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5.0 MINING 

5.1 Underground Mining 

5.1.1 Introduction 

The feasibility level design is for an underground mine that will produce 950 tpd and 
will be capable of producing up to 1,500 tpd (540,000 t/y) of ore (once more 
reserves are incorporated). 

The deposit consists of east-west oriented veins that are almost vertical (70° to 85° 
dip to the north) with varying in width between 1 m and 20 m with an average width 
of 3 m.  The underground mine will exploit two veins, Cachinalito and Dumbo. 

The rock surrounding the veins (hanging wall and foot wall) consist of competent 
dacites and the mineralized rock consists of quartz and highly competent breccias.  
These rocks can be seen in the open pit areas that were mined between 1990 and 
1998 between elevations 2,600 to 2,800 masl. 

5.1.2 Geotechnical 

The existing geological-geotechnical information (geological model, drilling, 
geotechnical mapping) and field work performed by EMT (E-Mining Technology) 
and TyG (Tecnologia y Geociencia) (consultants to GCM) were used to classify the 
rock mass for the Dumbo and Cachinalito areas.   The EMT and TyG reports are 
provided in Appendix A.  The quality of the rock in these areas was classified as 
good to regular quality, and four main geotechnical units were defined: silicified 
rock, argillaceous rock, fresh rock, and alluvium. Table 5.1-1 lists the characteristics 
of these four rock units. 

Three zones were defined for the preparation of the geotechnical model, in which 
the four recognized geotechnical units were used.  Figures 5.1-1 and 5.1-2 show the 
location of the geotechnical units for the Dumbo and Cachinalito areas respectively. 

Zone I:  Includes the geotechnical units of silicified rocks and units of argillaceous 
rocks in an area of silicified bodies surrounded by halos of argillaceous alteration.  It 
is oriented along the sub-vertical structural system associated with the major faults.  
The mineralized areas of the deposit are contained this zone. 

Zone II:  Includes the fresh rock unit which acts as the host rocks for the altered 
rock units of Zone I. 

Zone III:  The alluvial layer deposited on the surface: 
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Table 5.1-1: Characteristics of the Geotechnical Rock Units 

Zone Geotechnical 
Units Description Geotechnical 

Condition % RQD RCU 
(MPa) RMR / Q 

 

Silicified Rock 
 

 
 

Silicified bodies 
present in the 
hydrothermal 
breccia zones with 
tabular shapes.  In 
general 
associated with 
the presence of 
mineral. 
 

Solid rock of good 
quality with a high 
to medium 
fracturing with pre-
formed blocks less 
than 0.2 m3 in a 
competent rock 
matrix.  Fractures 
are in general 
rough. 
 

40-70 
50-120 
MPa 

(R4-R5) 

(50-65) / 
(3-20) 

I 

Argillaceous 
Rock 
 

Associated with 
alteration halos 
present around 
the silicified 
bodies. 
 

Solid rock of 
regular quality, with 
a high degree of 
fracturing and a 
weak rock matrix.  
Slightly rough 
fractures with 
altered walls. 

25-60  
25-80 
MPa 
(R3-R4)  

(40-55) / 
(1-9)  

II 
 

Fresh Rock 
 

Volcanic and 
intrusive rocks that 
did not suffer 
alteration.  
Present as the 
host rock for the 
mineralized 
structures and 
hydrothermal 
breccias. 
 

Solid rock of good 
to very good 
quality.  Rock mass 
with low fracturing 
and competent rock 
matrix. 
 75-95 

100-250 
MPa 
(R5) 

(70-75) / 
(35-6) 

III  Alluvium,  

Material deposited 
on the surface 
between 10 m and 
15 m thickness. 
 

Low consolidation 
type soil material. 
 - - - 
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Figure 5.1-1: Geotechnical Model Cachinalito Area 
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Figure 5.1-2: Geotechnical Model Dumbo Area 

  

Discontinuities and Faults 

In the area of study four main types of discontinuities were identified:  major faults, 
intermediate faults, minor discontinuities, and the contact between fresh rock and 
hydrothermal breccias. 

Major Faults:  The major faults are the Dumbo, Perseverancia, and Cachinalito 
faults.  They have a preferential orientation N75-80°E, dips from 90° to 75° to the 
north, and thicknesses between 2 and 8 m.  These structures control the silicified 
bodies and mineralization. 
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Intermediate Faults:  These lie sub-parallel to the major faults and are intermediate 
to minor faults with average dips of 90° to 60° to the north.  These faults are 
recognized in the zone of the silicified bodies and are not very continuous (less than 
40 m) and in general are rough. 

Minor Discontinuities:  These discontinuities represent the contacts between the 
hydrothermal breccias and fresh rock; these contacts are very rough and vary in 
thicknesses from 5 cm to 50 cm. 

Contacts with Hydrothermal Breccias:  In the Dumbo and Perseverancia pits 
systems of less dominant discontinuities were identified – fracture systems or 
diaclases.  One system is sub-parallel to the major discontinuities (N65 to 80°E / 90° 
to 65°N), a second system is associated with the bedding (N45°W / 10-20°SW), and 
a third system is sub-vertical with an orientation of N20°W. 

Instability Mechanisms in Mining Units 

Given the geometry and location of the bodies to be mined and considering the 
properties of the rock at Dumbo and Cachinalito areas, two potential instability 
mechanisms were identified for the underground mine: 

1. Slipping or sliding of blocks or wedges preformed by discontinuities in the walls 
of the stopes.  This mechanism can be present at the local level with small 
blocks (diameter less than 4 m equivalent) due to minor faults, and at a larger 
scale with blocks defined by the major faults. 

2. Progressive collapsing or caving.  This mechanism is produced by failure of the 
weakest solid rock mass. 

Figure 5.1-3 presents these instability mechanisms schematically. 

In mechanism (1) potential rock slipping is strongly influenced by the resistance 
properties of discontinuities present in the rock mass and the geometry of the area 
susceptible to the slip.  In the Dumbo and Cachinalito areas discontinuities in the 
area where mineralized bodies are located are in general rough, therefore it is 
considered that this will reduce the resistance to slipping of blocks. 

In mechanism (2) potential collapse is generated by the failure of the rock mass 
which presents least resistance to the forces imposed.  
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Figure 5.1-3: Types of Instability  

  

 

In both mechanisms, one of the determining aspects of failure is the confinement 
condition to which the rock mass is subjected.  For mechanisms (1) a decrease in 
the confinement implies a reduction of the normal forces on the discontinuity planes.  
A reduction in confining forces can result in the generation of tensile stress which 
due to the low resistance of rock to tensile stress results in a progressive collapse 
(mechanism 2). 

5.1.3 Hydrogeology 

From the information obtained from drilling in the area and from other background 
information (measurements in nearby wells) García Consultores determined that the 
lowest level of the mine will be above the static phreatic level (the lowest design 
level for the mine is 2,530 masl). 

5.1.4 Selection of the Underground Mining Method 

A) Mining Methods 

Underground exploitation will mainly use open stope methods, sublevel stoping in 
most areas.  In some areas where the vein is high grade and tectonified, cut and fill 
methods will be used, drift and fill and bench and fill.  The mining methods were 
selected to minimize the risk to workers and to minimize costs. 
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In the open stopes without fill (SLS) miners will not enter the open stope.  In the 
bench and fill method, drilling, blasting, and filling activities will be performed with a 
maximum roof height of 4 m.  This will allow permanent review of the conditions and 
the installation of supports if required.  Front-end loaders will be used for ore 
extraction for SLS.  Load haul drive (LHD) equipment with remote control will be 
used for bench and fill.  Miners will not be allowed to enter the stopes 

In the stopes using drift and fill, drilling, blasting, extraction, and filling operations will 
be performed in stopes with a roof height of 4 m.  This will provide good control of 
the roof and walls and will minimize the risk of rock falls. 

Other design considerations that will reduce the risk to personnel is the 
mechanization of all operations, movement of personnel only in motor vehicles, and 
vertical excavation using raise boring equipment (for material transfer and 
ventilation raises) and vertical crater retreat (VCR) (for free face raises). 

B) Design Criteria for Mining Units 

The mining units are defined for a mineralized quartz vein deposit in tabular form.   

The mining units were selected considering the following: 

·  Must be easy to access 
·  Allow the movement of machinery, equipment, and material  
·  If possible mining of each unit must be independent of other units  
·  Minimize risk 
·  Ventilation must be efficient  
·  Should not interfere with the infrastructure required for the mine operation 
·  If fill is necessary, it can be done safely  
·  Each mining will provide different quantities of ore therefore the combined 

mining units define the mine production. 

For the Guanaco deposit Sublevel Stoping (SLS) was selected for the following 
reasons: 

·  Given the vetiform characteristics of the deposit and the average width of 3 m of 
the mineralized veins, it is geometrically possible.   

·  The geomechanical quality of the rock (highly competent) means that no backfill 
is required and there is low dilution from the stopes.   

·  Neither personnel nor equipment are required to enter empty stopes because 
the haulage level is outside the mineralized area.   

·  By putting the horizontal preparation work (drilling level and base of the stope) 
in ore results in early production which improves the project cash flow.  

·  Mining by reverse stoping generates a free face to start extraction.  
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·  Ventilation is performed with ancillary fans at the drilling and base levels, 
connected to the exhaust ventilation raise in the production areas. 

The mining methods are shown in Figure 5.1-4 (a section and schematic plan of 
SLS), Figure 5.1-5 (a three dimensional view of drift and fill), and Figure 5.1-6 (a 
three dimensional view of bench and fill). 

Figure 5.1-4: Sub Level Stoping 
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Figure 5.1-5: Drift & Fill 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1-6: Bench & Fill 
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C) Support Criteria 

Preproduction 

This work will mainly be in waste, in good rock without alteration.  Therefore, it is not 
expected that supports will be required for most of this work.  It is assumed that 
shock absorbing blasting techniques will be used for tunnelling to avoid over-
excavation and preserve the self-supporting condition of the rock. 

The following are the supports recommended by TyG for development and 
preproduction, details are provided in Appendix A, Mine Geotechnical: 

·  2 m long bolts in walls and roof, 3 to 5 bolts per shift, at 1.4 m spacing with 
metal mesh; 1” thick shotcrete from floor to floor is optional. 

·  2.4 m long bolts in walls and roof, 3 to 5 bolts per shift, at 1.5 m spacing with 
metal mesh, 5 to 10 cm thick shotcrete on the roof and 3 to 5 cm thick shotcrete 
on the walls is optional. 

Stopes 

Using SLS the pillars left between the mining units of the stopes will be at least 4 m 
thick.  The characteristics of these pillars are: 

·  Dimensions between mining units will depend on the mining method, i.e. if the 
pillars will be recovered or not.  If the pillars are not recovered the dimensions 
will be the minimum stable dimensions. Definition of the minimum stable 
dimensions requires a detailed study of the strength of the pillars.  

·  An alternative is to keep the hydraulic radius less than 6 m, hence mining large 
stopes with small intermediate pillars (8 m x 10 m) spaced on a regular grid.  
This strategy has been applied to the mining of tabular bodies with good results 
(see Figure 5.1-7). 
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Figure 5.1-7: Stope Stability Pillars 

Figura 8Figura 8
  

D) Stope Stability  

Based on information from TyG (Mapeo Geotécnico y Definición de Variables 
Geomecánicas, Proyecto Guanaco provided in  Appendix A) and using Mathews 
graphical stability method the geometry of the Guanaco stopes can be defined to 
provide stability for any of the geotechnical units in the zone (see Figure 5.1-8). 

Figure 5.1-8: Stability Graph based on Hydraulic Radius (HR)  
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Given that the Stability Number is set for a given condition of rock mass and 
therefore unalterable it is possible to estimate the conditions at which instability 
begins in the design stopes as a function of the hydraulic radius (HR).  The 
estimated roof and wall conditions for stability are summarized below.  

Roof 

·  The HR for the geological units (UG)  PRD and Bx_ALT (porphyry and altered 
breccia) is a maximum 4.3 m  

·  The HR for UGs PRD_ALT and Bx (altered porphyry and fresh breccia) is a 
maximum of 7.1 m. 

Wall 

·  The HR for UGs PRD and Bx_ALT (porphyry and altered breccia) is 9.3 m  

·  The HR for UGs PRD_ALT and Bx (altered porphyry and fresh breccia) is a 
maximum of 15 m. 

