
C o n t e n t s
Preface........................................................................................................................15

Introduction...............................................................................................................17

1 Open-pit mining of minerals.............................................................................19
1.1 Significance of open-pit mining of minerals in the w orld .........................19
1.2 Specifics of open-pit mining.......................................................................... 21

1.2.1 Comparison o f open-pit and underground m in ing ........................ 22

2 Basic parameters of open-pit m ining.............................................................24
2.1 Fundamental terms in open-pit mining......................................................24
2.2 Types of economic mineral deposits........................................................... 30
2.3 Geotechnical and geomechanical parameters of an open-pit mine ........ 31

2.3.1 Classification o f a quarry face material............................................ 31
2.3.2 Basic geomechanical and geotechnical properties o f minerals...... 32

2.4 Mining-influencing parameters ................................................................... 35
2.4.1 Mining-influencing forces .................................................................. 35

2.5 Conditions of an open-pit mine building ................................................... 36
2.5.1 Dynamics o f a quarry building...........................................................36
2.5.2 Work safety ..........................................................................................36
2.5.3 Design and management of-winning operations..............................37
2.5.4 Range o f cyclic character o f winning operations............................... 40

2.6 Geometric quarry param eters......................................................................40
2.6.1 Bench and quarry height....................................................................40
2.6.2 Working and transport width o f a bench ..........................................45
2.6.3 Slope ang le ...........................................................................................45
2.6.4 Working face .........................................................................................46

2.7 Stripping coefficient (ratio)............................................................................47
2.7.1 Mining (current) stripping coefficient................................................ 48
2.7.2 Medium stripping coefficient...............................................................48
2.7.3 Investment stripping coefficient.........................................................48
2.7.4 Limiting stripping coefficient.............................................................49
2.7.5 Geological stripping coefficient...........................................................49

2.8 Limiting depth of a quarry............................................................................49
2.8.1 Method o f determining the limiting depth under

the condition k,<k, ...............................................................................51a nr

2.8.2 Method o f determining the limiting depth for
the condition k<k, .............................................................................. 52t hr



2.8.3 Method of determining the limiting depth for
the condition к +k<k, ................................................................................52о hr

2.9 Influence of natural and other factors on a quarry’s parameters............55
2.9.1 Influence of a deposit slope angle .................................................... 56
2.9.2 Influence of a deposit’s thickness...................................................... 56
2.9.3 Influence of overburden thickness.................................................... 56
2.9.4 Influence of the manner of development and mining method........ 57
2.9.5 Influence of a quarry working zone slope angle..............................57
2.9.6 Influence of winning operation advance direction...........................58

2.10 Mode of winning operations -  geometric analysis..................................58
2.10.1 Geometric analysis with oblique and steeply

positioned deposits............................................................................60
2.10.2 Geometric analysis with horizontal and slightly

inclined deposits................................................................................64
2.10.3 Total stripping mining coefficient (average).....................................66

2.11 Direction of winning operations advance................................................ 69
2.11.1 General conditions.............................................................................69
2.11.2 Technological criteria of optimality in deposits of

a constant quality .............................................................................69

3 Development of an open-pit mine................................................................75
3.1 General conditions of development...........................................................75
3.2 Manner of open-pit mine development .................................................... 77

3.2.1 Development by a cut........................................................................77
3.2.1.1 Types of cuts .......................................................................... 77
3.2.1.2 Development by an external c u t ..........................................80
3.2.1.3 Development by an internal cut............................................ 83

3.2.2 Direct development of horizontal and slightly inclined deposits.....84
3.2.3 Development by underground space.................................................84
3.2.4 Preparatory cuts................................................................................ 85

3.3 Designing transport routes......................................................................... 85
3.4 Methods of cut winning............................................................................. 87

3.4.1 Transportless method o f cut winning...............................................88
3.4.2 Cut winning including earth disposal..............................................90
3.4.3 Cut winning with excavators with continuous operating cycle..... 92
3.4.4 Special methods of cut winning .......................................................93

3.4.4.1 Cut winning with scrapers.................................................... 93
3.4.4.2 Cut winning by blasting .......................................................94

