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EXECUTIVE SUMMARY

Geotechnical properties plays an important role in the stability of any excavation in mines. This
makes it an important factor of considering in order for safety to be realized to enhance operation

in mines.

Tiira Gold Mine is a surface and underground mine located in Busia district in Eastern Uganda at
approximately 200 km east of the capital, Kampala. The Company’s office is six kilometres
northwest of Busia town at about 34°00°E, 00°30°N (UTM 616500E and 56700N).

Boniface pit is the current operational open pit with about 2 benches, pit height of 15m, bench
width of about 10m, bench height of 5m, bench angle of 80" and the angle of repose of overburden
is 60°. The pit however is not stable to stpport further operation due to no proper design thus

having_ arisk.of being abandoned for the sake of safety.

‘This open pit mine has been designed to maximize safety and productivity. The study was
condiicted basing on several analysis both from the field and laboratory to come up with an optimal
design. The findings indicated that the surface rock mass of Tiira mine is very weak with a uniaxial
comprassive strength of about 10.234MPa, shear strength of about 10.459MPa, the general rock
quality being 24 335% and a rock mass rating of 26. This indicates that for the rock to be excavated
using open pit method, the slope angle should be relatively smaller and the bench should be wider

to enhance safety for the practitioners and equipment.

The open pit design was designed with a bench angle of 60% and an overall slope angle of 32°
having a ditch that extends 2.89m on the exposed runoff surface and 3m deep to provide a water
collection point at every level of operation. Safety was also increased with the FOS of the pit being

3.21.



DECLARATION

I, Opiyo Kenedy registration number BU/UG/2012/113 declare that the entirety of work contained
in this project report is my original work except where explicit citations have been made.

Therefore, it has never been submitted to any institution of higher learning for any academic award.

Sign: %‘g‘ ............

Date: .--.?':.]{.?.-.S.l.?.“e(’sv.......

’ BUSITEMA UNIVERSITY LIBRARY)

it



ACKNOWLEDGEMENT

Most importantly, T thank God for the gift of life and ingenuity He has offered to me to accomplish

‘this project report and gather all the necessary knowledge to compile it.

My sincere appreciation goes to my supervisor Ms. Nangendo Jacqueline for the guidance and

time she gave me in achieving this project.

I am greatly indebted to my mum; Miss Arop Vento Lilly, Brother Elip, Dr. Marco Gigante and
the other family members. They have been there for me amidst all challenges. In scarcity of
resources, they have sacrificed their time, spared their advice and the very last of their property for
me. Surely, there is nothing I can give to pay them other than praying for God’s providence and

blessings upon them.

I also owe gratitude all the lecturers in the department of mining and water resources enginéering
for instance; Mr. Tugume Wycliffe, Mr. Wangi Mario, Mr. Nasasira Hillary, Mr. Lwanyaga 1.
Ddumba, Mr. Mugisha: Moses among others and my fellow students due to their unique trait of
knowledgeable support, team work and cooperation and the necessary guidance they eq'uipi:ve_d. me

with during my academic tenure.

Great appreciation also goes to the management and staffs of Tiira Gold mine, Rorima Mining
Company, African Drilling Exploration Services (ADT) and Uganda Industrial Research Institote
(UIRI) of for their support in-accéss of the site, field data and field test, technical giiidance and

laboratory test forthe samples provided to accomplish the project.

fit



APPROVAL

Iaffivin that Opiyo Kenedy, registration number: BU/UG/2012/113 compiled this project report
under my supervision, and it can be submitted to the University management for an academic

award,
Ms. Nangendo Jacqueline
Supervisor

DIatE. e e e

v



DEDICATION

I dedicate this report to my beloved mum; Ms. Arop Vento Lilly, my life mentor; Br. Elio Croce,
Mr. Marco Gigante, my brothers, sisters, relatives and friends who have worked tirelessly fo
support me in all aspects of life and enable me make it up to this academic level. May the Almighty

God reward them abundantly for their unceasing love and care towards me.