Figures 5.1-9 and 5.1-10 show the range of HR depending on the condition of the 
roof or wall and the UG. 

Figure 5.1-9: Stability Graph based on HR for Stope Walls  
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Figure 5.1-10: Stability Graph based on HR for Stope Roof 

 

 

5.1.5 Production Plan 

a) Determination of the Mining Units 

In order to establish the mining units for the Guanaco deposit, morphology, geology, 
the spatial disposition of the vetiform bodies, and the geomechanical characteristics 
of the host rock and the mineralized rock were considered.  This led to the choice of 
SLS as the preferred method from the technical and economical point of view.  

This method proposes the mining of stopes of maximum 60 m height with sublevels 
at 20 m.  These are used for the drilling and blasting as shown in Figure 5.1-11.  
The extraction levels and drilling levels are supported as necessary prior to mining. 
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Figure 5.1-11: Determination of Mining Units 

 

 

 

 

 

 

 

 

 

b) Cut-off Grade 

The parameters used for estimating the reserves are listed in Table 5.1-2.   

Table 5.1-2: Parameters for Reserve Estimation  

Parameter Value 

Underground mining cost US$26.30/t 

Processing cost US$15/t 

General costs US$5/t 

Refining and sales costs US$10/oz Au 

Gold price US$1,000/oz 

Metallurgical recovery 93% 

Cut-off grade (Au) 1.56 g/t 

 

The following are included: 

·  Mining cost includes the haulage levels and loading stations built inside the 
stopes. 

·  The estimated design dilution is 1.5 m at the walls (0.75 m each side). 

·  The cut-off grade used for the design of the stopes was 2.00 g/t as the break-
even price as a worst case scenario with a gold price of US$800/oz.  However, 
a marginal feed grade of 1.56 g/t was used for material that must be mined as 
part of the logical mining sequence when no additional development is required. 
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For the reserve calculation, polygons were designed for a gold grade of 2 g/t for 
measured and indicated reserves with a minimum mining width of 2 m.  The 
polygons were designed in sections separated by 6 m for all three models 
(Cachinalito, Cachinalito West, and Dumbo).  

c) Estimation of Theoretical Dilution 

Mining dilution has been historically defined as “contamination of the ore with waste 
material during the mining process”.  Dilution can be calculated as a percentage 
using the equation: 

  

Dilution can be classified as primary dilution and secondary dilution (see Figure 5.1-
12). 

Primary (or Planned) Dilution:  The dilution inherent in the mining method used.  

Secondary (or Unplanned) Dilution:  Dilution from material outside the mining units; 
this is mainly defined by the geotechnical conditions of the rock mass and its control 
depends on good operating practices (drilling and blasting). 

Figure 5.1-12: Types of Dilution 

  

In the mining of vetiform bodies, dilution is due to the inclusion of material from 
outside the contour to be excavated in the mining unit or stope, i.e. dilution is 
associated with the failure of the rock in the walls and/or roof of the stope.  Failure 
of the rock around the stope is associated with the same instability mechanisms 
discussed in Section 5.1.4, therefore, the evaluation of these mechanisms is 
essential in estimating the dilution. 

% Dilution   = x 100  
 Dilution Units 

Mineral Units 
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An empirical technique widely used for estimating dilution in tabular bodies is to 
estimate the ELOS parameter (Equivalent Linear Overbreak – Sloughage) 
introduced by Clark & Pakalnis (1997).  This parameter expresses the average 
depth of the volume of material associated with the collapse of the surface (wall) of 
a stope.  The concept of the ELOS parameter is shown in Figure 5.1-13.   

Figure 5.1-13: ELOS Concept 

  

For a given surface of a stope the ELOS is calculated using the equation: 

ELOS = Volume of sloughing or collapsing of a stope surface  (m)   
Surface Area 

 

The empirical dilution graph (Figure 5.1-13) correlates the ELOS calculated for 
stopes monitored for sloughing or collapsing with the Mathews stability graph 
modified by Potvin (1988).  From this graphic the ELOS in terms of the N (Stability 
Number) and the hydraulic radius (HR) of the surface being evaluated are 
calculated. 

An advantage of estimating the potential of sloughing of material in terms of the 
ELOS is that this parameter can be easily translated to an estimation of dilution.  
For example, an ELOS of 1.0 m in a tabular stope 5 m wide will result in a dilution of 
20% (1 m/5 m x 100). 

The results of applying the ELOS for the dimensions established (see Figure 5.1-8) 
are: 

·  For silicified rock walls with HR equal to 9 m the ELOS is 0.2; if a stope of 
average width 5 m is used the dilution expected is 4%.  For walls in argillaceous 
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rock with HR equal to 6 m an ELOS of 0.6 is expected; if a stope of 5 m width is 
used the dilution expected is 12%. 

·  For stopes with walls in argillaceous rock, the curve relates the expected dilution 
to the hydraulic radius, and indicates that for HR values higher than 8 m dilution 
levels higher than 15% are obtained. 

·  Hence, since walls in argillaceous rock are the most probable case for 
Guanaco, it is recommended that the design mining unit have an HR less than 6 
m for acceptable levels of dilution. 

d) Production Schedule 

The stope designs for Cachinalito Central, Cachinalito West, and Dumbo were 
based on SLS for the initial mine designs for the defined reserves.  

Because Cachinalito Central has the best tonnage and grade at a production rate of 
900 tpd, AMEC was requested to prepare the production plan using the following 
criteria: 

·  Cachinalito Central was to be divided into two zones to facilitate the Mining 
sequence and achieve 950 tpd to feed the plant.  

·  The plant will start operation in September 2011.  

With these criteria the production will be as shown in Table 5.1-3 and 5.1-4 and 
Figure 5.1-14.  Figure 5.1-15 shows how the plant feed will be smoothed using the 
stockpile.  The detailed production plan is provided in Appendix A. 

Table 5.1-3: Annual Underground Mine Production 

2010 2011 2012 2013 2014 2015 2016 Total

Cachinalito Central 11.740 150.455 180.000 180.000 180.000 68.809 771.004
Cachinalito West 2.700 86.425 88.633 90.000 90.000 73.314 431.072
Dumbo 37.345 88.430 90.000 90.000 4.288 310.063
Total Mine 11.740 153.155 303.770 357.063 360.000 248.809 77.602 1.512.139
Grades Au (g/t) 4,85 5,05 4,33 4,54 4,05 3,62 3,45 4,23

Ag (g/t) 5,94 4,40 3,91 4,57 3,48 3,77 2,69 3,94
Ounces Au 1.829 24.866 42.322 52.067 46.863 28.929 8.615 205.491

Ag 2.242 21.660 38.164 52.515 40.273 30.133 6.716 191.703

Annual Production Guanaco Mine
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Table 5.1-4: Underground Mine Production by Zone 

 

2010 2011 2012 2013 2014 2015 2016 Total
Cachinalito Central 100% 98% 59% 50% 50% 28% 51%
Cachinalito West 2% 28% 25% 25% 36% 94% 29%
Dumbo 12% 25% 25% 36% 6% 21%
Total Mine 100% 100% 100% 100% 100% 100% 100% 100%

Contribution by Zone

 

 

Figure 5.1-14: Underground Mine Production by Tonnage and Grade 
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Figure 5.1-15: Stockpile Management, Underground Mine Production and Plant 
Feed Rate 

Stockpile Management Graph
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Figures 5.1-16 to 5.1-19 show the overall layout and isometric views of the three 
mining zones.  

Figure 5.1-16: Cachinalito Central and West Plan View 

Cachinalito Central

Cachinalito Central W

Cachinalito Weste

Cachinalito Central

Cachinalito Central W

Cachinalito Weste
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Figure 5.1-17: Cachinalito Central Isometric View 

 

 

Figure 5.1-18: Cachinalito West Isometric View 
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Figure 5.1-19: Dumbo Isometric View 

  

 

5.1.6 Development Plan 

a) Mine Layout 

The development and preparation of the mine design are classified as horizontal or 
vertical, depending on the direction of advance. 

Horizontal Work, performed by drilling using a Jumbo will be carried out to develop 
and prepare the previously established mining units. 

Vertical Work, performed using a raise borer or VCR technique is used to provide 
ventilation in the working areas and a free face in the blocks to be mined. 

Operational characteristics of these two types of work: working areas, diameter of 
drilling, length of drilling, effective advances, number of shots per blast, and tonnage 
by shot are described. 
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Horizontal Work 

Access ramps to haulage levels 

These are designed with a constant slope equal to -12% and will be developed in 
waste with a minimum turning radius of 30 m.  They will provide access to the 
different levels in each blocks defined as a mining unit (see Figure 5.1-20).  

Area   : 4.2 m x 4.5 m 

Drill diameter  : 51 mm 

Drill length   : 3.90 m 

Effective advance  : 3.70 m 

Number of shots per blast : 44 holes 

Tonnage per blast  : 150 t. 

Figure 5.1-20: Typical Main Ramp Cross Section 
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Haulage levels 

The haul trucks will enter these levels to load the ore at the loading stations.  These 
are also developed in waste (see Figure 5.1-21). 
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Area   : 4.0 m x 4.0 m 

Drill diameter  : 51 mm 

Drill length   : 3.90 m 

Effective advance  : 3.70 m 

Number of shots per blast : 40 holes 

Tonnage per blast  : 130 t. 

 

Figure 5.1-21: Typical Haulage Level Cross Section (4.0 m x 4.0 m) 
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Preparation work 

This is at the base of the block to be mined and the drilling levels.  It is developed in 
ore. 

Area   : 4.0 m x 4.5 m 

Drill diameter  : 51 mm 

Drill length   : 3.90 m 

Effective advance  : 3.70 m 

Number of shots per blast : 40 holes 

Tonnage per shot  : 145 t. 

Main ramp and haulage level intersection 

The main design consideration is to facilitate the movement of equipment on the 
main access ramp.  The crossings are 20 m long and 4 m wide.  These points also 
serve as truck loading stations during ramp construction (see Figure 5.1-22).  

Figure 5.1-22: Typical Section of Intersection and Loading Station 

 

 

 

 

 

 

 

 

 

 

Vertical Work 
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Free face raise 

Each mining unit will have a raise in order to generate a free face. 

Area   : 2 m x 2 m 

Drill diameter  : 3½” 

Drill Length   : 16 m 

Number of shots per blast :  8 holes 

Tonnage per raise  : 160 t. 

Ventilation raise 

These raises will normally be built using a raise borer.  They will be 2.4 m diameter 
and the length will vary from 60 m to 150 m. 

Raise boring consists of drilling a pilot hole 10¾” in diameter, a reamer (assembly of 
drill bits in circular form) is then installed at the base and is rotated upwards to drill 
the raise.  This technique guarantees a safe and high quality operation and no 
explosives are used. 

b) Shelters and Emergency Exits 

Shelters 

Mobile double walled safety stations will be used in all mining areas (Cachinalito, 
West Cachinalito and Dumbo) with 48 hours autonomy and capacity for 8 to 12 
people.  The number of staff present in a given area will not exceed this number.  A 
typical shelter is shown in Figure 5.1-23. 

The main characteristics of these shelters are:  

·  Double wall and floor with fire resistant insulation  

·  Exterior/interior vision through a safety window in the main door. 

·  Three methods of oxygen supply: by a connection to the mine compressed air 
network; by an air purifier unit that eliminates CO2 and catalyzes CO reducing 
the generation of humidity and adding oxygen, and by supply of oxygen from 
chemical oxygen generators.  

·  Built on skids to facilitate movement and change of position. 
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Figure 5.1-23: Typical Shelter 

  

Emergency Exit 

The Cachinalito and West Cachinalito areas are inter-connected providing two 
accesses to the production areas.  Dumbo has been designed with two entrances. 

In areas where two access ramps are not available, stairs will be installed in the 
ventilation shafts. 

c) Development Plan 

The development plan is based on an advance of 300 m/month per Jumbo with 
multiple working faces and a maximum advance of 90 m/month per face.  The 
development plan uses as a basis a start date of February 2010 for construction of 
the Cachinalito Central ramp. 

Cachinalito Central is divided in to two zones (Central East and Central West) and is 
developed first because it is the zone that provides the most ounces of gold.  The 
next zone to be developed is Cachinalito West and then Dumbo.  

