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Abstract 

The present work aims to provide a new outline for the calculation of mining recovery and dilution, by 

mining method and ore type. This new methodology proposes the use of three-dimensional surveys to 

calculate the values of the underbreak and overbreak volumes. In order to evaluate the effect of the 

mining method and ore type, three mining methods (Optimized Bench and Fill, Bench and Fill and Up-

Hole and Fill) and four ore types were considered, all found in the Neves-Corvo Mine.  

The first part of this study was composed by an experimental calculation of the mining recovery by 

comparing the three-dimensional surveys with the initial planned volumes. In the second part an 

economic evaluation of the performances of the classic Bench and Fill and Optimized Bench and Fill 

was carried out. The analysis of the total revenue of a stope as a function of grades, mining recovery, 

plant recovery, NSR (Net Smelter Revenue) and production costs was performed for both methods.  

In conclusion, with this study it was possible to obtain different values of recovery for the different mining 

methods and to understand that the ore type also influences this parameter. The economic assessment 

allowed us to understand that a more expensive mining method, with a higher recovery, can be more 

advantageous than a method with lower costs if the ore presents enough content. 

Keywords: mining recovery, mining methods, economic benefit, Optimized Bench and Fill, Bench and 

Fill, Up-Hole and Fill, Neves-Corvo. 

1. Introduction   

The technological evolution of the past decades 

has increased the demand for mineral 

resources. In order to meet this demand, it’s 

essential to ensure an efficient and sustainable 

extraction of the available reserves. In order to 

assess the effectiveness of an extraction method 

and the use of the reserves, it is necessary to 

quantify the mining recovery. 

Therefore, the mining recovery factor allows the 

evaluation of the suitability of the selected mining 

method, and is also a measure of the quality of 

the operations associated with the stope 

extraction. The process of selection of the 

optimum extraction method for each stope is 

subjected to a number of variables and 

constrains, such as blasthole geometry, firing 

sequence, ground support, ventilation and 

economics (Villaescusa, 2004). The mining 

method geometry is commonly represented by 

three-dimensional volumes, using solid 

modelling software.  

The stope performance is measured by the 

ability to achieve maximum extraction (maximum 

recovery) with minimum dilution (Villaescusa, 

2004). The intersection between the planned 

and the final volume of a stope allows an 

accurate estimation of these two parameters. 
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The recovery factor is often determined based 

on the volume of underbreak, defined as the 

volume of intact rock material left unexcavated in 

relation to the planned stope design volume 

(Cepuritis & Villaescusa, 2006). When the total 

planned volume and the non-excavated volume 

are known, it is possible to calculate the 

recovered volume. 

If the underbreak volume reflects the non-

excavated material, the overbreak volume 

reflects the volume of material excavated in 

excess of the planned stope design volume 

(Cepuritis & Villaescusa, 2006). 

Sometimes the material removed from outside 

the excavation boundary can have a low or zero 

content, reducing the value of the extracted 

material. The incorporation of this material is 

called dilution. There are different types of 

dilution, depending on the type of material 

excavated. The most harmful type is the paste fill 

dilution. This dilution is related to the 

incorporation of zero grade material, which 

causes significant economic losses in the 

process of production and processing (Vokhmin 

et al., 2017). 

From the orebody delineation to its actual 

excavation, there are many factors that can 

condition recovery, overbreak and dilution. 

2. Neves-Corvo Mine 

The Neves-Corvo is a copper and zinc mine, 

located on the western part of the Iberian Pyrite 

Belt (IPB). The mine is situated in the Beja 

district (Alentejo), approximately 220 km 

southeast of Lisbon and 15 km southeast of 

Castro Verde. The mine is owned and operated 

by SOMINCOR, a Portuguese subsidiary of 

Lundin Mining Corporation. 

This mine explores seven mineralised 

orebodies, belonging to the Vulcano-

Sedimentary Complex, named: Neves, Graça, 

Corvo, Zambujal, Lombador, Semblana and 

Monte Branco. 

The mineral deposits occur as concentrations of 

high-grade copper and/or zinc mineralisation 

within massive sulphide pyritic lenses, and 

copper mineralisation within stockwork zones 

that typically underlie the massive sulphide 

(Lundin Mining, 2017). 

In the context of this work, a total of 4 ore types 

were considered, represented in table 1. 

Table 1. Mineralisation types in the Neves-Corvo 

mine (Adapted from Lundin Mining, 2017). 

