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Abstract 

This study on development mining in underground mines aims to define a methodology of mining 
operations’ organization and planning to optimize the mining cycle so that it is possible to maximize the 
advance rate and reduce project deadlines. 

It was proposed a monitoring of the mining cycle and an operational planning philosophy applied to 
mining development. A tool for monitoring the mining cycle was defined and a descriptive parameter 
was defined for the efficiency of the utilization of the working face: the face utilization efficiency (FUE). 
A commitment was made to the coordination of mining operations, holding continuous sessions of 
operational planning. A parameter called the cycle efficiency coefficient (CEC) was developed, which 
allows to evaluate the efficiency of the cycle, as well as to evaluate the yield of the unit operations, 
together with the control of the working face. 

The methodology was applied on two development ramps at Neves-Corvo mine. The case study lasted 
10 months. The main conclusions are that the duration of the mining cycle and of unit operations affect 
the productivity, while the face utilization allows to measure the use of the resources. The higher the 
efficiency with which the mining cycle is carried out together with a shorter time spent by the unit 
operations, the higher the productivity on the meters reached in a mining development gallery. 

Keywords: Mining development, mining cycle, advance rate, unit operations, face utilization, cycle 
efficiency coefficient. 

 

1 Introduction 

Mining development is characterized by a large 
investment with no return on the initial phase 
mining projects, and it is increasingly necessary 
to look for ways to reduce the time spent and to 
optimize the resources needed, and 
consequently reduce operating costs.  

Given the need to find ways to reduce deadlines 
and minimize the probability of unexpected 
events, good organization and planning of 
activities is important in mining operations. 

1.1. Management of mining operations 

The production engineer has the task of 
determining the most optimized way to 
distribute the resources in the mine, and 
consequently maximize their yield, according to 
a given daily or shifts production plan (Burt et 
al., 2015). This applies whether its area is in 
mining development (maximization of advance 
in each cycle) or in ore production 
(maximization of the ore grade obtained). 

The mine is an environment characterized by its 
dynamic nature. The unexplored mines are 

located at high depths and the profit margin is 
further reduced. This implies that mines must 
seek solutions if they wish to continue as viable 
business opportunities (Pareja, 2000). 

1.2. Development mining 

Mining development galleries are classified 
according to their objectives (Bullock, 2011): 

o To allow production access (to ore); 
o To obtain information about the deposit; 
o For construction of service facilities; 
o Combinations of the three categories. 

The advance rate is the key performance 
indicator (KPI) to evaluate an excavation, and 
the cost per meter, although important, tends to 
be secondary (Bullock, 2011). 

1.3. Mining cycle 

The mining cycle is a method of excavation with 
use of explosives, mainly for ore extraction or 
mining development on medium to high 
hardness rocks. It can also be applied in other 
industries, such as tunnels (Skawina, 2013).  
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The management of the mining cycle requires a 
good organization of mining processes. The 
cycle shown in figure 1 represents the 
traditional sequence of the unit operations. 

1.4. Estimation of mining efficiency 

Despite the significant efforts made in the 
development of new techniques, procedures 
and equipments, productivity in mining 
development have not shown significant 
improvements in recent years (Nord, 2008). 
According to a study carried out in 2008 the 
productivity mining cycle has only increased by 
about 1% annually. 

In figure 2 is showed the variations of the time 
required to carry out the mining operations for a 
gallery with 70m² depending on the advance 
obtained, recorded between 1973 and 2007.  

One of the reasons why the mining cycle did not 
show significant improvements is related to the 
growing and important concern for mine safety 
(Nord, 2008). 

Another reason can be explained by the fact 
that most of the efforts of analysis of mining 
productivity have been focused in the study of a 
very particular aspect of the mining cycle: either 
an operation, an equipment or an aspect 
inherent to an operation without an application 
of its impact throughout the cycle. 

Bernardo (2004) argued that the global cycle of 
operations is an important rule, since any 
exaggerated attempt to minimize costs in a 
given operation will be negatively reflected in a 
subsequent operation. Therefore, the effort 
must be made considering the overall cycle of 
operations and not just a part.

There are several proposals for estimating 
efficiency based on availability and utilization of 
mining equipment. Some studies carried out for 
certain equipments such as the mining shovel 
(Elevli and Elevli, 2010), the drill jumbo 
(Kansake and Suglo, 2015), the coal crusher 
from a longwall mine (Brodny et al., 2017), or 
the dragline (Mohammadi et al., 2016) are 
examples. 