The mining sequence is summarized in Table 5.1-5.  This table includes 2,023 m of 
preparation in waste that will be done between February 2010 and the first half of 
2011.  The types of development are shown in Table 5.1-6.  Details of the 
development plan are provided in Appendix A.  
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Table 5.1-5: Mining Sequence 

Year Total 
Area 

2010 2011 2012 2013 (m) 

Central Cachinalito  1,417 2,052 - - 3,469 

West Cachinalito  - 1,376 967 - 2,433 

Dumbo - 30 1,737 50 1,817 

Preparation 635 1,388 - - 2,023 

Total Development 2,142 4,846 2,704 50 9,742 

 

Table 5.1-6: Types of Development 

Year Total 
Type of Development 

2010 2011 2012 2013 (m) 

Main Ramp 4.2 x 4.5  1,297 883 543 - 2,723 
Spiral ramp & others 4.0 x 
4.0    845  3,023 1,871 - 5,739 

Vertical Raise - 940 290 50 1,280 

Total Development 2,142 4,846 2,704 50 9,742 

 

5.1.7 Equipment 

The rate of mining required, the number of producing units, and the resources in 
each area define the equipment required for mining.  Given that the mining is based 
on narrow veins and that there are different extraction points, the equipment must 
be the smallest size possible, in order to guarantee the good performance. 

The following equipment will be required:   

·  Front-end loaders between 4 and 6 yd3 
·  Trucks between 10 and 17 m3 capacity. 
·  1 arm electro-hydraulic Jumbo (type H-104).  
·  Track Drill or Simba type drills. 

5.1.8 Infrastructure and Services inside the Mine 

a) Infrastructure 

The internal infrastructure at the Dumbo and Cachinalito areas consists of the 
development and preparation work for the exploitation of the ore. 

Access ramp:  This allows access to the different sub-levels of the mining units.  
The access ramp will have a cross section of 4.2 m x 4.5 m with a slope of -12%. 
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Production gallery:  Each mining unit has a level that receives the ore and 
connects with the production galleries (cross section 4.0 m x 4.0 m) by crossings 
that allow the recovery of the ore without danger to personnel and equipment (they 
do not enter the stope). 

Loading stations:  Trucks are loaded at these stations with the ore from the 
reception level of each mining unit.  The loading stations require an area of 6.0 m x 
5.0 m approximately every 100 m, depending on the optimum drifting distance for 
the loading and haul cycle.  

Ventilation raise:  This vertical work is required to provide a breathable 
environment at the points of operation of the mining units and the different 
production areas.  Harmful concentrations of gases and dust must not be allowed to 
build up, either as a result of blasting or from vehicle exhausts.  The raise diameter 
is 2.4 m and the drilling is done using a raise borer. 

Preparation work:  This work follows the mineralized structures and result in the 
drilling sublevels and base levels.  The construction is carried out in ore. 

Horizontal work (drilling sublevels and base level):  Have an area of 4.0 m x 4.0 
m.  The free face raises are also classified as preparation work, they are 2.0 m x 2.0 
m in cross section and serve the dual purpose of the providing access to the stoping 
area and allowing circulation of air through the different sublevels. 

b) Services 

The services required inside the mine for efficient production are described below. 

Ventilation  

The requirement for air for each production area (considering Cachinalito Central as 
two areas) with a maximum production of 500 tpd in any one area was estimated to 
be 78,000 cfm.  This will enter through the main ramp and intake shafts using 50 kW 
fans in series (forced intake) and will be extracted through the 2.4 m diameter 
exhaust shaft.  

The air will be forced from the ramp to the production areas (stopes) and extracted 
through the connections between the stope and the exhaust shaft which will take 
the used air to the surface. 

Ventilation will meet the standards specified in S.D. N°72, Mining Safety.  The flow 
required is calculated using standard values for the parameters of cubic meters of 
gases per kilogram of explosive, combustion by the equipment horsepower, for the 
maximum velocities allowed according to the type of work, and to provide fresh air 
to the personnel inside the mine.   

The ventilation systems in the three zones are shown in Figures 5.1- 24 to 5.1-26. 
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Figure 5.1-24: Ventilation Circuit - Central Cachinalito  

 

Figure 5.1-25: Ventilation Circuit - West Cachinalito 
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Figure 5.1-26: Ventilation Circuit - Dumbo 

 

 

 

Compressed Air 

The compressed air required for the drilling equipment, shotcrete equipment (if 
used), and other minor consumer is estimated to be 600 cfm.  This will be provided 
by mobile units located near to the consumers. 

Fire Detection and Suppression System 

A fire alarm procedure will be established by the operation that will be supported by 
the telecommunications system provided in the mine.  This procedure will regulate 
the exits, fan operation, rescue procedures, traffic on haul roads.  Fire extinguishers 
will be installed in all the mine facilities (substations, offices, shelters).  All 
equipment will be fitted with an automatic fire extinguishing system. 
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Water Supply 

The mine and the working face will be fitted with an industrial water supply system 
for drilling, shotcreting, and other tasks.  This will be a 110 mm HDPE piping system 
fed from 20 m3 tanks on the surface that will be filled by a water truck twice per day 
with water from the industrial water tanks located in the camp area.  The water 
supply is shown diagrammatically for the three mining areas in Figures 5.1-27 to 
5.2-29. 

The estimated industrial water consumption in the mine is shown in Table 5.1-7.  A 
flow of 0.2 L/s is required for the mine production. 

Figure 5.1-27: Industrial Water Distribution System - Cachinalito 
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Figure 5.1-28: Industrial Water Distribution System – Cachinalito West 
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Figure 5.1-29: Industrial Water Distribution System - Dumbo 
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Table 5.1-7: Consumption of Industrial Water 

Item Quantity 
(m3) 

Remarks 

Drilling 12 Semi-moist sweep 

Shotcrete 3 Possible use 

Irrigation/general use 2  

Total 17  

 

Electrical Supply 

Electrical power will be generated at each of the mines by generators (2 at 
Cachinalito, 1 at West Cachinalito, and 1 at Dumbo). 

The generators will be located on the surface close to the intake ventilation shafts.  
Power will be distributed via power distribution panel (PDP) that will feed the main 
ventilation fan on the surface and PDPs inside the mine in the access to the stopes.  
The single line diagram is shown in Figure 5.1-30.  The main consumers are the 
electro-hydraulic drilling equipment and the compressors.  The cable feeding the 
PDPs will be armoured, non-combustible Freetox type cable and will be suspended 
along the sides of the ramp and the haulage galleries.   

The estimated electrical demand is shown in Table 5.1-8. 

Table 5.1-8: Electrical Demand 

Equipment Quantity 
Equipment 

Power 

(kW) 

Power 
Factor 

Total Power 
(kVA) 

Load 
Demand 

(kVA) 

Fluorescent Lighting (40 W) 50 0.04 0.95 2.1 2.1 

One Arm Jumbo 1 120 0.85 141.2 120.0 

Ancillary Fans 2 45 0.75 120.0 102.0 

Surface Main Fan 1 40 0.85 47.1 40.0 

Compressor 1 100 0.85 117.6 100.0 

Drilling Equipment 1 50 0.85 58.8 50.0 

TOTAL    486.8 414.1 
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Figure 5.1-30: Single Line Diagram of the Power Distribution System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1.9 Surface Facilities 

The majority of offices and general services will be located on the surface to allow 
centralization of these activities.  The location of the three deposits facilitates this 
plan.  

The main warehouses and material storage areas will be on the surface and the 
materials will be transported to the mine using pick-up trucks, trucks, or other 
equipment as required.  There is a large, existing explosives magazine which has 
the necessary approvals. 
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5.1.10 Operations 

GCM Staff 

GCM will contract out the underground and open pit mining.  GCM’s own staff will 
be responsible for management, planning, and control of the operation. 

Contractors 

GCM will contract the pre-production and production work to contractors specialized 
in the construction of tunnels, underground work, and earthmoving, companies from 
Region II will be given preference. 

Each contractor will be responsible for obtaining all the permits and authorizations 
required for the contract, in particular in those related to storage and handling of 
explosives, work procedures, and industrial hygiene. 

5.1.11 Underground Mining Cost 

 
Breakdown between CAPEX and OPEX 

The total development required for the underground mine sectors is shown in Table 
5.1-9.  Development for initial and ongoing mine access (total 7,504 m) was 
classified as Capex.  The remaining 12,215 m are stope preparation, classified as 
Opex, as shown in Table 5.1-10. 

Table 5.1-9: Total Guanaco Underground Mine Development 

 
Year 

2010 2011 2012 2013 
Total 

Sector 

m m m m m 

Cachinalito Central 2,765 6,257 0 0 9,022 

Cachinalito West 90 1,916 3,608 790 6,404 

Dumbo 0 30 3,356 907 4,293 

Total Mine 2,855 8,203 6,964 1,697 19,719 
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Table 5.1-10: Capex and Opex Underground Mine Development 

Type of Development Capex/Opex 
Total 
(m) 

2010 
(m) 

2011 
(m) 

2012 
(m) 

2013 
(m) 

Vertical development  Capex 1,280 0 940 290 50 
Ramp development Capex 6,224 1,432 2,488 2,304 0 
Subtotal Capex    7,504 1,432 3,428 2,594 50 
Mine preparation in waste Opex 5,973 695 2,244 2,324 710 

Mine preparation in ore Opex 6,242 728 2,531 2,046 937 

Subtotal Opex   12,215 1,423 4,775 4,370 1,647 

Total Mine Development   19,719 2,855 8,203 6,964 1,697 
 
 

Mine CAPEX  

The build up of the underground mine capital costs are shown in Table 5.1-11. 

Table 5.1-11: Underground Mine Capex Cost 

 

Item 
Total 

(US$ ,000) 
2010 

(US$ ,000) 
2011 

(US$ ,000) 
2012 

(US$ ,000) 
2013 

(US$ ,000) 

Development 16,459 3,795 8,067 4,516 81 
Contractor Installations 660 220 440  -  - 
Diesel Generators 825 275 550  -  - 
Electric Infrastructure 700 200 500  -  - 
Portal 450 150 300  -  - 
Fans and ventilation equipment 160 80 80  - -  
Total CAPEX 19,254 4,720 9,937 4,516 81 

 
 

Mine OPEX 

LABOUR  

 
It is estimated that the underground contractor will have 84 operating personnel for 
preparation, development, benching, and ore haulage to the crusher.  It is assumed 
that there will be two shifts per day and that four operating teams will cover the 
continuous operation of the underground mine.  The contractor will also have 24 
administrative personnel working five days per week.  Table 5.1-12 shows the 
contractor´s estimated labour cost.  The total labour cost is shown in Table 5.1-13.  
GCM will provide food and lodging at a cost of US$20 per person per day on site.  
This cost is included in the general expense item. 
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Table 5.1-12: UG Contractor’s Labour Cost 

 

Position People 
per shift 

Work  
force 

Monthly 
Cost per 
person 
(US$) 

Total 
Monthly 

Cost 
(US$) 

Operating Personnel 

Loader Operator 2 8 1,800 14,400 

Truck Driver 4 16 1,800 28,800 

Mechanic 1 2 8 2,000 16,000 

Miner 1 3 12 1,500 18,000 

Electrician 1 4 2,400 9,600 

Mechanic 2 3 12 1,400 16,800 

Miner 2 4 16 1,400 22,400 

Jumbo Operator 2 8 2,000 16,000 

Subtotal  84 84 142,000 
Administrative Personnel 

Manager 1 1 8,000 8,000 

Safety 1 1 4,000 4,000 

Operations Foreman 1 2 5,000 10,000 

Shift Boss 2 8 3,600 28,800 

Statistician 1 1 2,000 2,000 

Maintenance Foreman 1 1 4,000 4,000 

Surveyor 1 2 2,400 4,800 

Help 1 2 1,100 2,200 

Warehouseman 2 4 1,400 5,600 

Drivers 1 2 1,400 2,800 

Subtotal   24 4 72,200 

Total Contractor  108  214,200 

Profit (15%)    32,130 

Total Contractor Cost    246,330 

 
 
 

Table 5.1-13: Total UG Mine Labour Cost 

 
Year 

Cost Item Unit 
2010 2011 2012 2013 2014 2015 2016 

Labour Cost KUS$ 655 2,619 2,619 2,619 2,619 1,746 655 
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PREPARATION COSTS 

The total preparation cost is shown in Table 5.1-14. 

Table 5.1-14: Total UG Mine Preparation Expense 

 
Year 

Item Unit 
2010 2011 2012 2013 2014 2015 2016 

Preparation 
Expense 

KUS$ 2,175 6,250 5,306 1,293 - - - 

 
 

BENCHING COSTS 

The total benching cost is shown in Table 5.1-15. 

