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Abstract

Vein mining operations are an important source of high economic value metallic ore containing ele-
ments like gold and silver. The extraction of this type of orebody have a significant complexity due to the
sometimes unpredictable geometry and complex geologic setting.

Saucito mine from Fresnillo plc faces a progressive decrease in vein thickness with the profundization
of its operations. The continuation of the use of the present extraction drift dimensions in the new areas
with smaller vein thickness results in a considerable increase in dilution turning some areas of the mine
sub-economic and reducing the profitability of the operation.

To evaluate from the mine planning perspective the impact of the implementation of operative optimiza-
tion practices in the Jarillas vein, four extraction models were generated using the Datamine software.
The models were generated to allow a comparative analysis between mining methods and extraction drift
dimensions, varying between models the extraction parameters that influence dilution.

The output numerical data from the generated models support the thesis that to the selected study
area the optimal extraction strategy is the optimization of the Overhand cut & fill mining method, altough
the Longhole Stoping showed a bigger improvement. The methodology used and the results from this
study provide a framework to the refinement of the comparative analysis and for the operative optimization
studies in the Saucito mine.
Keywords: Vein Mining; Dilution; Mine planning; Operative optimization; Extraction models.

1. Introduction

Mining operations, booth underground and sur-
face, are one of the economic activities most cap-
ital intensive, not only in a initial stage, when
the economic feasibility of the project is studied
through a series of surface drilling campaigns, but
also during the operational stage, when there is al-
ready the production of some kind of mineral ore.
One of the main problems that mining companies
face resides in the quantification and qualification
of minerals volumes [2]. This process will impact
decisively the decision of whether or not extract a
given orebody.

The importance of mining companies, and the
fact that most of them have some significant por-
tion of their capital on open negociation on the
stock market, leads to the necessity of correctly
quantify the mineral volumes that can be econom-
ically extracted, specially considering the impact
that an increase of reported reserves can have on
the stock price of a mining company. This pro-
cess known as resource and reserves estimation
is executed based on a series of bidimensional or

tridimensional samplings, applied to a certain vol-
ume of mineralized rockmass, whose dimensions
are considerably superior to the volume sampled
[3].

To the process of resource and reserves estima-
tions, a series of systems were developed, usually
applied by regions of the world. Despite the difer-
ent systems, the procedures, purpose and charac-
teristics are relatively similar. The three most used
systems are the Canadian Norm National Instru-
ment 43-101, developed by the Canadian Institute
of Mining, Metallurgy and Petroleum, the PERC
Code - Pan-European Reserves and Resources
Reporting CCommitee, and the Australian norm,
know as the JORC CODE , acronym of Joint Ore
Reserves Code, also know as Australasian Code
for Reporting of Exploration Results, Mineral Re-
sources and Ore Reserves, which is the norm used
for estimation of resources and reserves in the min-
ing companies operating in Mexico. Something
that is comum in all the codes is the legal figure
of the ”competent person”. This legal figure is re-
sponsable for the quantification of resources and
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reserves, a process that must take into account
other factors beside the sampling but also consid-
erations about the geomechanical conditions of the
surounding ore mass, the characteristics of the ore
that might afect the metalurgical process, as also
economic, social, environmental and political fac-
tors that might affect the economic potential of the
operation.

These factors, known as ”modifying factors”, play
a essential role in the process and a consider-
able higher level of imprecision on the quantifica-
tion of these variables might have significant impli-
cations on the mining process and affect decisively
the profitability of the extraction. The relation be-
tween the exploration results, resources, reserves
and the modifying facts are shown in the figure 1.

Figure 1: Relation between the exploration results, resources
and reserves. Taken from the JORC Code 2012 Edition [1].

One class of modifying factors are the ones
whose magnitude is dependent on the extraction
process. These factors include all the parameters
able to influence the dilution, the recovery and the
ore grade. A change on the modifying factors might
lead to a increase or decrease on the mineral vol-
umes reported as reserves [5]. Due to this influ-
ence, mining companies try to, not only predict the
values of these parameters but also optimize their
operations to reduce the influence of these param-
eters and increase the profitability of the operation.

