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ABSTRACT
This project report entails the analysis of shovel-truck system for optimal selection at Tororo

Cement Limited Quarry, in Tororo-Uganda, with the basic aim of optimizing cycle time, material

size, loading distance through and cost of shovel-truck system.

This is justified by the fact that, Material handling account for 60% of the total operating cost of
the mines, so it is desirable to maintain an efficient material handling system. This is due to the
facts that as the size of fleet being used increases, shovel productivity increases but truck
productivity decreases, so an effective fleet size must be chosen that utilize all equipment.(May et
al. 2012) '

This was done by thoroughly reviewing literatures of shovel-truck productivity, cost of handling
material, effects of field parameters and application of models that optimize the time parameter

and general impact on a company’s productivity at the quarry.

Shovel-truck system operational data from the quarry was analyzed and applied to a multi-channel
queuing model representative of the loading process of the haul cycle. The outputs of the model
was compared with actual data to evaluate the validity of the queuing model used.(May et al. 2012)

The end aim of project is to optimize the time to ensure that the practices is conducted in the fastest
means possible with maximum utilization of the availed equipment for output and profit

maximization.

LOKWE EMMANUEL BU/UG/2012/1803




DECLARATION
I LOKWE EMMANUEL, BU/UG/2012/1803, Pursuing a Bachelor of Science in Mining
Engineering do hereby declare that, this project report has been compiled by me and has not been

presented to any University or other institution of higher leaming for any academic award.

Signature. m e Pate. 20" 28] 2e1(,

HE1, 035%

LOKWE EMMANUEL BU/UG/2012/1803



APPROVAL

This piece of work has been endorsed by:-

Signature: Date:

MR. NASASIRA HILLARY

MAIN SUPERVISOR

LOKWE EMMANUEL BU/UG/2012/1803



TABLE OF CONTENTS

APPROVAL...coiieaieaeaee

ST O T BRI EERS oo i s S A N B s

ABBREVIATIONS AND ACRONYMS......

1.0 INT RO DR IO s s e s e s A B A s sommr b TSR AR A= RS S A FR SRR S AT

1.1.1. LOCALION BN BOOTESS ....cveeiieeei et ee e aeee e e e eemae e esee s et ease s e s aemmseeseeaeammesaemmeeeemems e sanennn

1.1.2. GHOIORY OF TR0 QOO I icis o oo s A e s A S S S S NS
1.1.3. Limestone/dolomite/travertine of UZanda ........ccoevcieiiinieieiee s ssieeeesssesosssetesseeeaeeneemeens
1.1.4. Brief history of TOL formation. .cccverierererrrcrre e s s svrere e ssresears st srmeerssenmssesseantans

1.1.5. Mine material handling costs in global perspective ...

1.1.6. Brief history of mining in Uganda ..........cccoooiiieeiiviececeeee

1.1.7. Trend of Uganda nonmetallic minerals iINdUSIIY «.....cveciiiiiiiiice e s e snens

1.1.8. TCL mining and QUAITY OPEIaEIONS ...cveiiciereireersrrniesesssitesssemessssesnssssesesssesssssnsansesmssnbansnssnasiesn

1.1.9. introduction queuing theory...........

1.2, PROBLEM STATEMENT .ot tcimeee e e et e et d e eme e st et asse s et e msmtsmeasmsmtemsessessensensssers
1.3. OBJECTIVES ..............

1.3.1. Main objective «...cceoereeeeeeceeeeceee,
1.3.2. Specific objectives...................

1.6. SCOPE AND LIMITATIONS ..ot ceceer e e me e se e eae s rmnens

CHAPTER TWO < LITERATHIE BEVIEW ...ovviomensncsrusssssssinsmnssimindsssssssiionsssens s sasisinssisrmsiioishinie
2.2. METHODS OF SELECTING FLEET NUMBER ..coiciiiiiiin i v isinsiaiiberisimeinriinmemvirssivivsion

