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ABSTRACT The present work deals with studying the upgrading of octane number n-
parraffins from c6 upwards which can be obtained by means of urea adduct. The valuable iso 
paraffins do not form urea adduct. The octane number can be improved by the use of specially 
selected fractions of straight run of reformed gasoline in the laboratories was shown that the 
octane number of reformed gasoline could be raised from 95 to 102 .It can be assumed that 
the procedural possibilities are not yet ex-being developed .This study aims to study the effect 
of amount of urea added on the refractive index, specific gravity, density and other physical 
properties to the gasoline produced. It was found that the new technique enhance the octane 
number of gasoline 80 to 82,and for gasoline 90 to 92. 
 

1 INTRODUCTION 

Separation of branched chain and straight 
chain paraffins from petroleum products has 
a great importance in chemical industry; 
these parafins are used as an in industry 
mainly in alkylation process especially in 
detergent industry. Urea forms crystalline 
complexes with straight chain organic 
compounds, has led to intense investigations 
of the complex-forming properties of urea in 
laboratories throughout the world. The urea 
molecules form spirals with the hydrocarbon 
molecules situated at the center.  The urea 
complex form excellent needle crystal type. 
Urea dewaxing which had a brief period of 
success in the 1950 s to 1960 s and which 
removed normal paraffins using shape 
selective clath rate In a process for dewaxing
liquid mineral oils comprising reacting said 
liquid mineral oils with urea in the presence 
of an organic solvent to form solid, n-
paraffin urea adducts, separating said 
adducts from the solution of the dewaxed
mineral oil, decomposing or extracting the
separated adducts, recovering and recycling 
the urea and, optionally, recovering the n
paraffins. The object of this study is to 

improve the urea dewaxing process so that 
very small amounts of n paraffins contained 
in mineral oil distillate and similar 
hydrocarbon mixtures may be removed there 
from in a simple relatively rapid manner, and  
that the removal is practically complete and 
is preferably performed in a continuous 
operation. Another object is to produce
lubricating oil for refrigerating machines 
from a naphthenic mineral oil distillate. n-
paraffin’s from C5 upwards can be obtained 
by means of urea and suitable procedures 
(particularly SO2 solvent as suggested by 
Fetterly from straight run or reformed 
gasoline by extraction . The valuable iso 
paraffins do not form urea adduct.The 
objective of this study is to improve the 
octane number of gasoline (80 & 90) by urea 
dewaxing 

2 EXPERIMENTAL EQUIPMENT AND 
PROCEDURES 

The experimental set-up used in this work as 
well as the materials utilized will be 
presented. Properties evaluation methods are 
also shown. 
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2.1 Experimental setup 

The reaction vessel consists of a conical 
flask provided with a mechanical stirrer for 
mixing. A hot plate adjusted at the reaction 
temperature is connected to a distillation unit 
used to recover the solvent. The wax and oil 
weights are determined using digital balance. 
The experimental set up used in the present 
work is schematically shown in figure (1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Experimental set-up 

2.2 Materials 

 

Gasoline (80 & 90) were obtained from 
gasoline station in Alexandria, Egypt. The 
characteristics of the of the two types of 
gasoline are shown in Table (1) and 
Table(2). The saturated urea solutions were 
prepared by using an analytical grade urea 
dissolved in distilled water, which needed for 
the experimental condition investigated. A 
toluene; nitrification grade, was used as a 
solvent for washing the oil product. A 
paraffinic wax was separated as wax urea 
adducted after each run and weighted. 

2.3 Experimental Procedure: 

 

Gasoline 80 and 90 were depentanized first 
before adduct formation using simple 
distillation. A solution mixture of urea and 
methanol are mixed together with 
depentanized gasoline (100ml) in a three 
neck round flask (1000 ml). The reaction 

mixture was heated and controlled at specific 
temperatures using hot plate and a 
thermometer, for specific time while stirring 
by mechanical stirrer as shown in figure 1. 
For each experiment the reaction mixture 
was prepared by weighting the required 
amount of a Gasoline 80 and 90. The 
saturated solution of urea was added to the 
gasoline to ensure the fluidity of the material. 
After complete adduction, shown by the 
separation of the mixture into two distinctive 
layers, oil layer and wax layer. The wax 
layer was washed by toluene and filtered. 
The oily layer with its solvent added in the 
very beginning was recovered in a 
distillation unit and pure dewaxed gasoline 
was obtained and weighted. The urea wax 
adduct mixture was washed with hot water 
and two layers were obtained and separated 
in a separating funnel; wax layer and urea 
solutions. After each run the densities, 
Refractive Index, % normal Paraffin, % 
Aromatics and finally Octane Number were 
Determined for the produced oil. 

2.4 Characterization of gasoline (80&90) 

Gasoline 80 and 90 used in this work were 
characterized by GCMS in Elamria 
petrochemical company located in 
Alexandria, Egypt. Tables (1&2) show the 
characteristics for both of them 

 

Table 1. Chemical composition of Gasoline 
octane 90 
 

 aromatics 
Iso-

paraffin 
naphthen olefins paraffins 

C3     0.1 

C4     3.78 

C5  18.99 0.41  5.67 

C6 1.99 8.57 0.63 0.05 2.81 

C87 13.21 2.98 0.32 0.01 1.39 

C8 14.71 4.79 1.11 0.03 2.52 

C9 7.60 3.41 0.10 0.02 0.9 

C10 1.99 0.83 0.08  0.21 

C11 0.37 0.04   0.16 

C12 0.10 0.02    

total 40.00 39.65  0.11 17.59 
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Table 2. Chemical composition of Gasoline 
octane 80 
 

 aromatics 
Iso-

paraffin 
naphthen olefins paraffins 

C3     0.19 

C4     4.12 

C5  13.93 0.73 0.02 5.65 

C6 1.72 12.02 2.32 0.18 6.61 

C7 9.75 8.01 2.77 0.02 4.22 

C8 9.56 4.78 1.19 0.03 2.55 

C9 3.57 2.54 0.52 0.03 1.03 

C10 0.85 1.00   0.23 

C11 0.08    0.09 

C12 0.05     

total 25.58    24.69 

3 RESULTS AND DISCUSSION 

3.1 Effect of urea amount on refractive 
index of gasoline (80&90)  

Fig. 2 shows the effect of amount of urea on 
refractive index for gasoline (80and90)from 
figure it was shown that as the amount of 
urea increases from 20 grams to 100 grams 
the refractive index increases from1.4154 to 
1.4373 for gasoline 80 and  from 1.4621 to 
1.4794 for gasoline 90. This is due to the fact 
as the amount of urea increases, the adduct 
formation increases and hence increase in the 
removal of paraffin which leads increasing in 
refractive index. 
 

 

 

Figure 2. Effect of amount of urea on 
refractive index of gasoline (100 ml gasoline, 

 t= 10 h) 

3.2 Effect of urea amount on density of 
gasoline (80&90)  

Fig. 3 shows the effect of amount of urea on 
density for gasoline (80and90) from figure it 
was shown that as the amount of urea 
increases from 20 grams to100 grams the 
density increases from0.7152to 0.7270 for 
gasoline 80 and from 0.7476 to 0.7624 for 
gasoline 90. This is due to the fact as the 
amount of urea increases, the adduct 
formation increases and hence increase in the 
removal of paraffin which leads to increasing 
in densities. 
 

 
 

Figure 3. Effect of amount of urea on density 
of gasoline (100 ml gasoline, 100 ml 

 

3.3 Effect of urea amount on % n-paraffin 
of gasoline 

Figure 4 shows the effect of amount of urea 
on n-
from figure it  was shown that as the amount 
of urea increase from 20 grams to 100 grams 
the n-
for gasoline 80 and  from 17.59 to 15.82 for 
gasoline 90. This is due to the fact as the 
amount of urea increase, the adduct 
formation increases and hence decrease in 
the % weight of paraffin. 
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Figure 4. Effect of urea amount on % n-
paraffin of gasoline (100 ml gasoline, 100 ml 

 

3.4 Effect of urea amount on %total 
aromatics  

Fig. 5 shows the effect of amount of urea on 
total aromatics for gasoline (80 and 90) from 
figure it shown that as the amount of urea 
increase from20 gm to100 gm the total 
aromatics increase from28.58to 29.72 for 
gasoline 80 and from 40.0 to 43.21 for 
gasoline 90 This is due to the fact as the 
amount of urea increase, the adduct 
formation increase and hence increase in the 
% weight aromatics. 
 

 
 

Figure 5. Effect of urea amount on %total 
aromatics  of  gasoline(100 ml gasoline, 100 

 

3.5 Effect of urea amount on octane 
number 

Fig. 6 shows the effect of amount of urea on 
octane number for gasoline (80and90) from 
figure it was shown that as the amount of 
urea increase from20 gm to100 gm the 

octane number increase from80to 82.8 for 
gasoline 80 and from 90.0 to 92.1 for 
gasoline 90 This is due to the fact as the 
amount of urea increase, the adducts 
formation increase and hence increase in the 
removal of paraffin which leads to increasing 
in octane number. 

 

 
Figure 6. Effect of urea amount on octane 
number of gasoline (100 ml gasoline, 100 ml 

 
 

3.6 Effect of temperature on refractive 
index of gasoline 

Fig. 7 shows the effect of the  temperature  
on refractive index  for gasoline 
(80and90)from figure it was shown that as 
the  tempe at e inc ea e   om 20 to070c 

the refractive index  increases from1.4165to 
1.4373 for gasoline 80 and  from 1.4651 to 
1.4794 for gasoline 90. This is due to the fact 
as the reaction mixture temperature 
increases, the adduct formation increases and 
hence increase in the removal of paraffin 
which leads increasing in refractive index. 

 

 
Figure 7. Effect of temperature on refractive 
index of gasoline (100 ml gasoline, 100 ml 
methanol and 100 gram urea for 10 hours) 
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3.7 Effect of temperature on density of 
gasoline   

Fig. 8 shows the effect of the  temperature  
on density  for gasoline (80and90)from 
figure it  was shown that as the  temperature 
increases from 20 C to70 C the density  
increases  from 0.7152to 0.7270 for gasoline 
80 and  from 0.7480 to 0.7624 for gasoline 
90 This is due to the fact as the reaction 
mixture temperature increases, the adduct 
formation increases and hence increase in the 
removal of paraffin which leads increasing in 
densities . 
 

 
 

Figure 8. Effect of temperature on density of 
gasoline (100 ml gasoline, 100 ml methanol 
and 100 gram urea for 10 hours) 
 

3.8 Effect of temperature on % total 
aromatics of gasoline   

Fig. 9 shows the effect of temperature on 
total aromatics for gasoline (80and90) from 
figure it was shown that as the temperature 
increases from 20 C to 70 C   the total 
aromatics  increases from26.21to 29.72 for 
gasoline 80 and  from 40.0 to 43.21 for 
gasoline 90 This is due to the fact as the 
reaction mixture temperature increases, the 
adduct formation increases and hence 
increase in the % weight aromatics[10-11]. 

 
 

 

Figure 9. Effect of temperature on % total 
aromatics of gasoline (100 ml gasoline, 100 
ml methanol and 100 gram urea for 10 hours) 
 

3.9 Effect of time on refractive index of 
gasoline 

Fig. 10 shows the effect of time   on 
refractive index at 20c for gasoline 
(80and90) from figure it was  shown that as 
the time increases from 5 hr to 15 hr   the 
refractive index  increases from1.4154 
to1.4405 for gasoline 80 and  from 1.4621to 
1.4812 for gasoline 90 This is due to the fact 
as the time of the reaction increases, the 
adduct formation increase and hence 
increases in the removal of paraffin which 
leads in  increasing of  refractive index of 
gasoline. 

 

 
 
Figure 10. Effect of time on refractive index 
of gasoline (100 ml gasoline, 100 ml 
methanol and 100 gram urea at 70c) 
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4 CONCLUSIONS 

In this study, the treated portion of gasoline 
was operated at different variables  

 Effect of urea amount. 

 Effect of temperature. 
 Effect of time. 
And  were investigated On Densities, 
Refractive Index, % n-Paraffin’s, % total 
Aromatics and Octane number of oil 
produced it was found that by increasing  
the amount of urea,temperature, and the 
reaction time increases, the refractive 
index, density, total aromatics and octane 
number increase. While the n-paraffin’s 
decrease. 
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ABSTRACT Spontaneous combustion is a major challenge faced by the South African coal 
mining industry. Latona Consulting (Pty) Ltd. has obtained 86 coal samples between 2010 
and 2012 from different coal mines in South Africa to determine the liability of spontaneous 
combustions in the majority of the South African coal mines. The database that Latona 
Consulting (Pty) Ltd. produced consists of information collected through several tests of coal 
samples from various mines over a three year period. These tests were conducted in order to 
determine both the Wits-EHAC index and the crossing point temperature which are combined 
to obtain the spontaneous combustion liabilities of the coal samples. This has provided a 
database of results, collated and maintained by Latona Consulting, to review and evaluate 
South African coal seams. Using this database the high-risk areas in terms of spontaneous 
combustion are identified and the results of the tests enable the South African coal mining 
industry to improve safety in coal mines. 
 
 
1 INTRODUCTION 
 
Spontaneous combustion is a major 
challenge faced by the South African coal 
mining industry. Latona Consulting (Pty) 
Ltd. has obtained 86 coal samples between 
2010 and 2012 from different coal mines in 
South Africa to determine the liability of 
spontaneous combustions in the majority of 
the South African coal mines. 
   The spontaneous combustion tests were 
carried out at the University of the 
Witwatersrand (Wits University) to 
determine both the Wits-EHAC index and 
the crossing point temperature, which are 
combined to obtain the spontaneous 
combustion liabilities of the coal samples. 
This has provided a database of results, 
collated and maintained by Latona 
Consulting, to review and evaluate South 
African coal seams. Using this database the 
high-risk areas in terms of spontaneous 

combustion are identified and the results of 
the tests enable the South African coal 
mining industry to improve safety in coal 
mines. 

2 SPONTANEOUS COMBUSTION    
TEST 

At the School of Mining Engineering at Wits 
University, an apparatus was developed to 
measure the propensity of coal to 
spontaneously combust. This apparatus is 
used to test coals under predefined 
conditions and an index (Wits-EHAC) is 
obtained. Although the propensity of coal 
spontaneous combustion can be determined 
using various laboratory techniques, ignition 
temperature tests are used to study 
spontaneous combustion as they yield rapid 
results. Ignition temperature tests uses: 
a) Crossing-point temperature (XPT), and   
b) Differential thermal analysis (DTA) 

Determination of Spontaneous Combustion Risk in The South 
African Coalfields 
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    In order to determine the XPT 
measurement, it is necessary to compare the 
relationship of how the temperature 
increases against time for coal and an inert 
material. XPT tests consist of samples of 
coal and an inert material both placed in 
similar sample holders and placed in an oil 
bath. Thereafter oil is heated at a constant 
rate so that the XPT can be measured. The 
XPT is defined as the temperature at which 
the coal sample equals that of an inert 
material sample (Gouws and Knoetze, 1995).         
When using DTA, the difference between 
the temperatures of the coal sample and an 
inert material sample is measured and 
plotted against the temperature of the inert 
material sample. It is important to 
understand that in DTA, three stages are 
realized. Initially, the temperature of an inert 
material sample is higher than the 
temperature of the coal sample (Stage l) and 
this is based on the cooling effect of the 
evaporation of moisture content in the coal. 

