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Abstract

The determination of optimal fleet is key activity in mining operation as loading and haulage
account to more than 60% of total operation cost. One of the major costs in mine is related to the
purchase and application of equipment. Proper fleet selection, in a way that secures the
production needs of a mine as well as minimizing the cost of production, is one of the main
challenges of mine planners. The equipment selection process can be classified into three phases
1.e. type of fleet, size of equipment, and calculation of required numbers. This study focuses on
the proper placement of the passing bays in an underground tunnel that optimizes production
efficiency, and meets the desired output from the available working-time which can also be
referred to as the time factor. This is achieved by helping in the determination of a satisfactory
cycle time that will conform with the continuous functioning of the loader, which leads to the
design of a fleet system that will be perfect for a shovel from the inequality CYTMIN < NT (TI +
Ts). This implies that the circle time must be less than or equal to the number of trucks multiplied
by the summation of the loading time and the spotting time. This also means that the loader
should at no time during the loading and haulage operation await other trucks. When selection of
equipment is not properly done it results into over trucking or under-trucking. In many
underground mines, haulage vehicles carry ore from underground loading stations to the surface.
Vehicles travel in narrow tunnels with occasional passing bays that allow descending empty
vehicles to pull off the main path and wait for ascending laden vehicles to pass. The number of
passing bays and their locations influence the delays to descending vehicles, and hence the
haulage productivity of the mine. formulate and solve a mixed integer programming (MIP)
model to determine the optimal locations of passing bays to maximize haulage productivity for
given numbers of vehicles and passing bays. The loading and hauling system at Wagagai mine
need to be evaluated since the operations are expanding and new equipment (trucks and shovels)
has been introduced. With the increase in the number of units for both excavation and
transportation, the mine aims to operate at maximum efficiency. The key contribution of this
paper is to find the optimal locations of passing bays and the associated vehicle schedule to

maximize tonnes hauled per shift in an underground mine.






| e Ta
declare that this doc ument

| ] ¥ K . r 1 i
d during the project dev lopment time.

Feport was carried out diligent] /, €M

b
A0

[OL

> used have been




DEDICATION

I would like to dedicate this report to my family members, friends and relatives. And anyone
who took part in this part of my education physically, emotionally, financially, and spiritually.
May Almighty God bless and reward you abundantly.



ACKNOWLEDGEMENT
I take this opportunity to thank the almighty GOD for granting me life, good health and the

ability to research and gather information that is integrated in this report
I am deeply indebted to my dear supervisors: NUWAREEBA EDSON and MR KIDEGA

RICHARD for the time, support, guidance, knowledge, and advice provided to me during the

preparation of this research proposal. May the almighty reward you abundantly



TABLE OF CONTENT

Table of Contents

AADSITACE ...ttt ettt ettt et h bttt s h e bttt ht e bt et eat e s bt e b e enteehe e beentesaeen i
DEDICATION ...ttt ettt et h ettt s ht e bt ea e e bt e bt et e s bt e bt esteebe e beeneesaeenseennes v
ACKNOWLEDGEMENT ..ottt sttt ettt sttt et sbe et saeesaeenne s v
1 CHAPTER ONE: INTRODUCTION .....oooiiiiiiiiiiiiiieierieeiteteettee ettt 1
L1 BACKEIOUNG ..ottt ettt et et eba e taeesbeessseensaennseenseennnas 1
1.2 Problem StAtEMENL. . ...cc.eeiuiiiiitieiiiierieee ettt ettt sttt ettt st 2
1.3 PrOJECt ODBJECHIVE ..ottt sttt sttt e 3
L0 T B 44 U 11 0 W o) o] 112 A USSP 3
1.3.2  SPECIIC ODJECLIVES ....eeiiiiiieiiiriiiiteeetcetete ettt 3

1.4 Project JUSHTICATION ..oueiiiiiiiiiiieeiteie ettt 3
1.5  Significance of the 1€Search ...........ccoceviriiiiiiiiii e 4
1.6 SCOPE OF THE STUDY ...ooiitiiiiiiiniieetesiteeeest ettt sttt 4
1.6.1 CONCEPIUAL SCOPE ...vveeeriieiiieeeieeesiee et e et e e et e e et e e st e e e beeesbeeesaseeesnseeenseesnsseesnseas 4
1.6.2  GeographiCal SCOPE.....cieiiiieiiiieeiiieeiteeeie et eete e etee et e e sre e e eesebeesaaeesnseeensneeens 4
L.6.3  TIHIMIC SCOPE couvveeeneiieeiieeeiiee ettt e eiteeeteeeetteessteeessaeeessseesssseeensseesnsseeesseesnsseesnnseesnnseeens 4