2.2.1. Expert system fleet number selection methods ... eeeeeeeeeee et

LOKWE EMMANUEL BU/UG/2012/1803

© v v o

.10
A1
o 1 |
11



2.2.2. Mathematical modeling fleet selection methaods..........cccoceeeee

2.2.3. Genetic algorithm fleet selection method ...

2.2.4. Multiple attribute decision making techniques method ...,

2.2.5. Queuing theory selection Method ... e neeees

2.3. METHODS OF SHOVEL-TRUCK PRODUCTIVITY CALCULATION

2.3, Mathematical METROMS i iy i s s i e s Nk i G b S e

2.4. SELECTING SIZE OF EQUIPMENT ...t iaiiiiiiiisisbiasedisns s thissdadan o sd dammms si b saa e ss s dhsaiis s nadbansns

2.5. QUEUING THEORY APPLICATION TO MINING.....oo o s sse s re s e srnassa s vanans

2.5.1 Preamble.................

2 5.2 QuennE MOdel. .. oo

RS X ] 4 Vot 1L T ¢ DSOS TP TR

3.1. EQUIPMENT, MEASUREMENTS AND DATA COLLECTION ..o

3.1.1. Equipment used for analysis.........cccocoeeeeeeee..

12
13
13
14

.14

14

.17

18
18
18
27
28

.28

28

..28

B.1.2. Parameters MeasUrRmMBALS. ... it b s b ek s s e s b sr i st

3.1.3. Data collection methods........ccc.........

3.2. ACTUAL AND MANUFACTURER SHOVEL PRODUCTIVITY ANALYSIS

3.2.1. Geological field data COmMPUEATION.........eeeeeeeeeeee e mme e enemeenee

.30

3.2.2. Shovel fiied productiVity aNalYSIS. . ... ssrers s rar e esns s et en s st aenenss

3.2.3. Shovel manufacturer productivity analysis........ccooeverecreneeicieneeiereeene

3.3. ACTUAL AND MANUFACTURE TRUCK PRODUCTIVITY ANALYSIS. ... c e

3.3.1 Truck field productivity @nalysis.... ... ciieiiiiiecvicrsrsreneeeressnesnesssrrnesrerensesessersnsessessnssresssesnen

3.3.2. Manufacturer truck production analysis ... e en

3.4. ANALYSIS OF EFFECTS OF SHOVEL AND TRUCK PARAMETERS ......coviteneraeseneeicremseeecereemeescesenneenas

B B DTTICTE NSO vccvmmmnnvnvnsmsisasassoons oo msmiiess a5 e e a3 A S A e s

3.4.2 Excavator bucket and truck Capacity ... e

B B0 OF STUCKS v sl iiioss et s e s S S i S e o e

3.4.4 Hourly production output.......

3.5. SELECTION OF SHOVEL-TRUCK SYSTEM ......coiitiiiiiirticiierteceneneesteitecseecasssnessnsesaesaenseseesasessassssnsessans

3.7.1. Queuing model (m1/m2/c)-Kendell Notation .......oo e

LOKWE EMMANUEL BU/UG/2012/1803

28
29
29

30
32
32
32
34
35

35
35

36
36

ST

37



3.7.2. Inputs data to the model . P

3.7.3 Equations forthe model ...

3.7.4 OULPULS ..ot eee U,

CHAPTER FOUR - RESULTS AND DISCUSSION ..... S S S

4.0 PREAMBLE ..c...cociiniiiiinnimiimiiississmas

4.1A. SHOVEL FIELD DATA RESULTS AND PISCUSSION ... i ieerercreessaeseessnaneessnsasennasanmsessassnassnens

4.1a.1. Field geological data computations

4.1a 2. Field management and operational results ......................

37

...38
.

41

.41

41

.41

4.1A.3. SHOVEL FIELD PRODUCTION RESULT DECISHONS ivicvmmrimsmmmssiosinrivesissiamssmsss s

4.1a.4. Shovel manufacturer produckion reSUR ... e

4.1a.5. Shovel manufacturer production result analysis ... oo en e

4.1a.6. Shovel field and manufacturer production results ............