The study of the efficiency of using a working 
face, the quality with which a team is properly 
exploited or the efficiency with which the mining 
cycle is produced is something to be explored 
to study and optimize the mining cycle. 

2. Procedure 

In 1916 Young stated that "development must 
be planned to make the maximum amount of 
ore accessible to a minimum volume of 
development." Although the role of mining 
development is important, the mine should 
minimize the amount of time and resources 
allocated to this activity (Pareja, 2000). 

2.1. Monitoring of mining cycle 

A monitoring of the mining cycle should be 
designed. It’s proposed to use a sheet 
controlling of the mining cycle. The record sheet 
evaluates the usefulness of the mining 
operations (operational time) against the total 
time spent to carry out the activities (scheduled 
time) on a given working face. It’s a productivity 
control tool that can be applied according to the 
characteristics of the mine, the deposit, the type 
of production (ore or waste), only in one or in a 
set of working face that it’s considered 
necessary to follow. 

The object study is the face utilization efficiency 
(FEU). It allows to evaluate the efficiency with 
which a working face is properly operated in the 
mine. The constant search for improving each 
shift in conjunction with adequate and 
structured operational planning makes it easier 
to identify opportunities for improvement for the 
better functioning of the cycle.  

Figure 2 - Evolution of mining operations duration 
in function of the advance obtained between 1973 

and 2007 (Nord, 2008) 

Figure 1 - Mining cycle (Heinö, 1999) 
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2.2. Operational planning 

The implementation of a philosophy of 
operational planning in underground operations 
is another proposed component to improve the 
yield of the mining cycle of a mine. For this 
purpose, it is proposed to use a mining cycle 
planning tool. Its purpose is to define a cycle 
model with an optimized sequence adjusted to 
the mine shift system. It is necessary to respect 
the safety procedures of each mine and to 
frame its impacts during the distribution of 
operations for the available working time. 

Operational planning has assumed an 
increasingly importance in the management of 
mining operations since it allows the 
establishment of an organized and efficient 
mining production through the definition of 
strategies, therefore shortening the deadlines. It 
can be defined as a management tool for a 
productive system to meet market demands 
according to a defined industrial strategy 
(Formando, 2005). 

Many constraints occur in a mine from the high 
probability of an equipment malfunctioning or 
the alterations on the rock mass. In a mine 
unexpected events are something common. 
Therefore, is important to have a plan of what is 
to be done and define the objectives to be 
accomplished in order to reduce any type of 
delay 

The process has the following goals: 

• Optimize the mining cycle (predict, plan 
and coordinate unit and auxiliary operations 
to minimize the events of stops/failure; 

• Boost unit operations perfomance (since 
they are the main component of the mining 
cycle); 

• Improve the efficiency of the utilization 
of a work face. 
 

2.3. Productivity parameters 

Any mining excavation must be subject to 
several parameters of evaluation related to the 
productivity reached for a given period of time. 
In this chapter a set of metrics from the mining 
cycle are proposed to measure and evaluate 
productivity in development projects. 

• Number of cycles, C: one cycle is given as 
complete when the sequence of a mining 
cycle shown in figure 2 is completed.  

C =  ∑  Ci

i

1

 (2.1) 

• Total advance: It corresponds to the 
advance obtained by the excavation carried 
out in a given period of time i. 

Adv (m) =  ∑ Avi (Ci)

C

1

 (2.2) 

• Advance per cycle: Corresponds to the 
average advance obtained per cycle for a 
given period of time i. 

Advance/cycle (m) =  
 Avi

Ci

 (2.3) 

• Daily advance: this is a parameter used to 
enable the comparison between mines, 
since each mine has its heterogeneity, its 
working system and particularities. 

Daily adv =  
Total advance (m)

Days of its month
 

(2.4) 

These are the most traditional study 
parameters. For the present study it is proposed 
to introduce a set of indicators. For a set of 
available working faces it is important to study 
the efficiency with which a cycle is obtained. 

• Face utilization efficiency (FUE) represents 
the ratio between the time of operations 
(with effective impact on the working face) 
and total time. 

FUE (%) =  
∑ Operations time (h)

∑ Total time (h)
 (2.5) 

• The mining cycle time, 𝑡𝑐𝑦𝑐𝑙𝑒 , represents the 

frequency with which a cycle is completed 
for a given period of time. A cycle depends 
on: 

o The duration of the total time of the 
mining operations (unit and 
auxiliary); 

o Personnel dislocation; 
o All kind of interruptions/stops until 

the moment of blasting.  