2 CHAPTER TWO: LITERATURE REVIEW .....cccoiiiiiiiiiiiiieeeseseeie e 5
2.1 INTRODUCTION.....coiiitiiieeieteee ettt sttt ettt sttt et eeaeesbeentesneesseenneas 5
2.2 HeuriStic METhOAS. ....cc.uiiiiiiiiiiieie ettt e e 7
2.3 Statistical MEthOAS. .......iiiiiiiiiie e e 7
2.4 Artificial INtEllIZENCE. ....c.uiiieiieiieiie ettt ettt 7
2.5 SIMUIALION .ottt ettt b et st b et ettt ae e 7
2.6 QUEUING ThEOTY ...eoeuiiiiiieiiieiie ettt ettt et st e et e e b e e s e sebeebeeenseessaeenseessaeenne 8

Vi



2.7 The optimization tECANIQUE .........eeeiuiieiiieeciieeite ettt ee et e e e eeebeeeseaeeeaaeeenseeas 8

2.7.1 TTOUCHION ... Error! Bookmark not defined.
2.8  Fleet scheduling in underground MiNE ...........cccveerieeeiiieeiieeeie e e 9
2.9 The scheduling CONSLIAINTS. ......c..eeiiuiieriieeiiie et ee et e e e e e e e eaaee e 10
2.10  Ore Transportation Process in the tunnel up to surface.........c.ccoceevervienenniiieniencnnne. 10

CHAPTER THREE: METHODOLOGY ....outittiiiiieienieniteitee ettt 13
3.1  INTRODUCTION.....ooititiitiitestteteet ettt ettt ettt et sttt et sbe ettt st e b esaesaeenees 13
3.2 STUDY AREA .ttt et sttt ees 13
3.3  TOOLS AND EQUIPMENT IN DATA COLLECTION. ....ccccccctriiiiieiinienieieeieeeene 13

3.3.1  LALETATUIE TEVIEW ...eeuvieuiiiietieiteeitesteete ettt ettt e e eete st e e be et e sbeebeentesaeenbeeneesneenees 14

3.3.2  CONSUIALION. ..eeiiieiiieiie ettt ettt ettt ettt e et e sae e et esbee et e e ebeeeabeesaeeenne 14

34 METHODOLOGY FOR SPECIFIC OBJECTIVE ONE: To determine the parameters

that affect the loading/haulage CyCle.........ooouiiiiiiiiiiii e 14
341 CollectiNg data ....cc..eeuiiiiieiie et et 14
3.4.2  Datd ANALYSIS .eouveeuiiiieieiierie ettt st 15
3.4.3  Parameters used in the model ..........c..cocoiiiiiiiniiiie 16

3.5 METHODOLOGY FOR SPECIFIC OBJECTIVE TWO: To develop truck-loader

operation model using the MATLAB method...........cccoeviiiiiiiiiniiiieececee e 18
3.5.1 Problem Definition: ...........oooiiiiiiiiiiiiie e 18
3.5.2  ASSUIMPLIONS ..eutiitiieeteeit ettt ettt ettt ettt ettt sb et et e ebeebesatesbeebeeatesbeenaes 19
3.5.3  Problem FOormulation: ..........cooeeiiriiiiiiiniieeiccieeeee et 19
3.54  ODbJectiVe FUNCHION: ......ccouiiiiieiieeie ettt ettt et et 20
3.5.5  DecCiSION VAIADIES .....ccviriiiiiiiiciiiieeieete e 20
3.5.60  COMSIIAINES: ..ueiiuiiiiiiieeieeiteste ettt ettt et ettt et sbe et et sae e b et e saeeaes 20
3.5.7  Solution to the Linear Programming Problem..............cccccovviiiiiiniiiiiiniiiiie, 27
3.5.8  Logic Model of Ore TranSportation. ............cccueereeerieerieeeiienieeieeseeeveesereeaeesieeenne 28

Vi



3.6 Methodology for Specific objective three: To validate the developed model............... 30

3.7  Model validation and eValUALION .......uuneeeee et et ee e e e e eeereeae e 30
3.8 Truck UtIHIZAtION AaAtASELS: .enneeee et eeeeeeee et e e e e e e e eeee e e e e e eeeeaaaeeeeas 31
4 RESULTS AND DISCUSSIONS ..ottt eeaeeeeeeeeeeeeeeeneeneenens 31