The actual mine planing softwares are a conse-
quence of the development of the informatic tools
in the last 40 years. The mine planing softwares
allow, with the knowledge of some input parame-
ters, the generation of geological models to ascer-
tain if a given area of the orebody can be mined
profitably. To correctly use these tools two areas
are important, the Geostatistics, know for the use
of mathematical methods in the earth sciences to
quantify and qualify the ore reserves and mineral
resources, and the Mine Planning that produces
studies to evaluate the more optimized methods
and plans to extract the reserves quantified.

1.1. Case Study
The Saucito mine, owned and operated by Fres-
nillo plc, is a mining industrial unit located in the
Fresnillo district, known for the existence and ex-
traction of sulfurous polimetalic veins with a signif-
icant grade of silver, in his area territory. During a
series of surface drilling campaigns near the Fres-
nillo mine, a series of veins were discovered south-
west of the Fresnillo city. In 2011, a new industrial
unit was opened to extract these veins, some of
them with a significant vertical and horizontal ex-
tension, which is the case of the Jarillas vein. In
2018, 2.79 milion tonnes with an average grade of
257 grams per tonne of silver were extracted from
this mine, data that make Saucito mine the biggest
primary silver source in the world.

Two mining methods are used in the Saucito
mine. The most used, altough a decrease in its use
was noted in recent years, is the Overhand Cut &
Fill. This method uses a typical drift and then the
extraction is executed upwards, using the extracted
waste, after the mucking of the ore, as a platform
to the next line of extraction. This method is visible
in the figure 2.

Figure 2: Use of the Overhand Cut & Fill in the Santa Natalias
group of veins in the Saucito mine

The other mining method used is the Longhole
Stopping. This method uses two drifts, one supe-
rior and one inferior, on which the extraction is exe-
cuted. The superior drift is used to the drilling and
filling activities and the inferior drift is used for the
mucking of the ore. An example of the use of the
Longhole Stoping can be seen in the figure 3.

The veins in the Saucito mine have diferent thick-
ness and characteristics, in some areas of the Jar-
illas vein, the thickness can reach 20 to 25 meters
while in other areas, like the Santa Natalias group
of veins, the average thickness is around 1.8 me-
ters. In the next years the extraction is going to
advance to the more profound areas of the Jarillas
vein, where, according to the most up to date geo-
logical model, there are considerable areas where
the average vein thickness is smaller then 2.5 me-
ters. The use of the current extraction dimensions
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Figure 3: Use of the Longhole Stoping in the San Diego vein in
the Fresnillo mine

with the present equipments used, on areas where
the average vein thickness is smaller can lead to a
significant increase in dilution and turn some areas
of the vein non economical.

1.1.1 Purpose of the study

This study was included in a series of studies in
development in the Fresnillo plc group that try to
search and evaluate alternatives to optimize the
extraction in the vein mining operations in the com-
pany. The study tried to evaluate the impact that
a reduction on the extraction drift dimensions, as
well the use of optimized equipments, can have on
the extracion parameters and on the economic pa-
rameters of the extraction. To do that, the study
used the Saucito dilution database to evaluate how
the implementation of the operative optimization
procedures on the Santa Natalias group of veins,
known for the smaller vein thickness , affected
the extraction parameters linked to dilution. With
those values, four extraction models were gener-
ated, each one with diferent characteristics, to al-
low a comparative analysis between mining meth-
ods and between optimized and non-optimized ex-
traction drifts. To complete the study, a series of
operational and economic parameters were ana-
lyzed. To allow the generation of the extraction
models a computarized mine planning system was
essential. The study used three diferent versions of
the mine planing software Datamine, the Datamine
2 for the generation of the geological reserve mod-
els and the selection of the extraction areas, the
Datamine studio 3 for the mine design of the in-
frastructures and the Datamine 5DPlanner for the
sequencing of the extraction.

2. Background
The extraction and processing of minerals is an
essential part of the way diferent civilizations and
economic blocks trade and interacted with each
other. It is considered that modern mining had
its begining in 1556, date of the publication of the
manuscript De Re Metalica by Georgius Agricola,
a monography that detailed with precision the prac-
tices of extraction and processing of ore in the
mines of Erzgebirge, in the Saxony during the XVI
century. Modern mining nowadays is the result of
a complex chain, on which the modern equipments
and informatic tools play a significant role.