4 Systematics of open-pit mining......................................................................95
4.1 Generalp rinciples and qualification of open-pit mining systems...........95



4.2 Influence of stowing and mining-geological conditions of a deposit..... 97
4.2.1 Mining-geological conditions and their influence

on the selection of mining method...................................................97
4.2.2 Influence of the deposit shape.......................................................... 99

4.2.2.1 Longitudinal (directional) mining methods.........................99
4.2.2.2 Cross mining methods ....................................................... 100
4.2.2.3 Fan-like and circular mining methods ..............................100

4.3 Mining methods in relation to the transport of the
mined material -  stripping methods........................................................ 102
4.3.1 Transportless mining sets................................................................ 102

4.3.1.1 Method of mining waste dump calculation......................... 104
4.3.2 Mining systems with transverse transport o f material ................ 106

4.3.2.1 System with a conveyor bridge (transport bridge).............. 106
4.3.2.2 Mining system with a cross-pit spreader........................... 110

4.3.3 Mining system with railway transport.......................................... I l l
4.3.4 Mining system with belt conveyance .............................................115

4.3.4.1 Mining system on horizontal benches.................................116
4.3.4.2 Mining system on inclined benches .................................... 119

4.3.5 Mining methods with vehicular transport..................................... 119
4.3.6 Mining methods with combined transport..................................... 121

4.4 Parameters of mining methods and mutual relationships.....................122

5 Mining technology........................................................................................123
5.1 Parameters of machine mining technology.............................................124
5.2 Mining technology by excavators -  division and characteristic............125
5.3 Mining technology with an interrupted work cycle

(cyclic technology)..................................................................................... 128
5.3.1 Mining with a shovel excavator..................................................... 128

5.3.1.1 Shovel excavators -  slack-line excavators (classical).........130
5.3.1.2 Hydraulic excavators.............................................................134

5.3.2 Mining with dragline excavators (dragline).................................. 139
5.3.3 Mining with a slack-line scraper....................................................142

5.4 Mining technology with continuous excavators......................................143
5.4.1 Mining with a bucket chain excavator............................................144

5.4.1.1 Frontal mining with a bucket chain excavator....................150
5.4.1.2 Work of a bucket chain excavator in a block....................... 152
5.4.1.3 Dependence of parameters o f cutting and force
necessary for excavation................................................................. 154

5.4.2 Mining with bucket wheel excavators............................................. 155
5.4.2.1 Mesh parameters o f a bucket wheel excavator.................. 161



5A.2.2 Mesh parameters in dependence on technical parameters
of a bucket wheel excavator................................................. 162

5A.2.3 Cut parameters by a bucket wheel excavator......................165
5A.2A Mining with a hydraulic bucket wheel excavator............... 171

5.5 Mining technology with dozers.......................................................... 172
5.5.1 Stripping o f deposits with dozers (or scrapers).................................179

5.6 Mining technology with scrapers......................................................... 181
5.7 Mining technology with scrapedozers......................................................190
5.8 Mining technology with surface miners....................................................192

5.8.1 Surface miners with middle drum configuration -  SM ................. 194
5.8.2 Surface miners with front drum configuration -  MTS..................196
5.8.3 Compact miners -  MTS-C...............................................................199
5.8.4 Surface miners with front boom cutting drum............................... 200
5.8.5 Large surface miners with front cutting wheel -  KSM................. 202

5.8.5.1 Possible applications of large surface miners KSM.............205
5.9 Mining technology with drilling-blasting operations...............................211

5.9.1 Drilling operations.......................................................................... 211
5.9.1.1 Physical -  mechanicalproperties that are important

in terms of rock drillability...................................................211
5.9.1.2 Systematics of rock drilling................................................. 212
5.9.1.3 Mechanical drilling methods................................................212
5.9.1.4 Non-mechanical drilling methods.......................................213
5.9.1.5 Selection of drilling sets...................................................... 213

