the camp area, stockpile, milling plant, and the tailing deposit, among 

others.  The area of indirect environmental influence is considered all the populations who 

might be affected during the construction activities or operation of the project, through 

damage to the soil, water sources, flora, fauna and others. In this case, only the population 

living on the mine site (company employees) will be considered as a direct environmental 

influence and the population of Santiago de Vado, San Cristobal and Lucanas as indirect 

environmental influence. 

 

The criteria to determine the area of direct and indirect social influence relies on the 

proximity of the populations to the project area. In the area of direct social influence, there 

is a significant impact through the demand for basic services such as housing, food, 

transportation, and supply of other goods, according to the needs of the project, while in areas 

of indirect social influence the impact is significantly lower. In this case, the populations of 

Santiago de Vado and San Cristobal will be considered as a direct social influence, and the 

population of Lucanas as indirect social influence. 

 

2.5 Flora and Fauna 

 

The Coriorcco Gold Project is just a few kilometers away from the Peruvian National Reserve 

of Pampa Galeras, located in the Andean highlands, the main center of recovery and 

conservation of the vicuna. This animal is the most representative and abundant species in 

the area and its protection and conservation motivated the creation of this reserve. 

Other mammals in the area are the Andean fox or atocc (Pseudalopex culpaeus), the vizcacha 

(northern viscacha), the Andean deer (taruca), the opossum (common opossum) and the 

weasel (long-tailed weasel). The most important bird is the Andean Condor (Vultur gryphus). 

Nonetheless, it is also possible to see other species such as tinamou (Nothoprocta ornata), 

kiula (Puna Tinamou), the Andean gull, the hummingbird, the Andean eagle, and the kestrel. 

In aquatic environments, the yellow-billed pintail (Anas georgica) and the yellow-billed teal 
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(Anas flavirostris) are very easily found. Another important species is the guanaco (Lama 

Guanicoe), which like the vicuña is one of the South American camelids found in the wild. 

 

The typical flora in the area is mostly characterized by the Peruvian feather grass and small-

forested areas containing species of quishuar and queñuales trees. The vegetation that 

flourishes the most is the grassland and ichu, consisting of several species of grasses such as 

Festuca sp. Stipa ichu and Calamagrostis sp. Other species found in large quantities are the 

Canlla, shrubs and subarbustivas, and upright habit, such as tola and Senecio sp (Cortijo, 

2013). 

 

2.6 Seismicity 

 

In the Peruvian territory, three areas of seismic activity have been established: Low 

Seismicity or Zone 1, Medium seismicity or Zone 2, and High seismicity or Zone 3, which 

have different characteristics according to the degree of seismic activity. According to the 

Seismic Zoning Map of Peru for Earthquake Resistant Design, the Coriorcco Gold Project is 

located in Zone 2, qualifying as an area of Medium seismicity. 

 

2.7  Mineralized Structures 
 

The Epithermal Au-Ag System of Coriorcco is the most interesting target in the area for more 

exploration and mine development of a disseminated gold deposit of high-grade. It is in fact, 

a large area located 8 km. west from the Old San Juan de Lucanas mine and 7 km. southeast 

from the Pilarica - Iruro (Pb, Zn, and Ag). It portrays a very pervasive hydrothermal alteration 

system in halos of intense silicification, showing buggy silica, alunite KAl3 (OH)6 (SO4)2 and 

illite (mica like clay), in a textbook arrangement of world-class epithermal systems. The Four 

areas have been geologically mapped, geochemical and geophysical surveyed. 

  

The area is a large hydrothermal system that displays at surface as a super structure, showing 

acid-sulphate alteration patterns. Alteration patterns show intense silicification, in parts 

buggy silica, altered breccias, alunite and Illite, argilitization and propilitization in 
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approximately 6 km x 3 km. sampling yielded highly anomalous gold values, while surface 

drilling detected gold values as high as 0.96 gr. Au/ton. 
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Chapter 3: Operational and Technical Description 
 

This chapter refers to an overview of the main operational parameters of the mining project, 

including theoretical and practical information. Even though the economic evaluation does 

not require all the technical information regarding total aspects of the mine plan design, it is 

of great importance to understand the objectives of the Company as a whole. Information 

found in this chapter sustains certain values and requirements that help in having a better 

understanding of the economic analysis and results. Costs in particular, are associated with 

the investments and implementations required for the mine project development and 

therefore it is directly linked to the economic requirements. 

 

3.1 Open-pit Mine Definition 
 

For decades, underground mining of veins and breccias were the only profitable method of 

mineral extraction. Nonetheless, in recent years new technologies have allowed large 

deposits with low concentrations of minerals to be exploited. Mining by pick and shovel are 

a matter of the past, today the mining industry benefits from modern mining machinery used 

on underground mines and on large mineral deposits of ore concentrations spread over 

extensive areas. The previous mining boom had a negative effect on the industry, which fell 

behind other industries in pace of innovation, and now, the currently depressed commodity 

markets forced mining companies to change their focus from increasing volume to decreasing 

operating costs (MacFarlane, 2015).  

 

The open-pit mines are those mines whose extraction process is performed on the surface 

and with large and modern mining machinery. The term is used to distinguish this form of 

mining from extractive methods that require tunneling into the earth, that is, underground 

mines. The open-pit mines are then used when deposits of commercially useful minerals are 

covered with only a relatively thin layer of surface material (overburden), or when the 

minerals of interest are contained in structurally unsuitable rock that doesn’t allow adequate 

tunneling (as it occurs with sand, ash and gravel). Open-pit mines are exploited either until 

the mineral resource is exhausted, or until the mounting ratio of overburden to mineral 

(stripping ratio) makes mining uneconomic. For minerals found deep underground with a 
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heavy upper load, or for minerals found in hard rock veins, the underground mining methods 

are still used.  

 

A surface mining program is a high complexity operation that may last many years, and 

involves huge capital investment and risk. Before assuming such an operation, certain 

variables, as what ore there is to be mined (types, grades, quantities and spatial distribution), 

and how much of that ore should be extracted to make the operation profitable have to be 

determined (Grossman, 1965). The most important goal is to select the most profitable pit 

design, that is, to establish an adequate layout of the contour of the deposit to be extracted, 

to achieve the maximum possible profit, and to satisfy the slope stability requirements that 

prevent safety hazards. During the mining process, the land is continuously excavated, and 

the pit`s deepness increases until the economical mineral resource has been totally extracted. 

The pit design can vary through time, depending on the operational needs, costs, prices, 

regulatory requirements, and ore reserves, among others.  The main physical constraint is the 

slope requirement; wall slopes of the pit must not exceed certain given angles that may vary 

with the depth or  material quality, and all the blocks on top of an economically feasible given 

block must be mined. 

 

In order to allow an appropriate financial evaluation of the project, the optimal contour of a 

mine pit must be established prior to the beginning of a mining operation. To design an 

optimal pit, the total volume of planned excavation is subdivided into blocks, and the value 

of each block is estimated by using the geological information obtained from drill cores. 

Block profit comes from the evaluation of a function of many variables such as grade of ore, 

mining costs, transportation costs, price of mineral, etc. Each block has a weight, which 

represents the value of the ore minus the cost of excavating the block. (Chen, 1999).  

 

The pit limits in an open-pit operation are determined by a breakeven economic analysis of 

the mineral value, assuming a finite incremental pit expansion. In other words, the open-pit 

will expand until the grade value of the blocks is under the BCOF, meaning that further 

extraction is unprofitable. This economic analysis is done in a two-step process; first, the 

operating value for each ton of mineral is determined in a block model. Second, the pit limits 
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are determined by expanding the pit shape until the breakeven point where the block value is 

equal to the cost of waste stripping is found. Given that each ton of ore has a different grade 

and net value, the breakeven stripping ratio cannot be used in the determination of the pit 

limits (Darling, 2011).  

 

Many other important guidelines may influence the pit design process. The production 

requirement in a determinate period (Annual Production Scheduling), for example, depends 

not only on the mineral processing capacity which leads to determining the production rate, 

but also in the sequence of block extraction.  The problem of annual production scheduling 

consists in determining the optimal sequence of extracting the mineralized material from the 

ground. The main objective of the optimization process is to maximize the total Net Present 

Value of the operation (Ramazan, 2005). Other important variables are the cost and grade 

targets, which directly affect the economics of the project, and therefore has a direct impact 

of the physical development of the pit. The following physical considerations, as shown on 

Figure 2, are also extremely critical: 

 

 Bench height and width                                     

 Ultimate haul road 

 Batter angle (crest) 

 Pit slope angle (toe) 

 Overall pit slope angle 

 Ramp width 

 Berm width 

 Surface facilities 
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Figure 2: Pit Design Variables 

    (Harraz, 2016) 

 

Open-pit mines are excavated through a system of benches that determine the vertical levels 

of the pit, and their size normally depends on the physical characteristics of the deposit, the 

degree of selectivity required, the size and type of equipment, and climatic conditions. All 

benches should have the same height unless geological reasons dictate otherwise, and have 

the highest possible altitude as long it satisfies equipment requirements and meets safety 

operational conditions. Most walls of the pit are normally excavated on an angle less than 

vertical, as the angle gets smaller, the safer the pit, preventing hazards of rock falls and 

damage.  

 

The slope design depends on the type of rock, rock mass properties, in situ stresses, presence 

of water, joints, faults, etc. The steps in the walls prevent rock falls to continue falling through 

the entire face of the wall. To avoid a possible failure of rock mass, additional ground support 

is usually required, such as rock bolts, cable bolts and shotcrete, among the most commonly 

used. Rock falls or slope failure is commonly caused by the pressure of horizontal drilling 

into the wall. 
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The Coriorcco Gold Project initial open-pit design considers a double benching yielding a 

65º inter-ramp angle with 15.2 m high and 50 m wide benches. Berms are estimated at 8 m 

wide. Haul road is designed spirally along the perimeter walls of the pit, with a width of 25 

m for straight areas and 30 m for curves, and an 8% overall gradient due to expected rainfall 

conditions. The overall pit slope angle will be 40 º. Rock bolts and shotcrete will be used for 

additional support on required areas. These values are considered for the initial design; 

however, during the operational stage it is probable that rock mass parameters and other 

conditions that affect the stability of the pit may change, leading to design adjustments. 

 

3.2 Haul Road Construction 

 

All surface mines that require trucks for means of mineral and waste transportation have in 

common the need to construct haul roads. These haul roads represent the backbone of the 

production system and any problem with them directly affects productivity. The physical 

characteristics of haul road varies depending on the size and weight of the trucks intended to 

be used, however these roads tend to have a maximum grade of  8% to 10%, being the lowest 

possible value the best option. Lower grades result in higher speeds, lower full consumption, 

and reduced spillage, among others. Grades over 10% are only used in short distances and in 

temporary situations. However, all haulage roads should maintain a minimum slope or 

constant cross fall for drainage, as seen in Figure 3. 

 

 

Figure 3: Crossfall 

(Holman, 2006) 
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Road widths are usually designed to be 2 – 3 times the width of the largest haulage unit on 

one-way straight roads and corners, and 3 to 4 times in two-way straight roads, with extra 

width employed on curves, as seen on Figure 4. Flat curves are designed to ensure a safe 

drive at a given speed; however, super-elevations are designed to counteract the centrifugal 

forces of the truck, reduce stress, and allow higher speed on curves. Super-elevations should 

be in the range of 4% to 6% depending on the curve radius and speed. 

 

 

Figure 4: Road Widths 

(Holman, 2006) 

 

Stoppings and sight distances are key design criteria on mining haul roads. To calculate the 

stopping distance, it is important to evaluate each vehicle in the fleet, and road alignment 

must adjust to the vehicle with the longest stopping distance. Sight distance must be sufficient 

to allow a vehicle to stop before encountering obstructions or hazards, meaning that it is equal 

to or longer than the stopping distance of the haul truck  (Holman, 2006)  

 

Adhesion and the rolling resistance are two major concerns in the physical characteristics of 

a haul road, both related to the elements acting between the road and tire. For most road 

materials, an increase in adhesion (better) is directly related to a decrease in rolling resistance 

(better). Adhesion is a major safety concern, preventing the haul truck from sliding off the 

road, while rolling resistance is crucial in the determination of truck speed and productivity. 

Adhesion can be defined as the combination of forces a vehicle must overcome to move on 

a specified surface (Ault, 1977) Rolling resistance in surface mines can vary from 1.5 % to 
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20 + % depending on the quality of the roads. Optimal roads have rolling resistances less 

than 3 %, providing conditions for machinery to work at its highest capacity. On the other 

hand, rolling resistances above 20% can affect the haulage equipment, forcing them to a 

complete stop. When constructing haulage roads, using the correct materials and construction 

methods can decrease the rolling resistance significantly and result in increased productivity 

and lower costs. Materials that maintain good traction in wet or freezing conditions are 

desirable. 