Since mines operate on shift systems, it can be 
calculated by the average number of shifts 
required to complete a cycle based on the 
number of cycles obtained, knowing the number 
of hours of each shift. 

tcycle  =  
∑ shifts 

Ci

∗ h/shift (2.6) 
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• The mining cycle yield, 𝜂𝑐𝑦𝑐𝑙𝑒 , represents 

the ratio between the time of the proposed 
cycle to be reached and the time of the 
cycle obtained 

ηcycle  =  
tcycle proposed 

tciclo obtained

 (2.7) 

• The unit operations time, 𝑡𝑢𝑛𝑖𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 , 

represents the total time spent by the unit 
operations for the accomplishment of an 
optimized mining cycle (OMC). It can be 
expressed in minutes or hours.  

tunit operations =  ∑  timeunit opearition i

i

1

 (2.8) 

• The unit operations yield 𝜂𝑢𝑛𝑖𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 , 

represents the ratio between the time 
proposed to be spent and the duration time 
obtained by the unit operations 

ηunit operations  

=  
tunit operations proposed (OMC)

tunit operations obtained 
 

(2.9) 

• The cycle efficiency coefficient (CEC) 
allows to evaluate the yield of the mining 
cycle, according to the yield obtained from 
the cycle time and the unit operations, 
together with the utilization of the work face. 

 
CEC (%) =  η cycle ∗ FUE

∗ ηunit operations  
(2.10) 

3. Case study 

The methodology was applied at the Neves-
Corvo mine in the excavation of two ramps: 
LS0RAM06 and LS0RAM07. Follow up took 
place between March 2018 and December 
2018. LS0RAM06 ramp is a descending ramp 
with an inclination of -18º while LS0RAM07 
ramp is an ascending ramp with an inclination 
of 18º. Both have dimensions of 5,5mx5,5m. 

The characterization of the rock mass of these 
ramps consisted of black schists and quartzites. 
The mine operates according to a distribution of 
the work in 3 shifts a day of 8 hours. 

The goal of the methodology presented in this 
case study will be to characterize and study the 
mining cycle of the two ramps and try to 
optimize it in the margin of the constraints 
associated with the underground environment. 
The mining processes will be analyzed with the 
purpose of identifying opportunities to boost the 
advance rate and consequently reduce the time 
of excavation, applying a set of tools in the 
optimization of the mining cycle. 

3.1. Application of the control tool 

It was applied a continuous monitoring on 
mining cycle by recording time spent by all 
activities, stops and interruptions. The control 
tool was delivered to the mine control room, 
which was responsible for collecting the data. 

The mine defined dedicated teams and 
equipment for each ramp to reduce the 
excavation time. A system of dedicated teams 
and equipments for a given face means that 
there is a dedicated equipment and an operator 
for each activity to be carried out on that face.  

The methodology aimed to minimize time 
losses and to reduce the excavation time. In the 
initial phase a continuous and on-site 
monitoring of the operations was carried out. 
The follow-up was aimed to observe the state of 
the processes and defining an initial position of 
the project in order to have a comparison model. 

A follow-up of the LS0RAM06 ramp was carried 
out in March, where it was possible to determine 
the mean time of each operation. Table 1 shows 
the average times collected for unit operations. 

Table 1 - Times of the unit operations (h/cycle) 

Mining 
Operation 

t operations 

(h/cycle) 

Drilling 4,60 

Charging 1,63 

Ventilation - 

Irrigation 0,50 

Mucking 2,52 

Scaling 1,96 

Scraping 1,04 

Rock bolting 4,66 

Shotcrete 1,31 

The balance of the month represented an 
advance of 77,3 meters, with 20 cycles 
completed in total with an average of 
3,87m/cycle. The ramp showed an average of a 
cycle every 4,3 shifts, which meant a cycle 
production every 34,7 hours.  

After the evaluation of the operations during a 
period of one month it was understood that 
there was room for improvement regarding the 
mining cycle’s perfomance. As such, it was 
decided to study ways to increase the yield of 
unit operations and how to boost the mining 
cycle in relation to the 8-hour shift system. 

