CONTENTS

CHAPTER 1 INTRODUCTION AND OBJECTIVES OF THE STUDY .....ccccccovvienenee 1
LT INErOAUCIION ...ttt st ettt s es 1
1.1.1 Energy scenario and importance of surface coal mining in India ...................... 1
1.1.2 Overburden removal in surface coal MINING .........ccceeevvieiiieciieriieiie e 2
1.1.3 A comparison of overburden removal with various HEMM.............cccccecvennen. 3
1.1.4 Global dragline production ............cceeceecieerieeiienieeeee e 5
1.1.5 History and assessment of dragline mining methods in India..........cccccvvennennnns 5
1.1.6 Tandem dragline OPEration ...........c.cccveevierieesireerieeeieereestresreeeeesreesseeseneesseens 10
1.1.7 Planning of tandem dragline operation..............ccceeeieeviieneeicieenieeeie e, 11
1.1.8 Planning of dragline operations USing COMPULET .........cc.ecueereieererererereieerreeeens 12
1.2 Objectives Of the STUAY ....eerieeiieieie ettt 13
1.3 Outline of the thesis.......cooiiiiiiiiiiii e 15
CHAPTER 2 LITERATURE REVIEW .....ccooiiiiiiiiiiiieieeeeeee e 17
2.1 History of the dragline..........ccccooiiiiiieiieee et 17
2.2 An introduction to dragline ............ccovierierieiieieieeieseee e 17
2.3 Classifications of dragline...........ccccccvieiieiiieiieiie et e 19
2.4 Dragline applicability conditions in mining OPerations .............ceeeevvereerueeeerueennens 19
2.5 Dragline appliCations........ccccveeciierieririerieeieereesre et esieesreeteessseeseessseesseesssessseessnes 20
2.6 Dragline advantages, disadvantages, and limitations.............ccceeveveeerveeenierssvee e 20
2.6.1 AQVANTAZES ...c.veeeevieniieiieeieeeite et et e steeteeetteeebeesbeessbeeseesaseesseesessnseesseensseenseans 20
2.6.2 DISAAVANTAGES ......veevvieeereerieiieiteeseesteeteesteesseeseessseeseessseesseeseesnsessseenssesseens 21
2.6.3 LIMIEATIONS 1.uveetenteeiieitieterit ettt ettt ettt sb st sae e sasesteeseesbesanesbeeeesneesaeennens 22
2.7 Dragline modes of OPETation ............ccccviiiiiieiiiieeeiiieciteeeiieeereeeeree v e esereeeire e e 22
2.7.1 Normal underhand dig@ing..........cccceveeviieiiniiiienieneeieneee st 23

viii



2.7.2 Overhand digging or chop-down Operation..............cceeveerveecreerveecreeseeeveennes 23

2.7.3 Pull-back operation from Spoil Side.........ccceevvieviieniieriienierie et 24
2.8 Dragline stripping MeEthodS .........cccveveiirriiiiieiieeieeeeeee e 25
2.8.1 Single seam Methods ...........cooiiiiieiii e 25
2.8.2 Tandem dragline method............cceeevieriieiiieniiieiieie e 28
2.8.3 Multi-seam mMethodS .........ccoooiiiiiiiiiiiiiiiice e 38

THREE-DIMENSIONAL BALANCING DIAGRAM......cccoooiiiiiiiriiieieceeeeenes 40
3.1 INErOAUCTION ..ottt ettt ettt ettt eaean 40
3.2 Planning for dragline Operation...........cceeerueriererieneeiiniee e 40

3.2.1 Dragline method SEleCtion........ccecuevieriieiirieieeeere e 40
3.2.2 Dragline maching Size SeleCtion ............cccevieiiiieeiiieeiiieccrie e erree e eveee e 41
3.2.3 Macro-level operational planning ...........c.cccceeevveeveeeieeneenie e e 41
3.2.4 Micro-level operational planning ............cceceeevieereenciiereesie e 45
3.2.5 Balancing diagram...........cccueeeuierieeeiieeiieeiieeieeeie et eeee et et esae et e ae e see s 48

CHAPTER 4 VALIDATION AND APPLICATION OF THE DEVELOPED

COMPUTER PROGRAM ......oouiiiiiiiiiintenientenesessteese ettt ettt 65
4.1 Validation of the computer program with actual field conditions ...............c..c....... 65
4.2 Applications of the developed model............ccccoveeiiiiiiecireeeeeee s 69

CHAPTER 5 FIELD STUDIES ......oiiiiiiiiiiie ettt ettt s 70
5.1 GENETAL ...t 70
5.2 Brief information about NCL..........ccccoeiiiiiiiiieieeeeeee e 71
T T AN Fed 12N I o) (< o1 F SRS 75

5.3.1 General information about Nighai project..........cccceeevervevereeneeiienieeseeenen 75
5.3.2 Mineable reserves(MR),overburden(OBR), and stripping ratio(SR)............... 75
5.3.3 QUAITY PATAIMELETS ...e.vvvieeereeeireerieieeerireeeireeesreesseeeseseeeseseesssseessseesssseeesseeesssees 76
5.3.4 Details of major HEMM equipment deployed in the project............cccoeeneenne. 76
5.3.5 Method of WOTKING .....ccceieoiiiiiieiicecceceeeeeee e 77