2.1. Mine Planing
Mine Planing can be defined as the process of ex-
ctraction of the correct ore from the mine, in the
right time, in order to achieve the lowest possible
cost per final unit of commodity in order to fulfill the
strategic and operational targets of the operating
company

. Mine planing is an essential part in every stage
of the mining process, from the generation of the
geological models through the geostatistic tools to
the conception of a realistic extraction plan. The
mine planing, when executed strategicly, is a pro-
cess on which the extraction plan is integrated and
alligned with the strategic targets of the operating
company and it needs a constant and cyclical feed-
back to adjust the operations and the ore reserves
to accomodate changes in the modifying factors.

.
Mine plans are elaborate with a given financial

objective. The Net Present Value (NPV) is a fi-
nancial and economic formula able to calculate
the present value of future payments, discounted
with a given interest rate, minus the present cost,
known. The most comum formula is the one on the
equation 1.

NPV (i,N) =

n∑
t=0

Rt

(1 + i)t
(1)

Rt represents the cash-flows of a given time, N
represents the number of intervals of time and i the
interest rate for projects with a similar risk profile.
Historically, mining companis have adopted difer-
ent NPV strategies altough the most comon is the
search for the maximization of the NPV.

The evolution of mine planning as a science
have been hand to hand with the evolution of the
complexity of extraction operations. The increase
of the informatic processing tools allowed the de-
velopment of a significant and diverse range of
mine planing softwares. This type of informatic pro-
gram play a significant role in the planning of the
extraction operations.
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Due to the need for a constant and cyclical feed-
back between the mine plan and changes in the
modifying factors, a computarized mine planing
system is a necessity for the mining companies
that want to increase the resiliency of their oper-
ations.
. The mine planing software Datamine is one of
the most used programs on the industry and allows
the monitoring of the extraction process from the
generation of the geological and reserves models
to the mine design, sequencing of the extraciton
and the final step of reconciliation of mining data.

The relatively user-friendly use and the speed on
which a model can be generated, for the same area
of the orebody, allows the modeling and simulation
of diferent extraction conditions as a tool to evalu-
ate which alternative, or extraction model, provides
the best economic output for the extraction.

2.2. Narrow vein mining
The extraction of narrow veins, despite the his-
toric relevance, is an activity that has been loos-
ing importance in the mining sector globally. The
changes in the mining methods, as a result from
the introduction of new technological solutions,
lead to a series of new ways to mine orebodies
beyondairlegmining. It is generally considered the
existence of three significant mining methods for
the extraction of sulfurous polimetalic veins. The
Jackleg drilling method, seen in the figure 4 is still
used in some operations were the the grade, sig-
nificantly high is paired with a vein thickness signif-
icantly reduces.

Figure 4: Use of Jackleg Drilling method beyondairlegmining.

Altough the use of this mining method, opera-
tions were the vein thickness is bigger and the min-
eralogical contents are less valuable do not allow
the use of this method, specially since the neces-
sary tonnage for the profitability of the operation is
considerably higher. the suitable mining methods
need to provide higher tonnages to achieve prof-
itability while allowing the extraction with safety and
geomechanical standards. The two other mining
methods used in vein mining are the Cut & Fill and
the Longhole Stoping.

The Cut & Fill is a mining method that requires
the use of rock filling in the voids resulting from the

extraction. The variation of the Cut & Fill, known as
Overhand Cut & Fill and represented in the figure 5
is the most used variation of the Cut & Fill in narrow
vein mining.

Figure 5: Overhand Cut & Fill mining method [4].

The other mining method being used currently in
a large scale in vein mining is the Longhole Stop-
ing. This method requires two extraction drifts and
allows for the extraction of more tonnage altough
significantly impacting the dilution. A schematic
from the Longhole Stoping can be seen in the fig-
ure 6.

Figure 6: Schematic of the Longhole Stoping mining method
[4].