3.2. Planning tool application 

After studying each unit operations of the 
mining cycle, it was present a proposal to 
enhance unit operations, which explained the 
procedure of each operation, identifying the 
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main constraints and the proposed times to be 
reached in each operation in order to define an 
optimized mining cycle (OMC). The analysis 
resulted from the observation of over 10000 
hours of work, where the continuous monitoring 
of the mining cycle of the two ramps was done. 

3.2.1 Optimized mining cycle without 
shotcrete (OMC0) 

Table 2 shows the optimized mining cycle 
without shotcrete (OMC0) proposed for both 
ramps.  

This cycle is a theoretical sequence, and 
represents a scenario where the cycle is: 

• Only dependent on the unit operations and 
the dislocation of the personnel to the 
working face; 

• And any kind of shutdown/failure is 
considered non-existent. 

Table 2 - Optimized mining cycle without shotcrete 
(OMC0) 

• A working shift corresponds to 8 hours of 
labor and it was proposed achieve a 
production of 6 hours and the other 2 hours 
dedicated to the transportation of 
personnel; 

• The optimized mining cycle without 
shotcrete (CMO0) proposed has a duration 
of 3 shifts. It corresponds to an operational 
time of 17,5 hours daily in 18 hours 
available; 

• The unit operations time to be reached is 
17,5h/cycle. 

• In the remaining 6 hours, shift switches 
happen and personnel dislocates between 
in and out of the mine; 

• The blasting can not be carried out after 
charging. In mining environment there are 
safety procedures that have to be fulfilled. 
At the end of each shift there is a period of 
30 minutes exclusively for the blasting of 
working faces, in which all those present at 
the mine are obliged to leave. This is a mine 
safety procedure where jobs must be 
stopped before the shift ends so personnel 
are on the surface until the time of the 
blasting. 

• Gas ventilation is ensured during shift 
switches and dislocation of the personnel – 
its time will not be counted towards the 
calculation of OMC time due to the fact that 
it depends on the logistics of the mine (can 
be considered a period of 45 minutes). 

3.2.2 Optimized mining cycle with 
shotcrete (OMCSC) 

The shotcrete depends on the transport of the 
concrete by concrete mixers.  

To optimize the activity of the concrete in the 
cycle, an optimized cycle with shotcrete 
(OMCSC) with a duration of 4 shifts was defined 
(table 3): 

Table 3 - Optimized mining cycle without shotcrete 
(OMCSC) 

1º 
shift 

Irrigation Mucking Scaling Scraping 

8 h 0,5 h 3 h 2 h 0,5 h 
2º 

shift 
Rock 

bolting 
Scraping     

8 h 4,5 h 0,5 h     

3º 
shift 

Shotcrete       

8 h 8 h       

4º 
shift 

Drilling Charging 
Blasting 

  

8 h 3,5 h 2 h   

It was defined a rate of 3 cycles every 10 shifts 
so that 1 shift was dedicated to the shotcrete. 
Considering that the working face is blasted and 
with one cycle without shotcrete, the goal is to: 

• Perform two optimized cycles without 
shotcrete (OMC0, table 2), with a duration of 
24h each; 

• Then perform a cycle optimized with 
shotcrete (OMCSC, table 3), with a duration 
of 32h, where an 8h shift would be 
dedicated to apply concrete under the 3 
cycles without shotcrete. 

The shotcrete is not part of the optimized mining 
cycle without shotcrete (CMO0) because it 
depends on external factors (the transport of 
concrete by concrete mixers). Therefore, it will 
not be part of the unit operations time (equation 
2.8), but its time spent will be analyzed in the 
impact of the unit operations.  

A rate of 3 cycles every 10 shifts corresponds to 
a total duration of 80 hours. The mining cycle 
time 𝑡𝑐𝑦𝑐𝑙𝑒 to be reached is 3,3 shifts/cycle, that 

is, 26,7 hours/cycle. 

  

1º 
shift 

Irrigation Mucking Scaling Scraping 

8 h 0,5 h 3 h 2 h 0,5 h 

2º 
shift 

Rock 
bolting 

Scraping Drilling  
 

8 h 4,5 h 0,5 h 1 h  
 

3º 
shift 

Drilling Charging 
Blasting 

 
 

8 h 3,5 h 2 h  
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3.3. Application of measuring tool 

To reduce the time of conclusion of the ramps it 
was proposed to achieve a goal of 100 meters 
per month consistently. The average theoretical 
advance considered for each cycle was 
4,5m/cycle. 

• To reach the goal of 100m/month it was 
necessary to complete 22 cycles/month. 