5.4 Dhudhichua Project ......cueeeiiiiieciieciie ettt ettt e ae e srveeteeseaeesreessaeesseens 79

5.4.1 General information about Dhudhichua project ..........c.ccoveevciiiviincinnieniienees 79
5.4.2 Mineable reserves(MR),overburden(OBR), and stripping ratio(SR)................ 80
5.4.3 Description 0f coal SEAMS .......ccuiiieiieiieiiieiieeie et 80
5.4.4 Details of major HEMM equipment deployed in the project........c.cccvevuvenenn. 82
5.4.5 Method of working and itS Status ..........cceeveeriieiiierieeierie e 83
5.5 BINA PIOJECL .eeeneiieiiieiie ettt ettt et et e et e st e et esseesneeeneesnteeneesneeenneens 84
5.5.1 General information about Bina project ..........coeccvereeoienieieeiereeeeeeeeee 84
5.5.2 Geology and COAl TESEIVES ......ccuiiiiieiieciiieieeeiee et esteeereestee e ereesaeereeseneesneens 85
5.5.3 Details of major HEMM equipment deployed in the project...........cccoeeuvennnenn. 85
5.5.4 Method of WOTKING ...coveiiiiiiiieiiieeee ettt 86
5.6 JAYANT PIOJECE....uiieeiiiiiieiii ettt ettt ettt see e bt e taeesbe e beestseenreeseaeesseessseasseans 88
5.6.1 General information about Jayant project ..........cccecereerenieneriienenieneenesens 88
5.6.2 Summary of coal reserve, OB estimate, and other vital parameters................. 88
5.6.3 Description of coal SCAMS.......ccuieiciieiieriieiiete et 89
5.6.4 Mineable reserves(MR),overburden(OBR), and stripping ratio(SR) ............... 90
5.6.5 Details of major HEMM equipment deployed in the project...........ccccceevueneene 91
5.6.6 Method of WOTKING ...ccveieiiiiieiieceeeee e 92
5.7 Data collection from field Study.........cccveveieiiiiiiiiii e 94
5.8 Dragline monitoring SYSIEM ..........cccuiivvierieeirierieeeriesteeeeeereesseeereeseessneeseessseanseens 94
5.9 Determination of annual production capacity of different draglines ...................... 97
5.9.1 AVErage CYCIE tIME ......eeuieiiieiieeieeiieeie et te et et e et esaeesebeeseeeseaeessaensseenseens 98

5.9.2 Average annual production of different capacity draglines for various swing

CHAPTER 6 RESULTS AND DISCUSSION THROUGH PARAMETRIC ANALYSIS
IN THE CASE STUDIES ....cc.oooiiiiiiiiiiiettetee e 101

6.1 Annual production of leading dragline is less than the annual production of lagging

ATAGIINE ..ttt ettt ettt et e b e s ate e nte e teesabe e st e eabeenes 102



6.2 Annual production capacity of leading and lagging dragline are same................ 110

6.3 Annual production capacity of leading dragline is greater than the annual

production capacity of lagging dragline.............cccceeeviiiviiiiiniii e 117
6.4 Relationship €qUAtIONS .......ocveeiirieiieieieeie ettt sne e 124
6.5 Influence of cut Width ........ccoiiiiiiiiiii e 141
6.6 Influence of stripping bench height .............cccooiiiiiiiiiiiiiei e, 149
6.7 Influence of coal seam thiCKNESs .........cc.ccoevirriiriininiiniiiccce e 156
6.8 Influence of seam Gradient...........cceeieriieiieiiieieee e 163

6.9 To find the best combination of cut width and bench height within the possible

working range of draglines ...........cccovieriiiieniiiiieeee s 169
CHAPTER 7 DRAGLINE COST ANALYSIS....cooiiiiiiiiiiieieiereieieiceseneeesiene 175
7.1 COSt ANALYSIS ..eeeeierieeiieiieetiestie et et e st e st e st e bt e st e eseesseeeeeesseesnseaseesnseenseasnseans 175
7.1.1 Calculation of cost of dragline operation in mines under case study............. 175

CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE

RESEARCH ...ttt ettt ettt eae 180
T O e L3 [ ) T 180
8.2 Recommendations for future research ............cooeevevievierienininicninescseseseseee 181

REFERENCES ... oottt ettt ettt e b ettt e st e enteestaeeaseenneas 183

APPENDIX-1 - THREE-DIMENSIONAL BALANCING DIAGRAMS..........cccc..... 193

APPENDIX-2 Computer program codes of three-dimensional balancing diagram for

horizontal tandem OPETALION .........cccueriiiieriierierieieete st ete ettt ettt st ebesenens 230

APPENDIX-3 Computer program codes of three-dimensional balancing diagram for

vertical tandem operation (mode-1 and Mode-2).........cccoeeeeeeiieiieiieeieee e 269

APPENDIX 4: LIST OF PUBLICATIONS ..ottt 312

X1