 

The following types of materials are most commonly used on haul roads at mining sites:  

 

• Compacted gravel 

• Crushed stone 

• Asphaltic concrete 

• Roller compacted concrete (RCC) 

• Stabilized earth 

 

Another safety and environmental hazard caused by road surface is the dusting problem. 

Roads should be designed with enough fines to act as binders for the larger particles. 

However, an excess of fines will result in particles being released to the atmosphere, creating 

dust. This problem is usually handled by the application of sprinkling water; however, some 

mines use calcium chloride or oil mixtures to reduce the dust (Regensburg, 2001). 

 

For the Coriorcco Gold Project a 6.61 km haulage road that connects the open-pit site with 

the stockpile area and processing plant has been designed based on the information and 

requirements described above. The material to be used, based on the cost-benefit relation, is 

a mixture between compacted gravel and crushed stone, due to its abundance on site, and 

stabilized earth. Both materials offer a stable roadway that resists deformation and provides 

a relatively high coefficient of road adhesion with low rolling resistance. Additional benefits 

of using these materials is that a safe and efficient road can be rapidly constructed at a low 

cost (Ault, 1977).  
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This road will be designed and classified as permanent and will require constant maintenance 

in order to achieve high productivity standards. The road counts with only three curved areas 

with low to normal grade levels, being the highest of approximately 8 %. Super-elevation 

areas of 5 % will be considered only in two of the curves, based on their turning radius of 

about 30º. A width of 25 m has been considered on straight roads and 30 m on curves to 

allow a two-way transit of 400-ton haulage Caterpillar trucks (9.75 m width each), with no 

permanent cross-falls, because all segments have slope grades over 3 % that facilitate 

drainage.  

 

Stoppings and sight distances have been considered, even though according to the road 

distribution both represent low risk, with the exception of curves where additional width has 

been considered to prevent hazards. The rolling resistance is expected to be of about 3 %, 

which will allow adequate machinery operation and the adhesion factor should be between 

0.55 – 0.75 according to Caterpillar tables. In order to prevent dusting, the application of 

sprinkling water will be permanent. All signs requirements and preventive run away 

protection, such as stoppings, collision berms, and escape lanes that consider deceleration 

factors, have been designed and will be implemented. 

 

3.3 Tailing Facility Construction 
 

On gold open-pit mines, only a decimal fraction of the ore is economic mineral (gold) and 

the rest becomes tailings that must be disposed. For this reason, tailings from processed ore 

is the largest volume of waste in any mining operation. Additionally, the use of cyanide and 

other toxic reagents in mill processes have raised special concerns in the industry, making 

tailing disposal the largest element of risk management and cost. An unsatisfactory design 

and failure of the tailings dam can result in the loss of life, devastating environmental damage 

and closing of mining operations. Therefore, tailing management, constant design 

improvement, adequate operation, surveillance and closure of tailing facilities are considered 

critical (Darling, 2011).  
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Tailing characteristics are unique from mine to mine and depends on the ore and the 

processing method used to recover the gold in the ore. The design of a tailing facility depends 

on the physical properties and quantity of the tailings produced by the milling operation. 

Also, the climatic, topographic, geologic, hydrologic and geotechnical characteristics of the 

disposal site are vital, as well as the regulatory requirements related to dam safety and 

environmental performance (Agency, 1994). Furthermore, the process of designing any 

tailings dam must also consider the cost, the slope stability, and the environmental 

performance. 

 

Disposal of slurry tailings in embankments made of local materials is the most common and 

economical method of disposal. At approximately 480 meters from the processing plant, the 

topography allows the construction of a downstream design storage facility by the raised 

embankment method, using waste rock from the mine.  This type of tailing facility can be 

appreciated on Figure 5. 

 

 

Figure 5: Downstream Construction Method 

(http://arlweb.msha.gov/DamSafety/FacilityConfig.asp) 

 

Even though the cost of constructing a downstream design could be between nine to sixteen 

times as much of the cost of an upstream design, and three to nine times as much as a 

centerline embankment, downstream embankments are the best solution when toxic wastes 

are deposited in wet, seismic, or environmentally sensitive areas (Jack A. Caldwell, 1985). 

The mine site is located on a rainy area with medium seismic conditions. Safety and 

http://arlweb.msha.gov/DamSafety/FacilityConfig.asp
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environmental awareness have recently become so regulated by the Peruvian Mining 

Ministry that in order to secure the viability of the project, a higher investment is justified. 

 

There are two main advantages of this type of design; first, the embankment height can raise 

depending on the tailing capacity required because every stage is structurally independent of 

the tailings. Second, drainage zones allow the design to hold a substantial volume of water 

without jeopardizing the stability. The main disadvantages are the high costs of raising the 

embankment, and the large area required around the dam, as the toe of the dam moves out 

when new stages are added, causing problems of limited space when it hasn’t  been 

previously taken into consideration (Vick, 1990).  

 

Considering the mining operation will extract and process 330,349,134 tons of ore during the 

15.73-year operation, with additional 157,918,144 tons coming from the stockpile once the 

mining operation is over, the dam will be developed with an initial capacity of 50,000,000 

metric tons. The embankment will continuously be raised throughout the life of the mine in 

order to extend the tailing capacity according to production requirements. This is done 

because further financial cost can be diluted during the operating years, favoring the 

economic results of the project.  

 

With the objective of preventing contact between the pond and the natural ground, HDPE 

geomembrane liners will be placed along the total surface of the dam. This will prevent soil 

and underground water contamination, as well as water losses through filtration (Sergio 

Barrera, 2004). Slurry high capacity pumps will be used to transport the tailings through a 

slurry deposition system with a perimeter distribution 10 - 12-inch pipe and numerous valve-

controlled locations.  

 

The slope of the shell will be approximately 35 º, but could be modified if required by 

operational needs detected at the construction phase. Water reclaim will be performed by 

four vertical pumps with a total capacity of 600 l/s. Further increase of the number of pumps 

will depend on the tailing facility expansions. Filters constructed with natural materials, 

drains located at suitable spacing, and decanting facilities are considered in the design.  



25 
 

3.4 Blasting Theory 

 

Proper rock fragmentation is a key principal in blasting operations at any open-pit mining 

project. In order to achieve the desire fragmentation, it is vital to develop a proper design of 

the drilling pattern, to execute an adequate engineered blast operation, to develop data 

collection activities, and to select the proper type and quantity of the explosive material. A 

competent separation and crushing of the rock mass minimizes dilution and ore losses, not 

only reducing operative cost, but also leading to tremendous crushing and grinding energy 

savings and an increase in metal recovery.  

 

One of the most important inputs required for a proper blast design is a precise 

characterization of the constantly changing rock mass. Adaptive blast design systems are 

currently very common, differentiating themselves for taking into consideration newly 

acquired information of the rock mass properties that can affect the hole pattern or the type 

and amount of explosive, among others. In order to implement an adaptive blast design 

strategy for open pit mines, two problems should first be solved. First, technologies must 

guarantee accurate prediction of rock-mass properties, and second, well-developed blast 

models must be available to provide guidance on the modifications to be made based on 

newly acquired information. An adaptive blast design system requires permanent feedback 

on in-situ rock conditions, blasting parameters, and post-blast fragmentation (M. Karaca, 

2003). When optimizing open pit mining operations it is essential to understand that the 

blasting process is a continuous cycle where various parameters could be changed to optimize 

the required blasting results. 

 

Before a blaster can design a blast, the blaster should define at least the following items that 

will have an impact on his design.  

 Fragmentation desired 

 Rock quality  

 Site limitations 

 Safety limitations 
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 Equipment / materials limitations 

The major points of success in adaptive blast operations are shown below: 

 Planning 

 Surveying and marking of holes 

 Adjustment of drilling pattern 

 Adjustment of specific charge 

 Delay times and initiation pattern 

 Accurate drilling 

 Properly selected stemming material 

 Control, documentation and supervision of the work (Sharma, 2012)  

In blasting, to take the maximum advantage from the energy available, the explosive product 

should be well confined within the rock, the blasted rock should always have a free face 

towards which it can break, and there must be an adequate open space into which the broken 

rock can swell. The basic blast variables are shown in Figure 6, however, these variables are 

inter-related, and therefore, a change in one variable will affect the others.  
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Figure 6: Blasting Parameters 

(Sharma, 2012) 

 

The following values are common intervals used in blasting operations. The diameter refers 

to the diameter of the drill, which is related to the amount of explosive.  

Burden in general terms should be between 24 to 36 times the drill diameter. When using 

ammonium nitrate / fuel oil mixture (ANFO) as an explosive at a specific gravity of 820 

kg/m3, the following are very commonly used intervals: 

 Burden for Light rock (2.2 g/cc density) = 28 times the drill diameter 

 Burden for Medium rock (2.7 g/cc density) = 25 times the drill diameter 

 Burden for Dense rock (3.2 g/cc density) = 23 times the drill diameter 
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 Spacing = 1.0 to 2.0 times the burden. 

 Bench height = 1.5 to 4 times the burden, or possibly higher 

 Sub-drilling = 0.1 to 0.5 times the burden 

 Stemming column length = 0.5 to 1.3 times the burden (Sharma, 2012) 

 

Explosives are considered materials that rapidly decompose chemically and produce hot 

gases that do mechanical work on the surrounding material through an explosion. However, 

explosives require a chemical stability that can assure that no spontaneous chemical reaction 

will occur under any stimulus present in normal handling or storage situations. Extremely 

sensitive explosives are never used in practical rock blasting due to possible hazards. An 

explosion is any rapid expansion of matter into a much greater volume. In mining, the 

detonation of an explosive is an extremely rapid process by which the explosive`s chemical 

energy is released, and shock waves transmit the pressure developed in the drillhole into the 

rock mass (Per-Anders Persson, 1994).  

 

ANFO is probably the most common type of explosive used in open-pit mines due to its high-

energy efficiency and moderate price. It is composed of a mixture of ammonium nitrate (AN) 

acting as an oxidizer, and about 5.5% fuel oil (FO) acting as the fuel. Neither of these 

components is an explosive by itself, however, the mixture will become active under the 

proper conditions. The product of the reaction are gases at hot temperatures, and the amount 

of energy liberated in the form of heat is 912 calories per gram of ANFO. The chemical 

reaction for the process is described below. 

 

3NH4NO3 + CH2 =========>        7H2O ± CO2 + 3N2 + Heat (W. Hustrulid, 2013) 

 

ANFO has a density of 800 kg/m3 and requires at least a 50mm diameter unconfined cartridge 

to create an adequate detonation. However, in the drillhole, due to the confinement of the 

surrounding rock, the high pressure and temperature generated in the explosive is maintained 

for a longer time, allowing the chemical reaction to occur, hence, detonation is easily 

achieved. The pressure created in the borehole depends on the explosive composition and on 
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the physical characteristics of the rock, where a strong competent rock offers higher pressures 

than weak, compressible rock.  

 

Most rocks have a seven times higher compressive strength than its tensile strength, meaning 

it requires seven times more energy to crush it than to pull it apart. When the shockwave 

reaches the borehole wall, its strength exceeds the compressive strength of the rock, causing 

an immediate crush of the rock surrounding the borehole. As the shockwave expands, its 

intensity drops below the compressive strength of the rock and the crushing stops. The 

crushed zone radius depends on the compressive strength of the rock and the intensity of the 

shock wave. However, past the crushed zone, the intensity of the shockwave is still higher 

than the tensile strength of the rock, resulting in radial cracking (Sharma, 2012). 

 

The preliminary blasting design for the Coriorcco Gold Project will be implemented by using 

the variables and calculations described on section 3.5. However, as explained before a good 

blasting operation requires high quantities of data collection, and therefore the most probable 

scenario is that parameters will have to be adjusted in the future.  