4.1a.7. Shovel field and manufacturer production results discussions.............

4.1B. TRUCK FELD AND MANUFACTURER DATA ANALYSIS ..ot e m e se s s

4.1b.1. Truck field production result ...

4.10.2. Truck el results Qs tussiomS .o it it esissmssasssnsansnsass sssssansasnsssonsasmmtantnn snsa sn e shatannss

4.1B.3. TRUCK MANUFACTURER PRODUCTION RESULTS....cccorivverieeeneaansanrens

4.1b.4. Truck field and manufacture result analysis...................

4.2. ANALYSIS OF EFFECTS OF SHOVEL AND TRUCK PARAMETERS ......ccovieoeeieieereceeneereesneenaessesnneens

4.2.1. Results disCussion .....cccccceeeeecceecicannns

4.3. SHOVEL-TRUCK SYSTEM COTS ANALYSIS AND DISCUSION.......oeeiieerereremieereneeeanenesenseseassneseeeenens

4.3.2. Field and manufacture cost analysis.........coeereeereveeercrsrennenen.

4.4. OPTIMAL SHOVEL-TRUCK SYSTEM SELECTION USING QUEUING THEOQRY .....covvererrerenrnneerassarssanns

4.4.1. Queuing model {m1/m2/c)-Kendell ROtatIoN ......c.oev e

4,42 Outputs .....ccoceeeieernnenianienas

CHAPTER FIVE- CONCLUSIONS AND RECOMMENDATIONS......coieeeecee e

5.1, CONCLUSIONS ....cociciinmssimniinimsi iz

REFERENCES..............

... 41
.47

50
52

.52

53
53

i O

55
56
58

.58

59
61
61

.62
.62

64
66

...66

LOKWE EMMANUEL BU/UG/2012/1803

.66

67

.69



LIST OF FIGURES

Figure 1.1 Distribution of Torore Suite granitoids (code A3T-within black dashed line on map)' ....2

Figure 1.2 Production of non-metallic minerals for Uganda® ..

Figure 4.1. Graph of shovel cycle time against loading time on laadmg a tru(:l’n3
Figure 4.2. Number of buckets variation with material size® ...
Figure 4.3.Loading time against material Size® .............coocorueormriecmcermmrescnsacnseenreacenas

Figure 4.6 Graph of Bucket capacities against bucket fill factors for material sizes®

Figure 4.7 Graph of Bucket capacities against bucket fill factors for material sizes’ .......................
Figure 4.8 showing cycle time at two loading points @ 0.4 & 0.7 kms b ..o

Figure 4.9 showing truck productivity variations for two loading peints® ..

