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Abstract: This research work is about the maintenance performances analysis and improvement of miscellaneous mining 

machinery and equipment used at the NORDGOLD SOMITA mining plant. The study started with a brief introduction to the 

mining activity. Then a general presentation of the TAPARKO mining site and its history was performed. Moreover, an 

overview of the equipment which is used on the mining site and its mechanical applications and utility was carried out. The 

maintenance plays a vital and essential role in the mining sector. A good maintenance management provides the plant with safe 

and effective equipment. One of the main issues in maintenance planning is to make sure that the planned maintenance tasks 

have positively influenced the productivity of the plant as expected. In order to achieve the desired performance at an optimal 

cost, the maintenance department has to keep monitoring the maintenance performances. This will help the company to reach 

the maximum profitability. Some maintenance key performance indicators exist and they allow the maintenance planners to 

monitor the maintenance effectiveness in a defined interval of time. Thus, a decrease of maintenance performances can be 

quickly detected and prompt corrective measures can be taken. Therefore, the necessary data was collected and an analysis of 

those indicators was accomplished. The obtained results revealed that. Last but not least, through a thorough examination of 

these results, some suggestions have been made in order to improve the mechanical maintenance practices in the mining sector. 
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1. Introduction 

Mining is the extraction of valuable minerals such as gold 

and silver from the earth usually from an orebody or lode. 

From ancient times to the present, mining activities have 

played an important role in the world [1]. The valuable 

minerals extraction has been providing mankind with a 

method of creating wealth since the prehistorical age. The 

history of mining cannot be separated from that of 

civilization. Indeed, there were many important cultural areas 

such as the stone, bronze, steel and iron ages which were 

associated with various minerals. 

There are five main stages in the life of a mine and they 

are the prospection, the exploration, the development, the 

exploitation and the reclamation. The prospection which is 

the first stage is the search for ores and other valuable 

minerals. The second stage which is the exploration helps 

determine the size and the value of a mineral deposit through 

the use of methods such as radiometric evaluation 

techniques. The third stage is the development and is the 

action of opening a mineral deposit for exploitation. The 

exploitation, the fourth stage of mining, is the one where the 

actual extraction or recovery of minerals from the earth is 

performed. There are two main exploitation methods which 

are the surface mining and underground mining. 

Underground mining methods are methods in which the ore 

is extracted from deep within the earth [2]. The final stage is 

the reclamation which is the process of closing a mine, 
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revegetating, and restoring the water and land values. 

NORDGOLD is a worldwide company specialized in gold 

production and which was founded in 2007 in Russia. The 

company is one of the leaders fastest growing mining 

companies throughout the world. Indeed, its assets span from 

America to Siberia. NORDGOLD owns 10 mines in four 

(04) countries which are Russia, Kazakhstan, Guinea and 

Burkina Faso. The TAPARKO mine is one of them. The 

TAPARKO ore deposit was discovered in 1980 by the 

geology department of the Burkinabe Government. Later 

further explorations were done until 2004 when the mining 

license was delivered. The TAPARKO MINING COMPANY 

(SOMITA) has been co-owned by NORGOLD and the 

government of Burkina Faso since August 2008. The 

TAPARKO Gold Mine is located in NAMANTENGA 

province, 200km northeast of the capital city of Burkina 

Faso, Ouagadougou. The site is accessible through a fully 

asphalted road. The site was acquired by NORGOLD one 

year after its creation. The TAPARKO mining site holds a 

historical significance for the country since it was the first 

private gold mine built in Burkina Faso. 

2. Review of Mining Machinery and 

Mineral Processing 

2.1. Related Works 

In an empirical analysis of maintenance performances by 

Liliane et al. [3], an industrial survey was carried out in order 

to review the performance measurement practices in 

maintenance management. On the basis of collected 

responses of the survey, key performance indicators analyses 

were performed. One of the main purposes of this work was 

to determine the effects of manufacturing environment and 

maintenance objectives on key performance indicators. The 

study demonstrated that most widespread key performance 

indicators in the industrial sector are lagging indicators such 

as equipment, maintenance cost and safety performances. 

Another study was done by Oliveira et al. [4] to determine 

the use of maintenance performance indicators by companies 

of the Industrial Hub of Manaus. A questionnaire was then 

sent to industrial companies. The study revealed that the use 

of performance indicators in maintenance is not sufficient 

and mainly depends on the number maintenance crew size 

and the number of equipment. 

In this research work, some of the most popular 

maintenance key performance indicators were identified and 

used to carry out performance analyses of the TAPARKO 

mine plant. The particularity of this study is that it is intended 

for the mining sector which is one of the fastest growing 

industrial sectors in the world. The study offers a method to 

monitor and detect performance decreases of key equipment 

and production facilities at the mine. 