 

3.5 Explosive Consumption Calculations 
 

This section of the paper is where the mathematical calculations are done in order to 

determine the main blasting parameters for the operation. Due to the already mentioned 

virtues, ANFO has been selected as the explosive material. All technical parameters for the 

blasting design pattern have been established by explosive engineers, based on a theoretical 

understanding of the previously established open-pit design. These values are described on 

Table 2. 
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         Table 2: Drilling & Blasting Data 

ITEM VALUE 

Production Rate 60,000 t/day 

Stripping ratio 1.039 : 1 

Ore Powder Factor 0.3 kg/t ore 

Waste Powder Factor 0.35 kg/ t waste 

ANFO Specific Gravity 820 kg/m3 

Hole Diameter 15.24 cm 

Bench Height 15.20 m 

Sub-drilling 1.48 m 

Stemming 4.27 m 

Drill Penetration Rate 1.10 m/min 

Drill Consumption Rate 2,500 m/bit 

Worker Efficiency 85 % 

Drill R and Setup 2 min/hole 

Blast-hole Loading 4 min/ hole 

Lb = Charge Concentration 14.5 kg/m 

RI = Correction Vertical Drilling 0.95 m 

Drill Relocation and Set Up 2 min/hole 

Blast Hole Loading 4 min/hole 

 

Production Rate: 

This value is calculated according to the Taylor’s rule, which states: 

 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (
𝑡

𝑑𝑎𝑦
) = (𝑡𝑜𝑛𝑠 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒0.75) ÷ 70 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (
𝑡

𝑑𝑎𝑦
) = (6736650000.75) ÷ 70 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦,
𝑡

𝑑𝑎𝑦
= 59.162 𝑡𝑜𝑛𝑠/𝑑𝑎𝑦 

 

Recommended Processing Plant Capacity = 60,000 tons/day 

 

Stripping Ratio: 

The stripping ratio is the relationship between the waste and ore volume. For this evaluation, 

the stripping ratio will be 1.039, which is the overall stripping ratio of the 15.73-year mine 

life operation. 
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Explosive Consumption: 

𝑂𝑟𝑒 =  60,000 
t on

day
∗ 0.3 

𝐾𝑔

𝑡 𝑜𝑟𝑒
=  18,000  kg/day  

𝑊𝑎𝑠𝑡𝑒 =  60,000 
t ore

day
∗ 1.039 t

waste

t ore
∗ 0.35 

𝐾𝑔

𝑡 𝑤𝑎𝑠𝑡𝑒
=  21,819 kg/day  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛  =  𝑂𝑟𝑒 + 𝑤𝑎𝑠𝑡𝑒  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 39,819 𝑘𝑔/𝑑𝑎𝑦   

 

Daily Drillhole Volume: 

𝐷𝑎𝑖𝑙𝑦 𝐷𝑟𝑖𝑙𝑙ℎ𝑜𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 =
39.819 

𝐾𝑔
𝑑𝑎𝑦

820
𝑘𝑔
𝑚3

  

 

𝐷𝑎𝑖𝑙𝑦 𝐷𝑟𝑖𝑙𝑙ℎ𝑜𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 = 48.56 𝑚3/𝑑𝑎𝑦 

𝑈𝑛𝑖𝑡 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑙𝑎𝑠𝑡ℎ𝑜𝑙𝑒 =  [ π ∗  (
0.1524

2
)

2

] = 0.01824 𝑚3/ 𝑚𝑒𝑡𝑒𝑟𝑑𝑒𝑝𝑡ℎ 

 

Daily Drilling Requirements: 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑖𝑙𝑙𝑖𝑛𝑔 (𝑒𝑥𝑝𝑙𝑜𝑠𝑖𝑣𝑒𝑠 𝑜𝑛𝑙𝑦) =
48.56 

𝑚3

𝑑𝑎𝑦

0.01824
=  2,662.1 𝑚/𝑑𝑎𝑦 

𝐻𝑜𝑙𝑒 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 

 

= ((15.2 m + 1.48 m)–  4.27 m) / (15.2 m + 1.48 m)   = 74.4 % 

 

𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑖𝑙𝑙𝑖𝑛𝑔 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠 

= 2,662.1 (𝑚/𝑑) / 0.744 =  3,577.48 𝑚/ 𝑑 

 
𝐻𝑜𝑙𝑒𝑠 𝑑𝑟𝑖𝑙𝑙𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦  

=
3,577.48

𝑚
𝑑

(15.2 𝑚 + 1.48 𝑚)
=  214.53 

ℎ

𝑑𝑎𝑦
≈ 215 

ℎ

𝑑𝑎𝑦
 

 

Drill Use: 

=  (3,577.48 𝑚 /  1.1 𝑚/𝑚𝑖𝑛) / 60 𝑚𝑖𝑛/ℎ = 54.2 ℎ/𝑑  
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Worker Requirements for Drilling: 

 

=  54.2 
ℎ

𝑑
+  (2

 𝑚𝑖𝑛

ℎ𝑜𝑙𝑒
∗ 215 

ℎ

𝑑
÷  60)  =  61.37 

ℎ

𝑑
          ===>          61.37 / 0.85 = 72.2 ℎ/𝑑 

 

Worker Requirements for Blasting: 

        𝐵𝑙𝑎𝑠𝑡𝑖𝑛𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 

 =  (4𝑚𝑖𝑛/ℎ𝑜𝑙𝑒 ∗  215 ℎ𝑜𝑙𝑒𝑠/𝑑𝑎𝑦)/60𝑚𝑖𝑛/ℎ)  =  14.33 ℎ/𝑑𝑎𝑦 

 

The drilling and blasting results are shown on Table 3. Data in red determines that daily 

capacity of the mine could not be accomplished with one production drill, since the required 

hours of operation exceed the available hours per day. To solve this problem, three 

production drills have been considered in order to achieve the mine-planning schedule.      

 

    Table 3: Drilling & Blasting Results 

DRILLING AND BLASTING RESULTS 

Explosive Consumption 39,819 Kg/d 

Daily Drillhole Volume 48.56 m3/day 

Daily Drilling Requirements 2,662.1 m /day  

Drill Use 54.2 h/day 

Worker Requirements for D 72.2 h/day 

Worker Requirements for B 14.33 h/day 

 

Subdrilling & Stemming: 

Based on the information provided above, the subdrilling and stemming values are calculated 

and shown on Table 4. 

Maximum Overburden: 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑏𝑢𝑟𝑑𝑒𝑛 =  1.36 𝑥 (14.5^0.5) 𝑥 0.95 =  4.92 𝑚 

Spacing: 

𝑆𝑝𝑎𝑐𝑖𝑛𝑔 =  1.25 𝑥 4.92 𝑚 =  6.15 𝑚 

Sub-drilling: 

𝑆𝑢𝑏𝑑𝑟𝑖𝑙𝑙𝑖𝑛𝑔 =  0.3 𝑥 4.92 𝑚 (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑏𝑢𝑟𝑑𝑒𝑛)  =  1.48 𝑚 
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Error in Drilling: 

𝐸𝑟𝑟𝑜𝑟 𝑖𝑛 𝑑𝑟𝑖𝑙𝑙𝑖𝑛𝑔 =  0.1524 𝑚 + (0.03 𝑥 (15.2 𝑚 + 1.48 𝑚))  =  0.65 𝑚 

Adjusted Burden: 

𝐵𝑢𝑟𝑑𝑒𝑛 =  4.92 𝑚 (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑏𝑢𝑟𝑑𝑒𝑛) –  0.65 𝑚 =  4.27 𝑚 

Stemming: 

𝑆𝑡𝑒𝑚𝑚𝑖𝑛𝑔 =  4.27𝑚 (𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑡𝑜 𝑏𝑢𝑟𝑑𝑒𝑛)  

 

    Table 4: Subdrilling & Stemming Results 

SUBDRILLING AND STEMMING (RESULTS) 

Maximum Burden 4.92 m 

Spacing 6.15 m 

Sub-drilling 1.48 m 

Error in drilling 0.65 m  

Adjusted burden 4,27 m 

Stemming 4,27m 

 
 

3.6 Material Handling System 
 

In mining, material transport from production faces to dumping sites is usually achieved by 

rail, truck, belt conveyor or hydraulic transport. The most common method in surface mining 

is the classic haul truck and loading unit combination, which represents up to 50 % to 60 % 

of the total operating cost. Therefore, in order to improve the economical results of any open-

pit mining project, an efficient use of the truck and loading unit combination is vital 

(Bascetin, 2009). In this case, the word efficient refers to the ability of trucks and loading 

units to work at their maximum capacity. An efficient truck scheduling can not only reduce 

the truck transportation cost but also increase the loading utilization ratio and the mine 

productivity (Yonggang Chang, 2015). 

 

The productivity of the selected machinery, which can be increased by optimization of the 

equipment combination, is the main factor of profitability; therefore, the first goal in mining 

material handling systems is to maximize productivity, which leads to an increase in 

production and a reduction in operating costs. Productivity of equipment changes over time, 
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usually because of maintenance, equipment overhauls, size of operating fleet and driver 

competence. Truck cycle times may also vary significantly, as the stockpiles move and mine 

deepens.  

 

On surface mining, a good selection of equipment can perform the required tasks on time 

without compromising the mine scheduling. This means that there are available sufficient 

number of machines to maintain expected productivity rates even when truck cycle times are 

large, some equipment is down for maintenance, or an unplanned event has taken place. Cost 

of purchasing and operating mining equipment is very high, usually between 40 - 60% of the 

overall cost of materials handling (Gamache, 2002). The size and operating costs of mining 

trucks are directly proportional to the capacity; contrastingly, the speed is inversely 

proportional. The variety of truck types differ according to the reliability, maintenance 

requirements, productivity and operating cost, such as with loading units (Caccetta, 2013). 

 

The best match could be considered when trucks and loading units are physically suited for 

each other, and when the fewest possible number of haul trucks with the ideal capacities to 

satisfy production requirements are permanently available for a loading unit, forming no 

queues at any location. It is worth noting that any loading unit can only load one truck at the 

time, and that it reaches its highest efficiency when the truck is loaded to its maximum 

capacity in no more than three or four even passes (Kizil, 2012). When trucks are not 

optimally assigned and matched to a loading unit, the following operational characteristics 

can be observed.  

 

 Excessive truck queuing times in the loading area  

 Excessive waiting time for the loading unit  

 Queue time at the dumping site  

 Truck bunching (Choudhary, 2014) 

 

Truck cycle time, as shown in Figure 7, begins at the loading point, and includes the totally 

filled travel to the dumpsite, dump of the load, the travel back empty to join the queue at the 
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loading point, and the positioning for the next load (spotting). Truck cycle time includes 

queuing and waiting times, not only in the loading area but also at the dumpsite.  

 

 

Figure 7: Material Handling Cycle 

   (Gamache, 2002)      

 

The first step to design the adequate material handling system is to decide which type of 

loading unit is best for the hoisting operation, and to determine the bucket capacity (Cb) for 

this unit based on required production and the application of the formulas found below. For 

the calculation of the production rate, the Taylor`s Rule has been applied, suggesting that 

based on the project`s amount of mineral reserves, a 60,000 ton / day milling processing plant 

is adequate. For this evaluation, only the brand Caterpillar is being considered, because of 

the high quality standards of their machines and its role as an important parts supplier in Peru.  

 

𝑃 =
3600 ∗ 𝐶𝑏 ∗ 𝑆𝐹 ∗ 𝐸 ∗ 𝐹𝐹

𝑇
                                          𝑆𝐹 =

𝐿𝐷

𝐵𝐷
=  

100

100 + 𝑆𝑤𝑒𝑙𝑙
 

𝑆𝑤𝑒𝑙𝑙 = 100 
𝐿𝐶𝑀 − 𝐵𝐶𝑀

𝐵𝐶𝑀 
= 100 

𝐿𝐶𝑌 − 𝐵𝐶𝑌

𝐵𝐶𝑌
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Production = BCM/hr or BCY/hr  SF = Swell Factor BCM/LCM, BCY/LCY 

3600 = Seconds per Hour   Cb = Bucket Capacity LCM (LCY)  

E = Operating Efficiency (%)   FF = Fill Factor (%) 

T = Load Cycle Time (s)                BCM = Bank Cubic Meter (tons) 

LCM = Lose Cubic Meter (tons) 

(Rostami, 2015) 

Calculations were done to determine the required bucket capacity with the following values: 

 

P = 60,000 ton/day  T = 1.6 s SF = 65 % E = 85 % FF = 80 % 

 

Results show that a 52 m3 bucket capacity is required; therefore, a Caterpillar 6090 FS 

hydraulic shovel with a 52 m3 bucket capacity has been selected as the loading unit for the 

Coriorcco Gold Project. Shovels are less flexible than front-end loaders and have a higher up 

front capital cost. However, among their advantages, shovels have a higher expected 

production life, can work on unleveled, loose, or wet floor conditions, have better visibility, 

require smaller loading areas, have a better fuel consumption rate and lower maintenance 

cost, and possess a higher digging force and a longer digging reach. Finally, lower cycle 

times provide higher productivity and an overall low operating cost. Due to flexibility, the 

currently low diesel cost and the lack of electrical power in the open-pit site, electric shovels 

have not been considered.  

 

In order to be able to comply with the mine scheduling and production rate, ten Caterpillar 

797F trucks with a 400-ton capacity have been selected to work hand in hand with the loading 

unit. The total truck cycle time for a complete trip from the open-pit site to the processing 

plant and back is 30.4 min; however, this period will increase as the pit size increases. For 

these calculations, the rolling resistance has been considered of 3 % and an operator’s 

efficiency of 85 %. To be able to comply with the 22.5 daily hours of operation, 31 drivers 

are required for the truck fleet and three drivers for the shovel. 
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The truck capacity has to be taken into consideration during the plant design process because 

it is cost effective to integrate the truck cycle time between the mine / shovel operation and 

the crusher station.  If a primary crusher dump pocket is undersized and unable to handle the 

trucks load, then operators must lose valuable time by slowly introducing the ore into the 

receiving hopper (Boyd, 2011). This creates operational complications and productivity loses 

that result on negative economic impacts. 