Table 5.1-15: Total UG Mine Benching Cost 

 
 
 
 
 
 

 

TOTAL UG MINE OPERATING COST 

The total UG mine cost is shown in Table 5.1-16 

Table 5.1-16: Total UG Mine Operating Cost 

 
 
 
 
 
 
 
 

 

Year 
Cost Item Unit 

2010 2011 2012 2013 2014 2015 2016 

Benching KUS$ - 223 2,358 3,508 4,010 2,771 864 

Year 
Expense Item Unit 

2010 2011 2012 2013 2014 2015 2016 

Labour  KUS$ 655 2,619 2,619 2,619 2,619 1,746 655 

Preparation KUS$ 2,175 6,250 5,306 1,293 - - - 

Benching KUS$ - 223 2,358 3,508 4,010 2,771 864 

Total KUS$ 2,830 9,092 10,283 7,420 6,629 4,518 1,519 
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5.1.12 Grade Control 

The Production Geology group will be in charge of controlling the quality of the ore 
to be extracted by different mining methods (both underground and open pit) 
emphasizing control of the grade (gold-silver) and the geometallurgical 
characteristics of the ore (impurities that could affect processing).   

The process of quality control of the ore is performed by the Production Geologists, 
Technical Assistants, and Production Control Technicians, and can be split into five 
stages: obtaining geological information, information processing, support to 
production (mine and plant), dilution control, and conciliation of grades as shown in 
Figure 5.1-31 and described below. 

Figure 5.1-31: Production Geology 

 

Acquisition of Geological Information:  Obtaining all possible geological 
information, by means of mapping and sampling of the heading faces in the mine in 
order to geologically characterize the deposit and know the gold and silver contents 
of the different mineralized bodies (veins). 

Processing of the information:  Information is saved, organized, and processed in 
databases for easy retrieval when needed.  The information is interpreted and 
analyzed and will be the basis for supporting production, in the mine and in the 
plant.  The main work in this stage is oriented to the interpretation of geological 
plans and sections (geological modeling), preparation of the short term resource 
models, design of solids and polygons of ore, and grade estimation. 
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Support to Production:  By timely delivery of the geological and grade information 
the mining group can develop a good plan for mining.  There are also specific daily 
support tasks: destination of mined material, bearing of headings (drifts); marking of 
veins, and grade assignments.  For the process plant support mainly consists of the 
metallurgical characterization of the minerals to be processed (identification of 
impurities that could affect processing). 

Control of Dilution:  Control of ore dilution is fundamental in accomplishing 
production program.  The ideal is to extract the ore with the least possible 
contamination with waste.  In order to achieve this specific tasks include: control of 
the angle of shot drilling, checking the stope faces after blasting (quality of blasting), 
control of loading and hauling, control of ore in the stockpile, and control of mixing of 
the ore fed to the plant. 

Conciliation of Grades:  In general this consists of comparing the planned grades 
and the actual grades.  The most common conciliations are:  deposit model vs 
extracted from the mine, and extracted from the mine vs processed in the plant. 

5.1.13 Plant Feed  

The plan is to feed between 950 and 1,000 tpd of ore to the crushing plant from 
underground.  Table 5.1-17 summarizes the plant feed schedule.  The detail plan is 
provided in Appendix A. 

Table 5.1-17: Plant Feed Schedule 

Year Tonnes 
Au  

(g/t) 

Ag 

(g/t) 
Oz Au Oz Ag 

2011 115,900 4.99 4.45 18,577 16,564 

2012 347,700 4.44 4.01 49,663 44,774 

2013 351,350 4.54 4.57 51,237 51,665 

2014 365.000 4.06 3.50 47,620 41,044 

2015 254,587 3.64 3.78 29,780 30,940 

2016 77,692 3.45 2.69 8,615 6,716 

TOTAL 1,512,139 4.23 3.94 205,491 191,703 

 

5.1.14 Reserves 

GCM has underground reserves of 241,743 oz of gold, mainly from the Cachinalito 
Central mine.  The reserves are summarized in Table 5.1-18.  For design purposes 
it was assumed that there would be a recovery of 85% (losses in pillars and floors).  
This recovery should improve when the drifts are opened and better information is 
available and pillars can be left in waste or in low grade ore. 
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Table 5.1-18: Underground Reserves 

Grade  

(g/t) 

Ounces 

Area 

Au Ag 

Tonnes 

Au Ag 

Cachinalito Central 5.10 3.35 770,976 126,342 83,054 

Cachinalito West 3.10 3.09 431,100 42,973 42,857 

Dumbo West 3.63 6.60 310,063 36,176 65,792 

Total 4.23 3.94 1,512,139 205,491 191,703 

 

5.1.15  Conclusions 

·  Each zone in the mine will be operated independently (as recommended by 
AMEC), this implies that each zone will have its own production equipment and 
ventilation circuit. 

·   The development and production plan prepared by AMEC targets the best 
mining zone in terms of ounces of gold (Cachinalito Central) at the earliest 
possible time. 

·  The production plan prepared by AMEC starts in the Cachinalito Central zone in 
the first year because this is the best area for gold and silver and gives the best 
financial results.  

·  GCM and AMEC selected Sublevel Stoping (SLS) as the best mining method for 
the geotechnical conditions and geometry of the orebodies. 

·  AMEC recommends SLS as the mining method because it is mass mining 
method that will increase the productivity of the mine.  

·  It is considered that the design recovery of 85% from the stopes can be 
improved once the drifts are opened in 2010 and the stopes can be redesigned 
so that the pillars are in waste or low grade ore.  

5.1.16 Recommendations 

·  AMEC recommends that the design and sizes of the stopes be reviewed as it 
may be possible to improve the geometry (the design was reduced by 15% for 
scheduling). 

·  AMEC recommended and GCM is developing an exploration ramp in 2010 in 
the Cachinalito Central area which consists of three drifts (two in Cachinalito 
Central and one in an area of Cachinalito high grade) to collect more information 
to be used in stope design.   
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5.2 Open Pit Mining 

5.2.1 Mineral Reserves 

This section reviews the methodology that was used to develop the feasibility level 
mineral reserve estimate, open pit volumes and tonnages, mine design, and 
production schedules for the GCM Defensa and Perseverancia open pit expansion 
designs. 

The Guanaco mine was previously operated with a heap leach pad that contains 
partially leached material.  Due to constraints for new leach pad areas and positive 
recovery testwork on the partially leached ore, some of the old heap leach material 
will be removed from the pad, re-crushed, and placed on the new pad for re-
leaching.  The old area is called the Phase II heap and the new area is called the 
Phase III heap.  The Phase I and Phase II heaps were modelled and classified as a 
resource by Eduardo Magri Consultores in 2007 and verified by AMEC.  This 
material is included in the reserve statement. 

The GCM Guanaco property open pit reserve statement is based on the block 
models developed by GCM and verified by AMEC as described in the report.  Three 
block models were developed by GCM for the proposed Defensa, Perseverancia, 
and Dumbo open pit areas, however, it was determined that only the Defensa and 
Perseverancia areas would be mined by open pit methods and the Dumbo deposit 
would be mined by underground methods (as described in Section 5.1). 

In March, 2010 AMEC used four software programs to complete the mineral reserve 
determination and financial cost model estimate for the GCM open pit operations.  
The pit optimizations were performed using the Lerchs-Grossman algorithm 
included in the Whittle® FX software which is considered a standard within the 
mining industry.  MineSight® was used to develop the mine designs for the Defensa 
and Perseverancia pits.  Gemcom MineSched was used to complete the ore and 
waste production scheduling for the two open pits and the existing heap leach 
(Phases I and II).  The Runge Xeras program was used to develop the financial 
estimates for the operating designs.  Upon completion of the financial model (based 
on equipment purchase and the use of GCM manpower) GCM decided to mine the 
open pit deposits using contract labour and equipment.  The financial model was 
modified accordingly. 

AMEC determined that the deposit has a reasonable prospect of economic 
exploitation by applying preliminary economics for open pit mining methods to the 
open pit mine designs which were developed using documented design criteria.  
The mining and process costs and process recoveries were estimated from 
historical Guanaco mine processing data, studies of similar projects in Chile and 
testwork information provided by the GCM.  AMEC only considered mineralization 
that was classified as Measured and Indicated for the proposed open pit mining 
areas and the existing leach pads (see the summary in Table 5.2-2). 
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AMEC determined that the Defensa, Perseverancia, and Phases I and II heap leach 
pads contain a combined, estimated probable mineral reserve of 9,026 kt of ore with 
a grade of 0.62 g/t Au and 3.18 g/t silver and contain an estimated 178,658 oz of 
gold and 925,267 oz of silver as indicated in Tables 5.2-1.  There is an estimated 3 
million t of waste resulting in a strip ratio of 0.34. 

Table 5.2-1: Probable Mineral Reserve (Effective Date July 21, 2010, 
Douglas Chapman, P.E.) 

Area Category 
Tonnage 

(kt) 
Au 

(g/t) 
Ag 

(g/t) 
Au Metal 

(oz) 

Silver 
Metal 
(oz) 

Defensa Probable 322 1.37 10.65 14,192 110,256 

Perseverancia Probable 370 1.57 8.63 18,717 102,662 

Phase I Heap Probable 3,898 0.51 2.77 64,159 347,152 

Phase II Heap Probable 4,437 0.57 2.56 81,590 365,197 

TOTAL  9,026 0.62 3.18 178,658 925,267 
Notes: 1. Rounding as required by reporting guidelines may result in apparent summation 

differences between tonnes, grade, and contained metal. 
2. Tonnage and grade measurements are in metric units. Gold ounces are reported as 

troy ounces. 

5.2.2 Open Pit Optimization 

The pit optimization was completed by using a Lerchs–Grossman developed pit 
shell that considered only Measured and Indicated mineral resource classifications.  
An economic evaluation equivalent to an NPV calculation for a multi-element 
deposit was used for the pit optimization.  Mineral Reserves were estimated using a 
base case of US$825/oz Au and US$12.50/oz Ag.  The pit optimization design 
parameters used for the estimate are presented in Table 5.2-2. 

In accordance with the guidelines of NI 43-101 on Standards of Disclosure for 
Mineral Projects, only those blocks classified as Measured and Indicated are 
allowed to drive the pit optimization for a feasibility level study.  Inferred resource 
blocks are assumed to have no economic value and are considered waste. 
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Table 5.2-2: Optimization Design Parameters 

Design Criteria Units Defensa Perseverancia Source 

Base Mining Cost Estimate US$/t 2.50 2.50 G 

Vertical Mining Adjustment Cost (Up)  US$/t 0.007 0.007 G 

Vertical Mining Adjustment Cost (Down) US$/t 0.009 0.009 A 

Dilution (%) % 15.00 15.00 A 

Processing 

Oxide Processing & Admin Cost US$/t 8.00 8.00 G 

Sulphide Processing & Admin Cost US$/t 8.00 8.00 G 

Oxide Density g/cc 2.5 2.5 G 

Sulphide Density g/cc 2.5 2.5 G 

Oxide Au Recovery (mine ore) % 60.0 60.0 G 

Sulphide Au Recovery (mine ore) % 60.0 60.0 G 

Oxide Au Recovery (leach pad material) % 46.0 46.0 G 

Sulphide Au Recovery (leach pad material) % 46.0 46.0 G 

Oxide Ag Recovery (mine ore) % 40.0 40.0 G 

Sulphide Ag Recovery (mine ore) % 40.0 40.0 G 

Oxide Ag Recovery (leach pad material) % 30.0 30.0 G 

Sulphide Ag Recovery (leach pad material) % 30.0 30.0 G 

Au Selling Cost US$/oz 3.00 3.00 G 

Ag Selling Cost US$/oz - - G 

Au Price US$/oz 825.00 825.00 G 

Ag Price US$/oz 12.50 12.50 G 

Heap Leach Capacity tpd 4,000 4,000 G 

Maximum benches mined per year  10 10 A 

Source Codes: I = Ingeroc (Slope Stability Study GCM Mine) 
 A = AMEC  
 G = GCM. 

5.2.3 Grade 

The gold grade and silver grade incorporated into the block model were used for the 
pit optimization and to calculate the Mineral Reserve. 