2.3. Dilution in mine planing
The dilution (D) is the relation between the mass
of mined ore (mm) and the mass of waste rock
(me), usually mined together. The calculation of
the dilution varies base on the area of the Mining
Engineering that is doing the calculation. For the
metalurgical calculation of the dilution, the most co-
mom formula is the one formulated in the equation
2, where

D (%) =
me × 100

mm +me
(2)

This formula defines dilution as the percentage
of material, of the total, that is waste rock. How-
ever, in mine planing the dilution is usually defined
acording to the equation 3, as an increment of
mass.

D (%) =
me × 100

mm
(3)

The second equation is the one used globally in
the calculation of the dilution. Altough the single
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value usually given to the dilution, this parameter
is usually the agregate of various diferent types of
dilution, a planned one, resulting from the usually
ineficiente mining processes, an internal dilution
usually comon in vein mining, and an unplanned
one, resulting from non planned ineficiences in the
process.

3. Methodology
The methodology used in this project was based
on the processes used in the Saucito mine for the
generation of models of mineral resources and ore
reserves. To the base process, a series of adjust-
ments were implemented, to generate a series of
extraction models to allow a comparative analysis
between them. The workflow used is summarized
in the figure 7

Figure 7: Workflow of the methodology used in the study.

To take advantage of the extraction data sum-
marized in the Saucito dilution database, and con-
sidering the implementation of operative optimiza-
tion measures in the Santa Natalias vein, the study
generated the extraction models using the data
from this dilution databasw and aplying the data in
the area from the Saucito mine that is going to face
in the future, a reduction on the vein thickness.

To fully understand the problem and correctly ap-
ply the values, the study started with a research on
alternatives of optimization and bibliographic ref-
erences. The second stage of the process was
a numerical analysis on the extraction data from
the Saucito dilution database. This analysis pro-
vided the extraction parameters for the generation
of the reserves models. The third step was the
Implementation stage were the values obtained in
the numerical analysis were applied in a specific
area of study. This step included the generation of
the reserves models, the selection of a adequate
study area, the mine and stoping design and the
sequencing of the extraction of the four extraction
models.

Finally, a series of analysis were done to eval-
uate the economic and operational output from
the generated models, provided by the sequencing
process.

4. Development
The development of the study was conducted to
generate four extraction models, acording to the ta-
ble 1. The non optimized models were the model
1, using the Overhand cut & Fill and non optimized
extraction drift dimensions and the model 2, using
the Longhole stoping and non optimized extraction
drifts. The optimized models were the model 3,
using the Overhand Cut & Fill and the optimized
extraction drift dimensions, and the model 4, using
the Longhole Stoping the the optimized extraction
drift dimensions.

Table 1: Proposed extraction models
Model Mining method Optimized

1 Overhand cut & fill No
2 Longhole stoping No
3 Overhand cut & fill Yes
4 Longhole stoping Yes

The optimization comparative analysis must be
made, for the Overhand cut & fill mining method,
between the model 1 and 3 and, for the Longhole
stoping, between the models 2 and 4.

4.1. Numerical Analysis and geometric parameters
of extraction

This stage analysed the Saucito dilution database
and, base on the the values on optimized extraction
areas and non optimized, selected the geometric
parameters of extraction most suited for the mod-
els. The study considered three geometric param-
eter, the extraction drift width ξ, represented in the
figure 8, the minimum width of extraction ς, and the
planned dilution, δ.

 

ε 

Filão 

Figure 8: Geometric representation of the extraction drift (ξ)

The extraction drift width parameter is the width,
in meters of the extraction drifts where the drilling
and the loading processes are executed. The min-
imum width of extraction, when its value is smaller
than the projected vein thickness, represented in
the figure 9 is linked to the selectivity of the equip-
ments used and the eficiency of the drill and blast-
ing process.