2.2. Stationary Equipment 

a) Jaw crushers: They are one of the most common 

crushers in the world. They are used to reduce the size 

of ores. They use the compressive force for breaking the 

rocks. This pressure is generated by two vertical thick 

manganese plates called the jaws of the machine. One 

of the jaws is stationary whilst the other one is mobile. 

They form a V-shaped cavity where the rock breaking 

process is performed and which is called the crushing 

chamber [5]. They are mostly used for primary ore 

breaking operations. 

b) Cone crushers: They are machines that crush the 

material by squeezing or compressing feed material 

between a moving circular part and another stationary 

circular part. They are used in the mining sector for the 

fragmentation and production of ores and rock materials 

[6]. The size of the reduction depends on the gap 

between the two circular crushing parts. 

c) Ball mills: They are mostly used in the mining industry 

to finalize the ore crushing process in presence of water. 

They are cylindrical machines whose role is to grind 

rocks and other solid materials into fine powder. The 

cylinder rotates around a horizontal axis. Through this 

rotation motion, the material layers close to the cylinder 

wall will break. The speed of the motion will help 

generate a sliding stream that consists of several layers 

of balls separated by layers of the material to be ground 

[7]. The watery material that exits the mill is called the 

pulp. There are two ball mills at the TAPARKO plant. 

2.3. Mobile Equipment 

a) The dump truck or dumper: They are used to transport 

the excavated material to the ore treatment plant. A 

typical dump truck is equipped with an open-box bed, 

which is hinged at the rear and equipped with hydraulic 

rams to lift the front, allowing the material in the bed to 

be deposited ("dumped") on the ground behind the truck 

in a feeder or on a delivery site. 

 

Figure 1. Dump truck. 

b) The backhoe loader: The backhoe loader’s main 

function is to load the dump trucks or to move the 

material from a place to another one. It is a combination 

of machines also called tractor backhoe. It is one of the 

most versatile machines. 
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Figure 2. Backhoe loader. 

c) The hydraulic excavator: Excavators are heavy 

machines used on construction, road construction and 

mining sites for excavating operation including 

earthwork. They are also called diggers, mechanical 

shovels or 360 (for 360 degrees excavators). 

 

Figure 3. Hydraulic excavator. 

2.4. Mineral Processing 

The mining method used at the TAPARKO mine is the 

open cast mining method. Mineral processing is the process 

of separating precious and useful minerals from their ores 

[8]. Gold extraction designates the set of all needed stages to 

extract the gold from its ore [9]. After the blasting and 

collection operations, the ore is carried to the plant where it 

will be processed. This process involves two major steps 

which are comminution and separation. The process starts 

with the crushing operation. There are 4 main crushing areas 

at the TAPARKO mine plant: 

a) A single stage crushing area for the smooth ore. 

b) Two 3 stages crushing area (the new one and the old 

one) for raw ore. 

c) A crushing area for the rejects of the other crushers and 

ball mills. 

After the crushing operation, the crushed ore is sent to the 

ball mills to be ground in presence of water. The obtained 

watery stuff is the pulp which will be sieved in the cyclones 

and sent to the tanks for the carbon lixiviation process. 

The leaching processes used at the TAPARKO mine are 

mainly the Carbon-In-Leach (CIL) and the Carbon-In-Pulp 

(CIP) methods. To leach gold, both carbon and oxygen are 

indispensable [10]. This can be shown in Bödlander’s two 

reactions (1) and (2) that result into Elsner’s reaction (3). 
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	  �  2 
�	 � ��
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2�� � 4 ��	 �  ��
�   2 �������
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4�� � 8 ��	 � 
� �  2��
  4 �������
	  �  4 
�	  (3) 

The pulp flows through all eight tanks which are one the 

CIL plant. Then from tank 8, carbon is added. This carbon 

will capture the gold which dissolved in the cyanide till tank 

1. After that, the elution, which is the set of all needed 

processes necessary to capture the carbon, is performed. It 

also includes the extraction process of gold from the carbon 

and its (carbon’s) regeneration to be reused as a capturer for 

the dissolved gold. After leaving the elution tank, the carbon 

is immediately sent to the carbon regeneration or recycling 

area. 

 

Figure 4. Plant plan. 

3. Methodology 

The data was collected for approximately two weeks, 

between the 03/09/2019 and the 20/09/2019. The 

maintenance is the work needed to keep a machine or any 

other item in good operating conditions. The main objectives 

of the maintenance are ensuring the plant functions until its 

planned lifetime end, ensuring the plant’s cost effectiveness 

and ensuring the plant’s safety [11]. Mechanical breakdowns 

problems have the highest impact on the plant’s operations. 