5.9.2 Mining technology by blasting operations..................................... 216
5.9.2.1 General conditions................................................................ 217
5.9.2.2 Selection of drill well diameter............................................219
5.9.2.3 Line of minimum resistance ............................................... 219
5.9.2.4 Drill well network.................................................................220
5.9.2.5 Selection of explosive........................................................... 221
5.9.2.6 Kinds o f explosives .............................................................. 223
5.9.2.7 Initiation of charges .............................................................224
5.9.2.8 Drilling rig capacity............................................................. 225
5.9.2.9 Explosive ratio and complex parameters o f drill wells....... 227
5.9.2.10 Blasting quality...................................................................233
5.9.2.11 Blasting safety.....................................................................236

5.10 Front end loaders (tractor shovels)........................................................... 240
5.10.1 Surface mining applications of EEL................................................243

5.11 Hydromining technology.......................................................................... 248
5.11.1 Hydromining capacity....................................................................249



5.11.2 Hydromining schemes..................................................................... 250
5.11.3 Hydro-transportation of rock mass................................................ 259
5.11.4 Hydro-dumping................................................................................264

6 Transport technology..................................................................................... 271
6.1 Freight truck traffic................................................................................... 274

6.1.1 Mutual dependence of loading and transport mechanisms..........280
6.1.2 Vehicular transport capacity........................................................... 282
6.1.3 Selection of loading machine/excavator -  truck system ............... 285

6.1.3.1 Truck operation in a closed cycle........................................286
6.1.3.2 Excavator operation in an open cycle.................................. 287

6.2 Rail haulage -  railway transport.............................................................. 287
6.2.1 Locomotives......................................................................................289
6.2.2 Gondola cars....................................................................................290
6.2.3 Rail haulage capacity.......................................................................291

6.3 Belt conveyance.........................................................................................293
6.3.1 Diagram of transport and conveyance system

with belt conveyance........................................................................ 294
6.3.2 Structure of conveyor belt components........................................... 296
6.3.3 Basic elements o f conveyor capacity calculation ...........................304

6.4 Belt wagons (mobile transfer conveyors)................................................. 306
6.4.1 Division of belt wagons....................................................................307
6.4.2 Determination of the length of belt wagon jib .............................308

6.4.2.1 Determination of the length of delivery jib of belt wagon...... 308
6.4.2.2 Determination of the cut depth ...........................................310

6.5 Material loading and discharging devices for belt conveyance..............311
6.6 Combined transport.................................................................................. 313
6.7 Preliminary crushers................................................................................. 314
6.8 Shifting devices..........................................................................................321

6.8.1 Direct shifting.................................................................................. 222
6.8.2 Mediated shifting (truck -  tank -  gondola car)............................. 323
6.8.3 Devices for shifting from truck to conveyor belts............................324

6.9 Rope haulage............................................................................................. 325
6.10 Gravity transport.......................................................................................328
6.11 Water-carriage.......................................................................................... 330

6.11.1 Gravity water-carriage....................................................................331
6.11.2 Conveyance by pumps..................................................................... 332

7 Dumping management..................................................................................333
7.1 Purpose of loading..................................................................................... 334
7.2 Dumping classification and methods ......................................................335
7.3 Stowing procedure ................................................................................... 336



7.3.1 Stowing procedure in the case of vehicle transport
(bulldozer mining waste dumps).....................................................337

7.3.2 Stowing procedure in the case o f railway transport....................... 339
7.3.3 Stowing procedure with the use of belt conveyance ....................... 343

7.4 Mining waste dumps discharged with excavators...................................346
7.4.1 Stowing with a shovel excavator.................................................... 346
7.4.2 Stowing with a dragline excavator.................................................347

7.5 Hydraulic dumps.......................................................................................348
7.6 Mechanisms for stowing .......................................................................... 348

7.6.1 Plough..............................................................................................349
7.6.2 Spreaders......................................................................................... 349

7.6.2.1 Bucket reclaimers/spreaders.................................................349
7.6.2.2 Jib-type (console) spreaders ................................................ 350

8 Reclamation of territory affected by m ining............................................ 353
8.1 Classification of areas affected by mining..............................................355
8.2 Time schedule of use of the area ............................................................ 357
8.3 Methods of reclamation............................................................................ 357