5.2.4 Open Pit Geotechnical Considerations  

The pit design slope angle parameters were based on historical performance and 
design criteria recommendations obtained from extensive field mapping and core 
logging completed by Ingeniería de Rocas Ltda. (Ingeroc) in October 1994.  The pit 
slope angles recommended by Ingeroc were based on industry standard practices 
and have proven to be acceptable by the stability reflected in the walls of the 
historical mining areas of the existing GCM open pits.  These values have been 
summarized and presented in Table 5.2-3.   
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A complete description of the slope stability analysis performed by Ingeroc is 
presented in the report, Informe Final – Estudio de Estabilidad de Taludes Mina 
GCM, prepared for Compañía Minera AMAX GCM, dated October 1994 and 
included in Appendix A. 

Table 5.2-3: Pit Slope Angle Design Parameters 

From Azimuth To Azimuth Recommended Overall 
Slope Angle 

60 149 54 

149 190 46 

190 221 48 

221 263 52 

263 288 51 

288 311 56 

311 346 53 

346 60 49 

 

Considering the location of the recommended slope angles and the mined out areas 
of the GCM pits, a variable overall slope angle was used as a slope design 
constraint for the pit expansion areas.  The slope angles utilized in the Whittle block 
model (addressed by block) for the Perseverancia and Defensa pits are listed in 
Tables 5.2-4 and 5.2-5. 

Table 5.2-4: Whittle Perseverancia Pit Slope Angle Design Parameters 

X Y Z º 

1 423 98 252 53 92 30 

1 423 98 252 1 52 40 

1 237 1 97 53 92 30 

1 237 1 97 1 52 40 

238 373 1 97 1 92 40 

374 423 1 97 53 92 30 

374 423 1 97 1 52 40 

 

Table 5.2-5: Whittle Defensa Pit Slope Angle Design Parameters 

X Y Z º 

1 332 73 200 1 120 34 

1 121 1 72 1 120 30 

122 155 51 72 1 120 30 

122 155 1 50 1 120 30 

156 332 1 72 1 120 30 
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5.2.5 Vertical Mining Adjustment 

During the optimization process a small factor was included in the calculation to 
account for added costs incurred for mining at higher (US$0.007/t) and lower 
(US$0.009/t) elevations compared to the base case.  This value was estimated by 
AMEC and based on recommended truck performance and operating costs. 

5.2.6 Dilution 

A dilution factor of 15% was used for the pit optimization - this value was provided 
by GCM.  This is considered reasonable for the 5 m benches in the proposed mine 
design.  This has the effect of increasing the processed tonnage by 15% with a 
similarly reduced overall Au and Ag grade. 

5.2.7 Processing Costs, Densities, and Recoveries 

The values used in the pit optimization for the cost of processing material and the 
percent recovery for the various material types were all provided by GCM and are 
based on metallurgical bench test data and estimates.  The initial recovery values 
for the open pit operations were estimated at 69%, however over time more 
accurate data became available and GCM revised this value down to 60%.  Initial 
analysis of this indicates this will not have a negative impact on the project as the 
US$825/oz Au price used for the estimation is considerably lower than 
recommended for this level of study.  The Whittle model was not re-run; however 
the financial model was updated to account for the 60% recovery for the Defensa 
and Perseverancia open pit areas.  It is recommended that the processing costs be 
reviewed and refined and incorporated into a new Whittle pit design.  The material 
density of 2.4 for ore and waste used in the Whittle pit optimization was referenced 
from the June 1994 Resource Estimation Study for the GCM Mine completed by 
Harry Parker.  Near the end of the study and up dated density value of 2.5 for ore 
material was provided by GCM.  The Whittle pit optimization was not fully re-run, 
however a comparative analysis of how this value change impacts the Whittle pit 
shell was completed.  The results revealed a 1.2% increase in total tonnage for the 
Defensa pit and 2.2 increases in total tonnage for the Perseverancia pit.  In detail for 
the Defensa pit, the increase in minable ore tonnages increased 1.1%, the Au grade 
increased from 1.34 to 1.35 g/tonne, the Ag grade increased from 12.64 to 12.84 
g/tonne and the waste tonnes increased by 2.9%.  In detail for the Perseverancia 
pit, the increase in minable ore tonnes increased 2.2%, the Au grade decreased 
from 1.66 to 1.65 g/tonne, the Ag grade remained the same at 9.28 g/tonne and the 
waste tonnes increased by 2.8%  
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5.2.8 Open Pit Material Selling Cost and Precious Metal Price 

The economic evaluation parameters for the Whittle pit optimization used the 
following information provided by GCM:  

a) The selling cost of US$3.00 per ounce of Au was based on historical 
information. This value was revised with updated information for the financial 
model and is now considered to be $3.30.  

b) The precious metal price used for the Whittle pit resource estimation was 
US$825.00 per ounce of Au and US$12.50 per ounce of Ag. These values were 
chosen by AMEC and are based on long term industry guidelines in early 2010.  
However, these values were updated for the financial model to US$1,000/oz for 
Au and US$16.00/oz for Ag, based on current estimates.  It is recommended 
that these prices be reviewed again and that the pit tonnages be re-estimated 
taking into account the recent increase in precious metal values. 

5.2.9 Cut-off Grade  

The cut-off grade used for the open pit Mineral Resource calculation was based on 
the following cash flow variables and equations: 

·  Au Price = US$825.00/oz 
·  Ag Price = US$12.50/oz 
·  Au Recovery = 69% 
·  Ag Recovery = 40% 
·  Cost of Processing = US$8.00/t 
·  Cost of Sales = US$3.00/oz 
·  Dilution = 15% (1.15) 
·  Volume = 2.5*2.5*2.5 = 15.625 
·  Revenue = (Density x Topo % x Volume x Au grade x Recovery/31.1035) x (Au 

Price – Cost of Sales) + (Density x Topo % x Volume x Ag grade x Recovery  
1.1035) x Ag Price 

·  Cost = Cost of Processing x Dilution x Density x Topo % x Volume 

If Revenue �  Cost, then the block is ore, otherwise the block is considered waste. 

5.2.10 Pit Optimization Results  

AMEC considers that the technical and financial parameters used for the pit 
optimization process are reasonable; however the gold and silver prices used for 
the initial evaluation are low compared to prices currently being used in the industry 
to state Mineral Resources and should be reviewed.  AMEC also recommends 
revising the process recovery values, cost of sales values, and cut-off grade 
calculations and re-calculating an optimized pit shell.  The base case pit shell was 
generated using the design parameters outlined above and provided the results 
shown in Table 5.2-6 for the two pits.   
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Graphical representations of the available ore are provided in Figures 5.2-1 for the 
Defensa pit and in Figure 5.2-2 for the Perseverancia pit. 

Table 5.2-6: Pit Optimization Resource Summary Results 

 Ore  

(t) 

Au  

(g/t) 

Ag  

(g/t) 

Waste  

(t) 

Total  

(t) 

Defensa 440,000 1.34 12.64 1,684,000 2,124,000 

Perseverancia 450,000 1.66 9.282 1,790,000 2,240,000 

TOTAL 890,000 1.505 10.94 3,474,000 4,364,000 

  

Figure 5.2-1: Defensa Pit Whittle Results 
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Figure 5.2-2: Perseverancia Pit Whittle Results 

  

 

5.2.11 Sensitivity Analysis  

In order to estimate the tolerance of the Whittle pit optimization results to economic 
and design factors a series of sensitivity analyses were completed on the Defensa 
and Perseverancia pits by increasing and decreasing mining costs, Au metal price, 
processing costs, and overall pit slope angle to determine if the project economics 
and slope design were critically sensitive to minor fluctuations in these factors.  The 
pit optimization and sensitivity results using the preliminary financial assumptions 
are provided in Tables 5.2-7 and 5.2-8 and in Figures 5.2-1 through 5.2-8 for the 
Defensa and Perseverancia pits individually.  The results indicate that there is little 
variance shown by the open pit designs with respect to increased mining cost 
(which may occur), however there are substantial gains indicated with reduced 
processing costs and increased gold cost (also likely to occur). 
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Table 5.2-7: Sensitivity Results – Defensa Pit 

 Unit Value Variance Heap 
Leach 

Ore 

(t) 

Waste 

(t) 
Heap 
Leach 

Au 

Heap 
Leach 

Ag 

Cash 
Flow 

(US$) 

Base Case - - - 440,000 1,684,000 1.34 12.6358 2,124,000 

Mining Cost US$/t 2.25 -10% 472,000 1,870,000 1.34 13.0524 2,342,000 

Mining Cost US$/t 2.75 +10% 396,000 1,390,000 1.33 12.7594 1,786,000 

Processing Cost US$/t ore 7.20 -10% 461,000 1,750,000 1.32 12.6868 2,211,000 

Processing Cost US$/t ore 8.80 +10% 415,000 1,627,000 1.37 12.8001 2,402,000 

Metal Price Au US$/oz Au 743 -10% 372,000 1,338,000 1.36 12.8714 1,710,000 

Metal Price Au US$/oz Au 908 +10% 491,000 1,919,000 1.32 12.9559 2,410,000 

Slope Angle ë - - 4 258,000 797,000 1.19 13.2095 1,055,000 

Slope Angle ë - + 4 501,000 1,586,000 1.38 13.0056 2,087,000 

 

Figure 5.2-3: Defensa Pit Mining Cost Sensitivity 
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Figure 5.2-4: Defensa Pit Processing Cost Sensitivity 
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Figure 5.2-5: Defensa Pit Metal Price Sensitivity 
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Figure 5.2-6: Defensa Pit Slope Angle Sensitivity 
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Table 5.2-8: Sensitivity Results – Perseverancia Pit 

 Unit Value Variance Heap 
Leach 

Ore 
(t) 

Waste 
(t) 

Heap 
Leach 

Au 

Heap 
Leach 

Ag 

Cash 
Flow 
(US$) 

Base Case - - - 450,000 1,790,000 1.66 9.2816 2,240,000 

Mining Cost US$/t 2.25 -10% 486,000 2,000,000 1.63 9.3554 2,486,000 

Mining Cost US$/t 2.75 +10% 416,000 1,598,000 1.69 9.2435 2,014,000 

Processing Cost US$/t ore 7.20 -10% 484,000 1,865,000 1.60 9.1394 2,349,000 

Processing Cost US$/t ore 8.80 +10% 423,000 1,741,000 1.72 9.3099 2,164,000 

Metal Price Au US$/oz Au 743 -10% 350,000 1,249,000 1.75 9.5892 1,599,000 

Metal Price Au US$/oz Au 908 +10% 508,000 2,029,000 1.59 9.2467 2,537,000 

Slope Angle ë - - 4 327,000 1,293,000 1.65 9.52 1,620,000 

Slope Angle ë - + 4 538,000 1,853,000 1.61 9.8148 2,391,000 
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Figure 5.2-7: Perseverancia Pit Mining Cost Sensitivity 
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Figure 5.2-8: Perseverancia Pit Processing Cost Sensitivity 
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Figure 5.2-9: Perseverancia Pit Metal Price Sensitivity 
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Figure 5.2-10: Perseverancia Pit Slope Angle Sensitivity  
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5.2.12 Mine Design 

The pit optimization indicated that there was a large amount of ore grade material 
surrounding the west side of the old workings of the Defensa pit, and to the north 
and below the old Perseverancia pit as indicated in Figures 5.2-1 and 5.2-2.  The pit 
design process concentrated on maximizing the tonnage from these areas, however 
due to the existing haulage road in the Perseverancia pit and the existing access 
road to the crusher, the pit design left a sizable amount of the ore in place, as 
indicated in Figures 5.2-11 through 5.2-14 for the Defensa pit and Figures 5.2-15 
through 5.2-18 for the Perseverancia pit.  It is recommended that a pit optimization 
be carried out after the process costs and metal sales prices are verified, and that a 
new mine design be developed considering moving the current crusher access 
road. 

The ultimate pit designs were developed using recommended parameters provided 
by GCM and based on equipment recommendations also provided by GCM.  Both 
pit designs included set infrastructure dimensions necessary for pit operation such 
as bench height, haul road width and grade, catch bench width, and pit slope angles 
as indicated below.  
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Bench height    = 5 m  

Minimum catch bench width = 2.6 m 

Haul road width   = 10 m 

Maximum ramp grade  = 10 % 

Minimum mining width  = 15 m 

Bench Face Angle (hard rock) = 75ë 

Bench Face Angle (leach material) = 26ë 

Inter-Ramp Slope Angle  = 52ë 

Waste Dump Face Angle  = 37ë 

The area of the old Phase II heap leach is shown before and after mining along with 
the new Phase III heap leach in Figures 5.2-19 and 5.2-20.  