Next, evaporation of the moisture content; 
the coal sample starts to heat up at a faster 
rate than the heating rate of the inert material 
(Stage II) and this is based on the tendency 
of coal to self–heating and attempting to 
reach the temperature of the surrounding 
temperature (i.e. oil bath temperature). 
Finally the high exothermicity is reached at a 
point where the line crosses the zero base 
line and is referred to as the XPT (Gouws 
and Knoetze, 1995). Uludag et al, (2001) 
also confirmed the three stages and 
explained that stage I begins with minimal 
differential and gradually increases towards 
the XPT where the differential is zero. Stage 
II is a continuation from the XPT to the 
point called kick–point. Furthermore, Stage 
II is referred to as one of the best indicators 
of spontaneous combustion. Stage III is 
when the coal begins to burn beyond the 
kick–point. Figure 1 shows a typical 
differential analysis thermogram.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Typical differential thermogram 
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    It is important to understand that the kick–
point temperature means the temperature at 
which coal starts to burn. Stage II is a good 
indicator of spontaneous combustion 
liability and that the liability of spontaneous 

combustion increases with the increasing 
slope of Stage II. However, the most reliable 
indicator of spontaneous combustion is the 
Wits-EHAC Index. The Wits-EHAC Index is 
defined as:

Wits-EHAC Index = (Stage II slope/XPT) × 500 (Gouws, 1987) 

According to Gouws (1987), the 
characteristics of the curves plotted using the 
obtained results (i.e. ignition temperature 
tests) are used to determine the propensity of 
coal to self-heat according to the Wits-
EHAC liability index. It is important to 
understand that when an index value of coal 
is more than five, there is a high propensity 
to spontaneous combustion and when an 

index value is less than three, there is a low 
propensity to spontaneous combustion. An 
index value of between three and five 
indicates that the coal sample has a relatively 
medium risk to spontaneously combust. As 
indicated in Table 1, a higher index value 
represents a higher risk of a coal self-heating 
(Gouws, 1987). 

Table 1. Spontaneous combustion liability index

Index Spontaneous Combustion Liability 

0-3 Low 

3-5 Medium 

> 5 High 

 
   The testing apparatus used for the Wits-
EHAC Index consists of an oil bath, six coal 
and inert material cell assemblies, a 
circulator, a heater, a flow meter used for 
airflow monitoring, an air supply compressor 
and a computer. The oil bath is a 40L 
stainless-steel tank. The oil used has a low 
viscosity and high flash point and break 
down temperature. Generally, the oil used 

an apparatus setup of the Wits-EHAC testing 
apparatus.  
   The cell assembly consists of six cells 
whereby three of them are used for coal 
samples whilst the remaining three are filled 
with inert material such as calcined alumina. 
The cell assemblies have to be oil tight. It is 
important to understand that each cap used 
for closing the cells has a platinum 
resistance thermocouple (PRT) inserted 
through the middle. Fumes produced during 
heating of coal samples in the cells is 
released through the chimney built into the 
caps. Air supplied is directed to the bottom 
of the cells through a copper tube spiral. 
This spiral is long enough to allow air to 

reach the oil temperature before entering the 
cell. It is important to understand that the 
airflow rate is controlled using the flow 
meter located between the compressor and 
sample holder which are connected with a 
plastic tubing. Figure 3 shows the inserted 
platinum resistance thermocouple cell caps 
and the chimney. When preparing the coal 
samples, it is important to ensure that the 
coal remains as fresh as possible once taken 
from the mine. This is attained by storing 
coal in a sealed container until the 
preparation time of the cell assembly and 
testing arrives. Coal preparation is done 
using a glove box that is filled with nitrogen. 

is obtained through crushing and sieving. 
Thereafter, coal is weighed on an electronic 
scale. A 20g coal sample is used for each 
coal cell. When testing commences, the test 

temperature. This is achieved by sealing the 
chimneys on the caps until the temperature 
stabilizes. The test commences by switching 
on the heater, air compressor and then 
initiating the data capturing program on a 
personal computer (PC).
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Figure 2. Wits–EHAC apparatus setup 

 

Figure 3. The cell caps with the inserted platinum resistance thermocouple (PRT) and the 

chimney 
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3 RESULTS 

The test results entail the XPT in degrees 
Celsius and the Wits–EHAC index. The tests 
results are shown from 2010, 2011 and 2012 

respectively. The names of the coal mines 
have been abbreviated.

 
 

Table 2. Spontaneous combustion test results (2010) 

 

Name of 

the mine 

Wits-EHAC 

index 

Crossing point 

temperature (o C) 

Spontaneous 

combustion 

liability  

Gr4 5.64 98.6 High 

Gr5 5.44 102.6 High 

Xs5 5.31 105.2 High 

Ma 5.14 109.3 High 

Ta 5.47 110.8 High 

SW 5.26 117.3 High 

Sl 5.58 104.8 High 

D16 4.91 118.8 Medium 

D15 5.51 102.9 High 

Si 5.32 113.7 High 

M1 4.64 117.8 Medium 

NC 5.02 119.3 High 

nK 5.38 108 High 

Op 5.49 108.2 High 

Op 5.23 120.9 High 

Op 5.1 110.8 High 

Op 5.52 113.6 High 

Op 5.27 117 High 

Wy 5.24 114.7 High 

DE 5.6 121.2 High 

VaA 5.58 95.2 High 

KE 4.86 120.2 Medium 

KW 4.71 113.9 Medium 

Xs2 4.91 116.7 Medium 

SW 4.92 121.9 Medium 

VaG 4.86 108.5 Medium 

Mo 5.33 124.7 High 
 
Table 2 shows the 2010 tests results for 
spontaneous combustion where 27 tests were 
conducted. It is evident from the 2010 
spontaneous combustion liability results that 
all of the tested coal samples from various 
South African collieries ranged from 

medium to high propensity of coal to 
spontaneously combust and most of the 
collieries have high propensity (20 out of 
27). The minimum calculated Wits–EHAC 
index was 4.64 whilst the maximum index 
found was on 5.64 during 2010. 
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Table 3. Spontaneous combustion test results (2011) 

 

Name of 

the mine 

Wits-EHAC 

index 

Crossing point 

temperature (o C) 

Spontaneous 

combustion 

liability  

COA 3.14 161.9 Medium 

COA 3.46 150.5 Medium 

COA 3.58 154.3 Medium 

TshM 3.63 145.8 Medium 

TshV 3.65 144.8 Medium 

TshG 3.76 137.4 Medium 

KD 4.21 133.2 Medium 

M3 4.21 134.6 Medium 

KG 4.3 130.3 Medium 

Sl 4.41 129.4 Medium 

Sp 4.56 121.2 medium 

SW 4.62 126.9 Medium 

GGV4 4.66 128.1 Medium 

Kr 4.67 126.2 Medium 

Ta 4.73 124.3 Medium 

Tu 4.73 129.3 Medium 

Gr4 4.74 118.7 Medium 

Sp 4.79 117.3 medium 

Kr 4.81 114.2 Medium 

Kr 4.81 114.2 Medium 

COA 3.86 131.3 Medium 

Gr5 4.9 112.9 Medium 

Dr 5.01 118.7 High 

GGV2 5.12 123.2 High 

M2 5.18 125.9 High 

M1 5.33 123.4 High 

M1 5.36 126.8 High 

M1 5.91 127.8 High 
 
 
Table 3 shows 2011 tests results for 
spontaneous combustion where 28 tests were 
conducted. Although the similar range (i.e. 
medium to high) is still found from the 2011 
spontaneous combustion liability results, 
most of the collieries tested were having 
medium propensity (22 out of 28). The 
reason for the difference in the test results is 

because every coal seam has different 
properties and this impacts the propensity of 
the spontaneous combustion. The minimum 
calculated Wits-EHAC index was 3.1, which 
is still above the low range identified by 
Gouws (1987), while the maximum Wits-
EHAC index was on 5.91. 
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Table 4. Spontaneous combustion test results (2012) 

 

Name of 

the mine 

Wits-EHAC 

index 

Crossing point 

temperature (o C) 

Spontaneous 

combustion 

liability  

AA 4.23 139.6 Medium 

AA 4.29 141 Medium 

AA 4.15 142.9 Medium 

G8 4.53 131.4 Medium 

Gr4 4.73 132.5 Medium 

Kr 5.5 128.2 High 

Kh5 4.84 133.7 Medium 

Ar8 4.78 132.1 Medium 

Ar8 4.41 127.2 Medium 

Ar8 4.06 138.3 Medium 

Ar8 5.75 126 High 

Ar10 5.7 127.9 High 

KiD 5.05 109 High 

KiD 4.25 137.8 Medium 

KiD 4.8 125.1 Medium 

KiD 4.3 139.6 Medium 

VeD 4.43 117.9 Medium 

VeC 4.49 128.2 Medium 

VeT 4.62 119.3 Medium 

VeR 4.19 134.8 Medium 

MoW 4.75 119.9 Medium 

Vu 5.26 124.8 High 

Mo 3.93 138.3 Medium 

TCM 5.11 128.1 High 

DCM 4.56 125.1 Medium 

FZN 4.78 127.8 Medium 

FZS 4.7 124.9 Medium 

WKC 3.71 153.8 Medium 

KE 4.04 143.3 Medium 

KW 4.83 120.4 Medium 

Tu 4.15 142.9 Medium 
 
 
Table 4 shows 2012 tests results of 
spontaneous combustion where 31 tests were 
conducted. 2012 results showed a very 
similar trend compared to 2011 as most of 
the collieries tested were having medium 
propensity (25 out of 31). The results 
indicate that each tested coal sample has a 

different property and this is depended on 
the coal seam it originated from. This is the 
reason why medium results are more 
dominant in 2012. The minimum calculated 
Wits-EHAC index was 3.71 while the 
maximum Wits-EHAC index was 5.75.
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Figure 4. Spontaneous combustion liability (2010-2012) 

The spontaneous combustion liability on 
Figure 4 shows the behaviour of the selected 
South African collieries with regards to 
spontaneous combustion. The Wits-EHAC 
index margins are indicated using colours. 
The blue part shows the coal samples that 
have a value of more than 3 but less than 5 
which are known to possess a medium risk 
to spontaneous combustion. The red part 

indicates coal samples that have a value of 
more than 5 and are known to have a high 
risk to the propensity of spontaneous 
combustion. 54 out of 86 tested collieries 
possess a medium risk to propensity of 
spontaneous combustion (almost 63 per 
cent), whilst the remaining collieries (37 per 
cent) possess a high risk to propensity of 
spontaneous combustion.  

4 DISCUSSION OF THE RESULTS 

To address spontaneous combustion 
problems in the South African collieries, 86 
tests were conducted and the results were 
rated according to the Wits-EHAC index.  
The results indicate that spontaneous 
combustion propensity is depended on the 
properties of each coal seam. Although in 
2010, test results showed that more than 74 
per cent of the mines were having high risk 
ratings, in 2011 the high risk ratings were 
just about 21 per cent, and in 2012 it was 19 
per cent.      
    The results show that most of the 
collieries located in the Witbank and 
Highveld coalfields have a high risk to 
induce spontaneous combustion. The high 
risk areas also include the north eastern part 
of Ogies. The southern parts of Waterberg 

coalfields in the Ermelo area are also rated 
high in terms of risk. Although 34 out of 86 
have a high risk to induce spontaneous 
combustion, most of the selected collieries 
possess medium risk ratings. Medium risk 
ratings can be seen around the northern parts 
of Ermelo as well as in the Kwa-Zulu Natal 
province where particularly anthracite coal is 
mined.  
     There were no low results recorded during 
the testing period from 2010 to 2012. These 
results have led us to re-visit the current 
definition of the spontaneous combustion 
liability index within the ranges of low, 
medium or high; but this requires a further 
study as to how Gouws (1987) defined these 
ranges, and if they need to be changed.

5 CONCLUSION 

The state of spontaneous combustion of the 
selected South African collieries was 
analysed and classified through the series of 

laboratory tests. It is evident that South 
African collieries are predominantly 
challenged by spontaneous combustion. 86 
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tests were conducted between 2010 and 
2012. Test results indicated that most of 
South African collieries have medium risk 
ratings and the propensity of spontaneous 
combustion of the collieries ranges from 
medium to high.  
   There is a significant conclusion made 
during the analysis of the spontaneous 
combustion test results which showed that 
there are no low results found, and this 
emphasizes the importance of monitoring 
spontaneous combustion in the collieries. 
However, there is a need to re-visit the 

spontaneous combustion liability index 
within the ranges of low, medium or high; 
but this requires a further study as to how 
Gouws (1987) defined these ranges, and if 
they need to be changed. 
    Based on the tests results, it was found 
that there are high spontaneous combustion 
risks in the Witbank and Highveld 
coalfields. Relatively low spontaneous 
combustion risk was also found in the Kwa-
Zulu Natal province where particularly the 
anthracite coal is embedded as well as the 
northern parts of Ermelo. 
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South African Coal and Its Abrasiveness Index Determination: 
An Account of Challenges 
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ABSTRACT Industry end users of coal like electricity generating stations have specifications 
on coal required in terms of reactive, chemical and physical properties; this includes the ash 
content, moisture, composition, hardgrove grindability index and abrasiveness index amongst 
many other properties. These properties affect each other including the overall coal properties 
and performance required during its specified usage.  Some South African coals are known to 
be very abrasive, this causes operational challenges during the electricity generation 
combustion process as the coal abrades the plant equipment at a faster rate. Various South 
African coal samples were tested for abrasiveness index using the Yancey, Geer and Price 
(YGP) method.  Results from these tests showed a lack of repeatability and reproducibility on 
the abrasiveness index values of coal samples. This lack of repeatability and reproducibility 
was observed in all coal samples tested.  The same was found when either the same sample 
was tested in different laboratories or even when a mother sample was divided and tested 
repeatedly in one laboratory. Proximate and Ultimate analysis were conducted on the same 
South African coal samples for coal characterisation and classification.  The size of the 
analysed sample; the size and shape, the degree of liberation of the abrasive coal component, 
and the interface between the abrasive component of coal and the blade surface are additional 
contributing factors. This study gives an account of challenges experienced and observed 
during the abrasiveness index determination of different South African coal samples. An 
attempt to holistically integrate the impact of main coal components contributing to the 
abrasiveness of coal will be presented.  

Key words: Coal, abrasiveness index, Coal properties, holistic integration, coal composition 
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1 INTRODUCTION 
Coal is composed of two main groups of 
materials, the organic matter and the 
inorganic matter. The organic matter also 
known as the maceral components are the 
part that defines the coal and its value in 
different utilization processes, and the 
inorganic matter also known as the mineral 
matter does not contribute anything to the 
value and utilization of coal; it is however 
the cause of unwanted abrasion, corrosive 
and erosive behaviour of coal (Ward, 2002).   

South African coals are mostly of low 
quality with a significant amount of 
incombustible mineral matter. They are 
typically medium rank C bituminous coals 
rich in inertinite and contain high mineral 
matter content (Malumbazo, et al., 2012). 
General classification of coal samples can be 
done, but the actual quantitative proportions, 
modes of occurrence of mineral matter vary 
from one coal sample to the other. In South 
Africa 75% of electricity is generated from 
coal with ESKOM burning 110 million 
metric tons of coal in 2012. Power 
generation using coal is an expensive 
process, with the major share of cost being 
spent in mining and preparation stages 
(Papanicolaou, et al., 2004). The 
composition of the coal supplied to the 
power generation plant is reflected by the 
damage to coal handling machinery, weir of 
boilers, pulverising mills and other units of 
the plant (Bandopadhyay, 2010), (Wells, et 
al., 2005), (Wells, et al., 2004) & 
(Moumakwa & Marcus, 2005). This leaves 
the effectiveness of coal combustion as the 
remaining process of cost savings and this 
requires a thorough understanding of the 
effect of coal quality parameters (Ward, 
2002), (Wells, et al., 2005), (Choudhury, et 
al., 2008), (Oman, et al., 2001) & (Van Dyk, 
et al., 2009) that affects electricity 
generation.   

There are different criteria of classifying 
coal properties and quality depending on the 
influential factors like the coal rank, coal 
composition, coal mechanical and physical 

properties etc. (Oman, et al., 2001). Coal 
quality is specified in heating value, ash 
content, moisture and sulphur content, with 
additional properties like volatile matter, 
fixed carbon, ash fusion temperatures, 
grindability, abrasiveness index etc. The 
effects of the above coal quality properties 
includes fouling, slagging, abrasion, erosion 
and corrosion inside and on the parts of the 
electricity generation equipments which then 
affects the overall efficiency of the process. 