Table of Contents

Vi

EXECUTIVE SUMMARY ..o recseasmaenens — et esuenremm s s ee s sreeee e tame e reanan S
DECLARATION ..........._..... S cevaetensease s araeaes aen conennere 11
ACKNOWLEDGEMENT ..o ereereeeme et eeereeees oo S B 11
APPROVAL _... . OO S—— _ Y
DEDICATION oo e S e eoes e e oo v
TABLE OF FIGURES... Jix
LIST OF TABLES....ccevrvreeen cexeremres et eauesabaR s s en e s o R c st st ara st cAes saam st e s X
LIST OF EQUATIONS ...t ctecncerertenrsssssseassasassseae vesrassenssasasasass srmsmssacss rensrssasanstsnsesess sinsan Xi
LIST OF ACRONYMS i tarares s crascce et ssenaaes améontemnanaeee st araseraraaneeanaset e veas Xt
CHAPTER ONE: INTRODUCTION....couurserrmemsrrernrmemamsecens e e saeee e e |
1.1 Back ground resmeraren faete s eiamteesensat e beren e Smaemanm e e seatn S ensabderae e ens 1
1.2 Problem statement___................. et 2
1.3 ODJECTIVES oo ecieeremsesmesnreeeeeseeemeemeenm e e eeneaen et amee e neet s tameneeeuesene L2
13,1 MIAIN OBJCTVRL .o oo ceeeeceesereeserseesmmes e oeme e eomeemaessaes e remssomeesres ease s sesesaeeseeersenseenrese 2
1.3.2 SPeCifie ODJETIIVES (e eecesivassecaessasarme e s meenesremres s s b aeanmsmnmenmmeem e sieses s aneraann 2
£4 Justification ... eeeeeeen. ticaturedesuen s rn e e s mema e ne St s A et AR et e At e sma s 13t enranan e 3
1.5 Significance.....ccocovioinnnenans 3
1.6 Scope............ rerrreenearanranneeas eeeeceutevessetsresearayereasammnnsameanen et e me et s b sy s it an A an st s aems AR 3
CHAPTER TWO: LITERATURE REVIEW .......ooruvummmrememssmsomssereesmsessesemssseasssssmmsssrsgesieepesesssesns &
2.1 Geological setting 0f THTa gO1A MINE ..-.vwr.eurveeceeoarreersssanssspemserecs e coeeeesssrearasassssarasmsnenns- 4
2.1.1 Geology of the SIe ..o ccocrreccececrreeemmrereeerereeceeces 4
R OO 55 (o) Lo O U PO 4
2.1.3 MINET2HZAtOM < oot e st see e emene .6
2.1.3.1 Gold of potential commercial interest. . emeeeeane e e retbesaabiereemeanens 6
2.1.4 Weathering of rocks and 50il ............ SRR S N vveensrnionin T
2.2 Rock strength properties and their measurement. \teeeraagmenemeamasnstmane e inreememre 8
221 Rockstrength ... e taaeia e e am e aem e e nmrrnnm e mne e 8



222 Classes of rock strength ........... erestrarseaeanesreessvnaesaeeaeybeRebbenAet e et ansnraeras revererraseaes raveras 8