The maintenance crew at the TAPARKO mine consists of 2 

main departments. There is a mechanical and an electrical 

crew. Each one of these teams is split into two (02) shifts that 

replaces each other on a weekly basis. So, except the 

department managers and superintendents, most of the 

maintenance crew employees work on a 7-7 shift system 

basis which means that they work for seven (07) days and 

can have some rest for seven (07) days. The daily workload 

is approximately. The mechanical maintenance crew is in 

charge of all mechanical maintenance or repair works at the 

plant. They perform both preventive and corrective 

maintenance tasks. Each shift team consists of ten (10) 

mechanics, six (06) welders, two (02) supervisors, a store 

keeper and one (1) planner. The electrical maintenance crew 

consists of five (05) electricians, one (01) instrument 

technician. They are in charge of the electrical maintenance 

and repair tasks. Both shift teams have a common technical 

drawer, mechanical project manager, superintendent and 

manager. 

Nowadays in the industrial sector, maintenance 

departments play one of the most vital roles because of their 
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ability to have an economic balancing effect for their 

companies [12]. The maintenance department is one of the 

key departments for the good working order of a company 

[3]. Indeed, serious breakdowns, interruptions, slower 

production rate, and even safety hazards may be the 

consequences of the absence of a maintenance department in 

a company [13]. The cost of maintenance and its influence on 

the productivity of the plant is too important for plant 

managers to not take it into accounts. Thus, performance 

measurement is very important for maintenance 

management. The mining industry faces unique challenges in 

term of preventive and corrective maintenance because of the 

isolation of most mining sites from the agglomerations, 

making spare parts supply sometimes challenging and 

troublesome. Apart from the transport problem, work 

conditions are also sometimes hard because of the natural 

conditions of the areas where the mines are located. 

Downtimes are very critical in mining, so, it is sometimes 

necessary for the employees to work under rainy or dusty, 

extremely hot or cold conditions. Thus, maintenance is a 

crucial factor in a mining plant’s performance. 

A maintenance key performance indicator is a measurable 

value that shows how effectively a company is reaching its 

key maintenance objectives. Well defined key performance 

indicators could help identify and fill the gap between the 

actual performances and the expected ones. The most 

commonly used ones can be mainly classified into three (3) 

categories which are the equipment performance, the cost 

performance and the process performance [14]. So, there are 

numerous maintenance key performance indicators but only 

few of them are really used by the industries [4]. Some 

categories and indicators have popularly been recognized by 

the industrial sector and are widely used all over the world to 

evaluate and monitor the maintenance performances and will 

be used to analyze the maintenance performances of the 

TAPARKO plant. 

Maintenance effectiveness: It is a measure of the amount 

of maintenance downtime that is necessary to keep the 

equipment in acceptable operating conditions. The 

effectiveness of the maintenance is significantly dependent 

on the maintenance strategies and planning adopted by the 

company [15]. One of the main goals on a mining plant is to 

constantly maximize the equipment’s operational availability 

at minimum cost. The maintenance effectiveness is expressed 

in percentage and it is equal to the ratio of the operating time 

to the operating time plus the downtimes. Its standard 

minimum value is 95%. 

����������� ������������� =  � �� !"#$%& '$( 
�� !"#$%& '$(  ) *+,% '$( -  × 100%                                      (4) 

Preventive inspection effectiveness: It represents the 

effectiveness of preventive inspections that are regularly 

carried out on the plant. Setting up an efficient system of 

preventive inspection helps the maintenance manager run 

smoothly the plant’s maintenance work. Preventive 

inspections prevent many unexpected malfunctions. The 

preventive effectiveness is the ratio of the preventive repair 

man hours to the preventive inspection man hours and is 

expressed in percentage. The higher the preventive inspection 

effectiveness value is, the more effective the preventive 

inspections are. A high preventive inspection effectiveness 

could also indicate that the inspection frequency is too low 

and has be increased in order to reach the balance between 

preventive repair man hours and preventive inspection man 

hours. 

23�������� 4��5����6� ������������ = � 7! 8 %#$8  9 �"$! :"% ;+<!=
7! 8 %#$8  >%=� ?#$+% :"% ;+<!=-  × 100%                           (5) 

Ratio of preventive to breakdown maintenance: This key 

performance indicator shows the effectiveness and the impact 

of the planning practices on breakdown maintenance. Data 

such as the preventive repair man hours, the preventive 

inspection man hours and the breakdown man hours must be 

collected in other to calculate the ratio of preventive to 

breakdown maintenance. 