8.3.1 Technical conditions of reclamation................................................358
8.3.1.1 Technology of spreading topsoil..........................................358
8.3.1.2 Stowing technology for neutral material............................. 359
8.3.1.3 Stowing technology of dangerous and toxic material....... 360
8.3.1.4 Reasons for selective stowing.............................................. 361
8.3.1.5 Costs o f selective stowing................................................... 362
8.3.1.6 Determination and implementation of the final slope

angles o f a quarry and mining waste dumps.....................363
8.4 Basic data on soil properties....................................................................365

8.4.1 Physical properties of soil...............................................................365
8.4.2 Chemical properties o f soil............................................................. 366
8.4.3 Mechanical properties o f soil...........................................................367

8.4.3.1 Methods of soil improvement................................................368
8.5 Biological reclamation...............................................................................369

8.5.1 Fundamentals o f biological reclamation........................................ 369
8.5.1.1 Biological reclamation of an area affected by mining....... 369
8.5.1.2 Biological reclamation of the ground level .........................371
8.5.1.3 Completion of biological reclamation of a quarry ............372

8.5.2 Reclamation of the body and upper part of a stone pit
mining waste dum p .........................................................................374

8.5.3 Biological reclamation o f a sand pit surface.................................. 375
8.6 Main specifics of reclamation technology................................................376
8.7 Change and delimitation of the final contours of the reclaimed quarry.....377



9 Capacity of an open-pit mine .....................................................................
9.1 Capacity rationality................................................................................. 381
9.2 Effective time of mining system in open-pit m ining............................. 382
9.3 Set (complex) capacity...............................................................................384

9.3.1 Mining capacity ofset for stripping.............................................. 384
9.3.2 Mining capacity for economic mineral extraction...........................384
9.3.3 Total capacity o f an open-pit mine

(waste + economic component)........................................................385
9.3.3.1 Capacity of an open-pit mine with horizontal

and slightly inclined deposits..............................................386
9.3.3.2 Capacity o f an open-pit mine with oblique

and steeply located deposits................................................ 386
9.4 Capacity of an open-pit mine in dependence on investment

and the price of minerals..........................................................................389
9.4.1 Investment costs..............................................................................389
9.4.2 Price of economic mineral...............................................................390

9.4.2.1 Amortization........................................................................390
9.4.2.2 Productivity of labour...........................................................391

9.5 Bench capacity -  technological solutions .............................................. 392

10 Methods of quarry planning........................................................................398
10.1 Access to the creation of a computer model for mining planning........ 399

10.1.1 Time criterion of open-pit quarry planning .................................402
10.1.2 Model verification and update........................................................403

10.2 Optimization of a quarry’s final shape ...................................................403
10.2.1 Approach to modelling of a quarry’s final shape ........................405

10.2.1.1 LERCHS -  GROSSMANN method of quarry
optimization....................................................................... 405

10.2.1.2 Positive technique of moving cone
(reverse cone method)..........................................................407

11 Quarry aerology and water treatment...................................................... 411
11.1 Quarry air pollutants and the sources of their emissions.......................411
11.2 Quarry air recirculation zone...................................................................414
11.3 Balances of quarry air pollutants from internal and external sources ...418
11.4 Quarry air dangerous level....................................................................... 423
11.5 Quarry controlled ventilation...................................................................425
11.6 Quarry wastewater: sources of contamination........................................ 431
11.7 Quarry wastewater treatment..................................................................433

12 Open-pit mining safety.................................................................................446
12.1 General provisions....................................................................................446
12.2 Drilling-and-blasting operations (DBO).................................................. 446



12.3 Exploitation of mining equipment...........................................................447
12.4 Dumping....................................................................................................448
12.5 Motor vehicles and roads operation.........................................................450
12.6 Operation of electric equipment.............................................................. 452
12.7 Dust, harmful gases and radiation control in mining operations........... 453

12.7.1 Dust and harmful gases control...................................................... 453
12.7.2 Radiation safety...............................................................................454

12.8 Noise control and vibration safety........................................................... 454
12.8.1 Noise control.................................................................................... 454
12.8.2 Vibration Safety...............................................................................454