When ς is smaller than the projected vein thick-
ness, the process ignores its value and assumes
that the width of extraction is the projected vein
thickness plus the planned dilution δ. On the other
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Figure 9: Geometric representation of the minimum width of
extraction when is smaller than the projected vein thickness

hand, when the minimum width of extraction is big-
ger than the vein thickness, a situation represented
in the figure 10, the process includes and aditional
dilution in the planned dilution.
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Figure 10: Geometric representation of the minimum width of
extraction when is bigger than the projected vein thickness

The final values used in the study were; extrac-
tion drift width, ξ, of 4.5 for the non optimized mod-
els, 1 and 2, and 3.4 for the optimized models, 3
and 4. The minimum width if extraction, ς, was
dimensioned at 2, for the non optimized models,
1 and 2, and 1.5 for the optimized models, 3 and
4, assuming a increasse in selectivity capability on
equipments. The Planned dilution, δ, was set at
0.54 for the model 1, 0.64 for the model 2, 0.43 for
the model 3 and 0.51 for the model 4.

4.2. Experimental Stage
After the numerical analysis, the study imple-
mented the numerical values on the models with
the Datamine software.

4.2.1 Study area selection

To correctly execute the study, a suitable study
area was chosen. The selection followed six rules.
The study area must be in a suitable vein, the
selected area must be a cluster of economic ex-
tractable bloc, it must be a isolated cluster of eco-
nomic extractable blocks to correctly evaluate the
diferences in extractable areas, it must have a con-
siderable horizontal and vertical extension to de-
sign a realistic extraction model, it must be near

areas currently being extracted and, at last but the
most important rule, it must have an average vein
thickness smaller than 2.5 meters. The selected
area is represented in the figure 11.

Figure 11: Área de estudo selecionada para a implementação
dos modelos de extracção em Jarillas Central em ambiente de
Datamine 2

4.2.2 Geological reserve models generation

Four diferent geological reserve models were gen-
erated base on the values and considering two
diferent cut-off values, on dolars. One for the Over-
hand Cut & Fill and another, lower, for the Long-
hole Stoping. Due to confidentiality issues this step
cannot be covered as desired. Despite this issue,
some considerations must be done. The diferent
cut-off value, in dolars, are essentially the cost of
extraction per tonne. The geological reserve mod-
els generated for each model have two voids in
each one of them. These voids, visible in the geo-
logical reserve model generated for the model 1, in
the figure 12, are due to two diferent reasons. The
void at the left is linked to the fact that the extraction
of this area from the Jarillas vein does not belong
to the Saucito mine, due to a diferent area of explo-
ration. The second void, at the center of the Jarillas
vein, is an area near the currently extraction zone,
and its geological model is generated with a difer-
ent setting of data, that also takes into considera-
tion a hand sample database to generate a more
precise geological model.

 

Figure 12: Geological reserve model generated for the model
1

4.2.3 Extraction polygons design

To select the extraction areas, based on the ge-
ological reserves models generated, a series of
polygons were designed on Datamine 2. These
design followed the code, summarized in the ta-
ble 2 and was executed considering the constraints
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of each mining method assigned to each model
as well the geomechanical considerations, repre-
sented by the inclusion of a crown pilar in the mid-
dle of the study area selected.

Table 2: Color code for the design of the extraction polygons
Color code
Datamine Cor Code Description

2 DS Extraction drift/Development
5 BL 1st level of Longhole stoping (DBS)
6 BD 2nd level of Longhole stoping (DBS)
7 BC 3rd level of Longhole stoping (DBS)
8 CR Overhand cut & fill (CEA)

17 PL Crown pilar

After the design of the bidimensional polygons,
through a process of scripting, the bidimensional
models turned into tridimensional models, with the
volumes calculated according to the values se-
lected in the numerical analysis and in the geo-
logical reserves models for each extraction model.
The images of the tridimensional models can be
seen in the figures 13 and 14 for the models using
Overhand sut & Fill and for the models using the
Longhole stoping, respectively.

Figure 13: Bidimensional extraction polygons - models 1 (A)
and 3 (B)

Figure 14: Bidimensional poligons of extraction on the models
2 (A) and 4 (B)

4.2.4 Mine Design

With the extraction polygons designed, the study
produced for each extraction model the mine de-
sign acording to the code summarized in the table
3.