 

3.7 Equipment Selection Calculations 
 

Loader Calculations: 

Table 5 shows the technical data to calculate the loader requirements. Results are shown on 

Table 6. 

 

          Table 5: Loader Technical Data 

LOADER DATA 

Shift length 8 h 

Material transported / day 3 shifts/day 

Shovel bucket capacity 52 m3 

Average bucket fill factor 80 % 

Material weight 2,800 Kg/m3 

Material swell 65 % 

Cycle time  - Load 
               -Lift and swing time  
               -Dump time                             
               -Return and lower time 

14 s 
10 s 
8 s 
10 s 

Rolling resistance 3 % 

                                            

Bucket Load:  

2,800 𝐾𝑔/𝑚3 / [1 + (65% 𝑠𝑤𝑒𝑙𝑙 /100)]  =  1,696.97 𝑘𝑔/𝑚3 

 

(52 𝑚3 𝑥 1,696.97 𝐾𝑔/𝑚3 𝑥 0.8) / (1000𝐾𝑔/𝑡)  =  70.59 𝑡 

 

Total Cycle Requirement: 

(122,340 𝑡/𝑑𝑎𝑦) / (70.59
𝑡

𝑐𝑦𝑐𝑙𝑒
)  =  1,734 𝑐𝑦𝑐𝑙𝑒𝑠 / 𝑑𝑎𝑦 
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[1734 𝑐𝑦𝑐𝑙𝑒𝑠/𝑑 𝑥 (14𝑠 +  10𝑠 +  8𝑠 +  10𝑠)] / 60 𝑠/𝑚𝑖𝑛 =  1,213.8 𝑚𝑖𝑛/𝑑𝑎𝑦 

 

Loader Operation: 

[1,213.8 𝑚𝑖𝑛 /𝑑𝑎𝑦 / 0.85 / 60 =  22.5 ℎ/ 𝑑𝑎𝑦 

 

(22.5 ℎ/𝑑𝑎𝑦) / (8 ℎ/𝑠ℎ𝑖𝑓𝑡)  =  2.8 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟𝑠         ===>          3 operators 

 

 Table 6: Loader Results 

LOADER (RESULTS) 

Bucket Load 70.59  tons 

Total Cycle Requirement 1,213.8 min/day 

Loader Operators 3 
 

Truck Calculations: 

The information required to calculate the fleet size is condensed on Table 7.  

 

    Table 7: Truck Technical Data 

TRUCK DATA 

Bed Capacity (volume) 142.9 m3 

Bed Capacity (weight) 400  t  

Material weight 2,800 kg/m3  

Material Swell 65 % 

Turn and Dump Time 1.2 min 

Turn and spot to load 0.8 min 

 

Cycle Time: 

The cycle time is calculated according to the speed charts provided by Caterpillar. Results 

can be found on Table 8 and 9. 

       

              

 

 

 



39 
 

Table 8: Truck Haul & Return Time 

 

 

Load Time: 

 
142.9 𝑚3 / [52 𝑚3 𝑥 0.8]  =  3.43 𝑐𝑦𝑐𝑙𝑒𝑠 𝑡𝑜 𝑙𝑜𝑎𝑑        ===>      4 cycles to load 

 
4 𝑐𝑦𝑐𝑙𝑒𝑠 𝑥 (14𝑠 +  10𝑠 +  8𝑠 +  10𝑠) / 60𝑠/𝑚𝑖𝑛 =  2.8 𝑚𝑖𝑛/𝑡𝑟𝑢𝑐𝑘 

 

 

 

 

 

 

 

HAUL

SEGMENT

Distance 

(ft) Condition                    

Nat + Rol 

Grade

Speed 

Limit 

(mi/hr)

Speed 

(miles/hr)

Rolling 

Resistance Factor

Haul 

Time (s)

Loading - Pt. 1 960 Straight 3.0% 30 21.6 3.0% 72.0% 30.30

Pt. 1 - Pt 2 4480 Straight 4.0% 26 22.88 3.0% 88.0% 133.50

Pt. 2 - Pt 3 1370 Curve 4.0% 26 22.1 3.0% 85.0% 42.27

Pt. 3 - Pt 4 2140 Straight 9.0% 11 9.57 3.0% 87.0% 152.47

Pt. 4 - Pt 5 811 Curve 8.0% 12 9.72 3.0% 81.0% 56.89

Pt. 5 - Pt 6 2672 Straight 11.5% 9 7.47 3.0% 83.0% 243.88

Pt. 6 - Pt 7 1670 Curve 3.0% 30 25.2 3.0% 84.0% 45.18

Pt. 7 - Pt 8 6458 Straight 4.0% 26 22.88 3.0% 88.0% 192.45

Pt. 8 - Crusher 1140 Straight 3.0% 30 21.6 3.0% 72.0% 35.98

932.93

RETURN

SEGMENT

Distance 

(ft) Condition                    

Nat + Rol 

Grade

Speed 

Limit 

Speed 

(miles/hr)

Rolling 

Resistance Factor

Return 

Time (s)

Crusher - Pt.8 1140 Straight 3.0% 30 21.6 3.0% 72.0% 35.98

Pt. 8 - Pt 7 6458 Straight 2.0% 30 26.4 3.0% 88.0% 166.79

Pt. 7 - Pt 6 1670 Curve 3.0% 25 21 3.0% 84.0% 54.22

Pt. 6 - Pt 5 2672 Straight -5.5% 30 24.9 3.0% 83.0% 73.17

Pt. 5 - Pt 4 811 Curve -2.0% 25 20.25 3.0% 81.0% 27.31

Pt. 4 - Pt 3 2140 Straight -3.0% 30 26.1 3.0% 87.0% 55.90

Pt. 3 - Pt 2 1370 Curve 2.0% 25 21.25 3.0% 85.0% 43.96

Pt. 2 - Pt 1 4480 Straight 2.0% 30 26.4 3.0% 88.0% 115.70

Pt. 1 - Loading 960 Straight 3.0% 30 21.6 3.0% 72.0% 30.30

603.33

Table 9: Total Cycle Time 

Cycle time (minutes) 

Load  2.8 

Travel loaded 15.55 

Turn and dump 1.2 

Return Time 10.06 

Turn and spot to load 0.8 

Total cycle time 30.4 
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Number of Trucks: 

4 Cycles/trucks x 52 m3 x 0.8 x 1,696.97 kg/m3 = 282,375.76 kg/load        

122,340 𝑡/𝑑𝑎𝑦 / (282,365.76  𝑘𝑔/𝑙𝑜𝑎𝑑/ 1000𝐾𝑔/𝑡𝑜𝑛)  = 433.25 𝑙𝑜𝑎𝑑𝑠/𝑑𝑎𝑦 

433.25 
𝐿𝑜𝑎𝑑𝑠

𝑑𝑎𝑦
𝑥

30.4 𝑚𝑖𝑛

𝑙𝑜𝑎𝑑
= 13,172.68 𝑚𝑖𝑛/𝑑𝑎𝑦  

 

13,172.68 𝑀𝑖𝑛/𝑑𝑎𝑦 / (3 𝑠ℎ𝑖𝑓𝑡/𝑑 𝑥 8ℎ/𝑠ℎ𝑖𝑓𝑡 𝑥 60 𝑚𝑖𝑛/ℎ)  =  9.15 𝑡𝑟𝑢𝑐𝑘𝑠      ===>   

Ten 400-ton capacity trucks 

 

Truck Drivers: 

 
13,172.68 𝑚𝑖𝑛/𝑑𝑎𝑦 / 0.85 / 60 =  243.94 ℎ/𝑑 

 

(243.94 ℎ/𝑑) / (8ℎ/𝑠ℎ𝑖𝑓𝑡)  =  𝟑𝟎. 𝟒𝟗 𝒐𝒑𝒆𝒓𝒂𝒕𝒐𝒓𝒔        ===>     31 operators 
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Chapter 4: Economic Evaluation and Cutoff Grade Analysis 

 

This chapter refers to a detailed analysis of the economic evaluation of the project 

considering the associated costs of implementation and operation. Cost calculations will be 

explained, as well as variables such as the BCOG and OCOG, and their relationship with the 

economic results. In order to continue with further investments, investors demands  will also 

be address, while an optimized NPV and IRR analysis will reveal if the project`s economics 

complies with investor’s requirements. Finally, results will be evaluated in order to 

appreciate what happens with the mine life, average grade, stripping ratio, reserves, and 

others, as the cutoff grade is optimized. 

 

As said in the introduction, the BCOG is the minimum grade value that can be mined in order 

not to incur economic loses, and it is calculated by the following formula: 

 

𝐵𝐶𝑂𝐺 =
𝑃𝐶

(𝐺𝑃 − 𝑆𝐶) ∗ 𝑅
 

 

PC = Processing Cost (US$ / ton)    GP = Gold Price (US$ / Au Oz) 

SC = Sales Cost (US$ / Au Oz)    R= Recovery (%) 

 

Finding the OCOG is a bit more complicated, because first the fixed cost and opportunity 

costs of maintaining unexploited reserves has to be calculated and then added to the 

processing cost. This concept will be further explained in the chapter. 

 

4.1 Costs 
 

Every open-pit mining operation is unique and therefore cost estimation results are extremely 

complicated. A standardized method that suits every mine would be very difficult to develop 

because costs can vary widely between very similar operations depending on the physical 

characteristics of the ore deposit / site and the operational parameters. However, all types of 

operations have something in common. Ore reserves are the base to determine the mine size 
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and optimum production capacity, and once the production rate is established, estimated costs 

can be determined. As in other industries, when the production rate increases, costs decrease 

based on economies of scale. 

 

It is very common that open-pit mining operations spread out their capital costs based on 

future mine / mill expansions. For this economic evaluation, capital costs are assumed to be 

executed at the beginning of the project and the mining / mill capacities remain constant 

during the whole life of the mine. Fixed costs, mining costs and processing costs are also 

assumed the same through all the years of operation.  Finally, the sales cost, which has very 

little impact in the economic results, will be considered US$ 5 per Au Oz. 

 

The production rate and mine life are very important variables to define before evaluating 

any project economics. Higher production rates maximizes the NPV of mineral extraction, 

shortens the mine life and reduces operating costs, however, unfortunately also requires 

higher capital investments. To calculate the adequate production rate, H. K. Taylor developed 

a surprisingly simple relationship between mine life (hence mining rate) and ore reserve 

tonnage for open-pit mines, method called The Taylor’s Rule. This method is a rule of thumb 

that only considers tonnage, while other methods use the deposit grades and financial factors. 

However, the production rate from Taylor’s Rule has proven to provide a reasonable starting 

point for any project evaluation (McCarthy, 2002). 

 

The estimation of the economical results are based on a 60,000 ton/day mill processing 

cyanide-leached plant. This mining capacity has been determined based on the Taylor`s Rule, 

which can be observed in Figure 8 and is calculated using the following formula: 

 

Capacity (ton/day) = tons resource0.75 / 70 

Capacity (ton/day) = 6736650000.75 / 70 = 59,735.83    ===>     60,000 tons/day 
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Figure 8: Taylor`s Rule Graph 

(MacFarlane, 2015) 

 

To calculate the capital cost, mining cost and processing cost, the following empirical 

formulas were applied based on studies done by the U.S. Department of Interior U.S. 

Geological Survey on the year 1998. Even though the formulas have been developed based 

on average costs in the United States, they will be used as a base for the economic study 

because results appear to be accurate when compared to historical data of similar projects in 

Latin-American countries with similar cost structures. The only base variable involved in the 

cost estimates is the required daily production or mining rate (60,000 ton/day). 

 

Capital Cost = 372,000 (C0.54) = 141496147.4 US$ / ton 

Mining Cost = 71 (C -0.414) = 0.746627069 US$ / ton 

Processing Cost = 105 (C -0.303) = 3.744 US$ / ton 

(Singer, 1998) 

 

These results have been then adjusted for 18 years of inflation, at an annual rate of 4 %. 

Inflation formula applied can be found below. 

 



44 
 

Adjusted Value = Value * (1 + inflation %) Nº of years 

 

The annual Fixed Costs was calculated based on the General and Administrative Costs 

described on 2013 by Jeff Desjardins, were an estimate of $ 44 per Au Oz is defined. 

(Desjardins, 2013). The Fixed Cost was then calculated by estimating the total amount of 

ounces produced in the project (total ore x average grade), then multiplying it by US$ 44 and 

finally dividing it by the number of years of mine life. Inflation has not been considered 

because results seem accurate. Mining operational costs in the last years have been on the 

downward due to the actual commodity crisis, which has direct repercussions on the mining 

economical results, and therefore on cost reduction policies. 