Mineralisation type Description 

MC Massive copper 

MH / MCZ Massive copper and zinc 

FC Stockwork copper 

MZ Massive zinc 

Regarding the mining methods, six methods are 

currently used: Drift and Fill (DF), Mini Bench 

and Fill (MBF), Sill Pillar, Bench and Fill (BF), 

Optimized Bench and Fill (OBF) and Up Hole 

and Fill (UHF). In this work only the last three 

methods were taken into account. 

The Bench and Fill method requires two access 

crosscuts driven across the orebody, one for 

drilling and one for removal. Both accesses are 

initially excavated with a 5×5 m section. Only the 

upper access is extended to the final width of the 

stope. The drilling scheme used is vertical. 

The Optimized Bench and Fill method is a less 

expensive variant of the previous method. In this 

method, the upper access maintains the initial 

dimensions and a ring drilling scheme is used.  

Taking into account the drilling scheme used two 

different planned solids can be considered: a 

layout that reflects the drilling scheme and a 

general layout, both represented in Figure 1. 

The first layout will be used in the experimental 

determination of recovery and dilution. The 
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second layout will be used in the economic 

analysis. 

 

Figure 1. Different layouts considered for the OBF method. 

Finally, the Up-Hole and Fill method is another 

variant of the Bench and Fill that only requires a 

single access, used for both drilling and removal 

operations. This method uses an up-hole ring 

drilling scheme and is the least expensive of the 

three methods. 

Expected recoveries for these three methods are 

95, 90 and 90%, respectively. 

These mining methods generally involve the 

extraction of transverse stopes accessed from 

footwall ramps and crosscuts. Firstly, it involves 

the initial extraction of primary stopes, followed 

by backfilling and subsequent extraction of 

secondary stopes (Lundin Mining, 2017). 

3. Methodology  

The present methodology can be divided into 

two distinct parts. The first part involves, the 

experimental determination of the mining 

recovery parameter. In the second part, it was 

taken into account the influence of the 

determined parameters on the economic benefit. 

3.1. Experimental determination of mining 

recovery, overbreak and underbreak 

Mining recovery can be defined as the ratio of 

metal extracted from a block and the existing 

metal of that block. In terms of volumes, mining 

recovery (MR) can be described by equation 1. 

MR (%) = 
Extracted volume

Total volume
×100 (1) 

Unlike plant recovery, mining recovery is highly 

variable, depending on a large set of operational 

and geological variables. 

On the other hand, mining dilution (MD) can be 

defined as the amount of lower-grade or waste 

material mixed with the extracted ore, or in terms 

of volumes as presented by equation 2. 

MD (%) = 
Waste Volume Extracted

Total Volume Extracted
 

⟺ MD (%) = 

Waste Volume Extracted

Ore Volume Extracted+Waste Volume Extracted 
 

(2) 

The main objective of this new outline consists in 

the local evaluation of mining recovery and 

mining dilution, taking into account the mining 

method and the ore type. 

The proposed outline is divided into three main 

methodological steps: 

i.Fast monitoring of cavities, after blasting, by 

using a laser scanning survey technology; 

ii. Modelling the shape of those cavities based on 

the polynomial interpolation of the control 

points measured at i.; 

iii. Evaluation of the local models of MR and MD, 

conditioned to the different mining methods 

and different ore types. 

By comparing the final void survey of the stope 

with the planned total volume, it is possible to 

evaluate the local mining recovery. This 

calculation is obtained through solid difference 

operation with the planned volume and extracted 

volume models. These operations will allow the 

construction of three-dimensional models that 

reflect underbreak and overbreak volumes. 

These solids will also allow us to evaluate the 

most common places of material accumulation 

within the stope. In order to take into account the 

mining method, the planned volume solid will be 

built based on the dimensions and 

characteristics of the considered method.  
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3.2. Economic evaluation of recovery and 

dilution  

In order to quantify the reserves of a mine, it is 

necessary to calculate the cut-off grade. The cut-

off grade can be defined as the grade required 

for a unit of ore to return profit (Birch, 2017). 

Depending on the costs considered in its 

calculation, different cut-off grades can be 

obtained. 

A first step to determine the cut-off grade is the 

definition of the value of the mined ore. This 

value can be quantified using the Net Smelter 

Revenue (NSR). NSR can be defined as the 

difference between gross revenue and the 

commercial costs (Equation 3) or, in relative 

terms as a ratio between the net revenue and the 

gross revenue (Equation 4). 