Table 3: Color code for the mine design
Color code
Datamine Cor Code

Infrastructure Description

3 ACCS Acesses
4 CNFT Paralel extraction drifts
9 FRTE Exctraction drifts

10 RAMP Ramp
11 ROBB Ventilation shaft
12 CRRO Water management drift
39 PLZA Ventilation shaft acess
41 CARG Ore loading area

Due to the similarity between models, only two
full mine designs were executed in Datamine Stu-
dio 3, one for the Overhand cut & fill mining method
and other for the Longhole stoping. For the mod-
els 3 and 4, small adjustments were made to each
mine design to accomodate the increase in areas
and the existence of now economically extractable
blocks in the extraction drifts areas, that were, in
the non optimized models, 1 and 3, non economic
therefore generated through the mine design and
not through the extraction polygons.
4.2.5 Extraction sequencing

The sequencing process is based on the adjust-
ment of the time of extraction of each extraction
block, either from the mine infra-structures, gener-
ated through the mine design, or the blocks with
economic ore, generated through the extraction
polygons. This process faces, usually a series of
error like the duplication of areas, the severe an-
gle changes or weak connections. This problems
were solved in the Datamine 5DPlanner, without
the need to return to the previous steps of the pro-
cess. One of the ouputs from this process is a
video animation of the sequenced extraction pro-
cess for each model. A frame from the videos of
the Overhand cut & fill models is represented in
the figure 15.

Figure 15: Video frames from the sequencing of the models 1
(A) and 3 (B) in Datamine 5D Planner

In the figure 16 is a frame from the videos gen-
erated based on the models using the Longhole
stoping

Figure 16: Video frames from the sequencing of the models 2
(A) and 4 (B) in Datamine 5D Planner

Agregated to the animation two other files were
generated, a Datamine 5DPlanner file that can be
used to further adjust the extraction and a se-
quencing table with the extraction parameters per
month. This step concluded the implementation
step of this study.
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5. Results & Discussion
To analyze the results from the generated models,
and the extraction parameters of each model, the
sequencing tables generated to each model were
used and the results were divided in operational
and economic.

5.1. Operational analysis
5.1.1 Ore mass and average grade

One of the main parameters analyzed were the ore
mass extracted (mm) and the average grade (tm),
being the t̄p the weighted average grade of the total
model, calculated acording to the equation 5.1.1.

t̄p =

∑N
k=1mm × tm

Tm
(4)

The data generated in the sequencing process was
summarized in the figures 17 for the Overhand cut
& fill models, 1 and 3.Massa de minério extraída Modelo 1

Massa de minério extraída Modelo 3
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Figure 17: Mass of extracted ore and average grade on the
models 1 and 3

For the models using the Longhole stoping, the
data for the mass of extracted ore and average
grade is summarized in the figure 18
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Figure 18: Mass of extracted ore and average grade on the
models 2 and 4

In the figures presented is visible a increase in
extracted ore mass and in the averagde grade.
This visual perpection is verified when the raw data
is analyzed. The table 4 contains the data for the
extracted ore mass in the four generated models.

Between the models 1 and 3, a increase of 3.95%
in extracted ore mass, from 80 837 to 84 029 proves
the theorethical increase in extractable area with
the optimization. In the models 2 and 4, the in-
crease was even more significant, from 70 127 to

Table 4: Variation in the mass of extracted ore in the four ex-
traction models generated

Parameter/Model Model 1 Model 3 Diference [%]
Total mass of extracted ore [ton] 80 837 84 029 3.95

Parameter/Model Model 2 Model 4 Diference [%]
Total mass of extracted ore [ton] 70 127 77 345 10.29

77 345, a percentual variation of 10.29%. The data
from the average grade is concised in the table 5.

Table 5: Variação no teor médio de prata nos quatro modelos
de extracção gerados

Parametro/Modelo Modelo 1 Modelo 3 Diferenca [%]
Teor médio Ag [gr/ton] 111.77 112.82 0.94

Parametro/Modelo Modelo 2 Modelo 4 Diferenca [%]
Teor médio Ag [gr/ton] 108.20 109.80 1.48

The diference in this parameter is less signifi-
cant, with the extraction models presenting an in-
crease of 0.94% between the models 1 and 3 and
an increase of 1.48% in the models 2 and 4.