 

In order to perform the economic evaluation of the project and further sensitivity analysis 

based on different processing capacities, Table 10 shows the final cost results used to 

calculate the Net Present Value (NPV) and the Internal Rate of Return (IRR) on different 

scenarios for the mining operation. This cost structure will then be used to determine the 

BCOG and OCOG, as well as other variables required. Costs with grey background have 

been adjusted for inflation. 
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Table 10: Operative Mining & Processing Costs 

 

 

Any mining feasibility study should include the expected Capital Expenses (CAPEX) and 

Operational Expenses (OPEX) to inform about the mining costs of the project. Capex and 

Opex are two very commonly used measurements that allow a more accurate forecasting and 

management of the cash flow. Additionally, each one provides more information about the 

accounting and budgeting of the project. Capex refers to the investments incurred by a mining 

company in their fixed assets to produce a gold ounce. OPEX refers to the operational 

expenditures, those direct and indirect costs to mine, process and sell the ore, to produce a 

gold ounce. Both of these indicators will be calculated in the next section.  

 

4.2 Economic Evaluation 
 

The optimization of profits in mineral operations is done by optimizing the ore cutoff grade, 

considering the block model geometry. Mineral reserves can be divided into three different 

groups depending on the ore grade values, as seen on Figure 9: Uneconomic mineral (Waste), 

economic unoptimized  mineral (Stockpile), and economic optimized mineral (Ore). 

However, the cutoff grades directly depend on gold prices and operational costs, so these 

values can change as the described parameters vary during the years of operation. 

Costs 30,000 tons Costs 45,000 tons

Fixed Cost N/A $22,755,367.29 Fixed Cost N/A $33,634,112.08

Capital Cost $97,316,933.90 $197,146,251.91 Capital Cost $121,137,246.38 $245,401,834.35

Mining Cost $0.99 $2.02 Mining Cost $0.84 $1.70

Processing Cost $4.62 $9.36 Processing Cost $4.09 $8.28

Costs 60,000 tons Costs 75,000 tons

Fixed Cost N/A $46,759,087.65 Fixed Cost N/A $61,489,147.13

Capital Cost $141,496,147.36 $286,645,232.17 Capital Cost $159,615,852.62 $323,352,430.35

Mining Cost $0.75 $1.51 Mining Cost $0.68 $1.38

Processing Cost $3.74 $7.59 Processing Cost $3.50 $7.09

Costs 90,000 tons

Fixed Cost N/A $78,210,581.74

Capital Cost $176,130,227.06 $356,807,522.84

Mining Cost $0.63 $1.28

Processing Cost $3.31 $6.71
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Figure 9: Cutoff Grades and Mineral Group Division 

(Nieto, 2015) 

 

To calculate the NPV and IRR of the operation, the BCOG is determined on year 0 by using 

only the processing cost per ton, since the cost of mining is necessarily enforced in order to 

access future reserves in lower areas of the pit. The processing cost is then equal to the value 

of the resulting mineral after processing minus the sales cost, as seen in the following 

formula: 

 

(Mc x PC) = [(Mc x BCOG) x (GP - SC)] x R  

 

Mc = Milling Capacity (tons) 

 

The application of the formula will allow finding the lowest cutoff grade per ton that can be 

exploited and processed. Every ton under the BCOG is uneconomical, considered waste, and 

will be left on the pit or transported to the waste dam. Lower amounts of waste benefits the 

project economics, as lower waste means lower operative and rehabilitation cost 

(Gholamnejad, 2007).With the initial BCOG established, the economic analysis will reveal 

the optimum cutoff grades for the following years of operation. These Optimal Cutoff Grades 

will be higher and will definitely reduce the mine life but will significantly increase the NPV 

and IRR results.  
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All the ore extracted above the OCOG is considered economical and optimized, and goes 

directly to the processing plant, however, the extracted tonnage with grades between the 

BCOG and the OCOG will be transported to the stockpile. Even though the grades for that 

mineral do not maximize the NPV, it can still be considered profitable and left aside for future 

processing, either when gold prices rise or once the mineral with grades over the OCOG has 

been totally extracted and processed (A Nieto, 2013).  

 

This study has been done in order to determine the economic viability of the Coriorcco Gold 

Project, where investors demand an IRR value of minimum 60 %. The ounce of gold price 

has been initially defined with a safety factor at US$ 1,000 / Au Oz, which is about 10 % 

lower than the actual price. The processing plant operates at a 60,000 tons/day capacity 

during 350 days/year. The recovery has been considered at 90 %, also due to a safety factor; 

however, metallurgical sampling has demonstrated that real recovery is around 94 % when 

the ore is milled and cyanide-leached. The interest rate considered in the NPV analysis is 

10%, which is considered fair in order to comply with the investors’ expectations.  

 

As seen on Figure 10, the starting point to determine any project economics is a cycle system 

and begins with the determination of the BCOG.  

 

 

Figure 10: Typical Mine Cycle   

(Nieto, 2015) 
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Considering that  mining projects take years of investment and implementation, for this study 

the year 0 has been considered as a space of time that symbolizes the preoperative stage, 

whether it takes 1,2,3 or 4 years. This stage in time is when the capital cost is assumed. Even 

though a difference in the investment period can modify the economic analysis due to the 

present value of the capital investment economic flows, the difference would be almost 

imperceptible.  

 

In order to calculate the final NPV and IRR, the first step is to calculate on the year 0 the 

amount of ore tons that has a higher grade than the BCOG in the grade intervals. Once the 

amount of ore tons available for extraction has been defined, the waste is calculated by 

subtracting the mineable tons from the total amount of tons. The stripping ratio is then the 

relationship between the waste and the mineable ore (Waste / Ore), which refers to the 

amount of total tons that will need to be extracted in order to achieve the production of the 

desired mineable tons. The mine life is the total mineable tons divided by the annual milling 

capacity. The amount of Au Oz is calculated by multiplying on every interval the average 

grade by the amount of mineable tons, and adding all the results found per interval. Finally, 

the total average grade comes from dividing the total amount of Au Oz by the total mineable 

tons. 

 

Once all these values have been estimated, the next step is to calculate the Mining Production 

(Qm), Milling Capacity (Qc) Recovered Ounces (Qr) by using the following formulas: 

 

Qm = Mc * (SR + 1) 

Qc = Mc 

Qr = Mc * AG * R 

 

SR = Stripping Ratio   AG = Average Grade     

 

With these variables defined, the expected profit for every year can be estimated. However, 

profits will initially be the same for all years, because the BCOG and costs are fixed. The 

result will not form part of the NPV or IRR; however, it will be important for calculating the 

OCOG, which is the main player for the economic analysis. 
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Profits are calculated by the following formula: 

 

Profits = ((GP- SC)* Qr) – (PC * Qc) – (MC * Qm) 

 

MC = Mining Cost (US$ / ton)  

 

Once the profits are calculated for all the years of the mine life, the present value of those 

future economic flows are determined, year to year, by the following formula: 

 

Present Value = Profit * (1 + IR) -N 

    

IR = Interest Rate (%)   N = Number of Periods 

 

Then, the opportunity cost is calculated for all years of operation by applying the following 

formula: 

Opportunity Cost = IR * Ʃ (Present Value) / Mc 

 

Finally, optimal cutoff grades are calculated for all the years of operation on the year 0, by 

applying the following formula: 

 

𝑶𝒑𝒕𝒊𝒎𝒖𝒎 𝑪𝒖𝒕𝒐𝒇𝒇 𝑮𝒓𝒂𝒅𝒆 =
𝑷𝑪 +  (𝑭𝑪/𝑴𝒄)  +  𝑶𝑷 

(𝑮𝑷 –  𝑺𝑪)  ∗  𝑹
 

 

FC = Fixed Cost (US$)      OP = Opportunity Cost (US$ / ton) 

 

Once the OCOG for every year of mine operation has been calculated on year 0, the exact 

same economic analysis has to be done for every year, but this time instead of using the 

BCOG, the new OCOG values have to be applied on their respective years. The result of the 

sum of all the present values of every year`s profits is the NPV of the operation. The IRR is 

calculated using the sum of every year`s profits. An additional observation is that mine 
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tonnage has to be year to year proportionally reduced from every interval, by the total amount 

of ore extraction (SR + 1) from the previous year, until the available tonnage is totally 

consumed (A. Nieto, 2007). 

 

The initial BCOG value for this evaluation is 0.00848 Au Oz / ton. At this value, all the ore 

extracted provides no profitability. The highest OCOG can be found on year 1, and for the 

project, the value is 0.017319 Au Oz / ton. With these two values, the initial pit value can be 

easily calculated and is found on Table 11. However, these values are just an initial 

estimation, because as the OCOF decreases year to year, more mineral becomes available for 

processing and subsequently lower amounts of ore has to be stockpiled. As showed, the 

application of the OCOG reduces the pit`s reserves and value to approximately 58 % of its 

total amount, however, provides a more profitable NPV and IRR value. 

 

Table 11: Pit Value According to BCOG and OCOG 

 

 

All values calculated in the NPV analysis are considered estimates based on average grades 

obtained from the grade interval information provided by MESSA, and therefore, their 

precision cannot be guaranteed. Furthermore, as the operation develops certain technical 

conditions will change that may affect initial estimates. However, results show an NPV value 

of US$ 908,822,405.74 and an IRR of 53.3 % for a 23.25 mine life exploitation when 

considering the BCOF the lowest grade for mineral processing. Once the cutoff grade is 

optimized for every year of operation, a 40.79 % higher NPV result of US$ 1,279,572,460.62 

              TOTAL RESOURCES  MINEABLE RESERVES ( > BCOG ) OPTIMIZED RESERVES ( > OCOG )

Oz. Oz. Tons 

Total Au 

Content 

(Au Oz)

Value of 

Interval

Mineable 

Au Content 

(Au Oz)

Value of 

Interval

Optimized 

Au Content 

(Au Oz)

Value of 

Interval

0 0.01 218740000 1093700 $984,330,000 166242 $149,618,160 0 $0

0.01 0.015 166073000 2075913 $1,868,321,250 2075913 $1,868,321,250 0 $0

0.015 0.02 117403000 2054553 $1,849,097,250 2054553 $1,849,097,250 1101651 $991,485,945

0.02 0.025 74891000 1685048 $1,516,542,750 1685048 $1,516,542,750 1685048 $1,516,542,750

0.0250 0.03 48440000 1332100 $1,198,890,000 1332100 $1,198,890,000 1332100 $1,198,890,000

0.03 0.035 21690000 704925 $634,432,500 704925 $634,432,500 704925 $634,432,500

0.035 0.04 13040000 489000 $440,100,000 489000 $440,100,000 489000 $440,100,000

0.04 0.045 8760000 372300 $335,070,000 372300 $335,070,000 372300 $335,070,000

0.045 0.05 4628000 219830 $197,847,000 219830 $197,847,000 219830 $197,847,000

673665000 10027368 $9,024,630,750 9099910 $8,189,918,910 5904854 $5,314,368,195
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can be achieved in a 15.73-year mine period. The IIR for the optimized operation would be 

of 77.8 %, which satisfies investors.  

 

Results of the economic analysis are shown on Table 12, and they refer to a 60,000 ton / day 

processing plant, gold price of US$ 1,000 Au Oz, and 0 % dilution scenario. Detailed 

calculations for the first 10 years of the economic analysis of a can also be found on the 

Appendix. However, only 11 pages are included as a reference, including year 0. In reality 

278 analysis were performed in order to find all economical values mentioned on the study. 