12.9 The order of mining operations in hazardous areas............................... 455
12.9.1 Classification of hazardous areas in mining operations................455
12.9.2 Measures for the safe mining operations in hazardous

areas caused by geological factors...................................................456
12.9.3 Open pit mining by high benches....................................................457

12.10 Preventing and fighting endogenous and exogenous fires................... 460
12.10.1 Fire preventing measures ............................................................. 460
12.10.2 Measures for the detection of spontaneous combustion...............463

12.10.2.1 Fire-fighting sa fety ...........................................................463
12.10.2.2 Fire-fighting measures...................................................... 463

12.11 Mining method parameters securing surface mining works................ 466
12.11.1 The bench height............................................................................. 466
12.11.2 Slope angles o f the bench..............................................................469
12.11.3 Width of the excavator pass...........................................................470
12.11.4 Zone width for free movement o f the excavator...........................473
12.11.5 Working platform width................................................................. 473
12.11.6 The width of initial cut at the bottom............................................ 476
12.11.7 The width of safety berm................................................................ 476

APPENDIX..........................................................................................................478
A Introduction.................................................................................................... 478

Al Calculation and Graphic Work .................................................................. 479
Al.l Theoretical clauses................................................................................... 479
Al.2 Calculation of the main parameters and the quarry section profile..... 479
A 1.3 An example of calculation of the main quarry parameters ...................481
A 1.4 Self-check................................................................................................. 481

A2 Calculation and Graphic Work .................................................................. 483
A2.1 Theoretical clauses................................................................................... 483
A2.2 Calculation of parameters and plotting the mining block scheme...... 484
A2.3 Example of calculating the mining blocks parameters............................485
A2.4 Self-check.................................................................................................. 485



A3 Calculation and Graphic Work ................................................................. 487
A3.1 Theoretical clauses.................................................................................. 487
A3.2 Calculation of the main parameters and plotting the dump scheme.... 487
A3.3 Example of calculating the parameters of external multi-tier dump....488
A3.4 Self-check.................................................................................................489

A4 Calculation and Graphic Work ..................................................................490
A4.1 Theoretical clauses................................................................................... 490
A4.2 Calculation of parameters and plotting the technological scheme....... 490
A4.3 Example of calculation results of scheme parameters........................... 492
A4.4 Self-check.................................................................................................492

A5 Calculation and Graphic Work ..................................................................494
A5.1 Theoretical clauses................................................................................... 494
A5.2 Calculating the parameters and plotting technological scheme............494
A5.3 Example of calculation results of scheme parameters........................... 496
A5.4 Self-check................................................................................................. 497

A6 Calculation and graphic work ...................................................................499
A6.1 Theoretical clauses................................................................................... 499
A6.2 Calculating the parameters and plotting technological scheme............499
A6.3 Example of calculation results of scheme parameters........................... 501
A6.4 Self-check................................................................................................. 501

A7 Calculation and Graphic Work ..................................................................503
A7.1 Theoretical clauses................................................................................... 503
A7.2 Calculating the parameters and plotting technological scheme............503
A7.3 Example of calculation results of scheme parameters........................... 504
A7.4 Self-check.................................................................................................505

A8 Calculation and Graphic Work .................................................................. 507
A8.1 Theoretical clauses................................................................................... 507
A8.2 Calculating the parameters and plotting technological scheme.............507
A8.3 Example of calculation results of scheme parameters............................ 508
A8.4 Self-check.................................................................................................509

A9 Calculation and Graphic Work ..................................................................510
A9.1 Theoretical clauses................................................................................... 510
A9.2 Calculating the parameters and plotting technological scheme.............510
A9.3 Example of calculation results of scheme parameters............................ 512
A9.4 Self-check..................................................................................................512

A10 Calculation and graphic work .................................................................514
A10.1 Theoretical clauses ................................................................................ 514
АЮ.2 Calculating the parameters and plotting technological scheme...........514
АЮ.З Example of calculation results of scheme parameters.......................... 515
A 10.4 Self-check................................................................................................516