5.1.2 Silver produced

The silver produced, or equivalent mass of silver
(Ageq), is a parameter that calculates the amount
of silver that can be produced considering not
only the mining recovery but also the metalurgical
process. This parameter is usually measured in
ounces. To analyze this parameter, the Ageq was
agregated to the extracted ore mass, in the figure
19 for the models 1 and 3, and the figure 20 for the
models 2 and 4.
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Massa AG equivalente Modelo 4
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Figure 19: Mass of silver produced and mass of ore extracted
in the models 1 and 3
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Figure 20: Mass of silver produced and mass of ore extracted
in the models 2 and 4

The raw data from the sequencing tables were
summarized in the table 6
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Table 6: Mass of silver produced in the four extraction models
Parameter/Model Model 1 Model 3 Diference [%]

Mass of silver produced [oz] 688 977 717 395 4.13
Parameter/Model Model 2 Model 4 Diference [%]

Mass of silver produced [oz] 573 540 734 223 26.02

This parameter saw an increase of 4.13% in the
models 1 and 3, in line with the increase in the
mass of ore extracted, and an increase of 26.02%
in the models 2 and 4, significantly above the per-
centual increase of the mass of ore extracted in
these models. This last value can be linked to an
increase in dilution in conjuntion with the increase
in areas economically extractable.

5.1.3 Dilution

The main parameter analyzed in this study was
the mine dilution. The dilution in the four extrac-
tion models can be divided in three diferent types,
the extraction dilution from the extraction of the
vein, the development dilution, from the develop-
ment of the mining method drifts in economically
extractable blocks, and the crown pilar dilution, set
at 20%. The Total dilution in the model aggregates
all the three dilution types. The raw data from the
sequencing table is concised in the table 7

Table 7: Dilution values calculated in the four generated models
Parameter Model 1 Model 2 Model 3 Modelo 4

Extraction dilution 22.10 26.47 22.18 22.07
Development dilution 86.20 80.08 39.06 68.50
Crown pilar dilution 20.00 20.00 20.00 20.00

Total dilution in the model 24.80 35.21 22.84 29.87

The data goes in line with the predicted results
with a deccrease in dilution between non-optimized
and optimized models. The models generated ac-
cording to the Overhand cut & fill methods saw
a percentual decrease of 7.90% from 22.07% to
20.00% and the models generated using the Long-
hole stoping, the percentual decrease was even
more significant, set at 15.17%, from 68.50% to
29.87%.

5.2. Economical analysis
5.3. Operacional cost of extraction, net and gross

profit
three of the mains economic parameters are the
operational cost of extraction (CE), the net profit
(RL) and the gross profit (RB), all provided by the
sequencing tables. The relation between these pa-
rameters is established by the equation 5.

RL = RB − CE (5)

The data from the aplication of this equation to
the sequencing tables is summarized in the table 8.
In this table is visible the significant increase in all
the economic parameter with the Longhole stoping
models presenting a higher level of increase, in line
with the previous discussed results. According to

this data, the prefered model that would allow the
maximization of the net sales is the model 3.

Table 8: Values from the Operational cost of extraction, net and
gross sales in the four generated models

Parameter/Model Model 1 Model 3 Diference [%]
Operational cost of extraction 806 245 833 842 3.42

Net sales 4 959 863 5 172 008 4.28
Gross sales 5 766 178 6 005 850 4.16

Parameter/Model Model 2 Model 4 Diference [%]
Operational cost of extraction 723 990 837 595 15.69

Net sales 3 965 389 5 041 330 27.13
Gross sales 4 689 378 5 878 925 25.37

5.3.1 Cash-flow and Net present value

To analyze the models in light of the NPV maxi-
mization strategy, a series of cash-flows were gen-
erated considering an interest rate of 8% anually
and using the equation 6 where CF is the cash-
flow, Rb is the gross sales, COP is the operational
cost of extraction and CIN is the investment in de-
velopment to reach the ore.