Abrasiveness index of coal is affected by 
those minerals that are harder than steel like 
quartz and pyrite (Wells, et al., 2005)& 
(Wells, et al., 2004). Although nearly as hard 
as quartz, the abrasion- and erosive-weir 
damage caused by pyrite is significantly less 
than that caused by the same quantity of 
quartz (Bandopadhyay, 2010). Previous 
studies (Wells, et al., 2005) indicates that 
quartz is two to five times more abrasive 
than pyrite, and this was attributed to quartz 
being found as large and free particles 
whereas pyrite is often included in soft clays 
and coal matrix (Wells, et al., 2005)& 
(Wells, et al., 2004). But this was not proven 
to be true on worldwide coals and abrasive 
weir has also been linked to other variables 
like particle size and shape and also degree 
of inclusion (Wells, et al., 2005) as these can 
differ from one coal to the other (Wells, et 
al., 2004).The current work focuses on the 
investigations of abrasiveness index of South 
African coals, the effect that quartz and 
pyrite have on the abrasiveness index value 
and also give an account of challenges that 
were experienced in this investigation. 

2 METHOD 

2.1 Coal Characterisation and 
Classification 

 Different South African coals from various 
collieries around the country are used for this 
work. Proximate and ultimate analyses were 
done on all coal samples. The results were 
then used to classify and characterised coal 
samples from different areas into different 
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groups according to their physical and 
chemical properties. These results were 
compared with results obtained from various 
international and national previously 
conducted researches on characterisation of 
various South African coals. 

2.2  Abrasiveness index determination 
 Abrasiveness index of South African coal 
samples are identified using YGP method. 
This is done by placing 4kg of coal sample in 
a mill and mechanically rotating the sample 
with a steel blade of a certain mass and shape 
that stir up the sample during rotation. The 
weight of the blade is measured before and 
after stirring up the coal sample. 
Abrasiveness Index is the measure of how 
the coal sample abrades the equipment 
during its utilization in electricity 
generations, and this value is measured by 
the change in mass loss of the steel blade. 
Abrasiveness Index of coal is then measured 
in milligrams of weir blades per kilograms of 
coal processed.  

Table 1: Coal characterisation as previously 
reported and according to the current study. 

3 RESULTS 

3.1 Characterisation of South African 
coals 

South African coals are classified as “High 
Volatile Subbituminous C” using different 
properties in previously done researched 
both nationally and internationally, but they 
do not specify the list of important 
parameters that determines the actual group 
of characterisation. On this work some of the 
values identified for coal parameters are not 
on the general coal properties range for 
South African coal rank as averages on the 
values are used. All the coals listed on the 
table below are classified as high volatile 
bituminous coal, but in most of them the 
value ranges for parameters is stretched too 
wide.  

 

 

 

  

 

 

 

 

 

 

 

 

                                                           

 
2 (I. Prieto-Fernandez, 2002), 2 (J. Barroso, 2006), 3 
(Vassilev, et al., 2009) ,4 (Vassilev, et al., 2009), 5 
(Vassilev, et al., 2009) 

 

 

 

Coal 
analysis 
(wt% dry 
basis) 

Ranges for Sub-
bituminous C 

Coal1 
(from 
Int) 

Coal 2 
(from 
Int) 

Coal 3 
(Witbank) 

Coal4 
(Natal) 

Coal 5 
(Ermerlo) 

From 
this 
work 
(Ave) 

Proximate analysis 
Ash  13.70 16.68 12.1 15.5 10.0 20.88 
Volatile 
Matter 

46 - 42% 34.94 22.85 33.6 12.2 33.8 31.86 

Fixed 
Carbon 

 51.36 60.85 51.8 70.4 49.6 43.47 

Ultimate analysis 
Carbon 76 - 78% 70.22 68.1 82.3 86.5 78.8 80.21 
Hydrogen  4.90 3.49 5.3 4.1 5.0 5.52 
Nitrogen  1.39 1.69 2.0 2.3 1.1 1.60 
Total 
Sulphur 

 1.01 0.54 0.8 1.5 0.3 0.67 

Oxygen 12% 8.78 7.47 9.6 5.6 14.8 11.99 
Moisture 12 - 18% - 2.44 2.5 1.9 6.6 3.79 
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3.2 

Effect of quartz content on the 
abrasiveness index of South African coals 

Quartz is the most common mineral in coal, 
and it occurs as angular to semi rounded 
grains that occasionally form clusters, 
making it more abrasive to electricity 
generating equipment components. Quartz 
fills cracks (Ward, 2002), forms lenses, 
encrustates or impregnates coal fragments, 
and even forms silicified pipes (Vassilev & 
Vassileva, 1996), giving clear access of 
quartz to equipment as it will be on the edges 
of coal particles. Quartz provides coal with 
an abrasive property due to its hardness 
(Bandopadhyay, 2010) and it contributes 
more as it is the most abundant mineral 
matter in coal which in this case, the degree 
of liberation would have less effect on the 
relationship with abrasiveness index.  

Abrasiveness index of random quartz 

content coals was identifies and plotted on a 

graph to see how AI is affected by the quartz 

content. The figure above show the 

relationship between AI and quartz content 

of the Witbank South African coal samples. 

The AI shows a positive relationship with 

quartz with a very broad but positive trend in 

the plot. But the correlation between the two 

properties is very low at 0.37; this is an 

indication that there are other factors apart 

from quartz that affect the value of the AI for 

South African coals. 

3.3 Effect of pyrite content on the 
abrasiveness index of South African 
coals 

AI was measured at random pyrite content 
coal as it was done for quartz and the data is 
represented on the graph. The figure above 
show the relationship between AI and pyrite 
content of the Witbank South African coal 
samples. The two variables have a positive 
relationship as indicate by the positive slope, 
but their relationship trend is too broad. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of quartz content on the abrasiveness index (AI) values of South African 
coal. 
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Figure 2. The effect of pyrite content on the abrasiveness index (AI) values of South African 
coal. 

The correlation between AI and pyrite 
content is low at 0.07 and if it is compared 
with that of quartz at 0.37 it can be clearly be 
depicted that quartz has more effected on the 
abrasive behaviour of the Witbank coals that 
pyrite. This can be attributed to the 
differences in occurrences of pyrite, which is 
entrained in the coal particle and does not 
have direct contact with electricity 
generation equipment. The relationship with 
the AI would be changed depending on the 
degree of liberation as this would help 
expose pyrite; resulting in a direct contact 
with the metal blades and a high AI. 

 

 

 

 

 

 

 

 

3.4 Relationship between ash content and 
the abrasiveness index of South African 
coals 

The effect of ash content on the AI was 
investigated by determining the AI value at 
different and random ash content of South 
African coals. The results were plotted as 
shown on the figure above.  The ash content 
has little effect on the AI of coal; AI values 
are on the same range despite the increase in 
ash content. The correlation of the two 
properties is closer to zero indicating the 
constant AI range on all ash content values.  
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Figure 3. A&B The relationship between coal ash content and abrasiveness index (AI) of 
South African coals 

3.5 Repeatability and reproducibility of 
abrasiveness index value 
AI of the same coal was determined each day 
for a period of 30 days to assess the 
repeatability of the value. The figures above 
shows the lack of repeatability on the values 
of AI and the lack of reproducibility is 
presented by the R2 value.  The R2 value for 
an ideal repeatability and reproducibility 
index should be zero which would represent 
the same AI value even when the 
measurements were done in different days. 
This behaviour can also be affected by the 

weir of the steel blade as it would be used 
repeatedly and the shape and contact with the 
coal sample will change and can result in 
changes on the milling and mechanism. The 
moisture content prior and after AI is not 
documented when there is also some 
moisture lost during transportation and 
handling of coal. Figure A and B are tests 
that were conducted in two laboratories. 
There has not been an indication of storage 
conditions (time and atmospheric conditions) 
that was employed before the AI test was 
done as oxidation can also affects coal 
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properties and these properties affect the 
resulting AI value. This can also be the 
reason for lack of repeatability in the AI 
values. There are common variations that can 
be souses of lack of repeatability on the AI 
value when the tests are done in different 
laboratories. All experimental conditions are 
to be documented to make sure different 
laboratories are using the exact methods of 
determining the AI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A&B Presentation of abrasiveness index (AI) repeatability and reproducibility 

4 CONCLUSION 
South African coals are subbituminous C 
coals with different properties as there are 
different coalfields in the country, and this 
provides different values for property 

analysis. There is a clear and visible 
indication of quartz having a more effect on 
the AI value than pyrite on South African 
coals but more investigation on the 
positioning of these phases in a coal particle 
can assist in understanding the relationship 
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better. The results obtained shows that there 
is no relation between the ash content and AI 
on South African coal samples that were 
used for this study. There are challenges 
when it comes to AI determination and 
reasons behind the lack of repeatability and 
reproducibility of South African coals. A 
good correlation can be made comparing the 
same sample measurements that are done 
simultaneously using the same steel blades in 
terms of weir, size and shape. Clear 
documentation of experimental setup and 
methods are required to determine the 
difference in the AI values. 
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ABSTRACT Investigations of genetic relationships between oil, gas and coal deposits which 
are spatially associated together give chances for better understanding of their origin, 
development of exploration processes, possibilities of utilization of coupled methane, and 
ways to protect safety of underground coal mining. Nature of methane from coal-bearing 
sequences of the Donbass and Lviv-Volyn’ coal basins (Ukraine) traditionally regards as 
local, and methane deposits here have been formed due to transformation of initial organic 
materials. Several important facts support a new point of view about necessity to accept a 
new way to determine an origin of methane. There are evidences on dept origin and 
permanent addition of the methane as consequence of unique gas deposits located under the 
coal-bearing sequences. Geological model on possible formation of the methane deposits 
from such sources is presented here. It will improve supplying by domestic fuels in regions 
with similar coal-bearing sequences.  
 
 
1 GEOLOGICAL AND ENERGETIC 
BACKGROUND  

Situation with own traditional fuel resources 
in Ukraine and estimated possible supplying 
periods of these sources according to native 
industrial demands has been analyzed. 
Beside of oil, gas, coal and uranium ores 
Ukraine has big additional fuel resources 
such as methane of coal-bearing suits, gas-
hydrates, shale gas, and geothermal energy. 
Most realistic additional energetic resources 
at present time the authors connected with 
methane of the coal beds as well as using of 
gasification of coal by new proposed 
methods (Chepil’ 2008, Guliy et al., 2007).  

Ukraine produces a variety of types of 
coal. Coal reserves in Ukraine amount to 
around 47.1 billion tons (metric tons). The 
largest reserves of anthracitic coal (92%) are 
located in the Donets’k Coal Basin in the 
southeast of the country; most of the 
remainder is in the L’viv-Volyn Coal Basin 
in the West. A total of 244 operating mines 
were reported by IEA for the last time. Of 

these 239 were underground, and only five 
surface pits.  

During last decades methane of coal 
deposits becomes more popular energetic 
source among other domestic fuels. For the 
Ukrainian coal basins methane resources 
have been estimated as 2.5Tm3, according to 
relatively realistic calculations, and up to 
25.0Tm3 from very optimistic experts. Total 
recourses of the methane have similar scales 
if compare it to traditional natural gas 
deposits of Ukraine.  

At the same time the methane is dangerous 
component during mining of coal at the dept 
levels. Very often it is difficult to ensure the 
fulfillment of necessary arrangements 
because of technical problems and 
geological factors. Solving these problems is 
very important for any country, which hopes 
to improve supply of energetic resources via 
domestic fuels. Very significant it is also for 
Ukraine as a result of methane and sands 
explosions in the coal mines, which happen 
very often.  

To support safety of the underground 
mining there is a necessity to clean up and 

Genetic Relationships between Oil, Gas and Coal Deposits as a 
Key to Discover New Hydrocarbon Deposits  

 

V. Guliy  
Lviv National University, Lviv, Ukraine  
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reduce contents of methane in the 
underground. The methane should be 
utilized during this process. On this way 
there is a big problem. Nature of methane 
from coal bearing sequences of the coal 
basins of Ukraine traditionally regards as 
local, dominantly organic in origin. 
According to this first idea methane deposits 
here have been formed due to transformation 
of initial organic materials and its modern 
resources are limited by total amount of 
organic sources. It is basement point of 
previous and modern strategy of providing 
with normal conditions of coal mining. The 
most common and effective methods of 
achieving this goal are ventilation with 
degassing and pre-gassing of separate blocks 
of the mine fields. But that previous idea 
about limited volumes of methane in coal 
bodies needs improving because there is 
evidence on deep origin of methane and its 
continuous addition. So, purposes of this 
study are:  

1) Analysis of traditional hypotheses on 
methane nature and possible its volumes in 
coal seams.  

2) Estimation of evidences on methane 
origin in coal-bearing sequences. It gives a 
chance to determine a valid strategy for 
safety of underground mining and methane 
utilization.  

3) Provide facts on continuous addition of 
methane to underground mines and its depth 
nature.  

4) Create a joint geological, geochemical 
and isotopic model of methane concentration 
in the Ukrainian coal basins.  

5) Determine the most perspective areas 
for discovery of deep methane deposits, 
which are a source for methane within upper 
seams of coal.  
 

2 MAIN INITIAL STATEMENTS  

2.1 Spatial and Temporary Distribution 
of Methane and Its Isotopic Features  

To create a new model of origin, migration 
and concentration of methane the author 
used such main initial statements. In the 
same area, oil and gas deposits of industrial 

scale as well as coal deposits are enlarged 
upon the same area. There is a coincidence 
in spatial distributions in the same area of 
oil, gas, and coal deposits, which have often 
industrial scales. In the underground coal 
mines, oil and gas are common. Appearance 
of oil and gas directly in the underground 
coal mines (Far East – (Miroshnikov 1968); 
Japan – (Kozlov 1960); etc.). Very often we 
can distinguish renewals oil and gas deposits 
with time or appearance of gas and oil in 
structures which suggested as having no 
prospects (Chepil’ 2008, Curliss 1999, 
Sokolov & Guseva). Very often we can see 
new portions of gas and oil in old deposits. 
Scale of hydrocarbons inflows is similar to 
the scale of industrial extractions. Practical 
consequence of this phenomenon is 
recalculation of the gas and oil resources 
estimated early (Chepil’ 2008). Isotopic 
compositions of the C from the methane 
support ideas about its deep source. Entering 
of methane and coal-dust in underground 
mines is repeated even after big scale 
ventilation with degassing and reducing of 
methane concentrations to safe levels.  

2.2 Main Geological and Compositional 
Features of Coal-Bearing Sequences  

Investigations of heat flows (Kutas 1978, 
Lepigov et al., 2008) show complicated 
pictures of isotherms location in different 
geological structures of Ukraine. The 
isotherm of 600oC is indicator which 
suggests upper limits of methane generation.  

Author revalued previous data on 
distribution of different sorts of coal in two 
main coal basins of Ukraine. Zoned 
localization of high and low quality coals is 
very clear for the Donbas region. Good 
example for illustration of spatial 
coincidence is distribution of oil and gas 
deposits in the Northern Donbas. Different 
in scale gas and oil deposits are disseminated 
among coal mines. In similar situation gas 
deposits (for example, Velyki Mosty and 
Lelykivs’ke gas deposits) and gas 
manifestations are distributed in the L’viv-
Volyn’ Coal Basin.  
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3 DISPERSION AND SECONDARY 
HALOS AS MAIN INDICATORS OF 
METHANE MIGRATION  

3.1 Main Features of Dispersion and 
Secondary Halos  

Geological and geochemical investigations 
(Lepigov Orliv & Guliy, 2008; Lepigov 
Orliv & Guliy, 2008) show that oil and gas 
deposits and manifestations in coal-bearing 
sequences are accompanied by bitumen of 
different in compositions as well as numbers 
of secondary alterations. Author used these 
facts as a basement of geological model 
(Lepigov Orliv & Guliy, 2008; Lepigov 
Orliv & Guliy, 2008) of methane 
concentrations regarding ideas about primary 
and secondary halos.  