Net Smelter Revenue = Gross Revenue 

- Commercial Costs (CC) 
(3) 

Net Smelter Revenue (NSR) (%) =  

=
Net Revenue

Gross Revenue 
 × 100 

(4) 

As represented by Equations 5 and 6, the gross 

revenue depends on a set of variables including 

the mining recovery (MR), while the production 

costs are affected by the mining dilution (MD). 

Gross Revenue = Ton × G × MR × PR × P (5) 

Production Costs = Ton × (1 + MD) × PC (6) 

In these equations Ton refers to the tonnage of 

ore removed, G to the metal grade of the ore, PR 

to the plant recovery, P to the metal price per ton 

and PC to the production costs per ton. 

Different mining methods have different 

recoveries. This means that the same stope can 

provide different benefits, as different methods 

are used. Knowing the recovery and the 

extraction costs of each mining method, it is 

possible to make an economic assessment of 

the different methods. This process will allow the 

calculation of the minimum grade necessary for 

a mining method to be more advantageous than 

other. In order to compare the mining methods, 

it’s necessary to define the economic benefit (B) 

for each stope (Equation 7).  

B = (Ton × G × MR × PR × NSR × P) - (Ton × PC) (7) 

Using this definition, it’s possible to define the 

economic benefit as a function of the ore grade, 

considering the remaining variables are 

constant. For each method and ore type different 

functions will be obtained.  

By fixing the ore content, it is also possible to 

define the benefit of a mining method for different 

recovery scenarios.  

The previous expressions also allow us to 

evaluate the effect of mining dilution on the 

economic benefit of a stope. It can be 

determined the grade after dilution (Gdiluted) 

(Equation 8), as well as the after-dilution 

production costs (Equation 6).  

Gdiluted =
Ton × G

Tontotal

 

Where Tontotal refers to the tonnage of ore and 

waste extracted from the stope. 

(8) 

The determination of the economic benefit of a 

given stope for different dilution scenarios allows 

the quantification of the damage caused by this 

variable.  

4. Results and discussion 

The values presented throughout this chapter 

were obtained using an arithmetic mean of the 

data collected at the Neves-Corvo mine. 

4.1.  Mining Recovery 

Beginning with the Optimized Bench and Fill 

(OBF) it was obtained an average mining 

recovery of approximately 82.3%. Referring to 

the influence of the ore type in the recovery, a 

stope within an MZ ore type presents a higher 

value of recovery when compared to an FC ore 

type. An OBF stope within an FC ore type has a 
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high variability. Recovery values can range from 

63.9% to 91.7%. 

The Bench and Fill (BF) method has a higher 

recovery than the OBF method, with an average 

value of 87.6%. For this method, the ore type 

does not cause significant variation in the 

recovery parameter. However, it is possible to 

observe once again the higher variability of the 

copper ores (FC, MC and MH). 

Finally, the Up-Hole and Fill (UHF) mining 

method has the lowest average recovery 

(81.0%) and the highest variability. Recovery 

values can range from 65.8% to 92.7%. The ore 

type appears to have some influence on the 

recovery. However, due to the fact that most of 

these stopes are carried out on a FC ore type, it 

is difficult to assess the effect of this variable. 

By dividing the stopes based on their location in 

the mining sequence, a higher recovery from the 

secondary stopes would be expected due to the 

instability of the surrounding rock mass after the 

primary stopes. However, the primary stopes 

showed higher recoveries for some ore types, 

which may be related to a higher percentage of 

overbreak. In order to better understand these 

results, further analysis would be required. 

4.1.1. Underbreak distribution  

In order to evaluate the ore losses associated 

with each mining method, an analysis of three-

dimensional underbreak models was carried out.  

Concerning the OBF method, the non-excavated 

ore remains at the lower part and walls of the 

stope. On the other hand, in the UHF method, 

the non-excavated ore remains mostly on the 

lower part, with some accumulation on the roof 

and walls of the stope. Finally, in the BF method, 

preferential accumulation is observed on the 

walls, although in several cases some of the 

material remains on the lower part of the stope 

(Figure 2). 

 

Figure 2. Representation of the most common ore losses in 
the different mining methods (left image) OBF method 
(center image) UHF method (right image) BF method. 

In order to remove this material and increase the 

recovery, some measures can be implemented. 

Extra holes in the drilling pattern or the creation 

of variations to the classic mining methods are 

some of these measures. In order to understand 

the effect of these options, it would be necessary 

to carry out a detailed analysis using a larger 

number of examples. 