@���6 6� 23�������� �6 A3��BC6D� ����������� =  7! 8 %#$8  9 �"$! :"% ;+<!=)7! 8 %#$8  >%=� ?#$+%= :"% ;+<!=
E! "FG+,% :"% ;+<!=       (6) 

Maintenance backlog: It is a very important key 

performance indicator that allows the planners and plant 

managers to have an idea about the amount of work that 

needs to be completed for outstanding reasons such as safety 

preservation and further plant breakdown avoidance. For 

instance, in case it is required to change the balls of a ball 

mill every 3000 hours, when the time limit is reached, the 

ball change task will remain in the maintenance backlog until 

it is completed. The longer it remains there, the more critical 

it becomes. Up to a certain value or level, maintenance 

backlog is acceptable and almost unavoidable. This 

maximum value is predefined according to the type of the 

plant and to the needs and objectives of the company. This 

indicator helps the plant managers and the planners to keep 

the balance between the allocated resources and the costs 

associated with maintenance [16]. 

A��BH6I = J6��H ����������� ��� �6�3� 6� 
������C��I K63B 
3C�3�                                 (7) 

Percentage of scheduled man hours planned: It is a 

measure of planning practices effectiveness. It represents the 

ratio of planned scheduled man hours to the total weekly 

scheduled man hours. This key performance indicator (KPI) 
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shows how well the planning mechanism perform on the overall working order of the equipment or the plant. 

% L�ℎ�C�H�C ��� �6�3� 2H����C: �7O"%% G ("% P+<!= +% ,  FOQ =?P G<O 
'+#"O ,  FOQ =?P G<O G ("% P+<!= - × 100%                                   (8) 

Percentage of scheduled compliance: This key 

performance indicator helps plant managers and maintenance 

planners to measure the compliance of the scheduling 

process. Data such as the scheduled man hours completed 

and total weekly scheduled man hours must be collected in 

order to be able to determine the scheduled compliance. The 

scheduled man hours completed represents the actual amount 

of time spent executing scheduled maintenance. The 

percentage of scheduled compliance represents the ratio of 

scheduled man hours completed to the total weekly 

scheduled man hours. 

% L�ℎ�C�H�C �6R5H����� =  � S?P G<O G :"% ;+<!= T+(�O # G 
'+#"O U  FOQ S?P G<O G :"% ;+<!= - × 100%                                             (9) 

Percentage of planning effectiveness: It represents a 

measure of the planning process compliance. This key 

performance indicator (KPI) indicates how many planned 

jobs are completed with comments from the technicians. 

When the planners are establishing a schedule, they have to 

make sure that all the conditions are met so that the 

technicians can execute the maintenance tasks without facing 

issues such the unavailability of the equipment and the lack 

of tools or other utility equipment. Data such as the number 

of scheduled jobs completed with comments and the total 

number of scheduled jobs completed. 

2�3�����I� 6� 5H�����I ������������� =  �V<(W ! +X S?P G<O G Y+W= ?+(�O # G ,$#P ?+(( %#=
'+#"O V<(W ! +X S?P G<O G Y+W= ?+(�O # G -  × 100%                 (10) 

% Rework: It is the percentage of correction of defective 

or failed during or after maintenance work. It is a 

maintenance action performed on inefficiently or improperly 

pre-maintained equipment [17]. The reason of the 

maintenance inefficiency could be the poor workmanship, the 

poor design or the lack of proper utility equipment. Rework 

tasks consist of disassembly, reassembly, repair and 

replacement actions. The purpose of the rework is to repair or 

improve the part in order meet specifications. Data such as 

the rework man hours and maintenance work hours. The 

rework man hours represent the total amount of time required 

for rework times the number of crew members used to 

perform these tasks. The maintenance work hours represent 

the total and actual amount of man hours spent performing 

corrective and preventive maintenance tasks on the plant or 

on some specific equipment. 

%@�D63B = � 9 ,+!F :"% ;+<!=
:"$%# %"%?  :"% ;+<!=- × 100%     (11) 

% Failures Investigated: It represents the percentage of 

equipment or plant breakdowns and failures that were 

thoroughly investigated. It is a measure of the maintenance 

department’s effort to continuously improve. The purpose of 

the investigation for the maintenance department is to reveal 

the failure causes and mechanisms in order to prevent future 

occurrences. Data such as the number of corrective job 

tickets investigated and the total number of corrective jobs 

have to be collected. The number of investigated corrective 

job tickets represents the number of failures’ root causes 

found and solutions investigated. The total number of 

corrective jobs represents the total number of maintenance 

tasks executed on defects which led to equipment 

breakdown. 