Source of primary or dispersion halo is an 
independent gas deposit containing large 
resource. It is located in the low part of coal 
strata (Lepigov Orliv & Guliy, 2008). Three 
zones are determined in primary halo: 1) 
zone of gas (composition - mainly methane, 
with heavy isotopes of H, He, N, Hg), 2) 
zone of coal (12C:13

C=99.0, 1H/D˜8300), 3) 
zone of bitumen (12C:13C=90.0 – 91.0, 
mainly light isotopes of N, S, Hg). Upper 
part of coal-bearing sequence will contain 
more disperse carbohydrates deposits or 
manifestations. Namely they can be the main 
source of gas components migration to coal 
mines.  

Secondary halo or gas column has more 
wide distribution within rocks of coalbearing 
sequence. It is possible distinguish the gas 
columns by indicator characteristics, which 
include geochemical investigation of gas 
compositions, isotopic search of C and D 
from methane on separated depth levels 
sampling, etc. Most fine indicator which can 
mark limits of the gas column is Hg. In this 
sense there is a big similarity between 
secondary alteration of ore deposits and gas 
column for oil, gas, and coal deposits.  

3.2 Isotopic Signatures of the Halos in 
Coal-Bearing Sequences  

Generalizing of collected and published the 
13  data from methane gives temperature 

limits for methane generation. Limits of data 
from 242 gas deposits of the former USSR 
and theoretical curve in connection with data 
from main gigantic gas deposits of the world 
determine field for 13  values, which are 
typical for mantle methane. Author founded 
more isotopically heavy composition of the 
methane carbon at the more depth levels. It 
is in accordance with tendency which 
determined for other regions (Curliss 1999, 
Kotarba 1988, Kotarba 1989, Rice 2000). 
General nature of oil and gas according these 
data is finding as deep originated under its 
migration along faults and crushed zones.  

 

4 RESULTS AND DISCUSSION 

4.1 Main Peculiarities of Methane 
Migration in the Ukraine Coal Basins  

These noted indicators have been used to 
show possible mechanism of hydrocarbons 
migration and concentration in sedimentary 
sequences of the Donbas and L’viv-Volyn’ 
Coal Basins. Author created a number of 
geological, geochemical, and isotopic 
models on possible origin and migration of 
methane to determine main zones of the 
Earth crust and local structures, which can 
indicate general source of the gas deposits 
within coal bearing sequences. Geochemical 
and isotopic peculiarities of evolution of 
hydrocarbon and accessory gases and some 
indicator chemical elements in different 
zones of the Earth for the Donbass region are 
established. Main temperature and pressure 
limits of hydrocarbon concentrations within 
these zones as well as inside primary and 
secondary dispersion halos are determined. 
As a result author suggested separate levels 
within coal-bearing sequences for studied 
regions. Possible stratigraphical levels of gas 
column locations have been found for two 
kinds of orogenies in the Donbass.  
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4.2 Gas Columns and Determining of 
Methane Origin in the Donbas and Lviv-
Volyn’ Coal Basins  

We (Lepigov & Guliy 2008) examined the 
Donbas Coal Basin and discovered at least 
two areas with clear evidences on presence 
of the gas columns. They are located in the 
most dangerous parts of the Donbas, where 
methane explosions in coal mines happened 
very often. Due to more detailed studies on 
these areas we can determine relationships 
between structures, coal sorts, gas columns 
and find possible way to the primary gas 
deposits. For the western part of the 
Donets’k-Makiivka coal district we created a 
map to determine a main tendency of gas 
columns development.  

Similar methods and indicators we used 
for analysis of the L’viv-Volyn’ Coal Basin. 
In addition to the Velyki Mosty gas deposit 
clear gas column has been detected within 
Mezhyrichens’kyi coal district. From 
geological map we can see other possible 
gas columns. The northern-eastern end of 
these columns is located, probably, in the 
Lublin Hard Coal Basin, which is the Polish 
analogous of the L’viv-Volyn’ Coal Basin.  

5 CONCLUSIONS  

Analysis of problems of methane origin in 
coal bearing sequences gives a chance to 
determine possibility of methane utilization 
and creation of safety conditions during 
underground mining of coal. It is shown that 
previous idea about limited volumes of 
methane in coal bodies needs improving 
because there is evidence on deep origin of 
methane and its continuous addition.  

Several important geological, geochemical 
and isotopic facts support a nontraditional 
point of view for the Ukrainian Coal Basins 
about necessity to accept a new method to 
determine an origin of methane with 
receiving new precise data at local levels.  

Searching gas deposits in the Donbas and 
L’viv-Volyn’ Coal Basins has lately become 
the problem of current importance as a result 
of methane explosions in coal mines, which 
happen very often. It’s used to be believed 
that methane accumulations were only 

because of coal strata degasification, but 
now this concept is inefficient to take 
preventive measures in underground mining. 
Other processes leading to high gas 
concentration and first of all its influx into 
mines from depths should be reviewed. One 
of the variants could be detection of an 
independent deposit containing large gas 
resource with big scale desorption from 
more disperse hydrocarbon deposits below 
the coal strata. Namely they can be the main 
source of gas migration to the coal mines. 
Discovery of main gas deposits, which are 
the main source for new portions of methane 
within coal-bearing sequences, will improve 
supplying by domestic fuels and safety of 
coal mining.  

As we see, suggested way with exploring 
of gas columns is convenient instrument in 
struggle against the methane pollution out of 
mining areas as well as in exploration of new 
hydrocarbon deposits.  
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ABSTRACT Carbon footprint is an indicator to assess the greenhouse gases (GHG) emitted 
from an activity or process. Both surface and underground mines, although contribute about 
6% of global emission, has the potential to be significant contributors to overall GHG 
emission. In case of an underground mine, the operations associated the production of coal 
are the main causes of GHG emissions, primarily emission of methane. Inherent within the 
coal’s structure, methane desorbs from the coal’s internal surfaces during the mining process, 
and then moves to the atmosphere through a mine’s ventilation system. The unit operations of 
opencast mining demands high energy and it directly and indirectly contribute GHG 
emission. Emissions from stock piles of coal/waste also contribute to carbon emission. In this 
paper different mining activities and their potential to contribute to GHG emission are 
discussed. Preliminary steps to assess carbon footprint of each of these mining activities are 
suggested. 
 
 
1 INTRODUCTION 

The impact of anthropogenic emission in 
causing the rise of earth surface temperature 
has been well accepted by the scientific 
community (Korre et al., 2010). Increased 
atmospheric concentration of greenhouse gas 
(GHG) is known to increase the global 
temperature by absorption of reflected infra-
red radiations from earth surface. The 
prominent GHGs are carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), 
chlorofluorcarbons (CFCs), 
Hydrochlorofluorcarbons (HCFCs), 
Perfluorcarbons (PFCs) and Sulfur 
hexafluoride (SF6). It is estimated that, on an 
average, 43% of the total CO2 emissions 
each year between 1959 and 2008 remained 
in the atmosphere. This fraction is expected 
to increase as the capability of absorption of 
natural carbon sinks (Ocean and land) is 
gradually decreasing (Le Quere et al., 2009). 
From a level 315 parts per million (ppm) in 

1958 (when the scientific measurement of 
CO2 level started), CO2 in atmosphere has 
reached 392.81 ppm in November 2012 
(NOAA, 2012). In the last 5 year 
atmospheric CO2 level has increased from 
383 ppm to 393 ppm, a rise of 10 ppm (Fig. 
1). 
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Figure 1. Atmospheric CO2 level as 

measured at Mauna Loa observatory: (a) 

Since 1958, and (b) Last 5 years (Source: 

http://www.esrl.noaa.gov/gmd/ccgg/trends/) 

The oceans play an important role in the 
Earth's carbon cycle. They are the largest 
long-term sink for carbon and have an 
enormous capacity to store and redistribute 
CO2 within the system. Oceanographers 
estimate that about 48% of the CO2 from 
fossil fuel burning has been absorbed by the 
ocean (Sabine et al., 2004). The dissolution 
of CO2 in sea water shifts the balance of the 
ocean carbonate equilibrium towards a more 
acidic state (i.e., with a lower pH). This 
effect is already measurable (Caldeira and 
Wickett, 2003), and is expected to become 
an acute challenge to shell-forming 
organisms over the coming decades and 
centuries. Although the oceans as a whole 
have been a relatively steady net carbon 

sink, CO2 can also come out of the oceans 
depending on local temperatures, biological 
activity, wind speeds, and ocean circulation. 
 

1.1 Carbon Footprint 

Over the years carbon footprint has been 
defined in several ways.  A general way of 
defining it is that the carbon footprint is a 
measure of impacts of human activities on 
environment. The activities here not only 
include industrial activities, but it also 
includes daily activities like travel, use of 
laundry, etc. (Global footprint network, 
2007; Patel, 2006). A few definitions 
suggest that it must include all the direct and 
indirect emissions from an activity 
(Energetics, 2007; Grub and Ellis, 2007). On 
the other hand some suggest indirect 
emission should not be included as it might 
not be quantified properly (Carbon Trust, 
2007). For example, the processes involved 
in manufacturing the product which can be 
directly associated with the product should 
be included; but not the indirect emissions 
from commuting of workers to the factory 
(Carbon Trust, 2007). From an individual 
process or product approach, it is suggested 
that the carbon footprint must include 
emissions across the life cycle of a process 
or product, i.e. emission from the process 
involved in conversion of raw materials to 
finished product and until the finished 
product reaching the market (Carbon Trust, 
2007; Grub and Ellis, 2007; Haven, 2007; 
POST, 2006).  

While one approach is to limit the carbon 
footprint estimate to the emission of CO2 
only (Energetics, 2007; Grub and Ellis, 
2007), there is another view that all the 
greenhouse emission from anthropogenic 
activities in terms of CO2 equivalent should 
be included so that global warming potential, 
the ultimate objective of knowing carbon 
footprint, is estimated (Patel, 2006; Carbon 
Trust, 2007; ETAP, 2007; POST, 2006). 
Whether some emissions, like carbon 
monoxide (CO), which do not have global 
warming potential at the point of emission, 
but may get converted to a greenhouse gas 
such as CO2, will be included is still 
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debated. Similarly, debate may be extended 
as to whether the natural emissions of 
greenhouse gases (e.g. CO2 from soil, CH4 
from soil and marshy land) should be 
included (Wiedmann and Minx, 2008). 

Wiedmann and Minx (2008) have 
proposed a comprehensive carbon footprint 
definition as a measure of the exclusive total 
amount of CO2 emission that is directly and 
indirectly caused by an activity or is 
accumulated over the life stages of a 
product. This definition includes activities of 
an individual as well as group activities of 
organisation, industry sectors, communities, 
etc. and it includes all direct (on-site, 
internal) and indirect emissions (off-site, 
external, upstream/downstream).  

1.1.1 Primary and secondary footprint 

For any activity under consideration, the 
carbon footprint that can directly be 
associated with it is termed as primary 
footprint. Carbon release to the atmosphere 
from any upstream process/activity or 
downstream use of the product is termed as 
secondary footprint. For example, in case of 
mining, the CO2 emitted from the activities 
like overburden removal, blasting of 
mineral, transport of mineral etc, can be 
included under primary carbon footprint. 
Carbon released due to the felling of trees 
prior to the start of mining and CO2 released 
on the process of transport of mineral form 
the mine site to the downstream user can be 
put under secondary footprint (Cristobal el 
al., 2010). Therefore while the carbon 
emitting potential of activities associated 
with mining gives the primary footprint, the 
life cycle assessment approach of the 
mineral gives the secondary footprints, 
although it is more difficult to quantify. 
Cristobal el al. (2010) have shown that the 
secondary footprint can have no less 
relevance towards the final emission factor. 

1.1.2 Life cycle assessment (LCA) 

The life cycle approach includes all possible 
processes that give rise to carbon emission, 
i.e., direct (on-site, internal) and indirect 
emission (off-site, external, embodied, 

upstream, downstream etc.). Through this 
approach, the cumulative GHG emission of a 
product or process is estimated through all 
stages of its life. For example, in case of 
mining, it takes into account energy inputs 
and emission outputs throughout the whole 
production chain from exploration and 
extraction of mineral to processing, transport 
and final use. 

1.1.3 Unit of measurement of carbon 
footprint 

Several alternate units can be thought of 
such as tonnes of carbon emissions or tonnes 
of CO2 emission or tonnes of CO2 equivalent 
(CO2-e) emission per unit time (e.g. day, 
year). Often it is measured as kilograms or 
tonnes of CO2 emitted per person activity 
(Hammond, 2007). This is also expressed 
with reference to area unit such as kg CO2-e 
year-1 m-2 or simply kg CO2-e m-2 (Day et al., 
2010). The expression of footprint on the 
basis of area unit can introduce errors into 
the estimate because of number of 
assumptions to be made for the land use 
type. Therefore some researchers suggest 
that this may be avoided by expressing the 
carbon footprint in terms of mass units (kg 
or tonne) (Keuning, 1994; Stahmer, 2000; 
Wiedmann and Minx, 2008). However, it 
certain cases, such as emission from a spoil 
heap of a mine, expression of footprint in 
area units can provide more physical 
meaning than just expressing it in terms of 
mass unit (Day et al., 2010). Therefore the 
choice of unit of expression depends on the 
process that is being studied. 

2 MINING AND CARBON FOOTPRINT 

The production and combustion of fossil 
fuels as an energy source release large 
volumes of greenhouse gasses to the 
atmosphere. Specifically, CO2 and CH4, both 
well known greenhouse gasses, have direct 
ties to the coal industry. Carbon dioxide, 
produced from the combustion of carbon, 
represents the most prevalent anthropogenic 
greenhouse gas. Combustion of one ton of 
coal produces between one and three tons of 
CO2, dependent upon the carbon content and 
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heating value of the combusted coal (Kelm 
et al., 2010). In 2006, the United States 
released approximately 2,100 million metric 
tons (Mt) of CO2 from combustion of coal 
(EIA, 2009). The EIA (Energy Information 
Agency) estimates that China’s 2006 coal-
related CO2 emissions to be approximately 
4,900 million metric tons (EIA, 2010). 
World total coal-related CO2emissions are 
expected to increase at rate of approximately 
1.7 % per year through 2030, with China 
accounting for 74 % of the increase (EPA, 
2009).  

An economic analysis indicates that the 
energy value of methane emitted from 
Australian coalmines is approximately 36 
million GJ or enough energy to produce 467 
MWh of power at 40% efficiency (modern 
gas turbine or reciprocating engine) (Wendt 
et al., 2000; Dave and Duffy, 2002). At 42 
cents per kWh, this equates to $67.2 million 
worth of power per year. While tracking and 
reporting total energy usage has already been 
undertaken by some mining companies as a 
part of energy audit, the use GHG intensity 
as a key performance metric has yet to be 
practiced. Therefore estimate of GHG 
emission potential of a coal mine is required 
when it is estimated that coal mining 
contributes to 8% of global anthropogenic 
methane emissions, and CH4 is 21 times 
more potent than CO2 in trapping heat.  

USEPA estimated in 1994 that global 
emissions from coal mining in 1990 were in 
the range of 24 - 40 Mt (USEPA, 1994). 
Globally, CMM constituted 6 percent of 
anthropogenic methane emissions in 2005 
with 388.14 Mt CO2-e. CMM emissions 
have dropped since 1990 but are expected to 
rise somewhat by 2020. The 2006 
projections of global annual mine methane 
emission is presented in Figure 2. 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 

Figure 2. Global annual CMM emissions 
(Source: USEPA, 2006) 

Estimates by an US study involving 30 
mine sites showed that 4.669 Mt methane 
emissions took place from all major mining 
sources in US in 1995. The estimated 
emissions contributions from individual 
mining sources were as follows: 
underground mine shafts and portals (49%), 
methane drainage systems at underground 
mines (24%), coal handling of underground 
mined coal (15%), abandoned underground 
mines (4%), coal handling of surface mined 
coal (3%), and surface mines (2%) 
(Kirchgessner et al., 1997). Recent estimates 
show that active coal mines account for 
nearly 10% US anthropogenic methane 
emissions (Beedie, 2011). 