4.2. Overbreak  

Concerning the overbreak by mining method, the 

UHF (Up-Hole and Fill) is the method with the 

highest overbreak average percentage, 

approximately 15.8%. The remaining methods 

have overbreak values close to 10%.  

Taking into account the ore type, the BF method 

shows lower overbreak values for the massive 

copper ores, when compared to the MZ and FC 

ore types. However, this method provides the 

best balance between recovery and overbreak.  

For the OBF method, it is possible to find a linear 

relationship between the overbreak and the 

mining recovery, both determined by ore type 

and mining method, as presented in Figure 3.  

 

Figure 3. Linear relationship between the mining recovery 
and the percentage of overbreak. 
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For primary and secondary stopes, the 

coefficients of determination assume the values 

0.9972 and 0.8258, respectively.  

Finally, it is also possible to convert the volume 

of overbreak into an average measure, in cm, of 

excavated rock beyond the limits of the stope. 

For each stope it was considered the surface 

area where overbreak may occur. The results 

obtained were 46.6, 60.7 and 45.2 cm for the 

OBF, UHF and BF methods, respectively. 

In order to evaluate the data distribution, six 

classes of overbreak were considered: ≤5%, 5-

10%, 10-15%, 15-20%, 20-25% and ≥25 %. 

Most of the stopes fall into the first three classes. 

These classes are mainly composed by primary 

stopes, while the last classes are mostly made 

up of secondary stopes (Figure 4).  

Taking into account the mining method, the OBF 

and BF methods are associated with overbreak 

values of the first three classes, while the UHF 

method presents a more irregular distribution. 

 

Figure 4. Stope distribution based on the percentage of 

overbreak. The percentage indicate the division into primary 
and secondary stopes.  

For each mining method it is also possible to 

evaluate the preferred accumulation sites of 

overbreak. Regarding the OBF method, it is 

possible to state that most of the overbreak 

occurs in the upper part of the stope and walls. 

The UHF method is characterized by 

overexcavation of the roof and walls. However, 

the high variability of this mining method makes 

it somewhat unpredictable. Lastly, the BF 

method only presents overexcavation on the 

walls. 

4.3. Paste Fill Dilution 

Regarding the paste fill dilution, it is possible to 

conclude that the average value obtained for 

both primary and secondary stopes is below the 

planned value for all the mining methods. The 

highest dilution values are associated with the 

BF method, while the lowest values with the OBF 

method. 

For the OBF method, it was also possible to find 

a linear relationship between the mining 

recovery and the dilution for secondary stopes. 

A linear relationship with a determination 

coefficient of 0.9653 was established (Figure 5). 

Due to the relationship between recovery and 

overbreak, these results are as expected. For a 

secondary stope, a higher overbreak percentage 

causes a higher paste fill dilution but also a 

higher mining recovery. 

 

Figure 5. Linear relationship between the mining recovery 
and the total paste fill dilution for secondary stopes 

The dilution percentage can also be converted 

into a metric measure. Two types of paste fill 

dilution were considered: floor paste fill dilution 

and side wall paste fill dilution. In this calculation 

were considered 30 stopes with paste fill dilution 

values above 4%. It was possible to obtain an 

average side wall dilution of 65 cm. In the case 

of the floor dilution, considering that this occurs 

on the central area of the stope floor, it was 

possible to obtain an average value of 52 cm. 
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4.4. Annual evolution of mining recovery, 

overbreak and dilution 

The annual tendency of the mining recovery, 

overbreak and dilution percentages usually 

reflects the evolution of the effectiveness of 

operations and mining method.  

Due to the larger number of examples of the 

OBF mining method, it is possible to evaluate the 

evolution of this method over the years.  

A slight growth of the mining recovery parameter 

can be observed between 2015 and 2018, the 

total increase being approximately 5%.  

However, it can be observed that this increase in 

recovery was accompanied by an increase in the 

percentage of overbreak, confirming the 

relationships previously found (Figure 6).  

 

Figure 6. Variation of the mining recovery with the 
overbreak (annual values), from 2015 to 2018 

If the ore type is taken into account, it can be 

observed that, in the FC ore type stopes, the 

recovery growth is considerably more 

pronounced than in a MZ ore type stope, whose 

recovery remained approximately constant. For 

the FC ore type stopes, it was also observed an 

increase in the percentage of overbreak. 