%Z��H�3� 4������I���C =  � V<(W ! +X T+!! ?#$8  Y+W '$?F #=
'+#"O V<(W ! +X T+!! ?#$8  Y+W '$?F #=- × 100%                                         (12) 

Mean time between failure (MTBF): It is a key 

performance indicator that has been commonly used for over 

70 years [18]. It represents the average time between the 

failures or breakdowns of some equipment or a plant. It can 

also be considered as a prediction of the reliability of the 

equipment [19]. The mean time between failure can be 

measured for a specific component of equipment, for some 

specific equipment or for the whole plant [20]. The mean 

time between failure has an influence on both the reliability 

and the availability of the equipment. Most of the time, the 

difference between the reliability and the availability is 

misunderstood or unknown. On one hand, the reliability is 

the ability of a mechanical or electrical system to perform the 

tasks it was assigned to and under certain work conditions for 

a predefined interval of time. On the other hand, the 

availability is the ability of a system to be in acceptable 

operating conditions in order to be accessible for use. 

�JAZ =  �� !"#$%& '$( 
V<(W ! +X X"$O<! = +! W! "FG+,%  8 %#=    (13) 

Mean time to repair (MTTR): This key performance 

indicator (KPI) is a maintenance metric which indicates a 

measure of the maintainability of repairable equipment. In 

other words, it represents the average amount of time 

required to repair some failed equipment or one of its 

components. The mean time to repair measure the interval of 

time between the start of the failure and the time the 

equipment becomes operational again. While calculating this 

key performance indicators, planners or planning managers 

have to take into account the time needed to notify the crew 

members, to allow the equipment to cool down, to 
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disassemble the equipment when deemed necessary, to 

diagnose and fix the defect which led to the breakdown or 

failure, to reassemble the equipment and finally to start back 

the production process. Data such as the number of failure or 

breakdown events and downtimes are needed to calculate the 

mean time to repair (MTTR). The down time represents the 

average maintenance time needed to keep the machinery 

functional and operational. The mean time to repair is 

mathematically the ratio of the downtime to the number of 

failures or breakdown events. 

�JJ@ =  *+,% '$( 
V<(W ! +X X"$O<! = +! W! "FG+,%  8 %#=       (14) 

4. Results and Discussion 

4.1. The “Old 3 Stages” Crushing Area Key Performance 

Indicators Results 

This crushing area is the oldest, busiest and more 

productive one at the TAPARKO mine. It is named “old” 

because of the fact that it was the TAPARKO mine’s first 

implanted crushing area. It consists of very robust and 

powerful machinery and conveyor belts which carry and 

transport ore through the whole circuit. It is the main 

crushing area of the mine. The maintenance effectiveness of 

the old 3 stages is 91.48%. From the results of previous 

works, the minimum recommended value for this indicator is 

95%. The maintenance effectiveness at the TAPARKO mine 

was slightly below the recommended value during this period 

of time. Several factors such as a planned overall shut down, 

the rainy season and the age of the equipment could be the 

causes of this situation. This equipment has been working for 

almost one decade and a half. This could explain the growth 

of down time and the increase of the maintenance effort 

required during this interval of time. 

The mean time between failure of the “old 3 stages” 

crushing area was 43.38 hours per breakdown or failure 

events during this period of time. It means that there was a 

breakdown or failure events almost every two days. For an 

equipment of this age, a mean time between failures of two 

(02) days is quite good. 

The mean time to repair of the “old 3 stages” crushing area 

is 3.25. This relatively big amount of time is justified by the 

fact that most of the failures and break down of the “old 3 

stages” area require some extra utility equipment such as 

crane trucks. In case of breakdown, it is also sometimes 

necessary to drain all the ore from the broken-down part to 

allow the technician to identify and fix the issue. So, during 

this period of time the required maintenance effort increased. 

The preventive inspection effectiveness of the “old 3 

stages” crushing area is 3.83. It is medium value which 

means that the preventive inspections on the “old 3 stages” 

crushing area were not optimal during the defined period of 

time. This could be explained by the lack of man power or 

sometimes the lack of time. Breakdown happened a lot at the 

same period on the plant interrupting the daily inspections. 

The value of the ratio of preventive to breakdown 

maintenance of the “old 3 stages” crushing area is 19.55. The 

minimum recommended value is 16. It means that the actual 

value was slightly higher than the recommended one during 

the given interval of time. Therefore, maintenance practices 

are very good and effective. However, it is necessary not to 

exceed the current maintenance man hours to avoid over 

maintaining the equipment. 