 

Table 12: Mining Base Economic Analysis  

 

 

From the table it can be observed that for year 0 the cutoff grade is significantly smaller than 

for all other years. That is because the BCOG is only calculated for year 0. From year 1 

through the whole mine life, the values of the cutoff grades have been optimized and so they 

are notably higher. The mine life reduces to less than half from year 0 to year 1, following 

60000 ton/day Processing  Capacity NPV and IRR Analysis Results

YEAR COG Profits PV LOF Total Tons Mined

Total Ore Tons 

Mined

Total Waste 

Mined

Total 

Mined Au 

(Oz)

Average 

Grade

Stripping 

Ratio

0 0.0085 -286645232 -286645232.2 23.25 0.0189 0.38

1 0.0173 229067928.7 208243571.5 10.68 60354912.55 21000000.00 39354912.55 535559.85 0.0255 1.87

2 0.0166 224265250.5 185343182.2 10.40 56196608.62 21000000.00 35196608.62 523184.96 0.0249 1.68

3 0.0159 219658057.6 165032349.8 9.99 52884250.59 21000000.00 31884250.59 512454.80 0.0244 1.52

4 0.0153 215303972.5 147055510.2 9.47 50194625.79 21000000.00 29194625.79 503057.35 0.0240 1.39

5 0.0147 210465362.8 130682431.5 8.93 47573708.81 21000000.00 26573708.81 493234.69 0.0235 1.27

6 0.0142 205272721.5 115871099.9 8.38 45035847.19 21000000.00 24035847.19 483156.73 0.0230 1.14

7 0.0138 200591766.7 102935293.5 7.74 42952797.18 21000000.00 21952797.18 474417.07 0.0226 1.05

8 0.0134 196364729.5 91605595.5 7.02 41219582.87 21000000.00 20219582.87 466774.20 0.0222 0.96

9 0.0130 192542673.2 81656889.1 6.24 39761018.41 21000000.00 18761018.41 460046.69 0.0219 0.89

10 0.0126 189083422.6 72899844.7 5.41 38521832.99 21000000.00 17521832.99 454094.24 0.0216 0.83

11 0.0123 185950175.5 65174402.1 4.54 37460480.95 21000000.00 16460480.95 448805.70 0.0214 0.78

12 0.0120 183110524.3 58344656.1 3.63 36545126.49 21000000.00 15545126.49 444091.20 0.0211 0.74

13 0.0118 180535738.5 52294772.7 2.68 35750961.05 21000000.00 14750961.05 439876.82 0.0209 0.70

14 0.0115 178200218.2 46925687.0 1.72 35058364.25 21000000.00 14058364.25 436100.89 0.0208 0.67

15 0.0113 176081064.4 42152406.9 0.73 25181068.86 15349133.99 9831934.87 316273.54 0.0206 0.64

Total NPV $1,279,572,460.62 673665000.00 330349133.99 343315866.01 7388606.21

IRR 77.8%

             Total Processing Ore 330349133.99 49.04%

             Total Stockpile Ore 157918144.1 23.44%

             Total Waste 185397721.94 27.52%

             Total Mined 673665000 100%
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significantly lower mine life reductions until the project is totally executed. However, after 

a complete optimization, the mine life was defined in 15.73 years, which contradicts the 

10.68 years of mine life described on year 1.  

 

This different result can be explained based on the main difference between the BCOG and 

the OCOG. In order to optimize the cutoff grade value, the fixed cost and opportunity cost 

of maintaining future unexploited reserves has to be included. The addition of these costs 

increases the grade value significantly. After year 1, the OCOG begins to reduce. This 

happens because as years go by, less years of operation are left, and so the opportunity cost 

reduces. This results in a lower OCOG, and therefore economic mineral with lower grades 

becomes available to be mined. When this happens, mine life increases, as profits, average 

grade and total gold production reduce due to the exploitation of less valuable mineral.   

 

The annual ore processed is fixed at 21,000,000 metric tons because the processing plant 

capacity does not suffer either an expansion or reduction during the life of the project. 

However, the waste, stockpile ore, and total mined ore vary year to year, depending on the 

decreasing stripping ratio, which at the same time depends on the decreasing optimized cutoff 

grades. Total extracted mineral for plant processing will be 330,349,133.09 tons, representing 

49.04 %, the waste ore will be 185,397,721.94, representing 27.52 % and the stockpile ore 

will be 157,918,144.1, representing 23.44 % of total mine production. On the last operating 

year (15), the ore production is lower because at the planned production rate, only 73% of 

the time in the year can be used for mine exploitation before the operation runs out of 

extractable reserves.  

 

As explained on Chapter 4.1, Capex and Opex are calculated and detailed on Tables 13 and 

14. 
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Table 13: Capex Cost Calculation 

 

 

Table 14: Opex Cost Calculation 

 

 

Mining operations has been determined for 15.73 years, but what happens with the 23.44 % 

of extracted ore that has been sent to the stockpile and has a higher grade than the breakeven 

grade, meaning that it is still profitable to process? A simple economic analysis has been 

performed with the 157,918,144.07 tons of 0.01290 Au Oz / ton average grade present in the 

stockpile. This analysis is considered a secondary operation and values have not been 

included in the previous base NPV and IRR analysis. Capital costs,   mining costs, and 

stripping ratio are assumed 0. The fixed cost has been calculated in US$ 18,703,635, which 

represents 40 % of the complete mining and processing operation. Results show that extra 

annual profits of US$ 64,449,290.66 can be achieved for 7.52 more years. The total profit of 

the stockpile processing operation is US$ 484,658,665.8 and the total NPV is US$ 

325,730,390.25, as seen in Table 15. 

 

Total Capital Cost

Total Gold           

(Au Oz)

Capex Cost 

(US$ / Au Oz)

286645232 7388606.21 38.80

Processing Cost Mining Cost Fix Cost (US$) Sales Cost Total Gold Opex Cost 

2507349927 1017234150 735520448.7 33248727.9 7388606.21 581.08
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Table 15: Additional Profits from Stockpile Processing

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Year Profits PV NPV 

1 64449290.66 58590264.24 $325,730,390.25

2 64449290.66 53263876.58

4 64449290.66 44019732.71

4 64449290.66 44019732.71

5 64449290.66 40017938.83

6 64449290.66 36379944.39

7 64449290.66 33072676.72

7.52 33513631.14 16366224.08

Total 484658665.8 325730390.2
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Chapter 5: Sensitivity Analysis and Results 

 

Open-pit mining projects are long-term investments. During the entire period of operation, 

several technical aspects and economic unmanageable values can, and will change through 

time. This is the case of the production rate, gold price and dilution rate. This chapter is based 

on the economic impacts linked to different scenarios of increasing and decreasing these 

three parameters. Results will be analyzed and discussed, revealing what are the economic 

risks that time and changes in operational requirements have on the project feasibility, 

including investor`s demands. 

 

5.1 Processing Capacity Sensitivity Analysis 
 

In mining operations, the process design, equipment selection, and layout can be considered 

the main steps in designing a good mineral processing plant. The main goal is to meet 

production rates, operate at a competitive cost, comply with the environmental and safety 

regulations, and keep a low cost of plant mounting and implementation, despite the rising 

costs of equipment, energy and construction labor (Boyd, 2011). Even though this paper does 

not focus on any of the mentioned topics, the plant capacity has been determined as it 

influences the economic results of the project.  

 

The plant processing capacity is a key variable that should be previously defined before 

designing any mining operation. As bigger the plant capacity, the better economic results of 

the project because reserves can be extracted and processed at a faster pace, leading to a 

maximization of the NPV and IRR. However, a bigger plant capacity requires much higher 

capital investments, and still mineral reserves cannot be exploited at rhythms that exceed 

operational requirements. To calculate the adequate plant processing capacity the Taylor`s 

Rule has been used, and a 60,000 ton/day has been considered as a base for the economical 

evaluation.  

 

A future expansion of the plant processing capacity would allow a lower operating and 

processing cost per ton and so it can be used as an alternative plan to compensate future 
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possible lower gold prices. To be able to appreciate how the economic variables would 

change, a sensitivity analysis was performed in order to calculate the different economic 

results when the processing capacity varies. With a starting point of 60,000 tons/day, 

increases and decreases of 15,000 and 30,000 tons/day have been considered. Results are 

shown on Table 16.  

 

Table 16: Processing Capacity Sensitivity Analysis 

 

 

As it can be observed, as the processing capacity increases, the NPV and IRR also increase, 

meaning that as faster the deposit is extracted the more profitable. When proven mineral 

reserves are left unexploited, there is a cost of opportunity and a cost of money over time that 

have to be considered in the equation, both of these factors have a direct impact on the lower 

economic results. The cost of money over time can be considered as the present value of 

future economic flows. The cost of opportunity is calculated and added to the processing 

cost, which results in higher optimal cutoff grades, hence less Au Oz produced and more 

stockpile ore. As the years pass, the cost of opportunity reduces and so the future optimal 

cutoff grades. To summarize, the longer the mine life, the less profitable the project. 

 

However, the increase in processing capacity also decreases the mine life, average grade and 

stripping ratio. The mine life decreases due to the increase of the production rate, so the 

mineral lasts for a shorter period. The decrease in average grade and stripping ratio is mainly 

because the OCOG decreases, because not only the processing cost is reduced by economies 

of scale, but also the opportunity cost reduces as the mineral is extracted faster. A lower 

PROCESSING CAPACITY SENSITIVITY ANALYSIS

Milling Capacity NPV IRR

Operating 

Years

Total Ore 

(tons)

Stockpile Ore 

(tons)

Total Waste 

(tons) Total Au Oz

Average 

Grade

Stripping 

Ratio

30000 $648,654,668 48.1% 28 300555040 139348280 233761680 6985487 0.0232 1.241

45000 $981,159,456 63.1% 20 320117000 151295940 202252060 7251665 0.0227 1.104

60000 $1,279,572,461 77.8% 15 330349134 157918146 185397722 7388606 0.0224 1.039

75000 $1,433,391,050 83.8% 13 342720665 157759905 173184430 7554413 0.0220 0.966

90000 $1,577,917,218 91.4% 11 352694813 157067857 163902330 7685476 0.0218 0.910
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cutoff grade allows the exploitation of more ore, and therefore, more ounces of gold and less 

stockpile ore. 

 

Figure 11 shows the evolution of the main analyzed values of the Processing Capacity 

Sensitivity Analysis:  

 

 

Figure 11: Economic Result Graphs for Processing Capacity Sensitivity Analysis 

 

5.2 Gold Price Sensitivity Analysis 

 

Gold is probably the most common precious metal as an investment and it is typically used 

as a way to diversify risk. Worldwide investors consider it a hard asset that maintains its 

value over time due to a constant supply, while paper money loses value as more is printed. 

Like most other markets, the gold price is driven by supply and demand, and therefore, it is 

subject to high speculation and volatility. The price normally has an opposite tendency to 

interest rates, as interest rates rise, gold prices decrease, and as interest rates fall, the price 

rises. Gold prices are then closely related to the monetary policies of central banks and their 

decisions on interest rates. Likewise, central banks and the International Monetary Fund also 

play an important role as big gold buyers, with approximately 19 percent of all the metal 

previously extracted (Ash, 2014).  
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After the Eurozone crisis in 2011, Chinese investors began buying big quantities of gold as 

an alternative to the Euro. Since then, China became the world’s top consumer with 895 tons 

in 2014. On the same year, India maintained the second position with 852 tons. Both 

countries are responsible for almost half (47.3 %) of the world’s gold consumption (Williams, 

2015)  However, other important factors that have a direct impact on gold prices are Inflation, 

Stock Markets, Geopolitics, the Dollar, Oil Prices, and the Asian Demand. (Ash, 2014). 

 

As gold prices vary on a day-to-day basis, any long-term mining project has to consider the 

option of significant changes in the price, which has an enormous impact on the project 

economics.  The gold price market is unpredictably, and in the last couple of years, the price 

has experienced a significant pullback from approximately US$ 1900 Au Oz to the current 

value of approximately US$ 1100 Au Oz. The long-term tendency of the price is still negative 

as investors expect the U.S. Federal Reserve to continue tightening its monetary policy; 

hence, the possibility of a further decrease on gold prices is still present.  

 

Table 17 considers the NPV value and IRR for several different gold price scenarios.  

 

Table 17: Gold Price Sensitivity Analysis 

 

 

It can be noted on the above table that a significant price change on gold can have important 

repercussions on the viability of any mining project. As seen, a reduction of only 20 % in the 

price, from US$ 1,000 Au Oz to US$ 800 Au Oz, reduces the NPV value in more than 50 %. 

The same happens when the price suffers an increase of 40 %, and the NPV reflects an 

increase of more than 100 %. This happens because even though the price in gold may vary, 

GOLD PRICE SENSITIVITY ANALYSIS

Gold Price      

(US$ / Oz) NPV IRR

Operating 

Years

Total Ore  

(tons)

Stockpile Ore 

(tons)

Total Waste 

(tons) Total Au Oz

Average 

Grade

Stripping 

Ratio

600 -$142,064,104 -4.0% 9 199209303 117088937 357366760 5319185 0.0267 2.382

800 $557,225,036 42.4% 13 276886953 157874687 238903360 6634025 0.0240 1.433

1000 $1,279,572,461 77.8% 15 330349134 157918146 185397722 7388606 0.0224 1.039

1200 $1,870,520,351 105.6% 17 375248075 144048115 154368810 7948830 0.0212 0.795

1400 $2,525,426,411 137.0% 18 397935525 143492395 132237080 8205783 0.0206 0.693
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the associated costs of producing an ounce will remain relatively constant. This means that 

once the price exceeds the cost of production, all the difference can be considered profits, 

and therefore a reduction on the price is entirely absorbed by the profitability of the project. 

 

A price of US$ 600 Au Oz results in a negative NPV and IRR analysis, meaning that an 

investment on the mining project would lead to an economic loss, as long as the price 

maintains at that level or less. At a price of US$ 612 Au Oz, the project has an IRR of 0 %, 

but the IRR only considers profits and not the present value of the future economic flows, 

which still results in a negative value. The lowest possible gold price in order not to generate 

losses would be US$ 641 Au Oz. Above that price level the project would allow positive 

results, however, not necessarily as high as the 60 % of IRR expected by the investors. 