However, this overbreak increase can cause 

serious problems in the paste fill dilution control. 

It is possible to observe a growth of this 

parameter between 2016 and 2018. 

In order to carry out this analysis as accurately 

as possible, it would be necessary to take into 

consideration all the stopes performed in each 

year. Besides, it would be interesting to perform 

this analysis on all the mining methods. 

5. Analysis of the total revenue of a stope as 

a function of the grade, mining recovery, 

and production costs 

5.1. Sensibility analysis of economic benefit 

It is possible to define the economic benefit of a 

stope, based on its grade and mining recovery. 

Using equation 7 and considering all the 

remaining terms are constant, the influence of 

the recovery on this parameter can be assessed. 

For different values of recovery, different values 

of benefit will be obtained.  

This analysis was performed for a copper ore 

and a zinc ore. The OBF method was considered 

as the used mining method for the extraction of 

a conventional bench stope (15×18×35 m). It’s 

important to remind that the recoveries 

presented in the following chapters were 

determined for the general layout defined on 

Chapter 2. 

Considering this layout, for a FC ore type 

(copper ore), the OBF method has a recovery of 

74.2%. If the recovery can be increased to 90%, 

the benefit of this stope can be increased by 

32%. 

For an MZ ore type, the OBF method has a 

recovery of 79.4%. For this ore type, increasing 

the recovery to 90% will allow an increase of the 

economic benefit by approximately 18%. The 

benefit increase is lower because of the lower 

difference between the initial and final recovery 

and the lower zinc price. 

A similar exercise can be performed for the BF 

and UHF methods in order to show the influence 

of recovery on the economic benefit for these 

methods. Another important question is to 

ensure that the increase of benefit will cover the 

extraordinary expenses required to increase the 
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recovery. This question wasn’t taken into 

consideration in this analysis. 

5.2. Sensibility analysis of the effect of the 

production costs and the mining 

recovery in the economic benefit 

Due to the difference found between BF and 

OBF mining methods recoveries, an economic 

assessment of these two methods was 

considered to be relevant. In this chapter, 

equation 7 was also used to define the economic 

benefit of a stope.  

By considering the mining recovery constant, it 

is possible to evaluate the increase of benefit 

with the increasing grade for different mining 

methods. 

For a copper ore with a grade superior to 1.4%, 

the use of the BF method provides a higher 

economic benefit. For a zinc ore with a grade 

above 9.0%, the BF method also provides a 

higher economic benefit. 

It is important to recall that these results were 

obtained based on the average values of the 

mining recovery parameter. Results may change 

if the recovery varies between its minimum and 

maximum value. It was found that, due to the 

higher costs of the BF method, when its recovery 

is closer to the minimum values, the OBF 

method represents a better option when it keeps 

its recovery between the mean and maximum 

values. 

In conclusion, it can be said that recovery plays 

an essential role in the selection of the most 

advantageous mining method. It is also 

important to consider the variation of the 

recovery with the ore type. Different ore types, 

different mining recoveries, which may require 

different mining methods.  

Over a complete mining level, a combination of 

these two methods may bring more advantages 

to the exploitation, than the use of a single one. 

This hypothesis will be tested in the next chapter. 

5.3. Sensibility analysis of the effect of the 

production costs and the mining 

recovery in the economic benefit for a 

complete ore panel 

In order to achieve the optimal extraction 

scheme for a complete ore panel composed by 

multiple smaller blocks (5×5×5 m), the exercise 

of the previous chapter was performed for each 

one of those. At the end of this iterative process 

it will be possible to obtain an extraction plant, 

where for each block it was selected the method 

that allows to maximize the benefit obtained. 

In this chapter, equation 7 was considered for 

the economic benefit calculation, as well as two 

distinct copper and zinc ore panels.  

For each panel three different scenarios were 

considered. In a first scenario, it will be assumed 

that the entire panel is extracted using the Bench 

and Fill (BF) method. In a second scenario it was 

considered the use of the OBF mining method 

throughout the panel. Finally, in a third scenario 

it was considered the use of a combination of the 

two mining methods.  

For a zinc ore panel, it was possible to notice that 

the OBF method provides a lower overall benefit 

and it leads to a loss of approximately 1 200 tons 

of metal. Using for each block the mining method 

that gives the greatest benefit, it can be defined 

a new extraction scheme that maximizes the 

benefit, represented by Figure 7. 