2.1 Underground Coal Mine 

In case of an underground mine, the 
operations associated the production of coal 
are the main causes of greenhouse gas 
emissions, primarily emission of methane. 
Inherent within the coal’s structure, methane 
desorbs from the coal’s internal surfaces 
during the mining process, and then moves 
to the atmosphere through a mine’s 
ventilation system. Underground coal 
mining releases more methane than surface 
or open-pit mining because of the higher gas 
content of deeper seams. Among several 
factors on which methane emission from a 
coal mine depends, the important ones are 
coal rank, coal seam depth, and method of 
mining. Usually with increase in rank of 
coal, the CH4 production increases as higher 
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rank coal has gone through more 
transformation during the coalification 
process. Because pressure increases with the 
depth of the coal seam and the adsorption 
capacity of coal increases with pressure, 
deeper coal seams generally contain more 
methane than shallow seams of the same 
rank. Over time methane can be released to 
the atmosphere from near surface coal seams 
through natural fractures in overburden 
strata. Coal extraction tends to lead to the 
release of more methane than was originally 
trapped within the mined coal seam itself, 
because the drop in pressure draws in 
additional gas from surrounding strata. Also, 
the mining process tends to fracture the 
surrounding strata including neighbouring 
seams, particularly where extraction 
proceeds and aids in releasing more trapped 
methane (Irving and Tailakov, 2013). 

An Australian study estimates about 64% 
of total CH4 emission from an underground 
coal mine is associated with the ventilation 
air stream. Known as ventilation air methane 
(VAM), the concentration of methane in 
VAM varies from 0 to 2% (Wendt et al., 
2000; Dave and Duffy, 2002). Remaining 
36% of methane emissions are associated 
with the mine drainage gas, which has 
greater than 50% methane by volume. In 
India where methane drainage is not 
practiced, this could lead to addition to 
VAM or simple leakage to the surface 
through cracks. A study undergoing for CH4 
in the sealed off areas (CMM) also indicate 
that the concentration of methane in these 
voids could be as high as 100%. Methane 
released during coal mining operations is 
responsible for approximately 6.5% of 
Australia’s greenhouse gas emissions and 
estimates indicate that 72% of the GHG 
emissions attributed to the coal mining 
industry are in the form of fugitive emissions 
from underground mining (Dave and Duffy, 
2002). In Australia over 80% of the 
emissions come from just 14 gassy 
coalmines and the number of gassy mines is 
destined to increase as more mines develop 
into deeper, gassier coal seams (Wendt et al., 
2000; Dave and Duffy, 2002).   

Gassy coal seams are prevalent in the 
United States. Specifically, deep coal seams 
located throughout the Black Warrior and 
Appalachian Basins can possess gas contents 
greater than 300 cubic feet per ton. 
Comparatively, gas content’s of deep coal 
seams located in China’s Quinsui basin can 
exceed 500 cubic feet per ton. Additionally, 
these coals are thicker than those in the US, 
providing even greater gas content per unit 
area. Carbon dioxide equivalent methane 
emissions for the United States and China 
are respectively estimated to be 72,000 and 
130,000 t (EPA, 2009).  
 

 
 
 
 
 
 
 
 

 
 

 

Figure 3. CMM emissions from operating 
underground coal mines of India - estimates 
and projections (Source: USEPA, 2006) 

With more than 18 Degree III coal mines 
(Mines with rate/volume of emission of 
inflammable gas per tonne of coal produced 
is higher than 10 m3) in India, methane from 
mines can be significant source of GHG. 
Figure 3 summarizes India’s estimates and 
projections of CMM emissions. 

2.2 Opencast Coal Mine 

Opencast mining operation consists of 
process like removal of overburden to 
expose the mineral, extraction of mineral 
(includes blasting and excavation of 
mineral), transport of mineral to stock 
yard/processing plant within the mine lease 
hold and final despatch of the mineral to end 
user. Very few emissions measurements 
have been taken at surface mines. The 
limited data suggest that the primary sources 
of emissions include seam areas fractured by 
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coal blasting, the lower most portions of 
surface mine pits (the pit floor), and inactive 
pits (Piccot et al., 1995). In general, the 
strata overlying the coal at surface mines do 
not appear to be a significant source of 
emissions but, as in underground mines, 
emissions may be contributed from 
underlying seams, faults or gas bearing 
reservoirs. Historically, methane emissions 
from surface mines have been thought to be 
much lower than from underground mines 
because of the lower gas contents associated 
with these relatively young and shallow 
coals. However, in absence of widespread 
measurements, the GHG emission potential 
of surface mine cannot be underestimated.  

At surface mines, methane escapes from 
newly exposed coal faces and surfaces, as 
well as from areas of coal rubble created by 
blasting operations. Additional CH4 may 
come from the overburden, which is broken 
up during the mining process, and the 
underlying strata, which may be fractured 
and distressed due to the removal of the 
overburden. Emissions per ton of coal are 
generally much lower from surface mining 
than from underground mining. Methane 
emissions also occur during post-mining 
handling, processing, and transportation. 
Some CH4 is released from coal waste piles 
and abandoned mines. Emissions from these 
sources are believed to be low because much 
of the CH4 would likely be emitted within 
the mine (Irving and Tailakov, 2013). 

2.2.1 Energy use 

Emission from the energy use in an opencast 
mine is one of the major sources of GHG 
emission. A typical estimate shows that one 
million tonne of base metal ore production 
involves the energy use that produces about 
32,000 t of CO2-e from diesel and electricity 
usage. In a coal mine, in addition to energy-
use related GHG emission, emission of 
methane from coal seams constitutes a large 
share of total emission. It is estimated for 
one million tonne of coal production, about 
74,000 t CO2-e emissions takes place from 
diesel, electricity and seam gas emissions 
(Orica, 2013) (Fig. 4). 

Several factors combine to increase total 
energy use and emissions, including 
increased stripping ratios, greater mining 
depths (requires longer hauls), lower coal 
grades and increased production. A key 
measure, therefore, should be the energy 
efficiency and targets set for the reduction of 
emissions per unit of coal mined.  In many 
cases, especially where stripping ratio is 
high and quality of mined coal is low, 
meeting these efficiencies/targets will be a 
considerable challenge for mining 
companies. 

2.2.2 Explosives and blasting 

The GHGs emitted from blasting are 
primarily CO2, CH4 and N2O (Sharma, 
2008). The quantum and relative share of 
these emissions varies with the composition 
of the explosives. About 200 t of CO2-e is 
produced from blasting required for 
production of one million tonnes of base 
metal ore. In case of coal, one million tonnes 
of coal produce about 400 t of CO2-e from 
explosives detonation. It constitutes about 1 
% of GHG emission from the entire mining 
activities (Orica, 2013) (Fig. 4). 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Coal mine energy and emissions 
per million tonnes of coal (ex-pit for a 7:1 
stripping ration dragline operation) (Source: 
Orica, 2013) 

2.2.3 Spontaneous combustion 

CO2 released from waste coal accumulated at 
the mine sites due to spontaneous 
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combustion is another source of greenhouse 
emission both in underground as well as in 
surface mines (Wendt et al., 2000). Low-
temperature oxidation as well as 
spontaneous combustion generates GHG. 
While low-temperature oxidation and 
spontaneous combustion arise from the same 
basic processes and represent different 
extremes of the same phenomenon, the 
greenhouse gas emissions from each are 
different. At ambient temperatures the major 
greenhouse gas emission from oxidation is 
CO2. However, at higher temperatures 
present in material that are subjected to 
spontaneous combustion, parts of the coal 
can be starved of oxygen with the result that 
the chemical reactions change and 
appreciable quantities of CH4 can be 
produced. This methane is produced as a 
result of the heating and it is addition to 
seam gas trapped in the coal. 

2.2.4 Miscellaneous sources 

Mining activities that may cause GHG 
emissions also include ground clearing, 
grading, trenching, and vehicular traffic. 
Activities conducted in locations other than 
the mine site include construction for 
transport systems that include access roads, 
rail lines and conveyor systems. Each of 
these process needs through observation for 
precise estimate of their GHG emission 
potential. Rehandling of pit head coal and 
overburden necessitate the use of energy by 
the machinery and therefore adds to the 
GHG emission. 

Figure 5 shows the processes that leaves 
the carbon footprint from extraction of coal. 
The secondary carbon footprint includes the 
exhausts from vehicles used for transport of 
persons associated with mining. Use of air 
conditioners and other gadgets that produce 
greenhouse gas emissions are also 
contributing to secondary footprint. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. Components of opencast mining 
contributing on to carbon footprint of a mine  

3 CONCLUSION 

Regardless of where one stands politically 
on the subject of carbon regulation, a carbon 
constrained world is here, and most likely 
here to stay. Requirements to report the 
Greenhouse Gas (GHG) emissions are 
gradually coming into force. In an ever 
increasing “carbon” society the growth of an 
industry or a nation as a whole will be 
measured by its carbon footprint. The 
fundamental building-block for any 
business, strategic or management decision 
must be based on an understanding of one’s 
footprint. Industries, especially mining, are 
under an ever increasing scrutiny of carbon, 
water and environmental mandates 
(Carpenter and Hairfield, 2010). Knowing 
the company’s carbon emissions is the first 
step in creating any Inventory Reduction 
Plan (IRP).Making an inventory to 
determine how much carbon (e.g. GHG 
emissions) a company emits, is the first step 
in addressing any carbon management plan 
(Carpenter and Hairfield, 2010). And since 
Kyoto protocol, carbon credit came into 
existence and it economically now makes 
sense to reduce the carbon emission. 

Although some earlier studies provide 
some indirect measurement of GHGs for 
some mining activities, comprehensive 
studies are needed to estimate GHG 
emissions from various activities of a mining 
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operation in order calculate its carbon 
footprint. As of now no such study has been 
reported from any part of India. A detailed 
study will show GHG emissions from a 
mining activity in terms of fuel and non-fuel 
emissions, stationary and mobile source, 
point source and line/area source emission, 
emission on the basis of fuel category, 
emissions per person, emissions per tonne of 
output, emissions linked to rate of 
production, emission independent of rate of 
production, etc. This type of study will 
identify the carbon intensive activities in a 
surface/underground mine and therefore 
indicate the process that are to be given 
priority in order to reduce the carbon 
footprint from the mine.   

The high-rank coal seams in deeper 
coalfields represent a significant target for 
future coal mine methane (CMM) and 
coalbed methane (CBM) development. In 
some of the Indian coalfields of the Damodar 
Valley, there are around 25 coal seams or 
even in excess of 40 in some areas, with 
cumulative thickness of more than 100 
meters (M2M - India, 2005) which have the 
potential of high methane emission. Both 
surface mines and underground mines use 
high energy consuming equipment which 
leaves their carbon footprint. Emissions from 
stock yards and dumps are major source of 
carbon emission in opencast mines. It is 
proposed that in India carbon footprint of 
mine, especially of coal mines, should be 
developed so that hot-spots in terms of 
energy consumption and associated CO2 
emissions in mines is identified and emission 
factors and better generic model are 
developed to predict the GHG emission on 
the basis of mineral production/manpower 
involved/machinery used. By knowing their 
own carbon emissions and how they 
compare with other industries, the mining 
sector can formulate steps to reduce their 
carbon footprint. 
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ABSTRACTA new generation of on-belt radioisotope ash-meters and scales was designed 
by Analix, Bulgaria. Accuracy, reliability, and stability are improved by a new high-tech 
electronics design and software.  

A Coal Quality Management System (CQMS) based on seventeen on-belt ash-analyzers 
(and belt scales in same time) BCA-6 was built in the biggest Bulgarian coal open pits - 
Maritza East Mines. The on-belt instruments are mounted directly on the twelve coal 
excavators and at the end of the all five conveyor lines transporting coal to the three Thermal 
Power Plants working in the same area. The analyzers are connected in radio net and 
information is transferred on-line to the pit dispatchers and the staff in charge. 

The benefits of using the CQMS come from meeting the requirements for a constant 
quality of the coal delivered to TPP and from making use of the high ash-content coal. 
Anticipated decrease of production costs for 1t of coal is 2-3%. 
 
 
1 ASH ANALYZER BCA-6 

1.1 Principles 

Analix’ Belt-Conveyor Ash-analyzers 
(BCA) use the well-known and common 
physical principle – attenuation of two 
gamma-energies (low and high), 
crosspassing the coal. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1.  Principle diagram 
 

The attenuation of the gamma-energy is 

calculating by the formula: 
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where: 
- I – intensity of the passed radiation, sec-1; 
- Io – intensity at empty belt, sec-1; 
-   – specific weight of the coal, g/cm3; 
- d  – thickness of the coal layer, cm; 
- µ(E ,Z) – the factor characterizing the 
attenuation of a -radiation depending on its 
energy, cm2/g. 

When we have two different energies and 
divide their attenuations, we cancel the 
specific weight and the thickness: 
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Zeff is the “effective” atomic number of the 

coal, which is determined by the ratio 
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between two components of the coal or 
lignite: organic (Zeff  6) and mineral (Zeff  
12)  – i.e. by the ash content. 

But in theory as well as in the practice the 
things are not so simple as it could seems. 
There are a lot of factors, influencing this 
dependence: 
- the variable chemical composition of the 
coal ash – we could obtain the same Zeff 
when the ash content is different; 
- the variable moisture and grain size could 
cause significant mistakes, if not accounted; 
- climate changes; 
- electrical and electro-magnetic 
interferences, etc. 

What helped us to account all these 
factors and to measure coal ash-content 
directly at the Bucket Wheel and Chain 
Excavators? It was our high speed Gamma-
spectrum Multichannel Analyzer that made 
possible on-line registration and developing 
of the full gamma-spectrum of the passed-
trough radiation. 
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 Figure 2. Gamma – Spectrum of the Ash 

Analyzer 

 
We use five spectral areas for accounting 

the varying chemical composition of the coal 
mineral phase (so called “ash”) and the 
varying physical parameters of the coal. 
Trough an original algorithm and respective 
mathematical mode we achieve results with 
highest reliability regardless changes in the 
coal origin, chemical composition, humidity 
and size. 

Our software for spectrum stabilization 
trough every second pick localization and 
respective HV correction was proved as the 
best by practice. Cs-137 (661 KeV) gamma 
spectral line was used for this spectrum 
stabilization 7 years ago in our first 
instrument applied in coal mines ( -05). 
Besides the good results during the first 
years of working in Maritza East Mines 
some problems occur, unknown in the 
routine spectral analysis in not so hard and 
so variable conditions. 

In the generally applied way for gamma 
spectrum registration the intensities of the 
lines of Cs-137 and Am-241 are measured in 
fixed regions of interest. As rule this is a 
hardware adjustment. 

We changed this routine approach and so 
significantly improved the sensitivity and the 
precision of the method. 

Our on-belt ash-meters were the first 
instruments of this type using on-line full 
spectrum processing and respectively 
software determination of the line edges in 
the spectrum. The exact localization of these 
edges allows applying of the background 
subtraction and respective improving of the 
signal-noise ratio. But here is another 
problem following from the great variety of 
the spectrum depending on the quantity of 
the material over the belt. The spectrum line 
areas change up to 500 times from empty 
belt to fully loaded belt. Respectively the 
lines amplitude and wide changes all the 
time and the edges don’t stay at one place. 
Our software enables current fixing of the 
line edges and exact calculation of the 
background in every single second. 

Together with changing the lines shape 
the great variety of the intensity during 
changing of the loaded coal causes a total 
change of the detector non-linearity. The 
dependence between the energy of the 
gamma-quanta and the height of scintillation 
detector outgoing pulses changes in different 
way for the low and for the high energy. 
That means the localization only of the high 
energy pick, which is enough in the routine 
spectral analyses is not enough for the ash-
meters in the mines. So we develop an 
independent localization of the low-energy 
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pick also. So we account the “breathing” of 
the spectrum in wide as well as in height. 

These innovations introduced by us allow 
the Analix’ on-belt ash-analyzers to become 
the first successfully working directly at the 
excavators in the open pit coal mines. The 
large and very variable size of the coal, the 
hard meteorological conditions, the 
vibrations and the dust are not problem 
anymore due to our new design and 
software. 

1.2 Construction and Installing of BCA-6 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Block-Scheme of BCA-6 
 

The Ash Analyzers are mounted directly 
on the Belt-Conveyors without changing the 
construction of the Conveyor.  