Finally, as a basic rule it can be said that for all mining projects, as gold prices rise, the NPV 

and IRR results increase, and mine life increases as the BCOG and OCOG decrease, allowing 

more profitable mineral to be extracted, hence less mineral is considered waste or stockpile.   

 

Figure 12 shows the evolution of the main analyzed values of the Gold Price Sensitivity 

Analysis:  

 

 

Figure 12: Economic Result Graphs for Gold Price Sensitivity Analysis 
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5.3 Dilution Sensitivity Analysis 
 

Mining dilution is a major problem in any operation that has a direct impact on the economic 

results. Dilution refers to mineral below the BCOG that blends with the economic mineral, 

thus reducing the grade of excavated material. In general, it can be divided into planned and 

unplanned dilution. Planned dilution refers to removing the required waste material to further 

access and extract the ore, and unplanned dilution is waste material that comes from outside 

the block boundaries and contaminates the extracted ore meant for processing (Tommila, 

2014). 

 

Even though in theory it is not possible to eliminate dilution, in practice, it is extremely 

difficult and expensive, so some amount of dilution is practically unavoidable. However, 

even though it is not usually easy, it is possible to measure and control it (Moss, 1994). 

Dilution factors may vary within a single mine for different benches and areas due to changes 

in grade distribution or pit dimensions. Therefore, some engineers often prefer to assume a 

dilution factor instead of trying to calculate it in the most precisely way, and very commonly, 

they assume a 5 % for massive deposits.  

 

It is important to consider the operational and economic variations caused by dilution when 

designing or evaluating a mining operation. This factor usually affects the income and 

operative cost, hence the profitability. Mainly, it is through the direct cost of handling more 

material, and the loss in gold production, since the capacity of the plant is fixed and with 

higher dilution the ore grade processed will be lower and thus fewer ounces produced. 

Dilution also causes significant changes in other long-term factors that diminish the overall 

value of the project. In some cases, mining projects are designed to manage higher production 

rates in order to take advantage of economies of scale, however, in an effort to increase the 

production, usually the operation becomes less selective and thus more dilution takes place. 

When this happens, the whole planning of higher production loses sense (Ebrahimi, 2013). 

 

In order to appreciate how different levels of dilution affect the economic results of the 

project, a sensitivity analysis has been prepared and results are shown on Table 18.  
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Table 18: Dilution Sensitivity Analysis 

 

 

As it can be appreciated, dilution has a direct relationship with mine life. As this factor 

increases, the life also increases. This happens because the dilution factor has an inverse 

relation with the OCOG. As dilution increases, the OCOG decreases, and more tons can be 

economically extracted. Nonetheless, a significant decrease can be appreciated in the total 

Au Oz produced, the average grade and stripping ratio, which leads to a significant reduction 

in the NPV and IRR values.  

 

For this case specifically, the waste suffers no impact due to dilution. This is because what 

varies downward is the OCOG, but the BCOF remains constant. More tons become available 

for extraction, however, those tons still have a higher grade than the BCOF, and therefore 

they have been deducted from the stockpile. In the opposite case, when dilution decreases, 

the OCOG increases, and therefore less tons can be processed so they are immediately 

transferred to the stockpile. 

 

It is important to be conscious of the tremendous impact dilution has on the economic results 

of any mining project. On Table 19, it can be appreciated how a 10 % dilution can have an 

impact of 32.23 % on the NPV and 28.92 % on the IRR, and a 25 % dilution an impact of as 

much as 72.68 % on the NPV and 64.27 % on the IRR. 

 

 

 

 

 

DILUTION SENSITIVITY ANALYSIS

Dilution (%) NPV IRR

Operating 

Years

Total Ore  

(tons)

Stockpile Ore 

(tons)

Total Waste 

(tons) Total Au Oz

Average 

Grade

Stripping 

Ratio

0 $1,279,572,461 77.8% 15 330349134 157918144 185397722 7388606 0.0224 1.039

5 $1,057,034,839 64.9% 16 343752482 144514796 185397722 7201437 0.0209 0.960

10 $867,168,028 55.3% 16 356613778 131653500 185397722 6983563 0.0196 0.889

15 $707,655,098 46.1% 17 365358760 122908518 185397722 6698991 0.0183 0.844

20 $522,925,598 36.9% 17 375539928 112727350 185397722 6414693 0.0171 0.794

25 $349,585,842 27.8% 18 388264118 100003160 185397722 6136564 0.0158 0.735
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Table 19: Economic Variations Based on Dilution 

 

 

To comply with the investor`s requirements, dilutions has to be strictly measured and 

controlled. A 7 % maximum dilution would still allow an IRR result over 60 %. If dilution 

exceeds 35 %, which would signify terrible engineering management, the NPV becomes 

negative, meaning that the project would only return loses. In order to comply with investors 

IRR requirements and to maintain a safety factor, all efforts have to be directed to maintain 

dilution under the 5 % value. In order to do so, adequate blasting, constant sampling, and 

selectivity are the key in achieving the goal. Figure 13 shows the evolution of the main 

analyzed values of the Dilution Sensitivity Analysis:  

 

 

Figure 13: Economic Result Graphs for Dilution Sensitivity Analysis 

 

Dilution NPV Δ NPV IRR Δ IRR

0 $1,279,572,461 0.00% 77.8% 0.00%

5% $1,057,034,839 -17.39% 64.9% -16.58%

10% $867,168,028 -32.23% 55.3% -28.92%

15% $707,655,098 -44.70% 46.1% -40.75%

20% $522,925,598 -59.13% 36.9% -52.57%

25% $349,585,842 -72.68% 27.8% -64.27%
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Chapter 6: Conclusions 
 

 The most important goal in open-pit operations is to determine the most profitable pit 

design, that is, to establish an adequate layout of the contour of the deposit to be 

extracted, to achieve the maximum possible profit, and to satisfy the slope stability 

requirements that prevent safety hazards. The main physical constraint is the slope 

requirement; wall slopes of the pit must not exceed certain given angles that may vary 

with the depth or  material quality, and all the blocks on top of an economically 

feasible given block must be mined. 

 The initial open-pit design considers double benching yielding a 65º inter-ramp angle 

with15.2 m high and 50 m wide benches. Berms are estimated at 8 m wide. Haul road 

is designed spirally along the perimeter walls of the pit, considering a 25 m width for 

straight areas and 30 width for curves, as well as a 8% overall gradient due to expected 

rainfall conditions. The overall pit slope angle will be 40 º.  

 For financial motives, the tailing facility will be constructed for an initial capacity of 

50,000,000 m3 and will increase, as production requires. The selected design is the 

Downstream Construction Method. This type of embankment is the best solution 

when toxic wastes are deposited in wet, seismic, or environmentally sensitive areas. 

HDPE geomembrane liners will be placed along the total surface of the dam. Slurry 

high capacity pumps will be used to transport the tailings through a slurry deposition 

system with a perimeter distribution 10 - 12-inch pipe and numerous valve-controlled 

locations. The slope of the shell will be approximately of 35 º, but could be modified 

if required by operational needs detected at the construction phase. Water reclaim will 

be performed by four vertical pumps with a total capacity of 600 l/s.  

 Taylor`s Rule was applied to calculate mine milling production rate of 60,000 tons / 

day, results seem reasonable according to industry data. 

 The project requires ten Caterpillar 797F trucks of 400-ton capacity with 31 operators, 

one Caterpillar 6090 FS hydraulic shovel of 52-m3 bucket capacity with 3 operators, 

and three production drills with 4 operators, among other smaller pieces of equipment 

to achieve the desired 60,000 ton / day production. 
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 Costs were calculated based on empirical formulas and recollection of historical data. 

For the base economic evaluation at a production rate of 60,000 ton / day  and a gold 

price of $ 1,000 Au Oz, costs are as follows: 

 Fixed cost = $ 46,759,087.65 

 Capital Cost $ 286,645,232.17 

 Mining Cost = $ 1.51 

 Processing Cost = $ 7.59 

 Considering that  mining projects take years of investment and implementation, for 

this study the year 0 has been considered as a space of time that symbolizes the 

preoperative stage, whether it takes 1,2,3 or 4 years. 

 The application of the OCOG reduces the pit`s reserves and value to approximately 

58 %, however, provides a more profitable NPV and IRR value. 

 Total extracted mineral for plant processing will be 330,349,133.09 tons, representing 

49.04 %, the waste ore will be 185,397,721.94, representing 27.52 % and the 

stockpile ore will be 157,918,144.1, representing 23.44 % of total mine production. 

 Results show that when considering the BCOF the lowest grade for mineral 

processing, the mine life is 23.25 years, the NPV value is US$ 908,822,405.74 and 

the IRR 53.3 %. However, when the cutoff grade is optimized for every year of 

operation, a 40.79 % higher NPV result of US$ 1,279,572,460.62 can be achieved in 

a 15.73-year mine period. The IIR for the optimized operation would be of 77.8 %, 

which satisfies investors. Results can be observed on Figures 14, 15 and 16. 

 

Figure 14: NPV Comparison Between BCOG and OCOG 



65 
 

 

 

Figure 15: IIR Comparison Between BCOG and OCOG 

 

 

Figure 16: Mine Life Comparison Between BCOG and OCOG 

 

 Capex cost and Opex cost per Au Oz have been calculated in US$ 38.8 and US$ 

581.08 respectively. This values show that the capital cost of the project is very low, 

and the operating costs are adequate when compared to the selling price of US$ 1,000 

/ Au Oz. 

 When processing the stockpile ore, results show that extra annual profits of US$ 

64,449,290.66 can be achieved for 7.52 more years. The total profit of the stockpile 

processing operation is US$ 484,658,665.8 and the total NPV is US$ 325,730,390.25. 

 As the processing capacity increases, the NPV and IRR also increase, meaning that 

as faster the deposit is extracted the more profitable. Processing capacity could be 
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reduce to 45,000 tons / day and yet the project economics would comply with investor 

IRR requirement (63.1 %). 

 A reduction of only 20 % in the gold price, from US$ 1,000 Au Oz to US$ 800 Au 

Oz, reduces the NPV value by more than 50 %. The same happens when the price 

suffers an increase of 40 %, and the NPV reflects an increase of about 100 %. After 

the operation cost of extraction is covered by the price of gold, the rest is directly 

injected to the profits, hence, an increase in price increases significantly the NPV and 

IRR. The lower gold price to achieve a positive NPV is US$ 641 Au / Oz, while the 

lowest value for a 0 % IRR is US$ 612 Au / Oz. 

 Dilution has a tremendous impact on the economic performance of any mining 

project. As dilution increases, the OCOG decreases and mine life increases. A 10 % 

dilution can have an impact of 32.23 % on the NPV and 28.92 % on the IRR, and a 

25 % dilution an impact of as much as 72.68 % on the NPV and 64.27 % on the IRR. 

In this specific case, dilution has to be lower than 7 % in order to obtain an IRR over 

the 60 % required by investors. A 35 % dilution or over would result in a negative 

NPV.  