CF = Rb − COP − CIN (6)

.
The generated cumulated cash-flows, NPV are

presented in the figure 21
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Figure 21: Accumulated cash-flows (NPV) for the four extrac-
tion models

The results presented strengthen the already
verified level of optimization that can be achieved
in the Longhole stoping optimization, seen when
comparing the models 2 and 4, specially when con-
sidering that the model 2, due to the higher level
of dilution and higher cost in the invesment of in-
frastructures to reach the vein, presents a nega-
tive cash-flow, a situation not verified in the model
4, already economically viable. Altough this opti-
mization, the model that can provide a better op-
tion for the extraction of the selected study area is
the model 3, the optimization of the Longhole stop-
ing. This model allows the extraction of the area,
with a known and already in use mining method,
while reducing dilution, increasing the mass of sil-
ver produced and maximization of the NPV through
a higher level of possible net sales. All the param-
eters displayed a better performance in the opti-
mized models reinforce the idea that the optimiza-
tion of extraction is a good aproach to increase the
economic viability in orebodies of this nature.
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6. Conclusions
6.1. General conclusions
The four generated models, and the endgame re-
sults from the sequencing were in line with the the-
orethical prediction. The magnitude of the anal-
ysed extraction parameters are not far from what
would be achieved in a regular mine plan to an
area with those characteristics which is proof that
the used methodology was applied correctly. The
four generated extraction models allowed the study
to fully understant and analyse the potential difer-
ences between them not only from a o operational
standpoint but also from the potential economic
output that each one of them can generate.

The diference in height between the block model
dimension of 5 meters , and the proposed and
designed optimized drift dimension, of 4 meters,
means that a portion of the extraction area is cal-
culated, through the process, as a extraction drift,
where in reality, the extraction is executed through
one of the mining methods used. Due to the higher
dilution value associated with the extraction drift,
the extraction total dilution of the model is overes-
timated, further increasing the conservadorism of
the optimized models.

According to the economic analysis, the model
that can maximize the profit in the selected study
area is the model 3, altough the significant opti-
mization that can be achieve with the optimization
of the longhole stoping, simulated in the model 4.

6.2. Limitations and achievements
The applied methodology and the changes intro-
duced to the usual reserves models generation
produced a set of realistic results and extraction
data, in line with the data usually produced in a
area similar to the selected study area. The pro-
posed optimization plan, of reducing the dimension
of the extracion drifts, allow, if well executed, the
decrease of dilution, the increase of mineable ar-
eas and the optimizaion of the NPV and economic
parameters.

The selected study area was corrected chosen
and the results from this study can be applied in
other areas with similar vein thickness.

One of the main limitations in this study was the
learning curve of the Datamine software, limita-
tion that increased the duration of the experimental
stage and lead to a decrease of the depth of the
economic analysis, a stage that was planned to be
much more focused and developed in the begining
of the study process.

6.3. Recomendations and future works
The data from this study sugests that a change
in mining method, altough inadvisable, can be
achieved is well planned and executed. In that
sense a full study of the implementation of an al-

ternative and experimental mining method, like the
Alimack method, can provide aditional data and a
possible alternative with good results.

The inexistence of a drilling and blasting pattern
in the Saucit mine and the need for the adaptation,
without previous plan, of the drift dimensions, in-
creases ineficiencies and dilution. A future mine
plan, with optimized drift dimensions, will need a
detailed plan with a specific drill and blast pattern
for the optimized drift dimensions.

The inability of the geologic block model to con-
sider a 4 meter height block, in the optimized drift
dimensions, provide further conservatism to the
models but also increases the diferences to a pos-
sible real extraction of the area. To accommodate
this diference a adjustment to the code that gen-
erate the sequencing can be made to increase the
reliability of the generated data.

The main mining parameter analyzed, the dilu-
tion, is measured in situ bidimensionally. In that
sense, altough the relatively realiability of the dilu-
tion database, a more eficient and precise method
for measuring the dilution is needed to further de-
velop the dilution database from the Saucito mine.

At last, this methodology, and the models gener-
ated, are theorethical representations of a extrac-
tion. To further adjust the models and the method-
ology a pilot area is needed, fully developed us-
ing the dimensions of the optimized models, to in-
crease the reliability of the models and identify the
needs for adjustment in the models.
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