4.1  Determining the average interarrival time, average service time and average cycle time.

31
4.2 DAt CLEAN-UP...cuiieiieiieeiietieeie ettt ettt ettt e e e e st e ebeesaeeesbe e saeenbeesabeenbeensreensaens 32
4.3  Cleaned-up data collected in the Pit.........ccccoveeeiieiieiiieiieeieeee e 35

4.4  Result 1: To evaluate the loading and haulage system at Wagagai underground mine.. 36

4.4.1  Determining ore tonnage hauled to stock pile ..........ccoociiiiiiiiiniiiiiiiee 36
4.42  Determining tonnage of hauled material per day for the past 7 days ..................... 38
4.43  Calculating system efficiency basing on the matching factor...........cccccoeceeviennn. 38
4.44  results for specific 0bjective three .........ccooviieiiiiiiiii e 44
5 CHAPTER FIVE: CHALLENGES, CONCLUSIONS AND RECOMMENDATIONS ...... 48
S B O 1 -1 (<3 T PSSP PSR 48
5.2 CONCIUSIONS ..ttt ettt ettt et sab e bt e et e sbeeeabeenaee e 48
5.3 ReCOMMENAAtIONS .....eiiiiiiiiiiiieiieeieee ettt ettt st e s 49
5.3.1 To Wagagai Mining COMPANY .....c.eeeeruvreeiiieeiiieeeiieeeiteeeieeeeseeesseesnsseesnsreesssseesnnne 49
5.3.2  Areas for further research ... 50
0 RETEIEIICES ..ottt ettt et 50
LIST OF FIGURES
Figure 1: Passing bay 11IUStration..........ccceeruiiiiieiiieiiieiieee ettt e 2
Figure 2:Underground TUNNEL...........cc.ooiiiiiiiiiiiieiecie ettt site b ebe e ens 11
Figure 3: Trucks moving Underground ..............ceccuveeeiuiieriiieeniiieeeieeesteeesveeeseeeeeaveeeaeeesseeesnneeenes 11
Figure 4: A 1aden trUCK .....c..oooeiiiieiieeeeee ettt e e enaeeea 12



Figure 5: Trucks moving in opposite dir€CtION ........cevviieiiiieeriieeciiee et e eeeeeieeeereeesveeesereeeeeneeens 12

Figure 6: Passing bay positions and vehicle schedule Script ...........ccoveeiiieniiiiiiniiieiceieeee, 24
Figure 7: Model validation table............cooieiiiiiiiiniiiieiieeeeeee e 30
Figure 8: Model validation table 2...........ccceeiiiiiiiiiiiiieiieeeee e e 31
Figure 9: Production table............cooiiiiiiiiiiiee e e 38
Figure 10: Data validation ...........cocooiiiiiiiiiiiiee ettt st 43
Figure 11: data validation 2 ..........cccoiiiiiiiiiiieeece e e 45
Figure 12: A truck utilization graphi.........coccoviiiiiiiiiiieieeeeeee e 46
Figure 13: production validation.............cccoiiiiiiiiiiiiiie et 48
LIST OF TABLES

Table 1: Data collection table ..........ccooiuiiiiiiiiieiee et 14
Table 2: Table Of PATAMELETS ......cccuviieciiieeiiee ettt ettt et e et e e e e s e e esaaeeesaseeesaseeesseeenseeens 16
Table 3:Results for truck 10ader Properties ........ccueevierieriiierieeiierieeeeeee et esee e sveereeseneeseens 32
Table 4:Data in aSCeNAING OTACT .....ocuiiiiiiiiiiiiiieieeie ettt ettt et e e b e e seaeereesaeeesseessneensaens 33
Table 5:Cleaned UP data.........cociiiiiiiiiiie ettt 35
Table 6: Result for the truck travel parameters...........ccvveveiiirieninienieeee e 39
Table 7:UtIlIZation table.........cooiiiiiiiiiiii et et 45
Table 8: Production table ............coceoiiiiiiiiiiiicie et 46
Table 9: Validation table ..........cccooiieiiiiiiiie et sttt 47



5.3.2 Areas for further research

e The research aimed at reducing the waiting time for the fleet in an underground mine.
Further research can be done to control vehicle collision in underground mines.
e The research was based on mixed integer linear programming using MATLAB. Further

reseach can be done using the Monte-Carlo simulation method.
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