 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. On-belt Ash-analyzer on the 
outgoing belt conveyor 

 
At the Bucket Wheel and Chain 

Excavators the on-belt weight and ash 
analyzers are installed on the discharge 

boom also without changing the belt 
construction. 

The supporting structure of the on-belt ash 
analyzer is a rectangular frame vertically 
mounted and embracing the belt. On the top 
crossbeam is mounted the detector unit 
registering irradiation cross passing the coal. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. On-belt Ash-analyzer on the 
discharge boom of a bucket chain excavator 

 
Under the belt is mounted the shielded 

container with two sources of radiation. Due 
to heavy lead protection covering sources 
no radiation could be obtained at any point 
around the instrument. There is only one 
narrow collimator letting a pencil type beam 
to go out vertically across the coal to the 
detector where this beam is totally absorbed. 
You can see the mechanics of this unit 
opening and closing the collimator. It could 
be made automatically, or by remote control, 
or locally during the service works.  

In waterproof side mounted boxes are 
housed supplying units for low and high 
voltage, specialized electronics processing 
the detector signal, high speed spectral 
analyzer controlled by a local processor, and 
the computer. The computer controls the 
measurements, calculates the load and the 
ash content and supports the connection with 
the server. 
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The construction of the instrument is 
module-based and allows service and 
maintenance works in almost any conditions 
and usually without stopping the belt. 

The computer of the instrument is 
installed in the control room.  

In the operator cabin a terminal unit 
shows to the operator the current load and 
ash content as well as the respective values 
preset by the dispatcher. Also there are 
shown the position of the excavator, the disk 
thickness, the excavating regime, etc. A full 
history of the quantity and quality of the 
excavated coal is available. This on-line 
information helps much the operator to 
control the excavator work all the time and 
especially in the contact zones between the 
coal and overburden or between the coal and 
clay. Our instrument is user friendly so the 
excavator operators easy  become familiar 
with the new features. 

Trough a radiomodem on the top of the 
excavator the measurements are 
continuously transmitted to the server. From 
the data processed and stored there we have 
a full information and accounting about the 
excavated coal, overburden and clay, and 
respective ash content for all excavators. 

1.3 Accuracy of BCA-6 

The standard error for ash content: 
- 0.5%  for the range   5.0  10.0%  
- 1.0%  for the range 10.0  20.0%  
- 1.5%  for the range 20.0  35.0% 
- 2.0%  for the range 35.0  50.0% 
For the measured weight the accuracy is 

about 2 % for quantities more than 500 t. 

1.4 Radiation Safety of BCA-6 

Our instruments are permanently checked 
and licenzed by the Bulgarian Agency for 
Nuclear Regulation. 

All measurements done last 7 years by all 
kind of regulatory officials (Agency for 
Nuclear Regulation, Ministry of Health, 
Ministry of Internal Affairs, etc.) confirm the 
complete radiation safety of our radioisotope 
on-belt ash-analyzers.  

The staff passing by, or working around as 
closed as possible, do not obtain any 
irradiation. Only on the way of the beam 
bellow the detector is a dangerous place 
when the collimator is open. But we can’t be 
there when the belt is running. And when the 
belt is stopping, the collimator is closing. 
When collimator is open, the beam is 100% 
absorbed by the detector unit, so over it there 
is also no radiation. 

There is no one case the radiation for 
people working there or passing by to be 
higher then the native radioactive 
background for that area. 

2 COAL QUALITY MANAGEMENT 
SYSTEM (CQMS) 

In 2005 in the biggest Bulgarian Lignite 
Open Pits - Maritza East Mines started 
building of a System for Coal Quality 
Management (CQMS). 

2.1 The Goals of the System 

The goals of the System were as follows: 
 On-line Coal Quality Management and 

Control meeting both customer’s 
requirements and own benefits; 

 Optimization of the whole coal 
extraction, transportation and delivery 
process; 

 Provision of reliable data for current state 
of mining excavators, diggers and 
transportation machinery;  

 Administering of coal flow output; 
 Central and local supervision and 

management of mining. 

2.2 History of Building the System 

In the beginning the on-line coal quality 
and quantity measurement was introduced 
only at the end of the all five belt conveyor 
transport systems in the three open pits of 
Maritza East Mines. In two of these pits coal 
is carried by trains to the TPP stations and in 
the third one the belt conveyor transports the 
coal directly to the TPP. The ash analyzers 
installed at these 5 points measure the belt 
load and the coal ash content, so we have 
on-line information about the coal quantity 
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and quality in the loaded trains as well as at 
the belt loading coal in the TPP store.  

Dispatcher has on-line information about 
the quality of outgoing coal so he can 
control it trough changing the output of each 
excavator to meet the desired value of the 
common coal quality. But if he had 
information for the ash content only at the 
end points of the 3-4 km long conveyor 
systems, than in case of big quality deviation 
and respective dispatcher decision to change 
the load of some excavators, the result would 
come with too big delay because there is a 
lot of coal already loaded on the conveyors. 

It was the reason for us to design and built 
ash analyzers working directly at the Bucket 
Wheel and Chain Excavators. Nobody could 
do it before in any coal pit because of the 
serious fear that the extremely hard 
conditions as well as the large coal size right 
after excavating will obstruct the necessary 
accuracy and reliability. But we took the 
challenge and the practice of last 6 years 
showed that we successfully solved that 
seemed insoluble task. In 2006-2007 we 
successfully install on-belt ash-analyzers at 
all 12 coal excavators in Maritza East Mines. 

Studding all the exploitation problems in 
next 2 years allow us to designing a next 
generation on-belt ash analyzers (BCA-06). 
Last two years all 17 on-belt ash-analyzers 
were renewed. 

2.3 Structure and Functions of the Coal 
Quality Management System (CQMS) 

2.3.1 Permanent on-line measurement of 
the coal quantity and ash content 

The first and basic level of the SQMS is 
the on-line measurement of the coal quantity 
and quality at 17 points in the three open pits 
of Maritza East Mines. These points are all 
12 coal excavators (4 in each pit), and the 
ends of the 5 conveyor transport lines 
carrying the coal out to the three TPP 
working in that region. The measurements 
are done at every second 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 6. Block-scheme of the CQMS in 
Troyanovo-1 and Troyanovo-Nord Pits 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
Figure 7. On-belt Ash-analyzer on the 
discharge boom of a bucket wheel excavator 

2.3.2 Transmitting data from the 
measurement points to the servers 

Next level is the on-line transmitting of 
the measured data to the servers in the 
dispatcher posts (DP) of the three pits.  
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Figure 8. Block-scheme of the radio 
connections in one of the pits 

 
All analyzers and the 3 servers are 

connected in a radio net which includes their 
own radio modems as well as some 
intermediate modems ensuring connections 
between the basic points in the hard for radio 
connection mine conditions. 

2.3.3 Processing and storing collected 
information and using it by Pit Chief 
Dispatcher  

All the information concerning coal 
excavation and transportation and the status 
of all excavators and conveyor belts for each 
of the three pits is processed and stored in 
the respective servers (third level of the 
System). These servers are installed in the 
Dispatcher posts of the three pits where 
trough their working stations the Pit Chief 
Dispatchers control all the excavation and 
transportation process and the coal quantity 
and quality. Besides the measurement data 
these servers store full data base for coal 
deposits including the general geological 
maps and all current data from geological 
samples. Special software helps the pit chief 
dispatcher to make the shift tasks for each 
excavator and generally for the pit. By 
means of the System during the shift he 
controls the realization of these tasks and 
could develop or change them.  

At his display dispatcher can see all the 
time, or when necessary at several screens 
the next information: 

- the current values of the coal quality 
and ash content at each working excavator 
and at the pit outgoing points; 

 
 

 
 
 
 
 
 
 
 
 

 
Figure 9. First screen of the dispatcher’s 
display 
 

- location and status of the excavators, 
belt conveyor system and trains; 

- current quantity and ash content of the 
coal loaded at every 50 meters of the each 
belt conveyor from the pit transportation 
systems; 

- daily (shift) tasks for each excavator, 
for all the pit and for each client; 

 
 
 

 
 
 
 
 
 
 

 
 

 
 
Figure 10. Assignment screen of the 
dispatcher’s display 
 

- detailed shift history of the excavating 
process as graphics or as table for each 
excavator, for each client and for all the pit; 

- Geological map, graphically showing 
by color scale the vertical projection of 
technologically split mining layers to be 
excavated and location of the excavators. 
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Figure11. Screen with the Geological map of 
the first mining layer in one of the pits 

2.3.4 Delivery of information to the Mines 
Management  

The highest level of the CQMS is the 
information delivery to the head office of 
Maritza East Mines. All kinds of reports 
could be taken of these servers trough the 
Maritza East Mines Internal Net. Depending 
on the level of access every specialist and 
manager can receive real time information 
concerning excavation process and coal 
deliveries to the TPP and reports for any 
period of time and by any criteria. So the 
System helps to the leading managers to 
make the best decisions for the current and 
for the general mines exploiting. 

2.4  Benefits of Using Coal Quality 
Management System 

2.4.1  

The on-line management of quality 
significantly improved the meeting 
customer’s requirements. For example the 
biggest Bulgarian TPP “Maritza East-2” 
receiving coal from Maritza East Mines 
requires the mean coal ash content to be in 
2% wide diapason and not more than 5% 
difference for a single shift. Before 
introducing CQMS the difference between 
the annual mean values of the ash content 
analyzed by coal lab in TPP “Maritza East-
2” and given by Maritza East Mines 
certificates is 2.6%. This difference 
decreased to 1.2% after putting CQMS in 

operation. In same time the number of 
penalties because of exceeding 5% 
difference decreased from 90 to 10 annually. 

2.4.2 Improving coal/overburden ratio 

On-site blending of coal during the 
excavation trough the CQMS allows the 
usage of high-ash coal, which is up to 15% 
in some parts of Maritza East Mines. It 
brings additional annual income of millions 
euro to the Mines. 

2.4.3 Optimization of the mining processes 

The System provides reliable data for 
current state of mining excavators and 
transportation machinery which allows the 
staff in charge to have a full view over all 
the processes and a fast reaction when 
necessary. CQMS has become an 
indispensable device for the mining process 
management. 

2.4.4 Supervision and management 
improvement 

Benefits given by improving the control 
of  processes, machinery and staff is difficult 
to be calculated. But they are easy visible - 
at the computer screens, during the 
production conferences, and in almost every 
information transfer - data, obtained by 
CQMS are in permanent use. 

2.4.5 Decrease of production costs 

The general estimation of the CQMS 
using in last years shows decrease of 
production costs for 1t of coal of 2-3%. 
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Anti-Explosive Powders For Coal Mining Industry 
 

B. Buczek, E. Vogt 
AGH, University of Science and Technology, Faculty of Energy and Fuels, Cracow, Poland 

 
ABSTRACT New methods of hydrophobization of limestone surfaces must be searched. In 
the work two methods hydrophobization: from the stearic acid vapour phase and from silicone 
solutions are proposed. The first technique of limestone powder hydrophobization was carried 
out in an installation of own design (Vogt, 2008), and it consisted in free sedimentation of the 
powder layer dispersed by stearic acid vapour in powder counter-current flow. The second 
way of modification consisted in mixing in the evaporating dish substrates: limestone powder 
and dope - silicone solution - Sarsil® H-15. Evaluation of properties so-obtained waterproof 
powders was carried out according to the Polish Standard, as well as using original powder 
determination ways, with the Powder Characteristic Tester. Moreover water vapour 
adsorption isotherms were obtained and the thermal decomposition of powder was made. 
 
 
1  INTRODUCTION 

As a precaution against coal dust explosions, 
stone powder is spread within mine barriers. 
During an explosion the stone powder 
disperses, mixes with the coal dust and 
prevents flame propagation, acting as an 
inhibitor. Stone powder reduces the flame 
temperature to a point where devolatilization 
of the coal dust can no longer occur; starved 
of fuel, the explosion is inhibited. The 
amount of stone powder required to inert an 
explosion depends on: particle size of the 
stone material, particle size and type of the 
coal dust, as well as atmosphere composition 
(humidity, content of air and methane) 
present in underground coal mines. 

Two types of stone powder are produced 
(regular and water-proof) which are used for 
sprinkling and for constructing dust barriers. 
A regular limestone powder is most 
commonly used for these purposes. Its major 
defect is its tendency to lose volatility, 
because of agglomeration under humid 
conditions, often reaching 100 % water 
saturation in mine atmospheres. Using the 
waterproof powder may eliminate it. Such 
powder has been produced by coating regular 
powder with stearic acid during grinding in 
stone mills (PN-G-11020, 1994), (Lebecki, 

1993). In modernized quarries and plants, 

modern mills of a complex construction are 
employed, in which contamination with 
hydrophobizing agents is practically avoided. 
For this reason, new methods of modifying 
the character of limestone surfaces are 
searched for.  

2 EXPERIMENTAL PROCEDURES 

2 .  1  Materials and Manufacturing 
Methods 

2.1.1 Materials 

2.1.1.1 Limestone powder 

In this work limestone powder (meal) from 
the Czatkowice Lime Quarry (Buczek at al., 
2007) with the grain diameter less than 80 
µm was used as a raw material during 
researches. This powder is, among others, 
used in the coal mining industry as one of the 
elements of the anti-explosive safety system 
(PN-G-11020, 1994), (Lebecki, 1993), 
(Skalski, 2005), (Man at al., 2009). 

The average chemical composition of 
meal in accordance with the manufacturer’s 
data is presented in Table 1. The real density 
of the meal, marked with the method of 
helium picnometry with the use of the 
AccuPyc 1330 apparatus, amounts to 2.7642 
g/cm3. 
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Table 1. Average chemical composition of limestone meal – manufacturer’s data 

Component CaCO3 SiO2+NR MgCO3 Fe2O3 Al2O3 Na2O K2O 
Heavy 
metals 

 (% w/w) 96.00 1.50 1.50 0.11 0.08 0.023 0.037 
In trace 
amounts 

 
2.1.1.2 Modifiers 

Industrial modifiers were chosen for 
research as they guarantee good contacting 
of powder grains with a hydrophobizing 
preparation. Stearic acid is used in mining 
production plants for the production of 
water-resistant powder preventing the coal 
dust explosion in mines (PN-G-11020, 
1994). 

Another dope used in the research include 
existing on the market representatives of 
groups of compounds applied for the 
hydrophobization processes of mineral 
materials; these are: a silicone preparation 
with the marketing name Sarsil® H-15 
produced by the Chemical Plant “Polish 
Silicones” Ltd in Nowa Sarzyna. The 
solution of methyl salicylate resin in organic 
solvent - has got the density of 0.78 kg/m3. 

2.1.2 Manufacturing methods 

Two methods of manufacturing of 
hydrophobic material are proposed: 
hydrophobization from stearic acid vapour 
and from silicone solutions.  

The commercially used in mining 
industry hydrophobic limestone powder has 
been produced by coating regular powder 
with stearic acid during grinding in stone 
mills.  

During these researches stearic acid 
vapour is contacted with limestone meal in a 
counter current flow in an installation of own 
design (Vogt, 2008).  

The second method of producing of 
hydrophobic limestone powder consists in 
mixing raw powder with commercial silicone 
solution in the evaporating dish. The initial 

research determined the liquid dope volume 
that should be added to the powder in order 
to obtain optimal conditions for the contact 
of the preparation with a solid. 

3 INVESTIGATION OF MATERIALS 
PROPERTIES 

3.1 Evaluation of the Hydrophobization 

Degree of Analyzed Materials   

Materials obtained in this way, may be used 
as an anti-explosive agents in mining 
industry. This waterproof product protects 
human life so its properties are very 
important and should be well known. One of 
the most important issues is the 
determination of the index of 
hydrophobization of samples. It is easy to 
determine it when stearic acid is used as a 
modifier, because there is a standard, which 
defines this measurement (PN-G-11020,  
1994). The manufactured, above written 
way, sample contains 0.18 % of stearic acid, 
being an acceptable level according to the 
Polish Standard (PN-G-11020, 1994). 