2.2.3 Cohesion and Friction angle ....c.oreeeeoeeeereece s s searene A e 9
2.2.4 Rock mass elassification......owaeeerenne ercenesveremesnenriaseerssioraens 11
2.3 Open pit Layout ..o ececeeeeeee eetincionaeenenananns P SN eniemenrestorbnses e mienen 12
2.3.1 Basic bench geometry _ ieestierieaeesirnsianasvasamnean BRSO, 4
2.3.2 Probability of failure of Benches......... o eeatmttat e ra s Eeben s ememtnsear s neeneat e reenres 13
2.3.2.1 Description of the failure mode ........oveeveeeeeeerseveccscocceneeens e eamanmenns ereessrean 14
2.3.3 Pit Wall Criteria ..oveeeenecoceccnne I eemaeasae st et rarmns s eana st an e enerenas everte s s, 17
CHAPTER THREE: METHODOLOGY ..ooccoeeeeeee. - frevrreeinen e sensasanansn .18
3.1 Introduction ............ eererereee e eceeantms e oemeneenates s enraan see e eenmrannn ereraroaeseasesenns v, 18
3.2 Design selection. S : S— cremeiessaa s ans : e 18
3.3 Data collection —........owvmmrernrennn, et ees b raa i s s et S R e 18
3.3.1 Equipment and Materials nsed in the study ........ceeene.... . - w18
3.3.2 Site rECONNAISSANCE .veruerrreerrsasessessencsrses veene eemaeenmeaseeberseraras rereansretesens |8
3.3.3 Data COllETted. ....ccuvecmnreerereessrecemererceasromssesanreesnes e ennrens eniesane i ane et sa e 19
3.3.4 Rock core testing. reerereadamninens ememeabeinanarade e sanagasnsroas crenressinninicenss 19
3.4 Data interpretation and analysis...... ST eemaeatreseet e sren e seabenpatee e seeneensnsarn 20
3.5 Design of the optimal pit layout.......... - eeeretsanesresnsamaresnsnnsavannent avieaen 20
CHAPTER FOUR: RESULTS ANALYSIS AND DESIGN i receesareesse st cecra e 21
4,12 Data Presentation ......ecceeeneceeece eeamnreatnianaanes ey bat et s e e e emenneeas eersinnesasnns eeriesareaaansinnsra srens 21
4.2 Data 8MalYSIS. ceerimereereeinesietiisietianens e crrasnseasssassesaene S eeraeen st eanereaneens rcnsuanns 21
421 Field data analysiS ... .o i crseeresereresssssasses st easieceemesemsmeressssarassesesnese oomeeneia st omene 21
4.2.2 LabOTALOrY Aata AMALYSIS «:eur e oemoceemictes e eesfassnesstnsmsseenmse semeeosseseras e sens seressemserssemen 24
4.3 Rock mass.classification for Tiira Mine properties ..........ccov v isrenceermtenrrare e esceasasensrens. 30
4.3.1 ROCK MASS TAINE - v.iuriiiricc e craresssranssessssssemims e tes caemesnssasaseat sttt e asaa s apmiassensanansesens 30
4.3.1 Rock mass stratification........ reresamsesrieeataesasamannnerans remer e ae st emnnn e em aramantenr et enaane 31
4.4 Design of a safety bench using RocPlane software system _........... SRR . 1)
4.4.1 Bench Properties. .o s ooeeeeeeensnenn v e cevemerstrenes 7
4.4.2 Actual design .......veriuiceieensirceeane S ; ceniecine 33
4.4.3 Test for the factor of safety of'the safety bench........ - - - reveens. 36
4.4 4 Relationship between FOS and Bench slope angle............. SR . |1

vii



4.4.4 Sensitivity Analysis plot. ........... eeetanrtsenen femeenranens ereescasae e edent et et eseeme s erneesresbabesnsassiones 37

4.5 Design of the open pitlayout............. emeentaesasamsssessas e bt ensh e et anseins e s 38
4.6 Ditch Design in the open pit layout ............ rembrabereniendonssiasat e e an e memee S 1
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS ...cooooeeooeeeeemerrenre e erssr e 42
5.1 Conclusions..... reansemnarees 42
5.2 Recommendations.........cocecuee. reirianreennens e eertmteeeasssaaeaeTRELsLEsAEeibitenaesesttessmmmmresesTaNasEeIsiaias o 4F
REFERENCES .....ccouoee. ermncemeeaentoeenes eameaneneae et aennmaaenerivanres frneaatanemes et Shermamrey 44
APPENDICES e rmeareicnvi s e saseasans iatreirresarentesesanuesbasieearrmnsvaty A
Appendix 1: Boniface pit being excavated at Tiira gold MiNe ........cioocormeiriorsoccomincivsssrnronnenn A
Appendix 2: The Pt Wall ce oo eens e e cersasememesceasssenasnersssans A
Appendix 3: A 3D side view of the open Pit deSign ..c.e.ceeoeeeere oo seee e sess e ecneeemene B
Appendix 4: Anomalons values for gold fonnd in geochemical survey of soils .............. ererenens B
Appendix 5: ROCK Mass FALNE SYSTEIM ..cvuwurereresereuesans i cesessmss sersssssrassnossssess s sesemmoesrssrassenssssssesss C
Appendix 6: Rainfall data for Tororo ffom 1990 - 2014 .o.vreen i e ieersenecessecassensnaas D
Appendix 7, Average yearly Amount of Rainfall received in Tororo- Busia Region ...............E
Appendix 8: Maximum amount of rainfall received in a month from 1990 - 2014 ................. ¥
Appendix 9: Value of C {Depends upon the characteristics of the catchment) .......cccocecernnnvn.. F
Appendix 10: UCS 1aboratory teSE TESMIS oo cceerecereverraescessasasesss seseiasmscerdvnsersmste st ssstemins G
Appendix 11: Shear laboratory test. T G seemeosoa e st setraane et e han e she e pans H

