
Nomenclature IX

1 Introduction
1.1 Origin and sources of colliery discard  1

1.2 The consequences of coal mining  2

2 Main factors creating detrimental effects on the atmosphere  
from coal mining and processing

2.1 Assessment of unfavourable effects on the atmosphere with suggested remedial methods  3

2.2 Greenhouse gases and quantitative evaluation of their production  7

2.3 Proposed methods to reduce the emissions in the atmosphere of greenhouse gases formed  
after coal mining and combustion (gasification)  19

2.3.1 Passive methods  19

2.3.1.1 Using one specific type of fuel instead of some other or increasing the efficiency coefficient  
of fuel utilization  19

2.3.1.2 The chemosorbtion of CO
2
 with rocks

2.3.1.3 Pumping CO
2
  in the oceans, subterranean voids or subterranean salt lakes  19

2.3.1.4 New methods for the generation of electricity  20

2.3.2 Active methods  21

2.3.2.1 The bed methane utilization  21

2.3.2.2 Pumping CO
2
 in coal or oil (gas) layers by means of forcing out the CH

4
 and utilization of  

CH
4
 in exit gas mixtures or increasing the yields of oil (gas) during the mining  22

2.3.2.3 CO
2
 application in the photosynthesis or as a raw material for other chemical processes  23

Table of contents

V



3 Mine waters and anti-pollution measures
3.1 The classification of mine waters  25

3.2 The cleaning and utilization of mine waters  28

3.2.1 Decreasing the amount of suspended particles  29

3.2.2 Demineralization methods  34

3.2.3 Neutralization, disinfection methods and the utilization of obtained solid residues  37

4 Residual solid waste from coal mining
4.1 Residual solid waste from coal mining and processing  41

4.2 Methods used in the quantitative assessment of solid waste yields  44

4.3 Composition and properties of solid wastes and their potential detrimental effects on the  
ecology  44

4.3.1 Petrographical composition  44

4.3.2 Mineralogical composition  47

4.3.3 Chemical composition  49

 (i)    Sulphur (Sulphate) content  49

 (ii)   Chloride content  50

 (iii)  Acid base indicator (pH values)  52

 (iv)  Organic matter content  52

4.3.4 Geotechnical properties  52

 (i)    Particle shape and structure  53

 (ii)   Particle size distribution  53

 (iii)  Specific gravity  54

 (iv)  Moisture content  54

 (v)   Plasticity  55

 (vi)  Bulk density  56

 (vii)  Maximum dry density and optimum moisture content  56

 (viii) Shear strength  57

 (ix)  Consolidation  59

4.4 Other engineering properties of minestone  60

4.4.1 Swelling  60

4.4.2 Frost susceptibility  61

4.4.3 Degradation of minestone  61

 (i)    Degradation resulting from handling and treatment  62

 (ii)   Degradation caused by chemical and physical weathering  63

 (iii)  Degradation resulting from inundation  65

 (iv)  Spontaneous heating  66

4.5 Trace elements content  70

VI



5 Utilization of solid wastes resulting from coal mining and coal 
preparation

5.1 Introduction  71

5.1.1 Total and annual quantities  71

5.1.2 Established uses - burnt spoils  71

5.1.3 Established uses – un-burnt spoils  72

5.1.4 Extension of spoil utilisation – un-burnt spoils as fill  73

5.1.5 Extension of spoil utilisation – un-burnt spoils, other applications  75

5.1.6 Extension of spoil utilisation – burnt spoils  77

5.1.7 Spoil heap reclamation  78

5.2 Principal uses of solid wastes  78

5.2.1 Well-burnt colliery spoil  79

5.2.2 Minestone*  79

5.2.3 Cement stabilized minestone*  (csm)  81

5.2.4 Reinforced earth (Minestone)  81

5.2.5 Restoration of open-pit excavations  82

5.3 Utililization in civil engineering  82

5.3.1 Application in hydraulic engineering  82

5.3.1.1 Bed protection  84

5.3.1.2 Impoundment dams and dykes  85

5.3.1.3 Miscellaneous utilization of minestone in sea water and for domestic landfill sites  89

5.3.2 Application in highway engineering  90

5.3.2.1 Road and rail embankments  91

5.3.2.2 Sub-base minestone improvements using binders  92

5.3.2.3 Use of waste as a raw material in the production of building materials  98

5.4 Utilization of solid waste with carbon content > 4% (CBW)  102

5.4.1 Using solid waste as fuel  102

5.4.2 Production of building material using CBW thermal processing  104

5.4.2.1 Ceramic bricks and draining tubes  104

5.4.2.2 Production of porous fillers  106

5.4.2.3 Binding materials and products from melted CBW  110

5.4.3 Use with the aim of production of aluminums compound, fireproof materials, cast iron,  
concentrates of valuable trace elements, pyrite concentrates  113

5.4.4 Possible application in agriculture and sewage water cleaning  119

5.5 The scientific technological classification of solid coal bearing wastes as raw materials for  
their utilization  120

VII



6 Assessment of quantities of ecological hazardous compounds 
formed from trace elements contained in coals

6.1 Coal mining and preparation  125

6.2 Combustion and gasification  125

6.2.1 The PTTE and other TE behavior during coal combustion (gasification)  130

6.2.2 Methods for calculations of the hazardous PTTE emissions  130

6.3 PTTE behavior while sedimenting from the atmosphere fly ash particles and storing of solid 
wastes after coal mining and processing  140

6.4 Coking, hydrogenation and other coal processing  143

References 147

 Biographies
 Dr. M. Ya. Shpirt  159

 Eur. Ing. Dr. A.K.M. Rainbow  161

Nomenclature

A anthracites mark (rank) of coals in according to their classifications. 

A, % (mass)  ash of a sample, i.e. content of a solid residue obtained after burning a 
sample at standard conditions, calculated usually on dry mass (Ad ) or a 
mass with (Ar ).

AMM air methane mixtures. 

Anthr. anthracites in the RCC and IPCC international. 

ASM (alumosilicate 
microspheres, cenospheres, 
microballons, capsules)  

hollow particles with a density of < 1 g/cm3, containing in fly ashes 
formed after combustion of some coals at certain conditions. 

α - (in relative units), coefficient 
of air surplus (α > 1) or deficit
(α < 1)

a portion of O2 in reference to total amounts of O2 (α = 1) needed to 
oxidize organic carbon and hydrogen, Sel, Ss, So in 1 kg of fuel to CO2,
H2O, SO3 accordingly. 

B, B1, B2, B3 brown coals in the RCC which are described as lignite in the CCIPCC. 

Co , % mass  content of carbon, carbon in organic compounds or carbides. 

Ci concentration of i – TE or other elements in a sample, may be in ppm (for 
i - TE) or %, mas. for other elements. 

CiA concentration of i-TE or other elements on ash basis of a sample, may be 
in ppm (for i - TE) or %, mass for other elements. 

CBW solid waste after coal (combustible shale) mining, preparation, 
combustion containing fuel components. 

CBWF waste of flotation coal preparation. 

CBWG waste of gravitational coal preparation. 

CBWM, CBWP solid waste after coal (combustible shale) mining, preparation 
accordingly, containing fuel components. 

CBWU solid waste of coal mining and preparation or intermediate products of 
preparation with uniform distribution of organic and mineral matters in 
each particle (more than 13 mm). 

CC or SS (weak coking coals) mark of coals in the RCC which are described in the CCIPCC as either
coking or other bituminous coals, depending on the composition of a 
considered sample. 

CCIPCC International Coal Codification of the IPCC. 

CM captured methane. 
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