Figure 5.2-11: Defensa Pit Design Plan View 
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Figure 5.2-12: Defensa Pit Design 3D View 

  

Figure 5.2-13: Defensa Whittle Resource/Pit Design Comparison 
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Figure 5.2-14: Defensa Whittle Resource/Pit Design Cross Section 

  

Figure 5.2-15: Perseverancia Pit Design Plan View 
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Figure 5.2-16: Perseverancia Pit Design 3D View 

 

 

Figure 5.2-17: Perseverancia Whittle Resource/Pit Design Comparison 
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Figure 5.2-18: Perseverancia Whittle Resource/Pit Design Cross Section 

  

Figure 5.2-19: Current Phase I and II Leach Pads and Proposed Phase III Leach 
Pad 
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Figure 5.2-20: Post-Mining Phase I and II Leach Pads and Completed Phase III 
Leach Pad  

  

 

5.2.13 Dilution 

Mining dilution encountered during the mining process is generally defined as the 
amount of waste that is delivered to the process operation as a result of over mining 
of the ore/waste contacts during the mining process and is an inherent factor that is 
a result of the blasthole drill spacing, movement during the blasting process, 
determination of post-blast ore/waste contacts, and equipment selective mining 
ability.  For both the Defensa and Perseverancia open pits this value was provided 
by GCM as 15%, which is a reasonable assumption for the low 5 m bench height 
and the narrow burden and spacing dimensions of the blast pattern.  The amount of 
ore being sent to the mill was therefore increased by 15% and the grade was 
reduced accordingly.  

5.2.14 Haul Road Design 

Haul roads and in-pit ramps for both the open pits and the Phase II heap leach 
mining area were designed at a maximum 10% gradient and 10 m width, based on 
approximately four times the width of a 20 m3 25 t commercial dump truck 
(approximate width 2.5 m).  This will provide sufficient room for two-way road traffic 
and also includes an allowance for a drainage ditch and safety berm.  A typical haul 
road cross section is presented in Figure 5.2-21. 
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Figure 5.2-21: Typical Haul Road Cross Section 

 

 

 

5.2.15 Mineral Reserve Results 

The final pit expansion designs utilized the MineSight software program and the 
design criteria and details listed in this section to develop the mine design and 
determine the Mineral Reserves. 

The excavation design and Mineral Reserves for the Phase I and II heap leach pads 
were also determined using MineSight and similar operational constraints such as a 
10 m wide haul road, maximum 10% gradient and 5 m working bench height.  The 
bench face slope angle was reduced for this area because of the angle of repose of 
the fine, previously crushed material.  It was determined that an angle of 26ë was 
suitable for this area. 

The leach operation is based on a design tonnage of 4,000 tpd of ore being fed to 
the crushing plant from the two open pits and the old leach pads for loading on the 
new Phase III leach pad.  The controlling production constraint for the operation is 
the old Phase II heap leach which has been scheduled to provide approximately 
75% of the total estimated 4,000 tpd of ore sent to the new leach pad.  The open pit 
expansion areas are therefore scheduled to provide approximately 800 tpd of ore. 
After the ore from the pits is depleted, the old leach pads, Phase II and later 
Phase I, provide the entire 4,000 tpd to the crushing plant. 

SB : SAFETY BERM : 2.0 m 
STB : SPACE BETWEEN TRUCK AND SAFETY BERM : 0.5 m 
TW : TRUCK WIDTH : 2.5 m 
ST : SPACE BETWEEN TRUCKS : 1.0 m 
STD : SPACE BETWEEN TRUCK AND DITCH : 0.5 m 
DW : DITCH WIDTH : 1.0 m 
RW : RAMP WIDTH : 10.0 m 
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TW ST TW 
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The Mineral Reserves for the Defensa and Perseverancia pit expansions were 
shown in Table 5.2-2.  

A comparison between the pit optimization and the pit design, ore and waste 
tonnages and grade, is shown in Table 5.2-9.  For all pit designs there are 
differences in the quantities contained in the final design pit compared to the 
optimized pit shells.  These typically vary by 10% to 15% but this variance can be 
higher if the size of the pit is relatively small, which is the case with Defensa and 
Perseverancia. 

Table 5.2-9: Pit Optimization/Pit Design Comparison 

Area Ore  

(t) 

Au 
(g/t) 

Ag  

(g/t) 

Waste  

(t) 

Total  

(t) 

Pit Optimization Results 

Defensa 440,000 1.34 12.64 1,684,000 2,124,000 

Perseverancia 450,000 1.66 9.28 1,790,000 2,240,000 

TOTAL 890,000 1.50 10.94 3,474,000 4,364,000 

Pit Design Results 

Defensa 322,206 1.37 10.65 1,241,617 1,563,823 

Perseverancia 370,800 1.57 8.63 1,791,175 2,161,975 

TOTAL 693,006 1.48 9.57 3,032,792 3,725,798 

Pit Optimization/Pit Design Variance 

Defensa -117,794 0.03 -1.99 -442,383 -560,177 

Perseverancia -79,200 -0.09 -0.65 1,175 -78,025 

Total -196,994 -0.02 -1.45 -441,208 -638,202 

 

5.2.16 Waste Dump Design 

The waste dump designs and parameters for this feasibility study were provided by 
GCM and are based on proven operating designs for the historical open pit mining 
operation and the Ingeroc study in 1995.  The two existing dumps for the Defensa 
and Perseverancia pits will be utilized and expanded.  The waste rock design 
parameters that were used reflect the angle of repose for broken waste rock of 37°. 

Maximum lift height - Defensa  = 75 m 

Maximum lift height - Perseverancia = 55 m 

Slope face angle    = 1.3:1 (H:V) ~ 37° 

The waste dumps shown in Figures 5.2-22 to 5.2-25 represent preliminary plan 
designs to accommodate the amount of waste rock defined in Table 5.2-10.  The 
designs will require optimizing during detailed engineering. 
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Table 5.2-10: Design Tonnages and Volumes for the Open Pit Waste Dumps 

Pit Material Density Quantity 

(t) 

Volume 

(m3) 

Defensa Rock 1.8 1,278,257 710,142 

Perseverancia Rock 1.8 1,841,155 1,031,288 

Total   3,119,413 1,733,006 

 

Figure 5.2-22: Defensa Waste Dump Plan 
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Figure 5.2-23: Defensa Waste Dump Section 

  

Figure 5.2-24: Perseverancia Waste Dump Plan 
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Figure 5.2-25: Perseverancia Waste Dump Section 

  

 

5.2.17 Mining Schedule  

The mining schedule was prepared in order to assess the mine equipment and 
manpower requirements which were then used to estimate operating costs.  The 
schedule was then used to estimate the annual gold production which was 
incorporated into the financial analysis.  After reviewing this information the decision 
was made by GCM to operate the open pit mines and Phases I and II mining 
operation with contract labour and equipment for all unit operations. 

For the open pit mining areas and for the Phase I and II heap material the project 
reports a positive NPV detailed in the financial section 

The financial criteria used for the analysis of the open pit mining area and the Phase 
I and II heap leach pads are listed in Table 5.2-11. 
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Table 5.2-11: Surface Mining Financial Model Criteria 

Financial Model Criteria Units Value 

Au Recovery (Pit) % 60 

Ag Recovery (Pit) % 40 

Au Price (Pit) US$/troy oz 1000.00 

Ag Price (Pit) US$/troy oz 16.00 

Au Selling Price (Pit) US$/troy oz 3.30 

Au Recovery (Pad) % 46 

Ag Recovery (Pad) % 30 

Au Price (Pad) US$/troy oz 1000.00 

Ag Price (Pad) US$/troy oz 16.00 

Au Selling Price (Pad) US$/troy oz 3.30 

 

The mining plan for the Defensa and Perseverancia pits is provided in Table 5.2-13. 

For this mining plan and equipment and labour estimating purposes it was assumed 
that the mine would operate with two 12 hour shifts per day, 7 days per week, 365 
days per year.  It is estimated that there will be fixed delays of 78 minutes for every 
12 hour shift for lunch and shift change, as well as daily production delays of 
approximately 40 minutes per day for blasting and fuelling.  Therefore a typical day 
will consist of 20 hours, and between 602 and 622 hours per month depending upon 
the number of days in the month.  It was assumed that the mine would not 
experience lost production days due to statutory holidays and weather delays.  
Therefore, the mining schedule is based on 7,322 total hours per year with specific 
available hours depending on the mechanical availability of each piece of equipment 
and further discounted by the delays specified above. 

The open pit mining operation has been designed to provide a small amount of ore 
during the development and start-up of the underground mining operation.  The 
open pit areas are not considered as the primary deposit for the overall operation 
and are only being exploited to augment the initial production from the underground 
areas.  The mining schedule has been developed to begin in August, 2010 and is 
reported by month for the first 11 months (until the end of June, 2011) at which time 
it is reported by quarter until the end of mine life in January, 2013 with the exception 
that the final period is one month due to the exhaustion of surface material.   

The mining plan for the two open pits is shown in Table 5.1-12 
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Total Mined Waste Ore Ore Au Ag Cu Ore Au Ag Cu Total Au Ag Cu
(t) (t) (t) (t) (g/t) (g/t) (%) (t) (g/t) (g/t) (%) (t) (g/t) (g/t) (%)

1-Aug-10 98,588            94,749        3,838          -          -          -          -          3,838      1.854      1.810      0.017      -      -      -        -      
1-Sep-10 135,000          126,150      8,850          -          -          -          -          8,850      1.503      3.505      0.016      -      -      -        -      
1-Oct-10 139,500          128,851      10,649        -          -          -          -          10,649    1.117      4.633      0.021      -      -      -        -      
1-Nov-10 135,000          117,929      17,071        -          -          -          -          17,071    1.025      5.388      0.015      -      -      -        -      
1-Dec-10 139,500          115,788      23,712        -          -          -          -          23,712    0.843      6.596      0.019      -      -      -        -      
1-Jan-11 140,938          116,125      24,812        -          -          -          -          24,812    0.836      7.048      0.025      -      -      -        -      
1-Feb-11 125,565          103,154      22,411        -          -          -          -          22,411    0.869      8.813      0.046      -      -      -        -      
1-Mar-11 140,018          115,206      24,812        -          -          -          -          24,812    1.234      11.546    0.028      -      -      -        -      
1-Apr-11 134,353          110,341      24,012        -          -          -          -          24,012    1.076      5.559      0.039      -      -      -        -      

1-May-11 138,363          113,550      24,812        -          -          -          -          24,812    0.974      8.447      0.039      -      -      -        -      
1-Jun-11 131,738          107,726      24,012        -          -          -          -          24,012    1.335      12.699    0.060      -      -      -        -      
1-Jul-11 368,000          292,540      75,460        1,824      0.958      13.556    0.062      73,637    1.075      11.600    0.103      -      -      -        -      

1-Oct-11 359,110          285,473      73,637        -          -          -          -          73,637    1.510      14.203    0.159      -      -      -        -      
1-Jan-12 354,250          281,414      72,836        -          -          -          -          72,836    1.822      13.216    0.139      -      -      -        -      
1-Apr-12 355,248          282,412      72,836        -          -          -          -          72,836    1.561      8.997      0.055      -      -      -        -      
1-Jul-12 364,323          290,686      73,637        -          -          -          -          73,637    1.499      7.274      0.071      -      -      -        -      

1-Oct-12 340,773          267,136      73,637        -          -          -          -          73,637    2.117      7.033      0.060      -      -      -        -      
1-Jan-13 128,970          78,707        50,263        -          -          -          -          50,263    2.076      9.793      0.044      1,824  0.958  13.556  0.062  

Total 3,729,238       3,027,939   701,299      1,824      0.958 13.556 0.062 699,475  1.473 9.588 0.074 1,824  0.958 13.556 0.062

Period

Total Mined Mine to Stockpile Mine to Plant Stockpile to Plant

Period Ton Au Ag Cu
1-Aug-10 120,161 0.38 1.83 0.03
1-Sep-10 111,149 0.87 2.65 0.06
1-Oct-10 113,351 0.57 1.53 0.03
1-Nov-10 102,929 0.05 0.16 0.00
1-Dec-10 100,289 0.18 1.14 0.02
1-Jan-11 99,187 0.25 1.61 0.03
1-Feb-11 89,589 0.36 1.71 0.03
1-Mar-11 99,187 0.69 2.04 0.04
1-Apr-11 95,988 0.69 2.04 0.04

1-May-11 99,187 0.66 2.34 0.05
1-Jun-11 95,988 0.64 2.47 0.05
1-Jul-11 292,539 0.51 2.46 0.04

1-Oct-11 294,363 0.18 0.99 0.01
1-Jan-12 287,163 0.86 2.81 0.05
1-Apr-12 291,164 0.37 2.41 0.03
1-Jul-12 294,363 0.41 2.51 0.03

1-Oct-12 294,363 0.61 3.39 0.04
1-Jan-13 309,737 0.67 3.29 0.04
1-Apr-13 364,001 0.75 3.16 0.03
1-Jul-13 734,176 0.66 2.46 0.03

2014 1,460,000 0.57 3.26 0.03
2015 1,460,000 0.51 2.77 0.03
2016 1,125,122 0.51 2.77 0.03

TOTAL 8,334,000 0.54 2.66 0.03

Table 5.2-12: Surface Mining Plan for Defensa and Perseverancia Open Pits 

 

The scheduled tonnages from the Phase I and II heap leach pads are reported in 
Table 5.2-13. 