Using the BF method for the higher grade blocks 

and the OBF method for the lower ones, it is 

possible to increase the benefit obtained by 

3.6% and the amount of metal recovered by 

7.2%, when compared to the extraction scheme 

that only uses the OBF method. 
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Figure 7. Spatial distribution of zinc content throughout the 
panel, with the areas of each mining method 

 (Orange – OBF / Blue – BF). 

On the other hand, for the copper ore panel, it 

was possible to obtain a higher benefit for the 

panel completely extracted with the BF method 

when compared to the one using the OBF 

method. Still, the OBF method provides a higher 

benefit for lower grade blocks. The data obtained 

allow us to state that to achieve a maximum 

benefit scenario, it is once again necessary to 

use both mining methods, in the same 

configuration described for the zinc panel. The 

combination of both methods increases the total 

benefit by 14.3% (Figure 8), when compared to 

the arrangement that only uses the OBF method.  

 

Figure 8. Spatial distribution of copper content throughout 
the panel, with the areas of each mining method  

(Orange - OBF / Blue - BF) 

This example shows that the use of a lower 

production cost method, like OBF, in all stopes 

of a panel can lead to a loss of metal and a 

reduction in the potential benefit, especially for 

the higher grade blocks. Once again, it is also 

possible to see the effect of recovery on the 

viability of a mining method. 

 

5.4. Paste fill dilution consequences  

As referred previously, the paste fill dilution may 

cause a decrease in the economic value of the 

extracted ore. In order to assess the 

consequences of dilution, two parameters were 

determined: the diluted content of the ore and 

the economic benefit after dilution. The first 

allows us to account for ore contamination, while 

the second allows quantifying the economic loss 

of dilution. 

For a copper ore with an initial content of 2%, a 

5% dilution may lead to a decrease in grade of 

approximately 0.1%. On the other hand, a zinc 

ore with an initial grade of 9%, with the same 

dilution percentage, may suffer a grade 

reduction of 0.4%. 

In order to assess the economic consequences 

for each mining method, the economic benefit for 

different values of dilution was determined. For a 

copper ore, and using the OBF method, the 

incorporation of 5% of paste fill may cause a 

benefit loss of approximately 2.5%. If the same 

ore is mined according to the BF method, this 

decrease may reach 3.2%. Lastly, for the UHF 

method, this dilution may lead to a benefit 

reduction of 1.9% 

For a zinc ore and an OBF stope, the 

incorporation of 5% paste fill material may result 

in a decrease of benefit up to 1.9%. While using 

the BF method, the incorporation of this material 

can cause a benefit decrease of approximately 

2.6%. 

The higher decrease observed in the BF method 

may be related to its higher production costs. 

In order to avoid these losses, it is necessary to 

carry out a cautious control of the paste fill 

dilution. The incorporation of this material may 

also impair the recovery of the treatment plant. 

This effect has not been considered in the 

present analysis. 



10 

 

6. Conclusions  

Throughout this work it was possible to calculate 

the mining recovery by mining method and ore 

type. It was concluded that the Bench and Fill is 

the mining method that has the highest mining 

recovery (88%), while the Up-Hole and Fill 

method is the one with the lowest. 

Concerning the percentage of overbreak, the 

Up-Hole and Fill method presented the highest 

value. For the OBF, method it was possible to 

establish an increasing linear relationship 

between the mining recovery and overbreak, 

with a determination coefficient of R2 = 0.9998. 

Finally, it was possible to calculate the paste fill 

dilution by mining method, all values being below 

the predicted ones. 

The economic evaluation of recovery and 

dilution allowed to state that to increase the 

recovery means to increase the economic 

benefit of a stope, while an increase in dilution 

causes its reduction. 

By establishing a linear relationship between the 

economic benefit and the ore grade, it was 

possible to compare different mining methods. 

By comparing the OBF and BF methods, it was 

found that for a copper grade above 1.4% or a 

zinc grade above 9.0%, the BF method becomes 

a better extraction option. 

It is important to note that the control of recovery 

and dilution by mining method depends on the 

supervision of all the operations necessary to the 

extraction of a stope. Regular communication 

between all the departments plays a 

fundamental role in this topic. 

For future works, there are other variables 

whose effect on recovery would be relevant to 

evaluate, such as the rock mass quality and the 

specific charge. Monitoring the underground 

operations could provide essential information to 

evaluate the quality of the stopes and, 

consequently, their recovery. Finally, increasing 

the density of data considered may increase the 

significance of the results, as well as enhance 

further analysis. 
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