In the case of sample modified with the 
use of silicone solution authors had to work 
out the method for determination of 
hydrophobization C coefficient. The film 
flotation method (Diao at al., 1991) was used 
for this purpose when the commercial 
material produced by coating regular powder 
with stearic acid during grinding in stone 
mills was used as a comparative sample. The 
C coefficient defined to what extent the 
hydrophobic properties of the sample 
obtained with the use of silicone solution as a 
modifier are different from the hydrophobic 
properties of the commercial sample on 
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contact with a suitable (10, 20, and 60 % 
(w/w)) methanol solution. The average value 
of the C = 84 % coefficient shows that the 
sample doped by silicone solution obtained 
sufficient hydrophobic properties. 

3.2 Water Adsorption 

The hydrophobicity of obtained materials has 
been also studied, by the determination of 
water vapour adsorption isotherms, using the 
liquid micro burettes (Fig. 1). 

The greater water vapour adsorption for 
the hydrophobized powders (Fig. 1), 
especially for the sample modified with the 
use of stearic acid proves that products have 
achieved the water-resistance. 

3.3 Method Measurement of Powder 
Properties 

 
Obtained samples were analyzed with the use 
of the research methods originally applied in 
the powder technique due to the powder state 
of the material. It is interesting to know how 
the modification process influenced the 
change of typical powder properties, e.g. 
flowability or volatility. These properties are 
as well as hydrophobicity an important 
quality when we look at the possibility of 
using modified powders as an anti-explosive 
agent in mining industry. During researches 
Powder Characteristics Tester (PChT) – type 
PT-E, Ser. No. 90133 was used. 

Carr (Carr, 1965) has tried to evaluate 
powder’s flowability and floodability in a 
numerical manner with the combination of 
listed in Table 2 various physical 
characteristics. The tables for the conversion 
of the measured figures into a common index 
were published. 

 
 
 

a) 

b) 

 
 
c) 

 

Figure 1.Water vapour adsorption isotherm 
for limestone powder a) raw, b) 
hydrophobized in stearic acid vapour, c) 
hydrophobized in silicone solution ( - 
sorption  - desorption curve). 
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Table 2.The characteristic of raw and hydrophobized limestone powders. 

Characteristics 

Material 

Raw 

Modified 

 by stearic 

acid   

Modified  

by silicone 

solution  

Bulk density (kg/m3) 724 798 790 

Packed bulk density (kg/m3) 1475 1377 1414 

Repose angle (deg) 52 47 37 

Fall angle (deg) 35 33 34 

Difference angle (deg) 17 14 3 

Dispersibility (%) 20 41 16 

Carr’s ratio (%) 50 42 44 

Hausner’s ratio 2.0 1.7 1.8 

 
The parameters obtained with the use of 

PChT enable us to estimate the flowability 
and volatility of powders and give the 
possibility of determining the properties of 
limestone powder from the cohesion point of 
view. The obtained results may be used to 
assess the direction of changes of flow 
properties of limestone powders, which were 
caused by the hydrophobization process. 

3.4 Thermal Decomposition 

The thermal decomposition of the limestone 
powders hydrophobized by commercial 
modifiers was studied.  

Generally the role of limestone powder in 
the system of protection against explosions 
brings to the increasing of content of non-
combustible parts in coal dusts and physical 
prevention of the flame propagation. 
However, this role is much wider. Under the 
influence of the flames temperature comes to 
the thermal decomposition of limestone 
powder and both calcium oxide and carbon 

oxide (IV) are emitted. This endothermic 
process consuming some of the flame 
energy. The gases mixture is enriching in 
non-flammable CO2. It causes the reduction 
of the system’s explosion. So the limestone 
powder has a bigger efficacy than other anti-
explosive agents. By implication, analysis of 
the thermal decomposition of modified 
limestone powder may be important when 
these one is characterized as the anti-
explosive agent. 

The thermo balance TA Instruments 2960 
SDT was used during researches. DTA 
curves and the composition of obtained 
gasses (EGA) was measured. The results are 
showed at the Figure 3.The continuous line 
(Fig. 2a, 2b) represents the course of TG, 
DTG and DTA curves for the raw material. 
The dashed lines were obtained for limestone 
powder modified by stearic acid (Fig. 2a) 
and silicone solution (Fig. 2b). 
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a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b)  

 

Figure 2. TG, DTG and DTA curves for 
limestone powder: raw – continuous line a) 
modified by stearic acid – dashed line, b) 
modified by silicone solution – dashed line. 

The CO2 contents in emitted gasses 
showed at the Figure 3 (EGA). The curves 
obtained for modified powders overlaps with 
this one obtained for the raw material. 
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Figure 3. EGA curves for limestone powder: 
raw –continuous line a) modified by stearic 
acid – dashed line, b) modified by silicone 
solution – dashed line 

The little differences between of courses  
of TG,  DTG or DTA curves  for all 
investigated materials was stated. The 
obtained results show that the character of 
the thermal decomposition of modified 
samples is the same as this one for raw 
powder, what is profitable for application of  
hydrophobized powders as an anti-explosive 
agent. 

4. CONCLUSIONS 

Both the sample modified by stearic acid and 
doped silicone solution acquired the 
hydrophobic character. The greater water 
vapour adsorption for the hydrophobized 
powders (Fig.1) especially for sample 
modified with the use of stearic acid proves 
that the product has achieved the water-
resistance. Therefore we can state that the 
both proposed methods of hydrophobization 
of the limestone powder are useful. 

It was interesting how the modification 
process influenced the change of typical 
limestone powder properties. The parameters 
obtained with the use of Powder 
Characteristics Tester enable us to make a 
characterization of limestone properties not 

only as a water resistant material bat also 
from the cohesion point of view. 

On the base of  TG,  DTG or DTA and 
EGA curves for all investigated materials 
was stated that the character of the thermal 
decomposition of modified samples is the 
same as this one for raw powder, what is 
profitable for application of  hydrophobized 
powders as an anti-explosive agent. 
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ABSTRACT This paper presents an Analytic Hierarchy Process (AHP) model, which is 
developed for selecting the optimum plant location for coal preparation plant in coal mining 
industry. The every criteria which affect the decision making process in coal industry were 
determined to solve plant location problem in the AHP model. To select optimum plant location 
for a new coal preparation plant which is planned to install by Turkish Coal Enterprises located 
in the Soma region in Turkey, an analysis was carried out by applying the AHP method 
according to expert opinion. After solving the problem, sensitivity analysis was performed on 
the results. AHP model outputs were evaluated and the most suitable location was proposed for 
coal preparation plant. This analysis shows that the AHP method can successfully be applied 
for the selection of plant location as well as any decision making process in coal mining 
industry. 

 

INTRODUCTION 

Determining the most convenient plant 

location is one of the commonly encountered 

problems in engineering applications. 

Selecting a plant location is very important 

for all companies in minimizing cost and 

maximizing the use of resources. The new 

plant location should be evaluated carefully 

for the company’s competitiveness. To 

achieve this goal, every potential criterion 

must be considered in selecting a particular 

plant location, including investment cost, 

human resources, availability of acquirement 

material, climate, etc.  

Plant location selection can be described as 

Multiple Criteria Decision Making (MCDM) 

problem. MCDM is one of the most 

considerable branches of Operation Research. 

MCDM refers to making decisions  

in the presence of multiple, usually 

conflicting, criteria. The problems in MCDM 

are classified into two categories: Multiple 

Attribute Decision Making (MADM) and 

Multiple Objective Decision Making 

(MODM). However, very often the terms 

MADM and MCDM are used to mean the 

same class of models and mostly confused in 

practice. Usually, MADM is used when the 

model cannot state in mathematical equations 

and otherwise MODM is used (Hwang and 

Yoon, 1981). Therefore, determining the 

plant location is a MCDM problem but this 

kind of problem is mostly categorized in 

MADM so that the decision maker can 

evaluate the subjective criteria in the 

problem.  

Optimum location selection for coal preparation plants by using 
analytic hierarchy process method 

 

S. Çolpan 
Mining Engineer, MSc. Turkish Coal Enterprises, TURKEY 

 
M. Yavuz 

Associate Professor, Ph.D., ehir Osmangazi University, TURKEY 
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The decision maker wants to maximize 

more than one objective criterion for selection 

of plant location stage. Among the plant 

location alternatives, the most suitable plant 

location must be selected according to 

objectives and alternatives. MADM 

applications can help the decision maker to 

reach the optimal solution for the selection of 

plant location. In coal mining industry, 

MADM methods can be applied for the 

selection of coal preparation plant location 

because it is a process that includes 

subjective and objective criteria affecting the 

selection of plant location among the 

alternatives. 

Analytic Hierarchy Process (AHP) is one 

of the well-known classical Multiple Attribute 

Decision Making (MADM) methods. The 

AHP method was developed by Saaty gives 

an opportunity to represent the interaction of 

multiple factors in complex unstructured 

situations. The method is based on the pair-

wise comparison of components with respect 

to attributes and alternatives. The AHP, since 

its invention, has been a tool at the hands of 

decision makers and researchers; and it is one 

of the most prevalent used the MADM tools. 

The AHP method have been increasingly 

incorporated in mining applications such as 

drilling technology investment analysis, 

ground support design, tunneling systems 

design, mine planning risk assessment, 

underground mining method selection, plant 

location selection and open cast/pit mining 

equipment selection (Ataei, 2005; Kazakidis 

et. al, 2004; Karadogan et. al, 2001, Bitarafan 

and Ataei, 2004, Sammanta et. al, 2002; 

Ozer, 2005; Bascetin, 2004).  

Turkey’s indigenous energy resources 

consist almost exclusively of lignite and small 

amounts of hard coal. Turkey has around 1.3 

billion tonnes of hard coal and 11.5 billion 

tonnes of lignite resources, of which 0.5 

billion tonnes and 9.8 billion tonnes 

respectively are proven reserves. The Turkish 

coal sector produces both hard coal (2.8 

million tonnes in 2010) and lignite (69.0 

million tonnes), mainly used for power 

generation. Turkish coal-fired plants have a 

capacity of approximately 10.6 GW. Coal 

production in Turkey has increased 

approximately by 10 million tonnes in the last 

ten years and reached 71.8 million tonnes in 

2010. Almost all of the coal produced is 

lignite while hard coal’s share is only 3.9 %. 

Over 90 % of total coal production was from 

three state-owned enterprises in 2010: 

Turkish Coal Enterprises (TKI), Electricity 

Generation Company (EUAS) and Turkish 

Hard Coal Enterprises (TTK). The private 

sector’s share was only around 8%. However, 

about 35% of coal production reported by the 

state enterprises is mined by private 

companies under subcontract. In the future, it 

is expected that the Turkish coal mining 

industry’s production rate will increase and 

new coal mines and plants will be constructed 

in different region of Turkey (Anon, 2012).  

 

The most suitable location must be selected 

to achieve planned production target in coal 

industry. To solve this problem, AHP, that is 

MADM technique, was used in this study and 

an AHP model was developed to help the 

decision maker working in coal process. In 

the developed model, an expert team 

determined all the criteria affect the plant 

location of coal industry and weighted the 

pair-wise comparison matrices at the first 

stage of solving process of the problem.   

1 ANALYTIC HIERARCHY PROCESS 

(AHP) METHODOLOGY 

The AHP method developed by Saaty 

gives an opportunity to represent the 

interaction of multiple factors in complex 

unstructured situations (Saaty, 1980; Saaty, 

2000). The method is based on the pair-wise 

comparison of components with respect to 

attributes and alternatives. A pair-wise 

comparison matrix n×n is constructed, where 
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n is the number of elements to be compared. 

The method is applied for the hierarchy 

problem structuring. The problem is divided 

in to three levels: problem statement, object 

identification to solve the problem and 

selection of evaluation criteria for each 

object.  

After the hierarchy structuring, the pair-

wise comparison matrix is constructed for 

each level where a nominal discrete scale 

from 1 to 9 is used for the evaluation   (Table 

1) (Saaty, 1980; Saaty, 2000). 

 

Table 1. Scale for pair-wise comparisons 
 

Relative 

Intensity 

Definition 

1 Of equal value 

3 Slightly more value 

5 Essential or strong value 

7 Very strong value 

9 Extreme value 

2,4,6,8 Intermediate values between 

two adjacent judgments 

 

The next step is to find the relative 

priorities of criteria or alternatives implied by 

this comparison. The relative priorities are 

worked out using the theory of eigenvector. 

For example, if the pair comparison matrix is 

A, then, 

 

0wIA max …………………………1 

max” and 

eigenvector w=(w1, w2,..., wn), weights can 

be estimated as relative priorities of criteria or 

alternatives (Saaty, 2000). 

Since the comparison is based on the 

subjective evaluation, a consistency ratio is 

required to ensure the selection accuracy. The 

Consistency Index (CI) of the comparison 

matrix is computed as follows: 
 

1n

n
CI max

………………………………………..2 

max is maximal or principal 

eigenvalue, and n is the matrix size. The 

consistency Ratio (CR) is calculated as: 

RI

CI
CR ………………………………………………3 

where “RI” Random Consistency Index . 

Random consistency indices are given in 

Table 2. 

 

Table 2. The consistency indices of randomly 

generated reciprocal matrices 

 

 

 

 

 

As a general rule, a consistency ratio of 

0.10 or less is considered acceptable. In 

practice, however, consistency ratios 

exceeding 0.10 occur frequently (Saaty, 

1980; Saaty, 2000). 

2 GENERAL INFORMATION ABOUT 

THE TURKISH COAL ENTERPRISES 

(TKI) 

The coal production units that were under 

the control of Etibank Company, had been 

transformed into TKI in 1957. In accordance 

with the Government’s general energy policy, 

TKI has been assigned to produce lignite and 

some other types of coal and to meet the 

country’s coal demand, contribute to the 

economy of the country, prepare and execute 

plans and programs, determine application 

strategies and to realize them. Lignite 

reserves of our country are 8.3 billion tons 

and 2.5 billion tons of these belong to TKI. 

46 percent of lignite production of our 

country is performed by TKI. The Company’s 

production depends on the requirements of 

the power generation companies and the 

demand of heating and industry. It produced 

26.2 million tons of marketable coal in 2007 

and produced 3.6 million tons of coal through 

license. In 2007, it made a pickling of 268 
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million m3. 79 percent of the coal sold in 

2007 (31.6 million ton) was supplied to 

thermal plants of EUAS and affiliates of 

EUAS and 21 percent of it was supplied to 

industry and domestic market with the 

purpose of heating. 8,017 MW of total 

installed power (40,700 MW) of electricity 

energy of Turkey belongs to thermal plants 

based on lignite and capacity of current 

thermal plants fed by TKI is 4,203 MW. 22 

percent of total EUAS’s electricity production 

in 2006 was performed by the input that TKI 

has provided. Market share is 48 percent in 

domestic market excluding imports and 37 

percent including imports. 

3 INFORMATION ABOUT THE 

DIRECTORATE ESTABLISHMENT OF 

AEGEAN LIGNITE’S IN SOMA 

Mining operations begin in the region since 

1913. This region depends on to the lignite of 

Garp from 1939 until 1978, and then left from 

Lignite’s of Garp in 1978 and continued the 

activities with the status of establishment until 

1995. Then TKI got given respectively, 

regional directorate, operation directorate and 

finally the re-establishment of a legal entity in 

April 2004 and then the establishment 

ongoing activities of the center of the largest 

entity which is in Soma and 90 miles away to 

Manisa  

(Figure 1). 

 

 
Figure 1. The location of Soma 

 

Establishment which is located in the 

township of Manisa Soma has 610 million 

tons of lignite reserves with lower heating 

between the value of 2080-3150 kcal / kg. 

TKI have this reserves which are spread over 

24.4 thousand hectares and 71% of this 

reserves licenses may be taken with 

underground operations by TKI. 