4.2. The “New 3 Stages” Crushing Area Key Performance 

Indicators Results 

The maintenance effectiveness of the “new 3 stages” 

crushing area is 78.13%. From the results of previous works, 

the minimum recommended value for this indicator is 95%. 

Thus, the required maintenance effort increased and the 

maintenance practices were not effective during this period 

of time. The operating conditions also got worse. 

The mean time between failures of the “new 3 stages” 

crushing area is 42.19 hours. This value is acceptable and it 

means that the maintenance mechanisms during this interval 

of time were good and effective enough. The required 

maintenance effort also decreased. 

The mean time to repair of the “new 3 stages” crushing 

area was 11 hours in the given time. This relatively high 

mean time to repair resulted from the fact that a breakdown 

occurred on 7
th
 of October and took more than two three days 

to be repair. It means that the maintenance practices and 

mechanisms during the given interval of time were not 

effective and the required maintenance effort increased. 

The preventive inspections effectiveness of the “new 3 

stages” crushing area is 15.89. This high value indicates that 

the preventive inspections were effectively conducted and 

that they allowed maintenance crew to avoid further 

breakdowns and failures events. 

The ratio of preventive to breakdown maintenance of the 

“new 3 stages” crushing area is 2.12. The minimum 

recommended value is 16. This low actual value could be 

explained by the fact that some defects were probably not 

reported by crew members to the planners and maintenance 

managers. The preventive maintenance mechanisms were 

also not optimal during this interval of time. 

4.3. The Pebble Crushing Area Key Performance Indicators 

Results 

The maintenance effectiveness of the pebble crushing area 

is 79.1%. The minimum recommended value is 95%. This 

relatively low value indicates that the operating conditions 

deteriorated. Indeed, the pebble crusher used at the 

TAPARKO mine plant is not meant to crush wet ore. 

However, in this rainy season it is almost impossible to keep 

the ore dry. The required maintenance effort decreased as 

well. 

The mean time between failures of the pebble crushing 

area is 342 hours. This relatively high value could be 

explained by the fact that only a breakdown occurred in the 

given interval of time although it lasted for days. The failure 

and breakdown frequencies decreased. 
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The mean time to repair of the pebble crushing area is 90 

hours. This relatively high value indicates that corrective 

maintenance practices were not effective in the given interval 

of time. Indeed, a breakdown lasted for approximately four 

(04) successive days. 

The preventive inspections effectiveness is 0. This low 

value could be justified by the fact that no preventive 

maintenance tasks was carried out on the pebble crushing 

area. Due to the long-lasting breakdown which occurred on 

the 03/09/2019, no further preventive maintenance shutdown 

cannot be planned because of the need to make up the 

production to the expected goals. 

The ratio of preventive to breakdown maintenance is 0.44. 

The minimum recommended value is 16. This extremely low 

value can be explained by the fact that no preventive 

maintenance work was performed on this equipment in the 

given interval of time. There were no preventive maintenance 

tasks on the pebble crusher because of the need to catch up 

with the production goals. 

4.4. The Single Stage Crushing Area Key Performance 

Indicators Results 

The maintenance effectiveness of the single crushing area 

is 99.54%. The recommended minimum value is 95%. This 

high value indicates that the corrective and preventive 

maintenance practices on the single crushing area were 

effective in the given interval of time. Beside the single 

crusher was removed from the circuit, which is only 

transporting the crushed ore to the ball mills through 

conveyor belt 6 (CVR 6). 

The meantime between failure (MTBF) of the single 

crushing area could not be calculated because there was no 

failure during the given period of time. It is not possible to 

divide a number by 0. Therefore, no solution was found. 

The mean time to repair of the single crushing area could 

not be calculated because there was no failure during the 

given period of time. It is not possible to divide a number by 

0. Therefore, no solution was found. 

The preventive inspection effectiveness of the single 

crushing area is 0.22. This low value indicates that the 

preventive inspections frequency is too high since there has 

not been any single failure despite the absence of preventive 

maintenance tasks. 

The ratio of preventive to breakdown maintenance of the 

single crushing area could not be calculated because there was 

no failure during the given period of time. It is not possible to 

divide a number by 0. Therefore, no solution was found. 

4.5. The Primary and Secondary Ball Mill Key 

Performance Indicators Results 

The primary and secondary ball mills were installed in 

series and because of that both of the mills have the same 

working conditions, shut down hours, etc. Their maintenance 

effectiveness is 95.14%. The recommended minimum value 

is 95%. The actual value indicates that the corrective and 

preventive maintenance practices on the ball mills were 

effective in the given interval of time. The required 

maintenance effort decreased. The operating conditions 

improved as well. 

Their meantime between failure (MTBF) is 190.5 hours. 