In the optimization of the mining cycle and unit 
operations, the following was defined: 

• The average cycle time 𝑡𝑐𝑦𝑐𝑙𝑒 to be 

achieved was 26,7 hours. 

• The average time of unit operations 
𝑡𝑢𝑛𝑖𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 to be reached was 17,5h. The 

difference (9,1h) consists of input and 
outputs from the mine. The travel times 
between the ramps are different, however it 
won’t be done a distinguish the cycle on 
both ramps. 

The FUE proposed should consider the time of 
dislocations to the working faces. The travel 
time was 25min for the LS0RAM06 ramp and 
45min for the LS0RAM07 ramp, plus shifts 
switches of 15min in the beginning of each shift. 

• For the LS0RAM06 ramp it was considered 
an arrival at 6:45 and departure at 13:00, 
equivalent to 6h15min of work. The 
theoretical target corresponding to this 
value is a FUE of 78%. This would mean 
that only effective work would be produced 
at the working face, in addition to the travel 
time to the face and excluding any 
possibility of malfunctions or any type of 
problem. It is known that the probability of 
such occurrence is minimal given the 
characteristics of the mining environment. 

• For the LS0RAM07 ramp it was considered 
an arrival at 7:00 and departure at 12:45, 
equivalent to 5h45 minutes of work. The 
theoretical target corresponding to this 
value is a productive use of 72%. 

For the calculation of the time of the cycle and 

the time of the unit operations, the data was 

collected by the monitoring tool. 

4. Discussion 

The LS0RAM06 ramp was followed between 
March 2018 and December 2018, during a 
continuous period of 10 months (295 days). The 
LS0RAM07 ramp was monitored over a period 
of 8 months, followed between May 2018 and 
December 2018 (244 days). 
 
 
 

4.1. Advance rate 

Figure 3 shows the monthly variation of the 
meters obtained on both ramps.  

The balance of the study done for each ramp is 
shown in table 4. 

Table 4 – Global values of the ramps 

 LS06 LS07 

Total cycles 206 155 

Monthly average cycles 20,6 19,4 

Max cycles monthly 26 26 

Total advance (m) 887,4 671 

Monthly average advance (m) 88,7 83,9 

Average advance/cycle (m) 4,32 4,34 

Average daily advance (m) 2,90 2,74 

Average shifts/cycle 4,4 4,6 

Average tcycle monthly (h/cycle) 34,9 36,6 

Average tunit operations monthly 
(h/cycle) 

17,9 17,9 

Average FUE (%) 61 62 

Average CEC (%) 47 46 

4.2. Performance evaluation of mining 
operations 

The average times of unit operations to 
complete an OMC on each ramp were as shown 
on table 5: 

Table 5 – Average times of the unit operations of 

the OMC (h/cycle) 

Mining Operation LS06 LS07 

Drilling 4,32 4,30 

Charging 1,72 1,68 

Irrigation 0,53 0,64 

Mucking 2,74 3,11 

Scaling 2,34 2,11 

Scraping 1,31 1,32 

Rock bolting 4,97 4,75 

Total 17,94 17,91 
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Rock bolting is the most representative of 

mining operations within both ramps, 

representing 24% and 22% of the operational 

time while the drilling operation is the second 

representing 21% and 19%, respectively.  

The main factor affecting the drilling and rock 

bolting times were the alterations on rock 

masses’ hardness in each cycle: 

• As the black schists' competence was 

reduced, the longer the drilling and rock 

bolting times was spent. 

• The opposite, that is, when the ramp 

intersected quartzites, the same happened. 

4.3. Impact of unit operations on the 

mining cycle 

The optimized mining cycle without shotcrete 
(CMO0) meant to study the time spent by the 
unit operations, where the shotcrete was put 
apart. Now it’s important to study the 
representativeness of unit operations in the 
mining cycle, including shotcrete.  

It is possible to verify that the unit operations 
represent more than 50% of the mining cycle in 
the two ramps (figures 6 and 7). An important 
finding was that the transport time of personnel 
representing more than 10%, while other 
interruptions (shutdowns associated with the 
logistics of the mine and its safety procedures) 
accounted for more than 15%. 

1 

4.4. Evaluation of proposed indicators 

The face utilization efficiency of the LS0RAM06 
and LS0RAM07 ramps were, on average, 61% 
and 62% respectively. From the 24 hours of a 
working day, the average daily working time on 
the LS0RAM06 and LS0RAM07 ramps were 
14,64 and 14,88 hours, respectively, against the 
total time of the 3 shifts work. 