 

This establishment supply fuel to Soma 

Thermal Power with 1034 MW (2x22, 

6x165) power and meet the demand for 

heating and industry. 64% of sales were to 

Thermal power plants in 2011. TKI’s 

approximately half of the total sales of 

heating and industries are met by this 

establishment. In addition, there are coal 

preparation and coal extraction plants in 

Soma to improve the quality of coal. In open 

cast mining uses large-capacity excavators 

and heavy trucks. Underground mining is 

done for the tender and the period of royalty 

with this method, the amount of the annual 

productions are 5.2 million tons. The total 

productions of establishment reached 9.6 

million tons in 2011. Aegean Region 

Chamber of Industry (EBSO), the region's 

largest industrial corporations ranked by sales 

and productions are always top-ranked 

(Anon, 2012). 

4 THE APPLICATION OF AHP 

MODEL FOR A COAL PREPARATION 

IN SOMA 

The criteria and sub-criteria assessed 

by an expert team consisting of one mining 

engineer who is the head of operation 

department and 30 years of experience in coal 

industry, one mining engineer who have 20 

years of experience in coal industry and one 

manager of production who have 30 years of 

experience. All decisions have a common 

hierarchical structure whereby options are 

evaluated against the various criteria that 

promote the ultimate decision objective. The 

problem of the new coal preparation plant 

location was structured in a hierarchy of 
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different levels constituting goal, criteria and 

alternatives as shown in Figure 2.  

 
 

Figure 2. Hierarchy structure for coal 

preparation plant location 

 

After structuring a hierarchy, the pair-wise 

comparison matrix for each level is 

constructed. During the pair-wise 

consideration, a nominal scale is used for the 

evaluation given in Table 1. As shown in 

Table 3, each main criterion affecting plant 

location selection was compared with the 

others and the pair-wise comparison matrix 

was constructed. The expert team carried out 

these comparisons. It is apparent that the 

economy criterion is the most important 

factor (priority 0.581) and it is followed by 

the production criterion (Table 3).  

 

Table 3. Pair-wise comparison matrix of main 

criteria 

 

 
 

After constructing the pair-wise 

comparison matrix of main criteria, all the 

subgroup of each main criterion should be 

compared with the others as shown in Table 

4, 5 and 6.  

 

Table 4. Pair-wise comparison matrix of the 

economy main criterion with sub-criteria of it 

 

 
 

Table 5. Pair-wise comparison matrix of the 

production criterion with sub-criteria 

 

 

 

 

 

 

Table 6.  Pair-wise comparison matrix of the 

environmental criterion with sub-criterion 

 

 

 

 

 

 

 

 

The pair-wise comparison matrices are 

constructed by comparing the each plant 

location area with each sub-criterion of all 

main criteria. The comparison matrix for 

“Close to stock” sub-criterion of economy 

main criteria is given in Table 7 as an 

example, and general evaluation of economy 

criterion is given in Table 8. The same 

procedure was applied for the other main 

criteria and sub-criterion of them. 
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Table 7. Pair-wise comparison matrix of the 

“Close to stock” sub-criterion of Economy 

criterion 

 

 
 

 

 

 

 

 

 

Table 8. Total priorities of Economy criterion 
 

 

 

 

 

 

 

 

The overall rating for each alternative is 

calculated by summing the product of the 

relative priority of each criterion and the 

alternatives considering the corresponding 

main criteria. For example, the overall rating 

of alternative “Eynez (A1)” is calculated as; 

= (0.145×0.112) + (0.231×0.075) + 

(0.173×0.569) + (0.070×0.243) = 0.149. 

Similarly, the final matrix is constructed as 

shown in Table 9. 

 

Table 9. Overall result/final matrix 

 

 

 

 
 

 

 

Since the comparison is based on the 

subjective evaluation, a Consistency Ratio 

(CR) should be calculated from Equation [3] 

to ensure the selection accuracy. It can be 

seen from Table 3 to 7, the maximum Eigen 

matrix (In Table 3, the size of matrix is 4×4 

values are less than 0.1 (In Table 3, the mean 

CR value is 0.030), so these values are in the 

desired range. Therefore, the decision is 

taken without repeating the procedure. 

Considering the overall results in Table 9, 

the alternative “South of Isiklar pond (A2)” 

must be selected as the optimum plant 

location site to satisfy the goals and 

objectives of the ELI management because 

the priority of this alternative (0.361) is the 

highest value than that of the others. 

5 SENSITIVITY ANALYSIS 

Sensitivity analysis allowed us to verify the 

results of the decision. A sensitivity analysis 

can be performed to see how sensitive the 

alternatives will change with the importance 

of the criteria. As the priority of one of the 

criteria increases, the priorities of the 

remaining criteria must decrease 

proportionately, and the global priorities of 

the alternatives must be recalculated. 

Sensitivity analysis can also be used to 

determine the most important or critical 

criterion by computing the absolute or 

percentage amount by which the weight of 

any criterion must be changed in order to 

cause a switch in the ranking of either the top 

alternative or in any pair of alternatives 

(Triantaphyllou, 2000).    

Increasing or decreasing the values of the 

Eigenvector of the main criterion in pair-wise 

comparison matrix simulated several 

scenarios. There was no change in the 

judgement evaluations in the final priority 

ranking when Eigenvector value of each 

criterion increased/decreased up to 35%. That 

is; the alternative “A2” can always be 

selected and alternative “A2”, “A3” and “A1” 

considering the final priorities sequentially 

followed this model. Final decision found by 

the proposed AHP model was compared with 

the simulated scenarios in Figure 3.  
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Figure 3. Sensitivity analysis results 

6 CONCLUSIONS 

Plant location involves the interaction of 

several subjective and objective factors or 

criteria. Decisions are often complicated and 

many even embody contradiction. In this 

study, the AHP model was developed which 

contains four main criteria and eleven sub-

criteria. Among four alternatives under 

consideration, variant “South of Isiklar pond” 

(A2) is the most acceptable one with 

allowance for all main and sub-criteria 

comprised in the analysis. Unlike the 

traditional approach to the plant location 

selection, AHP is more scientific method 

providing the integrity and objectivity of 

estimation process. The model is transparent 

and easy to comprehend and apply by the 

decision maker. For selection of plant 

location, the proposed AHP model is unique 

in its identification of multiple attributes, 

minimal data requirement and minimal time 

consumption.  

Coal processing is one of the most 

important parts of the coal industry. Because 

of the size of the investment, it is very 

important to determine the optimum coal 

preparation plant location. The developed 

AHP model from this study can be used for 

all coal mines, and can generate an analysis 

of worldwide coal industry.  

The AHP based decision making 

applications can be applied for different parts 

of the natural stone industry such as selection 

of best suitable cutting and polishing 

equipment, abrasives, diamond saw, etc. 

among the alternatives for a natural stone 

factory. The number of criteria and 

alternatives should be paid attention by the 

decision maker in the AHP applications 

because of the consistency and validity of the 

decision making process (Saaty and Ozdemir, 

2003; Ozdemir, 2005). The number of 

alternatives should be 7±2, otherwise the 

grouping method should be applied following 

the same way presented in this study. 
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ABSRACT   The main purpose of this study is to produce maximum amount of coal with the 
lowest cost by determining the optimum dimensions of fully mechanized longwall panels of 
Western Lignite Colliery owned by Turkish Coal Enterprises in Turkey. The optimization has 
been done by using Operational Research techniques. A nonlinear programming model 
developed by Yavuz was used in this paper. The parameters that have great impact on fully 
mechanized longwall panel are determined and categorized according to original model. Then, 
a decision model was generated by using these economic and engineering parameters. This 
model was solved by using software called as LINGO and the results were analyzed. After the 
analysis of the results, sensitivity analysis was performed to determine which parameters have 
great effect on the results. According to data from the WLC "Omerler A" sector, optimum face 
length was found as 129 m.  According to the model solution and sensitivity analysis results, it 
can be concluded that cost per ton of coal produced can be lowered or how a change in one of 
the any model parameter affect the cost per ton of coal produced can be easily monitored. 
 

 

INTRODUCTION To meet mankind’s 
increasing demand for raw material, today, 
mining has to produce more and more 
minerals at a suitable cost. This can best be 
achieved by mechanization of certain steps of 
mining. Mechanization allows miners both to 
increase the production capacity and to 
decrease the mining costs. Mechanization can 
be described as the future of mining sector. 
Especially, it is extremely important for both 
open pit and underground coal mining 
industry. In underground coal mines, 
Longwall mining method is the most 
preferred underground production method in 
coal mining industry. 

Like every underground mining method, 
longwall mining has also its special 
conditions, limits and problems. These 
problems are related to rock mechanics, 

safety of operation, ventilation, 
transportation, output capacity and 
mechanization possibilities. All these factors 
are strongly combined with coal panel 
dimension that is panel length and width. 
Whereas the panel length is chosen in most 
cases depending upon geological conditions, 
Optimum face length is bed-specific. This 
means that an optimum face length 
determined for a certain colliery is not valid 
for another region, colliery or country, and 
data collected to calculate this length for a 
certain case cannot be generalized.  

In this study, producing maximum amount 
of coal with the lowest cost by determining 
the optimum dimensions of fully mechanized 
longwall panels of Western Lignite Colliery 
(WLC) owned by Turkish Coal Enterprises in 
Turkey was analyzed. 

Determination of Optimum Coal Panel Dimensions for Fully 
Mechanized Underground Coal Mine in Western Lignite Colliery  
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1 WESTERN LIGNITE COLLIERY 

WLC is located in the western part of 
Turkey in Tunçbilek as shown in Figure 1 and 
an important lignite producing company with 
an annual production rate of 6 million tons 
from several open pits and two underground 
mines. The calorific value of the coal is about 
4000 kcal/kg in the district. Lignite 
production began in 1938 and has currently 
been consumed for electricity at the power 
plant and for domestic usage in several 
industries. Due to the increasing demand, the 
company plans on redounding the production 
rate (Taskin, 1999). However, it is predicted 
that open pit reserves will come to an end in 
about 10 year’s period. Therefore, the mine 
management has also planned an annual 
production rate of 6 million tons from the 
deep coal seam reserves by using the fully 
mechanized longwall panels. Coal reserves of 
Tuncbilek district are given in the Table 1, 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location map of WLC region 

(Tuncbilek) 
 
Table 1. Coal reserves of Tuncbilek district 

(Destanoglu et al., 2000) 
 

 

 

 
 

Mechanization applications in WLC have 
been continuing since 1984.  The first 
application was unsuccessful due to the 
selected wrong method. The second 
application began in 1996 and is still in 
practice in “Omerler A” sector. In this study, 
an optimization study was conducted for 
"Omerler A" sector. As seen in Figure 2, six 

panels were planned for extraction by means 
of fully mechanized face in sector A. At the 
time of this study, two adjacent longwall 
panels, namely M1 and M2, had been 
completed and the production was carried out 
at the M8 panel. Coal has been produced by 
means of longwall retreat with the top-coal-
caving production method where a 2.8m high 
longwall face was operated at the floor of the 
coal seam (Figure 3). Top-slice coal having a 
thickness of 5.2m was caved and produced 
through windows located at the top of the 
shields (Unver and Yasitli, 2005).  

 

 

 
 
 
 
Figure 2. A simplified plan view of Omerler 
underground Mine (Destanoglu et al., 2000) 

 

 
 
 
 
 
 
 
 

Figure 3. Longwall with top-coal-caving 
method as applied at Omerler underground 
mine 

2 A NONLINEAR PROGRAMMING 

MODEL 

A nonlinear programming model developed 
by Yavuz (2002) given in below. The 
parameters that have great impact on fully 
mechanized longwall panel are determined 
and categorized according to original model. 
Decision model was generated by using 
economic and engineering parameters. This 
model was solved by using software called as 
LINGO and the results were analyzed.  
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In this model, the objective function is 

given by Equation 1. The first part of the 

objective function is contains development 

costs, the second part is contains longwall 

costs and the last part is contains face move 

costs. The goal of this model is to minimize 

total production costs per ton. The first 

constraint is capacity of Armored Face 

Conveyor (AFC) and given in Equation 2. 

The second constraint is engine power of 

AFC (Equation 3).  The third constraint is 

tensile strength of AFC given in Equation 4 

for double chain in the middle. The other one 

is ventilation constraint and given in Equation 

5. In fully mechanized longwall panels, 

development activities must be compatible 

with production activities. So, Equation 6 is 

development constraint. The seventh 

constraint is geological and legal constraint 

and given in Equation 7. Last two constraints 

are being positive constraints for panel and 

face length (Equation 8 and 9). 
 
3 DETERMINATION OF OPTIMUM 
DIMENSIONS FOR WLC 

3.1 The Parameters Using in the Model 

The parameters using in the nonlinear 
programming model are given in Table 2, 
below. In this model, three shifts per day 
working period were accepted in the mine. 
Production time is taken as 6 hours per day 
and effective rate for daily time is taken 80%.  
 

Table 2. The parameters using in the 
nonlinear programming model (Taskin, 2003) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

The following calculations were made to 
determine some of the parameters contained 
in the objective function and constraints 
(Taskin, 2003).   
 

1. Calculation of longwall production: 
 
 
 
 
 

 
 
2. Calculation of the cycle time according 

to face end method. 
 
 

 
 
 
 
3. Calculation of daily coal production 
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4. Calculating the weight of the coal on the 

AFC 
 
 
 
 
 
 
5. Determination of total time for face 

move 
 
According to data from WLC, face move 

time was chosen as 53 days. 

3.2 The Objective Function of the Model 

In this study, all the costs of fully 
mechanized longwall were examined and 
divided into three main groups. These are; 
development costs, longwall costs and face 
move cost.  These three main costs were 
divided into subgroups as investment and 
operating costs (Taskin, 2003).  

 
Development costs are calculated as:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3 The Constraints of the Model 

By using both the parameters in the 
nonlinear programming model given in Table 
1 and Longwall production, cycle time, daily 
coal production, weight of the coal on the 
AFC and total time for face move, the 
constraints in the model were calculated in 
the below. These are (Taskin, 2003); 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.4 Nonlinear Decision Model for 
"Omerler A" Sector 

By using nonlinear programming model 
developed by Yavuz, the calculated objective 
function and constraints were simplified. The 
final version of the model is given below 
(Taskin, 2003). 
 

 
 
 
 

 

 

3.5 Solution of the Model and Sensitivity 
Analysis 

Non-linear programming model was solved 
by using software called as LINGO and the 
results were analyzed. In this study, two 
different models were solved. In the first 
model, the decision model was solved and 
optimum face length and minimum coal cost 
per ton were found to be 129 m and 5.58 $, 
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respectively. In the second model, 90 m face 
length which applied in the mine was entered 
in the model and coal cost per ton was 
calculated in this case. The coal cost per tone 
was found as 7.53 $. 

After the analysis of the results, sensitivity 
analysis was performed to determine which 
parameters have great effect on the results. 
After the sensitive analysis, coal cost per ton 
was found sensitive to engine power of AFC 
constraint. In the other sensitive analysis, coal 
cost per ton was found sensitive to 
development constraint and capacity of AFC 
constraint, respectively. 
 
CONCLUSION 

 

In this study, an optimization study was 
conducted to determine optimum dimensions 
of fully mechanized underground coal panels 
for Omerler sector in WLC. A nonlinear 
model proposed by Yavuz (2002) was used in 
this study for minimization for cost of total 
production. Application of this decision 
model was carried out to find the optimum 
face length of WLC Omerler fully 
mechanized underground coal panels. The 
length and the number of the panel variables 
were not taken into account in decision 
model. Optimum face length was investigated 
for 750 m coal panel length which is applied 
in the "Omerler A" sector. A cost function 
was obtained according to longwall length 
(UA) by using all cost functions in the sector. 

According to data from the WLC "Omerler 
A" sector, optimum face length was found as 
129 m. The cost per ton of coal for 129 m 
face length was calculated to be $ 5.58. For 
the 90 m face length which is still being 
applied in the WLC, the cost of coal per ton 
was calculated to be $ 7.53. This cost is in 
agreement with WLC data. The reserve of 
analyzed coal panel’s was approximately 1 
million tons, so the economic value of the 
difference between costs of $ 1.95 per ton 
can be better understood. 

An optimization study should be applied 
for constructing new coal panels in the WLC. 
Examination of constraint equations of the 
model and improvement of the factors 
restricting the face length, better production 
values could be obtained from the fully 
mechanized coal panels in WLC. 
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