This relatively high value shows that the failure frequency 

decreased in the given period of time. The maintenance 

practices on the ball mills were effective. 

The mean time to repair of the ball mills is 10.5 hours. 

This high value indicates that corrective maintenance 

practices were not effective in the given period of time. 

The preventive inspection effectiveness of the ball mills is 

2.27. This low value indicates that the preventive inspection 

frequency is a little bit high. The preventive inspection might 

have been ineffectively conducted. 

The ratio of preventive to breakdown maintenance of the 

primary ball mill is 6.86. This relatively low value indicates 

that the preventive inspections are ineffective or that some 

defects which could lead to serious breakdown and failures 

were not reported by the crew members to the maintenance 

planners and managers. The preventive maintenance might 

have been ineffectively conducted as well. 

4.6. The Plant’s Overall Key Performance Indicators 

Results 

The maintenance effectiveness of the plant is 89.90%. The 

recommended minimum value is 95%. The actual measured 

value is slightly below the recommended value. It indicates 

that the required maintenance effort slightly increased in the 

given interval of time. The operating conditions also 

deteriorated. 

The meantime between failures of the plant is 97.25 hours. 

This value is quite acceptable. The maintenance practices and 

mechanisms are effective. The failure frequency is quite stable. 

The mean time to repair of the plant is 11 hours. This high 

value indicates that the repair tasks at the plant take too long. 

This could be explained by the fact that there is lack of utility 

equipment such as crane, truck cranes, forklift and loaders 

which are necessary for repair tasks. It is sometimes 

necessary to wait for three (03) hours before receiving the 

necessary and proper equipment for the repairs. 

The preventive inspection effectiveness of the plant is 

1.13. This low value indicates that the preventive inspection 

is high. This is not something bad at all for a plant of this 

age. The equipment needs to be inspected in order to early 

identify defects and fix them before they lead to catastrophic 

breakdowns or failures. 

The ratio of preventive to breakdown maintenance of the 

plant is 11.66. The recommended minimum value is 16. The 

measured actual value is below the recommended value. This 

could be justified by the age of the plant. Indeed, this plant is 

one of the first ones in Burkina Faso and even in West Africa. 

Therefore, the equipment is more subject to defects, 

breakdowns and failures. 

The backlog of the plant is 16 hours. This value is quite 

low and indicates that the coordination and synchronization 

between the maintenance crew and the planners is very god. 

Not many planned works remain undone for more than four 
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days. During the given time, the only task which remained 

uncompleted is the elution heat exchanger plate washing. It 

corresponds to sixteen (16) man hours. 

The percentage of scheduled man hours planned of the 

plant is 54.58%. The minimum recommended value is 80%. 

The actual measured value is below the recommended. It 

indicates that there are some work delays. 

The percentage of scheduled compliance of the plant is 

57.97%. The recommended minimum value is 80%. The 

measured value is below the recommended value. This means 

that the access to the equipment is slow. This situation slows 

down the preventive and corrective maintenance tasks. 

The percentage of planning effectiveness of the plant is 

18.43%. The e recommended maximum value is 20%. The 

measured actual value is below the recommended one and 

this is good. It means that the maintenance and production 

departments cooperation is effective. It also means that the 

planned requirements are well understood. The corrective 

and preventive maintenance practices are effective. 

The percentage of rework of the plant is 9.24%. The 

maximum recommended value is 20%. The measured actual 

value is well below the recommended value. This means that 

there are effective work practices at the plant. The planning 

systems and mechanisms are well designed. 

The percentage of failures investigated of the plant is 100%. 

The recommended minimum value is 80%. The actual measured 

value is above the recommended one. It means that the 

equipment reliability was stable and did not decrease. It also 

means that the plant managers and planners are continuously 

improving and optimizing their maintenance practices. 

Table 1. Summary of the results. 

 

Old 3 

stages 

New 3 

stages 

Pebble 

Crusher 

Single 

stage 

Primary 

ball mill 

Secondary 

ball mill 
General 

Total maintenance effectiveness: 91.48% 78.13% 79.17% 99.54% 95.14% 95.14% 89.90% 

Mean time between failure (hours): 43.28 42.19 342 N/A 190.5 190.5 97.25 

Mean time to repair (hours): 3.61 11.81 90 N/A 10.5 10.5 11 

Preventive Inspection Effectiveness: 3.83 15.9 0 0.22 2.27 2.27 1.13 

Ratio of preventive to Breakdown Maintenance: 19.55 2.13 0.44 N/A 6.86 6.86 11.66 