Vit



LIST OF TABLES

Table 1; BONIACE DIt PrOPETHES. . v ceieecsereescrcssasssemsens comeeeesesersresssssssesssnsasassesecsrsiesssenmmrmsemmimmaras 21
Table 2; General Televant rock ProPerties ..o oocvieecereree s eeresense st vemememae oo e erieeeermsnseneen 22
Table 3: Density Variations of the fock cotes ... evenn. e eemereeaeas e anesaemen e e emenens . 24
Table 4: TUCS test on 1ock COIeS cvveveeeennnns TSI e veeianen e e sinCenanat nremeansnene eeieennerearns e 26
Table 5; Shear test T@SUlS ..cooeivccciiivenenn N oemeancenemcnea e er AR b e b s e mamatg enenassrpenranerersarats D
Table 6: Rock mass rating or Geomechanical classification .........vomroeeceeereeercencieenss 31




LIST OF EQUATIONS

Equation 1: Determination of UCS......... i raaaeiaas ememrereeneas
Equation 2: Calculation of the density of the core Samples ... rermenrns

Equation 3: Point Load IndeX caletlation ... ..o nassesesseenseersnssensresssssssssss

Equation 4: Correlation between Point load index and UCS..

"Equation 5: Shear strength equation ........

Xi



LIST OF ACRONYMS

2D Two Dimension

BIF Banded Iron Formation

CAD ‘Computer Aided Design

GDP Gross Domestic Product

GPS Global Positioning System (a satellite navigational system).
kg Kilogram.

LRP Long Range Planning

SRP Short Range Planning

RMR Rock Mass Rating

RQD Rock Quality Designation

ucs Uniaxial Compressive strength
U™ Universal Transverse Mercator

xil



CHAPTER ONE: INTRODUCTION
1.1 Back ground

Tiira Gold Mine is operated by Greenstone Resources 1td which is a gold mining company. It is
located in Busia district in Eastern Uganda af approximately 200 km east of the capital, Kampala.
The Company’s office is six kilometres northwest of Busia town at about 34°00°E, 00°30°N (UTM.
616500F and 56700N) (Hester, 2009).

It is an underground and surface gold mine which utilizes underground as the main production
sector. However, they also use surface operation is on four different open pits i.e. Davies pit [
located at about (36N, UTM 0619661E and 0057036N), Davies pit Il at (36N UTM 0619597E and
0057199N), BIF pit at (UTM 0619445E and 0056535N), and Boniface pit at (36N UTM 0619411E
and 0056967N).

Boniface pit is.the current operational open pit with about 2 benches, pit height of 15m; bench
width of about 10m, bench height of Sm, bench angle of 80" and the angle of repose of overburden
is 60°. The pit however is not stable to support further operation due to no proper design thus
having a risk of being abandoned for the sake of safety (see appendix 1 and 2}

A proper open pit layout design is therefore needed to support the economic surface extraction of
gold ore by Greenstone Resources Ltd since surface mining is restricted to recovery of gold-
bearing vein material from shallow excavations. In Uganda, mining industry provided over 30%
of GDP. In a move in- 2003 to revive this industry, various.aid groups, led by the World Bank,
provided a low interest *soft” loan to Uganda to stimulate interest in the country’s mining potential.
Some US$10.4 million from this source paid for up-to-date airborne geophysical surveys over

approximately 80% of the country not previously surveved in recent times (Hester, 2009)

In fiscal year 2004-05, mining and quarrying accounted. for 1% of the GDP (Bank of Uganda,
undated, p., 146; International Monetary Fund, 2006, p.184; 2006). The mining and quarrying
sector grew by 16.9% in fiscal year 2004-05 compared with 5.4% in fiscal year 2003-04, Growth
in the mining and quarrying sector was aitributable to higher production surface mining of cobalt.
and limestone. (Bank of Uganda, undated, p.149) (Yager, 2007).
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