It is possible to state that a high face utilization 
is a good indicator related to the productivity of 
a working face, but it is not enough to guarantee 
an adequate evaluation. Analyzing the variation 
of the FUE with the advance obtained in the 
ramps, it is possible to verify that there is no 
correlation between both. 

• Face utilization efficiency (FUE) does not 
measure up-front productivity, but it allows 
to control and measure the use of available 
resources. 

Figure 6 - Representativeness of the 
mine cycle of LS0RAM06 ramp 

Figure 5 - Percentage of mining operations 
on ramp LS0RAM07 

Figure 4 - Percentage of mining operations 

on ramp LS0RAM06 

Figure 7 - Representativeness of the mine 
cycle of LS0RAM07 ramp 
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Given that the development processes are 
developed in waste rather than ore, the goal is 
to maximize linear advance. The cycle 
efficiency coefficient (CEC) depends on the 
yield of the mining cycle, the yield of the unit 
operations and the utilization of the work face. 

The variation of the CEC with the advance 
obtained in LS0RAM06 ramp is represented in 
figure 8.  

The two factors have a correlation of 78,9%, 
where it is possible to verify that the higher the 
CEC, the higher the advance obtained. The 
LS0RAM06 ramp had the best advance in the 
months of June (91,9m), July (103,4m) and 
October (117,5m), where it achieved a CEC of 
49%, 54% and 65% respectively. On the other 
hand, the months of November (68,2m), March 
(77,3m) and May (82,2m) represent the results 
with the lowest development and the lower CEC 
values of 33%, 36% and 42% respectively. 

The same analogy can be made for the 
LS0RAM07 ramp. The variation of the CEC with 
the advance obtained is represented in figure 9, 
where it is possible to verify that the two factors 
have a correlation of 78,1%.  

The best results achieved in May (79,6m), June 
(86,3m) and October (115m) represented the 
higher CEC values (49%, 53% and 67%, 
respectively). However, there is an anomaly for 
lower CEC values.  

The CEC represents an adequate parameter to 
evaluate the yield of the mining cycle, and 
consequently the productivity reached. This 
parameter is a viable indicator of efficiency of 
the mining production, since the advance rate is 
proportional to the CEC.  

It’s possible to verify that the production of 
meters in mining development is dependent on 
the efficiency of the mining cycle. It is 
conceivable to affirm that the higher the CEC, 
the higher the number of meters realized in 
development. This means that by optimizing the 
mining cycle it is possible to maximize the 
productivity achieved. 

4.5. Evaluation of the effects of the 
application of the methodology 

In table 6 it is possible to verify that before the 
methodology the LS0RAM06 ramp had 402,3m 
done in 7 months, which corresponded to an 
average of 57,5m/month while the LS0RAM07 
ramp had 320,8m realized in 8 months, which 
corresponded to an average of 40,1m/month. 
 

Table 6 - Differences with the application of the 
methodology on the two ramps 

Aug/2017 - Feb/2018 
(7 months) 

 Sep/2017 - Apr/2018 
(8 months) 

Advance 
(m) 

Advance rate 
(m/month) 

 Advance 
(m) 

Advance rate 
(m/month) 

402,3 57,5  320,8 40,1 

↓ 
 

↓ 
 

Mar/2018 – Dec/2018 
(10 months) 

 May/18 – Dec/2018 
(8 months) 

Advance 
(m) 

Advance rate 
(m/month) 

 Advance 
(m) 

Advance rate 
(m/month) 

887,4 88,7  671,0 83,9 

Although the target of averaging 100m/month 
was not reached, the results are positive. With 
the introduction of a methodology based on 
operational planning and monitoring of the 
mining cycle, and with the incorporation of 
dedicated teams and equipments, the 
productivity rate increased, as shown in table 6: 

Figure 8 - Correlation of CEC with the advance on the 
LS0RAM06 ramp 

Figure 9 - Correlation of CEC with the advance on 
the LS0RAM07 ramp 
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• During the 10 months the LS0RAM06 ramp 
produced 887,4m in total, increasing by 
54% the monthly advance rate to 88,7m. 

• In the LS0RAM07 ramp were produced a 
total of 671m in 8 months, which means an 
average of 83,9m/month and a 109% 
increase in the advance rate. 