Backlog (hours): N/A N/A N/A N/A N/A N/A 16 

% Scheduled Man Hours Planned: N/A N/A N/A N/A N/A N/A 54.58% 

% Scheduled Compliance: N/A N/A N/A N/A N/A N/A 57.97% 

% Planning Effectiveness: N/A N/A N/A N/A N/A N/A 18.43% 

% Rework: N/A N/A N/A N/A N/A N/A 9.24% 

% Failures investigated: N/A N/A N/A N/A N/A N/A 100% 

 

5. Recommendations 

The TAPARKO mine plant is one of the first one in Burkina 

Faso and West Africa. Its maintenance crew consists of skillful 

and talented men. A key performance indicator (KPIs) 

analysis. This analysis could help the plant and maintenance 

managers to monitor the maintenance and maintenance 

planning performances. It could help keep the plants 

performances at the highest level and for the lowest cost. 

A better cooperation of between the stationary equipment 

maintenance department and the mobile equipment 

maintenance departments could help considerably help reduce 

mean repair times. Indeed, one of the biggest issues that the 

plant’s maintenance team has been facing is the lack of utility 

equipment such as truck cranes, cranes, forklifts, loaders and 

other equipment. This utility equipment is necessary for repair 

and during breakdowns, the maintenance crew has to contact 

and wait for the garage to send utility equipment. This waiting 

time can sometimes reach three (03) hours, delaying the repair 

tasks and critically reducing the production capacity at the 

same time. Another solution to this problem would be to 

provide the plant’s maintenance team with its own utility 

equipment. The crew members would then be able to 

immediately intervene in case of failure or breakdown. 

Feedbacks from the technicians would also help planners 

improve the maintenance schedule. Some feedback reports 

and work order sheets exist already at the plant’s 

maintenance department. The problem is that these 

documents are returned late and unfilled most of the time 

complicating the task of data collection of the planners. 

Therefore, without feedbacks from the technicians, plant 

managers and planners cannot effectively adapt the planning 

to the realities of the field. A better cooperation between 

these stakeholders would help improve the maintenance 

performances of the TAPARKO mine’s plant. 

The reinforcement of the maintenance crew could also 

help boost the performances of the plant. The maintenance 

crew is sometimes overwhelmed by the great number of tasks 

that need to be done. This happens most of the time when 

several breakdown events occur at the same time and in 

different areas of the plant. In this kind of situations, crew 

members get exhausted quickly and become ineffective in the 

maintenance work. When they are tired, crew members also 

get more easily confused. Thus, the preventive and corrective 

maintenance would take much more time than the normal. 

6. Conclusion 

NORGOLD is one of the biggest and fastest growing 

worldwide companies in gold production. In less than one 

decade, NORDGOLD became one of the leaders of the mining 

sector. The company’s assets span from Africa to the Eurasian 

countries. The company operates ten mines in four countries. 

One of them is the TAPARKO gold mine which was one of the 

first gold mines of Burkina Faso and of the region. 
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One of the most strategic department of a mining site is the 

plant. The TAPARKO gold mine’s plant consist of four main 

crushing area. There are two (02) “3 stages” crushing areas, 

one (01) single crushing area and one (01) pebble crushing 

area. The plant also consists of ball mills which grind 

crushed ore rocks, of tanks where the carbon-in-leach process 

is carried out. There is also a gold room where the gold 

recovery is performed through electrolysis. 

The plant’s maintenance department consists of a 

mechanical and an electrical crew. Each crew has got 

managers, superintendents, planners and supervisors. The 

maintenance crew mostly consist of very experienced and 

talented members. Except the managers and superintendents, 

most of the employees work on a 7/7 rotational basis. The 

daily workload is approximately twelve (12) hours. 

The maintenance key performance indicators (KPIs) are 

very powerful tools that can help the plant managers monitor 

and track the maintenance performances against preestablished 

goals. These indicators should help increase the plant life and 

the labor productivity. They could also help reduce costly 

downtime, lower the total cost of time. Some particular key 

performance indicators (KPIs) such as the maintenance 

effectiveness, the mean time between failure and the mean 

time to repair were selected. The data was collected for thirty 

(30) days and these indicators were calculated. The results 

indicated that the maintenance at the TAPARKO mine plant is 

globally effective and that the managers, planners and crew 

members are very skillful and talented. Indeed, despite the age 

of the equipment, they do their best to keep it working in good 

operating conditions. However, the results could be improved 

by providing the plant’s maintenance crew with its own utility 

equipment. Furthermore, a better collaboration between 

stakeholders would help reach better results. A reinforcement 

of the maintenance crew could also help current crew members 

who are sometimes overwhelmed by the large number of 

corrective and preventive maintenance tasks that need to be 

done. 
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