Table 5.2-13: Mine Schedule for Phase I and II Heaps 

 

Total mining rates for the open pits and for the Phase I and II leach pads range from 
4,000 to 4,500 tpd depending on the location of the mining.  As with most operations 
there is a start-up period during the first 3 months of the project which begins with a 
200 tpd production sequence from the open pits and increases to 800 tpd by 200 
tpd increments. 

The project is scheduled to begin mining ore and waste from the Defensa pit and 
material from the Phase II heap for the first seven months.  In March, 2011 the 
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production also begins from the Perseverancia pit. By 2014 production starts form 
Phase I pad. 

5.2.18 Open Pit Manpower and Fleet Estimate 

GCM has decided that the surface operation will be mined using contract labour and 
equipment.  AMEC estimated the labour requirements for the mining area of the 
project based on generic equipment sizes provided by GCM and the proposed mine 
schedule.  These are shown in Table 5.2-14 and Table 5.2-15.  These values are 
based on basic assumptions for staff and engineering requirements required for the 
surface mining and shared with the underground operation, and will likely change 
when the exact equipment is defined to fit actual needs based on the 
recommendations of the selected mining contractor.  The staffing was ramped up to 
match the production and maximum values indicated in Tables 5.2-12 and 5.2-13.  
GCM also indicated that it is planning to do all maintenance and repair of the 
equipment fleet through a contract with the OEM supplier (MARC).  

Table 5.2-14: Mine Management and Technical Manpower Estimate 

Description Quantity 
Working 

Quantity on 

Vacation 

Total 

Mine Operations 

Mine Superintendent 0.5 0 0.5 

Mine Supervisor 4 0 4 

Short Range Planning 
Engineer 

1 0 1 

Surveyor 0.5 0 0.5 

Survey Helper 1 0 1 

Geotechnical Engineer 0.25 0 0.25 

Geology 

Geologist 1 0 2 

Geologist Assistant 1 0 1 

Sampler 2 0 2 

Mine Maintenance    

MARC Control Engineer 1 0 1 

Technical Assistant 1 0 1 

    

Sub-Total Mine Staff 13.25 0 13.25 
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Table 5.2-15: Mine Operations Manpower Estimate 

Description Quantity  

Working 

Quantity on 
Vacation 

Total 

Mine Operations 

Loader operator 8 0 8 

Truck drivers 16 0 16 

Drillers 8 0 8 

Support 

Water truck drivers 4 0 4 

Dozer operators 4 0 4 

Grader operators 4 0 4 

Backhoe operators 4 0 4 

    

Sub-Total Mine 
Operations 

48 0 48 

 

The initial financial values used for the Whittle pit calculation were based on an 
estimated mining cost of US$2.47/t of material for both the Defensa and 
Perseverancia pits. This value was estimated and broken down by unit operation 
and is shown in Figure 5.2-27.  

Figure 5.2-26: Initial Estimated Unit Mine Operating Cost Breakdown – Defensa, 
Perseverancia, and Phase II 

 

 After completion of the equipment fleet recommendations and related financial 
model a preliminary quote was supplied by GCM for contract mining of the surface 
project (Defensa, Perseverancia, Phase I and II heap pads) and the overall mine 
operation cost was estimated at $US2.67/t of material and appear in line with the 
initial mining cost estimate used in the Whittle evaluation. 
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Figure 5.2-27: Unit Mine Operation Breakdown – Defensa, Perseverancia, and 
Phase II 

 

 

The fleet estimation for the GCM feasibility study was adjusted to the small scale 
and narrow road design, hence small trucks and similar size front-end loaders were 
selected.  It was assumed that the contractor’s production fleet would consist of 25 t 
(Actros MP3336 or equivalent) road dump trucks and front-end loaders (Komatsu 
WA470 or equivalent).  The loading of the Phase II leached material and the mine 
waste will use the same equipment fleet.  The estimated contractor’s production 
fleet also includes production drills for mining.  It was assumed that a small drill 
(Sandvik – Ranger DX700 or similar) with an 89 mm (3½”) bit would be used.  The 
drill bit size, pattern dimensions, and powder factors were based on the crusher 
feed size requirement of less than 30 in. 

Fleet estimation for the major production equipment (trucks, loaders, and drills) 
consisted of four basic steps: 

·  calculate the productivity rates for the major production equipment 

·  estimate the equipment hours (total production ÷ productivity rate) 

·  determine the number of units required (equipment hours ÷ operating days per 
year ÷ operating hours per day) 

·  determine the number of units in the fleet (no. of units required ÷ %utilization ÷ 
% availability). 

5.2.19 Front-end Loaders 

Front-end loaders will be used for loading ore, waste, and Phase II leached 
material.  Loader productivity was estimated using basic parameters provided by the 
OEM vendor to coincide with production rates and MARC availabilities.  
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5.2.20 Haul Trucks 

The haul truck fleet requirements were calculated using a basic method similar to 
the loading fleet.  Detailed haulage profiles were calculated individually for both 
open pits to the waste dumps and the crusher.  A detailed haulage profile was also 
calculated from the Phases II and I areas to the crusher and from the crusher area 
to the Phase III leach pad.  All in-pit and waste dump haul roads were designed with 
a maximum grade of 10%.  Appropriate speeds were determined for the trucks 
based on haul road grades and locations.  Truck speeds were estimated using the 
equipment performance information supplied by the OEM vendor.  These values 
were used to determine the truck operating hours and actual number of trucks 
required. 

5.2.21 Drills 

Drilling equipment was sized based on the bench height in order to provide suitably 
sized material to maintain production rates and the equipment availability 
information was based on OEM quotes with a MARC in place.  The field drilling 
requirements were estimated using basic drill and blast assumptions and on a 
requirement of a P80 feed to the crusher of 40 cm.  The bench height in bedrock will 
be 5 m.  The remaining parameters of sub-grade drilling, stemming height, hole 
diameter, and powder factor were estimated using the bench height and modified to 
provide the requested crusher feed size.   

The assumed drilling and blasting parameters are summarized and presented in 
Table 5.2-16.  These were estimated using ANFO explosives in ore and waste blast 
designs. 

Table 5.2-16: Drill and Blast Pattern Assumptions (for ANFO) 

Explosive Type (ANFO) Ore Waste 

Powder factor (kg/t) 0.37 0.24 

Drill hole diameter (mm) 89 89 

Bench height (m) 5 5 

Sub-grade (m) 0.5 0.5 

Burden (m) 2.0 2.5 

Spacing (m) 2.0 2.5 

Stemming (m) 2.0 2.0 

Total hole length 5.5 5.5 

Pattern shape Staggered Staggered 

Volume of rock per hole (m3)  20.0 31.3 

Average density (t/m3) 2.4 2.4 

Tonnes per hole 48.0 75.0 

Required ANFO per hole (kg) 17.9 17.9 

Estimated P80 (cm) 36.8 52.0 
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5.2.22 Ancillary Equipment 

Ancillary equipment includes dozers, graders, water trucks, maintenance and 
service vehicles, and various light trucks and buses.  The number of units and the 
estimated equipment hours were not provided and were assumed based on 
information taken from other studies and information provided by other mines.  A 
complete list of equipment including production and ancillary fleets for the life of 
mine is presented in Table 5.2-17. 

Table 5.2-17: Recommended Owner Equipment Fleet 

Type Model 
Maximum Units 

Required 

Loader Komatsu WA470 2 

Haul Trucks Actros MP11 3336 4 

Hydraulic Rock Drill Sandvik DX700 1 

Water Truck - 1 

Motor Grader Komatsu GD675 1 

Track dozer Komatsu D275AX 1 

Backhoe Komatsu PC300LC 2 

Boom truck - 1 

Light Vehicles - 4 

Flat bed Truck - 1 

Forklift - 1 

Portable Lighting Towers - 5 

 

5.2.23 Operating Expenses 

The determination of operating costs for Guanaco’s open pits and leach pad mining 
was done using Runge Software’s Xeras financial modeling package.  Xeras is an 
all in one cost modeling tool that can be effectively utilized to generate costs for the 
entire mine, though in this case its use was limited to the operating costs associated 
with drilling, blasting, and ancillary activities.  Operating costs for loading, hauling, 
and support unit operations are based on a quote for contract mining services from 
Santa Marta Mining. 

This section presents the input parameters used by AMEC as well as the final 
operating cost results.  Tables used in this section identify the source of the values 
used as input, the source identifications used are shown in Table 5.2-18. 
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Table 5.2-18: Abbreviations Used to Identify Sources of Information 

Source Identifier Data Source Type 

O Owner’s Input 

C Calculated 

M AMEC – Mining input 

D AMEC – Other disciplines input 

V Vendor-supplied data 

T Testwork 

MB Mass balance 

R Regulatory/permitting requirement 
 

Owner’s input may refer to current information provided to AMEC by the owner, or 
to historical data extracted from other owner-supplied studies and projects. 

AMEC input is either obtained from experience, industry standard, or indexing from 
data from other existing operations. 

All figures provided in US$/t refer to a cost distribution spread out over all tonnes 
extracted from the open pits and from the Phase II Leach Pad. 

5.2.24 Drilling Cost Determination 

Drilling on the Guanaco site will be carried out with a fleet of one Sandvik DX700 
production drill.  The DX 700 has the following base equipment parameters: 

·  Life Cycle – 60,000 h 
·  Availability – 84% 
·  Use of Availability – 76% 
·  Efficiency – 85% 
 

The drill input and cost parameters for the DX700 drill are shown in Table 5.2-19. 
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Table 5.2-19: Drill Pattern Input and DX700 Cost Parameters 

Design Criteria Value Units Input 
Source 

Hole diameter  

Ore 89 mm M 

Waste 89 mm M 

Burden  

Ore dry 2 m M 

Waste dry 2.5 m M 

Spacing  

Ore dry 2 m M 

Waste dry 2.5 m M 

Bench height 5 m M 
Subdrill  

Ore dry 0.5 m M 

Waste dry 0.5 m M 

Stem length  

Ore dry 2 m M 

Waste dry 2 m M 

Redrill holes 2 % M 

Extra Trim 3 % | 

Instantaneous penetration rate 35 m/hr M 

Bit Cost 0.56 US$/m V 

Steel Cost 0.97 US$/m V 

Diesel Consumption 32 l/h V 

Lube Cost 4.5 US$/h M 

MARC Hourly Maintenance 45.05 US$/h V 

MARC Contract Fixed Price 54,192 US$/month V 
 

Using the above parameters an un-escalated value for drilling unit operation costs 
of US$0.445/t was obtained.  To account for the fact that operation of the drilling will 
be done with contract labour an escalation factor of 25% was applied to the 
operating costs, less the diesel costs, as it was assumed that Guanaco will supply 
all diesel needed.  Thus an overall factor of 13.1% was applied to the base drilling 
unit costs to provide a final value of US$0.504/t. 
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5.2.25 Blasting Cost Determination 

Blasting operations will be performed by a contractor, while Guanaco will supply all 
consumable materials. Thus the contractor, Enaex S.A., in this case will be 
responsible for solely the administration of explosives, and blasting. Table 5.2-20 
shows the input parameters for blasting operations. 