LOKWE EMMANUEL BU/UG/2012/1803

... 47
.47

48
49
50
55
56



LIST OF TABLES

Table 1.1 Cost Distribution of Unit Operations (Copper Mines) (Bonates, Ej.1, 1992) "......oocrerocercrucene. 5
Table 3.1 Queuing Model INPULS™ .......c.cvoieceeeeceiececeetrene e tens e s sesse s sas s nstsaras st s sasssasss st e s sasns 37
Talile3.2 Oneniog Mol DMIRES” .. ccursminnsinmsisisssmsmsseismmissssismsrisissaiiiials s iies 40
Table 3.3 Screenshot 0 MO ...........c..ccoercuereemmceesesesseesessnsressssnsenssssssssusssssessassussssssssassassassesssssassens 40
Table 4.1. Showing computed geological field data®' ..o 411
Table 4.3b. Cycle times per trip for CAT 336D L (optimal blast) 42
Table 4.3c. Cycle times per trip for CAT 336D L (over size blast)™..... .42
Table 4.4 showing shovel parameter variation with limestone fragments size® ...46
Tablc 4.5. Showing effects of fill factors on bucket capacity for classes of limestone ™ ..........cccoevvvennenn. 48
Table 4.6 showing bucket fill factor against number of bucket loaded™ 49
Table 4.7 showing data for CAT 336D L shovel and operation condition '.............c.cocoemvererereraraseenennn. 50
Table 4.8 showing data for CAT 336D L shovel and operation condition "*.......... . ereerne D2
Table 4.9 Shovel Field and manufacturer Result for CAT 336D L' ... 52
Table 4.10a. Showing cycle time for dump truck operation at point 0.7kms ™ ... 53
Table 4.10b. Shewing cycle time for dump truck operation at point 0.4kms ** 53
Table 4.10¢ Truck production results comparisons @ 0.4kms & @ 0.7KmS '®......oureeieriniemricccrrieienias 55
Table 4.11b Truck production results comparisons @ 0.4kms & @ 0.7kmis 7 ..oeooreciiceicisercraens 58
Table 4.12a Operating cycle at TCL Quarry™....... .58
Table 4.12b Haulage cycle as a function of SPEEA™ ............cocovieiiicieicevceecsirrssvesessserirssssssransssnans 59
Table 4.12¢. The effect of increased speed on the haulage cycle® R
Table 4.13a Shovel Field and manufacturer Result for CAT 336D L.......coveeieccccincrcceiciensininesreennns 61
Table 4.13b Truck production results comparisons @ 0.4kms & @ 0.7KmS 7 ......cceevrrcinieccsisecranicnnnn 62
Table 4.14a Queuning Model Inputs ™! ...oovrvmmieeecre 62
Table 4.14b Queuing Model Inputs ' ........ocoorrrceencnncn. R RS ARA 63
Tabile 4. Lo Qg DI TUIEE T cissimsnssssminenssnsmesisisisiins s ons s S 63
Table 4.14d Queuing Model INPuts ™ ... oot 64
Table 4.14d Queuing Model Inputs™ O ——— 64
Table 4.14e Queuing Model Outputs®..........ccuecvecerccemrcesereeraneenenes 64

Table 3.14f Screenshot 0F MOGEI® ..o eeoeeeeeeeeeee e e esee e eeesenesesessstesesssanesasssssssensasessensssssassnsarsens

LOKWE EMMANUEL BU/UG/2012/1803



ABBREVIATIONS AND ACRONYMS

TCL- Tororo cement limited

M/M/c- Kendall notation

GDP- Growth Domestic Product

LSM -Large-Scale Mining

Kms — kilometers

UCI - Uganda cement industry

UDC- Uganda Development Corporation
BCY - Bank cubic yard

UDC Uganda Development Corporation

LOKWE EMMANUEL BU/UG/2012/1803



CHAPTER ONE
1.0. INTRODUCTION

This chapter contains, TCL background information, Problem statement describing the context for
the study and the purpose statement to provide a specific and accurate synopsis of the overall
purpose of the study, and the significance indicating how this project will refine, revise, and extend
the existing knowledge on Shovel-truck systems to Tororo cement limited {TCL) Quarry. It further

incorporates the scope, justification and limitations of the proposed research project.

TCL is located in the Eastern part of Uganda about 230Kms from the Capital city Kampala. It is
10Kms before the Uganda/Kenya border town of Malaba. Access from Kampala is by an all-
weather tarmac road. The coordinates of the main factory are 00 39 36N, 34 09 18E (Longitude:
0.6600; latitude: 34.1550).

Email: tcl@tororocement.com Website: www.tororocement.com
Tel: 0352-512500 Fax: 0352-512517
P.O. Box 74 Tororo -Uganda

Rocks of the Tororo Suite occupy the eastern segment of the WTT, underlying a surface of ca.
3,000 km?. Tororo Suite granitoids are typically biotite bearing and composed of scveral sub-facics
including gneissic granite and granodiorite, hornblende-bearing granodiorite, granite and diorite,
porphyritic granite, biotite granite, medium-grained granite with pegmatite and the dated Kisoko
granite (~2.664 Ga). A special facies of Tororo Suite rocks is formed by Na-K metasomatic halos
surrounding the Neogene carbonatite plugs of the alkaline Elgon Complex. Regionally, the

contours of the Tororo Suite can be distinguished from the surrounding rock units by their high
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