The purpose of the methodology was to 
optimize the mining cycle of the two ramps and 
therefore reduce the respective delivery times. 
The results obtained were achieved through a 
correct organization and positive use of 
resources. The reduction of the mining cycle 
time and consequent increase of productivity 
had benefits for the mine and for the contractor 
in charge of the execution of the work. 

5. Conclusions 

The objective of the present work was to 
propose an optimization of the mining cycle of 
two development ramps, through a correct 
organization of the operations and planning of 
the activities. The mining development is 
influenced by the mining cycle and its 
optimization must be carried out as a whole. 

A tool for monitoring the mining cycle was 
developed in conjunction with an operational 
planning of the activities to be carried out. An 
optimized mining cycle was defined, and the 
unit operations were studied in order to increase 
their yield, considering the working system of 
the mine, and an optimized sequence of the 
mining cycle was proposed. 

The mining cycle can be successfully improved 
if it is properly monitored and planned. To 
evaluate the results, two parameters were 
proposed: the face utilization efficiency (FUE) 
and the cycle efficiency coefficient (CEC). 

FUE allows to control and measure the 
productivity of the resources. It is important to 
carry out a continuous monitoring of the cycle to 
achieve high productivity rates. 

In was evidenced that the main component of 
the cycle is the unit operations. The unit 
operations represented more than 50% of the 
cycle time on the two ramps. The personnel 
dislocations accounted for more than 10%, 
while stops associated with the logistics of the 
mine and its safety procedures accounted for 
more than 15%. 

The cycle efficiency coefficient (CEC) is a 
method of measuring cycle productivity. It is 
possible to conclude that the higher the CEC, 
the higher the productivity reached in the 
working face. This coefficient is intended to 

optimize the mining cycle through a continuous 
improvement of the unit operations and a 
correct management of the activities to reduce 
time losses and maximize the advance rate. In 
both ramps the cycle time and the unit 
operations were optimized successfully, and it 
was possible to increase the productivity index 
of the meters reached. 

It was achieved a unit operations time of 17,9h/ 
cycle for each ramp. For LS0RAM06 ramp was 
accomplished a mining cycle time of 
34,9h/cycle and 36,6h/cycle for LS0RAM07 
ramp.  

Through an optimization of the mining cycle it 
was possible to increase the advance rate on 
both ramps: from 57,5m/month to 88,7m/month 
on LS0RAM06 ramp, and from 40,1m/month to 
83,9m/month on LS0RAM07 ramp. 

It is possible to improve unit operations and 
reduce the probability of time losses in the 
excavation process. An optimized cycle adds 
value to the mine productivity since it allows 
increasing the rate of cycles performed in a 
given time, and consequently, the expected 
number of meters obtained will be higher. 

6. Future works 

The mining operations are always adjusted 
according to the characteristics of the deposit, 
the geomechanics of the rock mass and the 
logistics of the mine. It would be interesting to 
apply the methodology in other mines to 
compare the results obtained, but above all, in 
order to create a database and models of 
comparison between mines.  

To optimize the cycle, it is imperative to take 
these factors into account. 

• Shift system: One of the limitations of the 
study was the working system of the mine. 
Mines operate according to shift systems to 
maximize the production obtained. In the 
optimization of the mining cycle it was 
important to adopt the desired mining cycle 
to the working model of the mine. It was 
also verified that for an 8 hour shifts, only 5 
to 6 hours translated productivity into 
operations. This factor is influenced by the 
logistics associated with the mine that aims 
to ensure the safety and health of its 
workers. Above productivity, safety is the 
key factor in a mining operation. 

An evaluation of efficient shifts models, 
considering mine productivity and safety, would 
be an interesting topic. 
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• Rock mass quality: As evidenced 
throughout the work, the rock mass of black 
schist influenced the performance of the 
operations, having an impact on the 
productivity of the mining cycle. 

It would be interesting to evaluate the variability 
of the mining cycle according to the Q index in 
order to analyze how the rock mass affects the 
productivity of the mining cycle and how the 
mining operations must adopt to the excavation 
mass. 

• Material extracted: Comparing the cycle of 

ore faces with development faces and 

verifying any type of variation would also be 

positive. 

 

• Automation: Studies of procedures for 

implementation of automated cycles would 

be important to understand how measures, 

such as controlling equipment from the 

surface or use of automated systems in an 

underground environment, could optimize 

the mining cycle, always taking into account 

the rock mass heterogeneity and all 

associated variables difficult to predict. 
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