Table 5.2-20: Blasting Parameters and Cost Inputs 

Design Criteria Value Units Input 
Source 

Powder Factor  

Ore dry 0.37 kg/t C 

Waste dry 0.24 kg/t C 

Explosives Density  

ANFO 820 kg/m3 M 

Emulsion 1,210 kg/m3 M 

Explosives Cost 

ANFO 487 US$/t V 

Emulsion 517 US$/t V 

Blast stemming, booster, fuse 5.6 US$/unit M 

Blast accessories 4.5 US$/unit V 

Blasting Contract 327,015 US$/year V 
 

With these inputs a final overall value of US$0.242/t for blasting was obtained. 

5.2.26 Loading, Hauling, and Support 

Santa Marta Mining provided Guanaco with a quotation to carry out all loading, 
hauling, and support activities related to the mining of both open pits and the Phase 
II Leach Pad.  The full quote is provided in Appendix A.  The summary of costs is 
provided in Table 5.2-21. 

Table 5.2-21: Summary of Life of Mine Loading, Hauling, and Support Operating 
Costs 

Unit Process 
Cost 

(US$/t) 

Loading 0.338 

Hauling 0.583 

Support 0.423 
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5.2.27 Ancillary Cost Determination 

Ancillary costs were estimated based upon a fleet of: 

·  1 boom truck 
·  1 flat bed truck 
·  1 small forklift 
·  4 pickup trucks 
·  5 portable lighting towers. 

The hourly operating cost for each piece of equipment is presented in Table 5.2-22 
below. 

Table 5.2-22: Hourly Operating Costs and Time Usage Inputs for Ancillary 
Equipment 

Equipment Operating Cost 
(US$/h) Availability Utilization Input 

Source 

Boom Truck 15.00 50% 20% M 

Flat Bed Truck 10.00 50% 30% M 

Forklift 3.00 50% 20% M 

Pick-up Truck 4.00 80% 20% M 

Lighting Towers 10.00 80% 40% M 
 

With the defined equipment fleet Xeras produced a base number of US$0.128/t. 
This number was then increased by 25% to account for contractor operations and 
equipment supply, thus giving final ancillary costs of US$0.160/t. 

5.2.28 Mining Overhead 

The mining overhead costs are personnel costs which pertain to management and 
engineering of surface mining operations at Guanaco. Table 5.2-23 shows the 
sources of overhead for Guanaco personnel. 
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Table 5.2-23: Mining Overhead Personnel and Costs 

Position Number Salary 
(US$/year) 

Input 
Source 

Mine Superintendent 0.5     185,791  O 

Mine Supervisor 4       53,083  O 

Short Range Engineer 1       84,933  O 

Surveyor 0.5       53,083  O 

Surveyor Helper 1       13,271  O 

Geotechnical Engineer 0.25       84,933  O 

MARC Control Engineer 1       84,933  M 

Maintenance Tech. Assistant 1       53,083  M 
 

Xeras calculated a cost of overhead of US$0.278/t with the above inputs, and the 
general expenses from the Santa Marta contract mining quotation add US$0.142/t. 
Thus total overhead cost was estimated to be US$0.42/t. 

5.2.29 Operating Cost Summary 

Table 5.2-24 shows the breakdown of Guanaco’s operating costs per tonne as a life 
of mine average and separated by unit operation. 

Table 5.2-24: Guanaco Life of Mine Operating Costs 

Unit Operation 
Cost 

(US$/t) 

Drilling 0.50 

Blasting 0.24 

Loading 0.34 

Hauling 0.58 

Support 0.42 

Ancillary 0.16 

Overhead 0.42 

Total 2.67 
 

Figure 5.2-28 shows the percentage contribution that each unit operation makes to 
the total operating cost. 
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Figure 5.2-28: Breakdown of Unit Operating Costs as Percentage of Total 
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5.2.30 Capital Cost 

There is no capital cost allocated to the open pits or to the pad mining operations as 
the work will be fully contracted out.  GCM defined that minor Infrastructure required 
for open pit and pad operations would be included in contractor’s scope and will be 
paid as part of the operating expenses. 

5.2.31 Risk and Opportunities 

The project is a low grade deposit, however it does not appear too sensitive to 
increase in operating costs when gold is estimated at US$825/oz or US$1,000/oz. 

As with any low grade project, GCM faces the usual risk/opportunities with respect 
to gold price and grades.  If the gold price increases or decreases then the project 
economics react in the same direction.  If the gold grades fluctuate during mining 
operations the project economics will follow the same trend as the grade. 

It is recognized that GCM has chosen to concentrate on mining the majority of the 
deposit by underground methods due to the narrow vein nature of the deposit in 
order to reduce dilution.  It is noted that the veins within the open pit mining areas 
continue below the current final floor of the pit, however the Whittle optimization did 
not count this as economical.  Further exploration drilling may define the deposit 
more clearly and increase the surface resources and potential reserves.  It is 
recommended that more effort be put into the block model to refine the grade shells, 
determine more accurate values for recoveries and mining costs, and fine tune the 
surface mining plan. 
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5.2.32 Conclusions and Recommendations 

After reviewing the mining parameters used for the estimation of the reserves for the 
surface deposit and development of the open pit design and associated 
labour/equipment requirements, there were some items which should be reviewed 
and re-evaluated. 

·  The Whittle program should be re-run and the optimized pit re-developed using 
updated material densities, metal prices, processing costs, process recoveries, 
cut-off grade, mining costs, and selling costs. 

·  The mine design for the Defensa pit should consider moving the current crusher 
access road in order to exploit the mineral reserves located under it. 

·  The mine design for both pits should consider a triple bench mining method to 
provide access to more ore by minimizing the overall catch bench (berm) width 
and provide a more stable platform for function and safety. 

5.3 Operating Philosophy 

5.3.1 Introduction 

Due to the nature and characteristics of the ore reserves, GCM will have a 
combined open pit and underground mining operation at the Guanaco Mine. 

The development strategy has established as a business model that the mining 
operation and maintenance will be contracted.  Contractors will be responsible for 
the supply of both underground and open pit ore.  The contractors will be required to 
provide the amount of ore defined in the production plans and to maintain 
equipment to the highest standards. 

The basis of the contracts for both operations is that the contractor will provide the 
mining services and GCM will provide the major infrastructure (power, mine 
ventilation, sub-stations, transformers) as well as some supplies and services 
(diesel, catering, camp).  Hence, operating costs will be based on the fact that the 
contractors’ profit will depend on the volume of work and GCM will pay only for the 
ore and waste mined. 

5.3.2 Underground Operation 

Sub-level stopping will be used for the underground mine operation.  The 
underground mine development will be the responsibility of a single contractor who 
will perform the following unit operations: 

·  Surveying 
·  Drilling 
·  Blasting  
·  Extraction 
·  Loading  
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·  Ore haulage to crusher  
·  Waste haulage to waste dump  
·  Structural support 
·  Other services required for the underground operation. 

The contractor will be responsible for providing the necessary staff and supervision 
to perform the operations, including maintenance and repair of his own equipment. 

The contractor must have sufficient spare equipment to ensure that the GCM mine 
production plans are achieved.  All the contractor’s equipment must be properly 
insured. 

The minimum fleet required will include the following equipment:   

·  Jumbo with one arm for development 
·  Track drill or Simba type radial equipment  
·  Lifting equipment 
·  Front-end loaders and/or LHD type loaders  
·  Transport equipment (12 to 20 m3 trucks) 
·  Shotcrete equipment. 

GCM will provide accommodation, catering, fuel, electricity, main ventilation, and 
communications. 

GCM will provide mine planning for the operation, including weekly, monthly, 
quarterly, and annual plans for production and development, according to the 
overall production plan defined in the company strategy. 

GCM will measure the cubic meters of ore and waste, meters of development, 
support, and other work that is not included in the production unit quotation for 
payment. 

5.3.3 Open Pit and Heap Operation  

For the ore extraction from the open pit the following unit operations are considered: 

·  drilling and blasting will be performed by GCM or by a specialized contractor.   

·  loading and transportation of ore to the crusher and waste to the waste dump 
will be by a contractor 

·  loading and transport of the material from the old heap will be carried out by the 
same contractor 

·  transport of crushed ore from the crusher to the new pad will also be carried out 
by the same contractor. 
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Using one contractor for all the transport operations will result in an optimized single 
fleet for the work.   The ore and waste loading equipment are the same and one 
fleet can therefore operate on all four circuits (open pit to crusher, open pit to waste 
dumps, old heap to crusher, and crusher to the new pad). 

The minimum fleet will include the following equipment: 

·  Front-end loaders for heap and waste (capacity between 3 and 5 m3) 
·  Excavators for ore (capacity between 1 and 2 m3) 
·  Transport trucks (capacity between 18 and 20 m3) 
·  Bulldozers 
·  Graders 
·  Water trucks. 

The contractor must have sufficient spare equipment to ensure that GCM mine 
production plans are achieved.  All the contractor’s equipment must be properly 
insured. 

GCM will provide survey, accommodation, catering, fuel, electricity, and 
communications. 

GCM will provide mine planning for the operation, including weekly, monthly, 
quarterly, and annual plans for production and development, according to the 
overall production plan defined in the company strategy. 

GCM will measure the cubic meters of ore and waste, meters of development, 
support, and other work that is not included in the production unit quotation for 
payment. 

5.3.4 GCM Mine Supervision  

GCM will supervise both mining contractors which will fall under the responsibility of 
the Mine Manager who will be the Contract Administrator. 

The main coordination between GCM and the contractors will be through the Shift 
Bosses who will be responsible during each shift for ensuring the contractor’s 
compliance with the safety and environmental standards in the contract, as well as 
meeting production and development targets.  Figure 5.3-1 shows the organization 
of the GCM mine management and interaction with contractors. 
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Figure 5.3-1: Mine Management Organization Chart 

 

 

5.3.5 GCM Mine Supervision Costs 

The GCM organization which will supervise the three contracted mining operations 
(open pit, underground, and pad rehandling) will be a group of 12 people reporting 
to the Mine Manager.  The cost of salaries is shown in Table 5.3-1. 

 
Table 5.3-1: Monthly Cost of the GCM Supervision Personnel 

 

Personnel Shifts 
Number 

of 
Personnel 

Monthly  
Cost per 
Person 
(US$) 

Total 
Monthly 

Cost 
(US$) 

Operations Engineer 1 1          7,424  7,424 

Shift Boss 4 4          4,640  18,560 

Statistician/Designer 1 2          2,784  5,568 

Surveyor 1 2          4,640  9,280 

Help 1 2          1,160  2,320 

Planning Engineer 1 1          7,424  7,424 

Total  GCM  12  50,576 

 

 



 COMPAÑÍA MINERA GUANACO 
GUANACO MINE RE-OPENING PROJECT, CHILE 

FEASIBILITY STUDY REPORT 
 
 

   

Project No.:  2181 Page 5-84  
July 2010   
 

5.3.6 Integrated Mine Production Plan 

The overall Guanaco production plan considers that ore will come from the 
underground mine, the open pits, and the recovery of partially leached material from 
the existing Phase I and II heap pads.  Table 5.3-2 shows the total production by 
years for the Guanaco operation, and Table 5.3-3 and Figure 5.3-2 show the total 
Guanaco production by sources. 

Table 5.3-2: Total Ore Production for Guanaco  

 

 

 

 

 

 
 
 

Table 5.3-3: Ore Production by Source 

 

 

 

 

 

Figure 5.3-2:  Ore Production by Source 
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Year Production 
(t) 

Au  
(g/t) 

Ag  
(g/t) Oz Au Oz Ag 

2010 612 0.49 1.89 9,667 37,131 

2011 1,574 0.91 3.76 45,871 190,103 

2012 1,808 1.49 4.05 86,535 235,673 

2013 1,814 1.48 3.37 86,176 196,717 

2014 1,825 1.27 3.31 74,650 194,022 

2015 1,714 0.98 2.90 54,037 160,013 

2016 1,199 0.69 2.76 26,687 106,263 

TOTAL 10,546 1.13 3.30 383,622 1,119,923 

Source Production 
(kt) 

Au  
(g/t) 

Ag  
(g/t) Oz Au Oz Ag 

Underground Mine 1,511 4.22 3.94 205,164 191,587 

Open Pit 701 1.47 9.58 33,245 216,077 

Phase I and II  heap pads  8,334 0.54 2.66 145,213 712,258 

Total 10,546 1.13 3.30 383,622 1,119,923 