 When the mining operation is optimized, not only the company benefits from better 

economic results, but the government and communities benefit from less 

environmental and social impacts as the mine life reduces.  
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Appendix  

 

 
 

 

 

 

 

Year 0

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759088 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 28973813.39 21000000 357729.74

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.010 218740.00

0.00152 33342.28

Initial Cut Off Grade 0.00848

TONAGE GRADE DISTRIBUTION

Oz. Oz. Tons Au Content Tons

0 0.01 218740 1093.70 33342.28

0.01 0.015 166073 2075.91 166073

0.015 0.02 117403 2054.55 117403

0.02 0.025 74891 1685.05 74891

0.0250 0.03 48440 1332.10 48440

0.03 0.035 21690 704.93 21690

0.035 0.04 13040 489.00 13040

0.04 0.045 8760 372.30 8760

0.045 0.05 4628 219.83 4628

Total 673665.00 10027.37 488267.28

Ore Tons 488267.28

Waste Tons 185397.72

Striping Ratio 0.38

Total Gold Amount 9241.7

Average Grade 0.01893

Mine Life 23.25

Total Amount of Tons 673665000 tons

Mill Capacity 60000 ton/day
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Year 1

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 60354912.55 21000000 482003.87

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 112353.59

0.00268 60239.93

Initial Cut Off Grade 0.017319

TONAGE GRADE DISTRIBUTION

                                                    NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 218740 1093.70 0.325 209332.16 1046.66 0

0.01 0.015 166073 2075.91 0.247 158930.33 1986.63 0

0.015 0.02 117403 2054.55 0.174 112353.59 1966.19 60239.93

0.02 0.025 74891 1685.05 0.111 71670.00 1612.57 71670.00

0.0250 0.03 48440 1332.10 0.072 46356.63 1274.81 46356.63

0.03 0.035 21690 704.93 0.032 20757.13 674.61 20757.13

0.035 0.04 13040 489.00 0.019 12479.16 467.97 12479.16

0.04 0.045 8760 372.30 0.013 8383.24 356.29 8383.24

0.045 0.05 4628 219.83 0.007 4428.95 210.38 4428.95

Total 673665.00 10027.37 644691.19 9596.10 224315.04

Ore Tons 224315.04 Previously Extracted Tons 28973.8134

Waste Tons 420376.14

Striping Ratio 1.87

Total Gold Amount 5720.7

Average Grade 0.02550

Mine Life 10.68

Total Amount of Tons 644691187 tons

Mill Capacity 60000 ton/day
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Year 2

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 56196608.62 21000000 470866.46

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 101835.23

0.00342 69644.80

Initial Cut Off Grade 0.016581

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 209332.16 1046.66 0.325 189734.83 948.67 0

0.01 0.015 158930.33 1986.63 0.247 144051.54 1800.64 0

0.015 0.02 112353.59 1966.19 0.174 101835.23 1782.12 69644.80

0.02 0.025 71670.00 1612.57 0.111 64960.37 1461.61 64960.37

0.0250 0.03 46356.63 1274.81 0.072 42016.80 1155.46 42016.80

0.03 0.035 20757.13 674.61 0.032 18813.88 611.45 18813.88

0.035 0.04 12479.16 467.97 0.019 11310.88 424.16 11310.88

0.04 0.045 8383.24 356.29 0.013 7598.41 322.93 7598.41

0.045 0.05 4428.95 210.38 0.007 4014.32 190.68 4014.32

Total 644691.187 9596.10 584336.27 8697.73 218359.47

Ore Tons 218359.47 Previously Extracted Tons 60354.91

Waste Tons 365976.80

Striping Ratio 1.68

Total Gold Amount 5440.1

Average Grade 0.02491

Mine Life 10.40

Total Amount of Tons 584336274 tons

Mill Capacity 60000 ton/day
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Year 3

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 52884250.59 21000000 461209.32

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 92041.57

0.00409 75308.38

Initial Cut Off Grade 0.015909

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 189734.83 948.67 0.325 171487.71 857.44 0

0.01 0.015 144051.54 1800.64 0.247 130197.86 1627.47 0

0.015 0.02 101835.23 1782.12 0.174 92041.57 1610.73 75308.38

0.02 0.025 64960.37 1461.61 0.111 58713.02 1321.04 58713.02

0.0250 0.03 42016.80 1155.46 0.072 37975.98 1044.34 37975.98

0.03 0.035 18813.88 611.45 0.032 17004.52 552.65 17004.52

0.035 0.04 11310.88 424.16 0.019 10223.09 383.37 10223.09

0.04 0.045 7598.41 322.93 0.013 6867.66 291.88 6867.66

0.045 0.05 4014.32 190.68 0.007 3628.26 172.34 3628.26

Total 584336.27 8697.73 528139.67 7861.25 209720.91

Ore Tons 209720.91 Previously Extracted Tons 56196.61

Waste Tons 318418.76

Striping Ratio 1.52

Total Gold Amount 5117.7

Average Grade 0.02440

Mine Life 9.99

Total Amount of Tons 528139665 tons

Mill Capacity 60000 ton/day
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Year 4

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 50194625.79 21000000 452751.62

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 82825.16

0.00470 77879.92

Initial Cut Off Grade 0.015299

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 171487.71 857.44 0.325 154316.12 771.58 0

0.01 0.015 130197.86 1627.47 0.247 117160.74 1464.51 0

0.015 0.02 92041.57 1610.73 0.174 82825.16 1449.44 77879.92

0.02 0.025 58713.02 1321.04 0.111 52833.91 1188.76 52833.91

0.0250 0.03 37975.98 1044.34 0.072 34173.32 939.77 34173.32

0.03 0.035 17004.52 552.65 0.032 15301.80 497.31 15301.80

0.035 0.04 10223.09 383.37 0.019 9199.42 344.98 9199.42

0.04 0.045 6867.66 291.88 0.013 6179.98 262.65 6179.98

0.045 0.05 3628.26 172.34 0.007 3264.95 155.09 3264.95

Total 528139.67 7861.25 475255.41 7074.08 198833.31

Ore Tons 198833.31 Previously Extracted Tons 52884.25

Waste Tons 276422.10

Striping Ratio 1.39

Total Gold Amount 4763.1

Average Grade 0.02396

Mine Life 9.47

Total Amount of Tons 475255415 tons

Mill Capacity 60000 ton/day
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Year 5

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 47573708.81 21000000 443911.22

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 104786.68

0.00026 5374.20

Initial Cut Off Grade 0.014744

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 154316.12 771.58 0.325 138017.85 690.09 0

0.01 0.015 117160.74 1464.51 0.247 104786.68 1309.83 5374.2

0.015 0.02 82825.16 1449.44 0.174 74077.49 1296.36 74077.49

0.02 0.025 52833.91 1188.76 0.111 47253.79 1063.21 47253.79

0.0250 0.03 34173.32 939.77 0.072 30564.07 840.51 30564.07

0.03 0.035 15301.80 497.31 0.032 13685.69 444.78 13685.69

0.035 0.04 9199.42 344.98 0.019 8227.82 308.54 8227.82

0.04 0.045 6179.98 262.65 0.013 5527.28 234.91 5527.28

0.045 0.05 3264.95 155.09 0.007 2920.12 138.71 2920.12

Total 475255.41 7074.08 425060.79 6326.94 187630.45

Ore Tons 187630.45 Previously Extracted Tons 50194.63

Waste Tons 237430.34

Striping Ratio 1.27

Total Gold Amount 4406.9

Average Grade 0.02349

Mine Life 8.93

Total Amount of Tons 425060789 tons

Mill Capacity 60000 ton/day
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Year 6

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 45035847.19 21000000 434841.06

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 93058.73

0.00076 14162.67

Initial Cut Off Grade 0.014239

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 138017.85 690.09 0.325 122570.60 612.85 0

0.01 0.015 104786.68 1309.83 0.247 93058.73 1163.23 14162.67

0.015 0.02 74077.49 1296.36 0.174 65786.58 1151.27 65786.58

0.02 0.025 47253.79 1063.21 0.111 41965.05 944.21 41965.05

0.0250 0.03 30564.07 840.51 0.072 27143.27 746.44 27143.27

0.03 0.035 13685.69 444.78 0.032 12153.96 395.00 12153.96

0.035 0.04 8227.82 308.54 0.019 7306.94 274.01 7306.94

0.04 0.045 5527.28 234.91 0.013 4908.65 208.62 4908.65

0.045 0.05 2920.12 138.71 0.007 2593.29 123.18 2593.29

Total 425060.79 6326.94 377487.08 5618.82 176020.42

Ore Tons 176020.42 Previously Extracted Tons 47573.71

Waste Tons 201466.66

Striping Ratio 1.14

Total Gold Amount 4049.8

Average Grade 0.02301

Mine Life 8.38

Total Amount of Tons 377487080 tons

Mill Capacity 60000 ton/day
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Year 7

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 42952797.18 21000000 426975.37

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 81956.42

0.00122 19990.92

Initial Cut Off Grade 0.013780

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 122570.60 612.85 0.325 107947.40 539.74 0

0.01 0.015 93058.73 1163.23 0.247 81956.42 1024.46 19990.92

0.015 0.02 65786.58 1151.27 0.174 57937.95 1013.91 57937.95

0.02 0.025 41965.05 944.21 0.111 36958.44 831.56 36958.44

0.0250 0.03 27143.27 746.44 0.072 23904.96 657.39 23904.96

0.03 0.035 12153.96 395.00 0.032 10703.94 347.88 10703.94

0.035 0.04 7306.94 274.01 0.019 6435.19 241.32 6435.19

0.04 0.045 4908.65 208.62 0.013 4323.03 183.73 4323.03

0.045 0.05 2593.29 123.18 0.007 2283.90 108.49 2283.90

Total 377487.08 5618.82 332451.23 4948.47 162538.33

Ore Tons 162538.33 Previously Extracted Tons 45035.85

Waste Tons 169912.90

Striping Ratio 1.05

Total Gold Amount 3672.0

Average Grade 0.02259

Mine Life 7.74

Total Amount of Tons 332451233 tons

Mill Capacity 60000 ton/day
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Year 8

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 41219582.87 21000000 420096.78

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 71367.63

0.00164 23359.53

Initial Cut Off Grade 0.013363

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 107947.40 539.74 0.325 94000.56 470.00 0

0.01 0.015 81956.42 1024.46 0.247 71367.63 892.10 23359.53

0.015 0.02 57937.95 1013.91 0.174 50452.35 882.92 50452.35

0.02 0.025 36958.44 831.56 0.111 32183.40 724.13 32183.40

0.0250 0.03 23904.96 657.39 0.072 20816.44 572.45 20816.44

0.03 0.035 10703.94 347.88 0.032 9320.98 302.93 9320.98

0.035 0.04 6435.19 241.32 0.019 5603.76 210.14 5603.76

0.04 0.045 4323.03 183.73 0.013 3764.49 159.99 3764.49

0.045 0.05 2283.90 108.49 0.007 1988.82 94.47 1988.82

Total 332451.23 4948.47 289498.44 4309.13 147489.78

Ore Tons 147489.78 Previously Extracted Tons 42952.8

Waste Tons 142008.66

Striping Ratio 0.96

Total Gold Amount 3278.3

Average Grade 0.02223

Mine Life 7.02

Total Amount of Tons 289498436 tons

Mill Capacity 60000 ton/day
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Year 9

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 39761018.41 21000000 414042.02

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 61206.11

0.00202 24673.60

Initial Cut Off Grade 0.012984

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 94000.56 470.00 0.325 80616.50 403.08 0

0.01 0.015 71367.63 892.10 0.247 61206.11 765.08 24673.6

0.015 0.02 50452.35 882.92 0.174 43268.81 757.20 43268.81

0.02 0.025 32183.40 724.13 0.111 27601.04 621.02 27601.04

0.0250 0.03 20816.44 572.45 0.072 17852.53 490.94 17852.53

0.03 0.035 9320.98 302.93 0.032 7993.84 259.80 7993.84

0.035 0.04 5603.76 210.14 0.019 4805.88 180.22 4805.88

0.04 0.045 3764.49 159.99 0.013 3228.49 137.21 3228.49

0.045 0.05 1988.82 94.47 0.007 1705.65 81.02 1705.65

Total 289498.44 4309.13 248278.85 3695.58 131129.84

Ore Tons 131129.84 Previously Extracted Tons 41219.58

Waste Tons 117149.01

Striping Ratio 0.89

Total Gold Amount 2872.7

Average Grade 0.02191

Mine Life 6.24

Total Amount of Tons 248278853 tons

Mill Capacity 60000 ton/day
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Year 10

Price p 1000 $/onz Qm is mining capacity

Sales Cost s 5 $/onz Qc is the number of tons milled

Processing cost c 7.59 $/ton Qr is the recovered ounces

Recovery y 90%

Mining cost m 1.51 $/tons

Fixed cost f 46759087.7 $/year Qm Qc Qr

Mining Capacity Rate M Unlimited 38521832.99 21000000 408684.81

Milling Capacity C 21000000 tons/year

Capital Cost CC 286645232 $

Interest rate i 10% 0.005 51404.16

0.00236 24264.90

Initial Cut Off Grade 0.012640

TONAGE GRADE DISTRIBUTION

                           NEW

Oz. Oz. Tons Au Content % Tons Au Content Tons

0 0.01 80616.50 403.08 0.325 67706.04 338.53 0

0.01 0.015 61206.11 765.08 0.247 51404.16 642.55 24264.9

0.015 0.02 43268.81 757.20 0.174 36339.46 635.94 36339.46

0.02 0.025 27601.04 621.02 0.111 23180.82 521.57 23180.82

0.0250 0.03 17852.53 490.94 0.072 14993.51 412.32 14993.51

0.03 0.035 7993.84 259.80 0.032 6713.65 218.19 6713.65

0.035 0.04 4805.88 180.22 0.019 4036.24 151.36 4036.24

0.04 0.045 3228.49 137.21 0.013 2711.46 115.24 2711.46

0.045 0.05 1705.65 81.02 0.007 1432.49 68.04 1432.49

Total 248278.85 3695.58 208517.83 3103.75 113672.54

Ore Tons 113672.54 Previously Extracted Tons 39761.02

Waste Tons 94845.30

Striping Ratio 0.83

Total Gold Amount 2458.0

Average Grade 0.02162

Mine Life 5.41

Total Amount of Tons 208517835 tons

Mill Capacity 60000 ton/day


