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Introduction

Poland still belongs to a relatively small group of European countries, where a generation of electric energy and
heat is based on solid fossil fuels: hard coal and lignite. About 77% of electric energy was produced from coal in
2019 (47.8% - from hard coal and 29.0% from lignite). According to the present economic policy, coal plays and
will play a crucial role in several years to come as regards energy security and independence. During the after-the-
war period, twenty-two big hard coal mines and five open cast mines were constructed. A continuous increase of
hard coal annual production rates could be observed over the period of 33 years until 1979, when the highest
annual production rate was reached, i.e. 201 mils. Mg. At the beginning of the sixties, a modernisation of mines
started consisting in, among others, a merger of small mines. Within a period of the following twenty years, more
than twenty small mines were combined, so in 1980 the total number of hard coal mines was 66 (instead of 81).
Political and economic, as well as social changes which started in 1989, forced the decision-makers to adopt the
mining sector to the requirements of the market-oriented economy. The last thirty years were not good for the
mining sector in general. One of the mines, which took advantage of new economic conditions and changed its
functional strategy, was the Bogdanka Mine, situated in the Lublin Coal Basin. The first longwall face started its
operation in 1986. It was a test longwall face. In 1986 the second longwall face in the Bogdanka Panel was started,
and the first longwall face in the Nadrybie Panel began its production in 1987. However, the production
breakthrough took place in November 1988. Within the years 1988-92, the number of longwall faces increased to
five. The period of recent forty years enabled a new approach to the development and exploitation of deposits
situated in difficult mining-and-geological conditions at great depths. It included a restructuring process oriented
toward increasing work safety and productivity as well as decreasing operational costs (top productivity, top
production concentration and lowest costs). A drastic drop in coal prices over the years 2014-2019 and difficulties
with selling coal made the Bogdanka Mine decision-makers elaborate a new production strategy based on
controlling the production in the scope of commercial coal, on stabilising production parameters and on improving
the quality of the run-of-mine, i.e. on reducing a dilution of the run-of-mine. The problems indicated above were
a prerequisite for undertaking research work on an impact assessment of run-of-mine dilution on hard coal
production efficiency in the LW Bogdanka. Using information and monitoring technologies, an innovative
production management system was successfully implemented. It should be borne in mind that a phenomenon of
mineral dilution results from the mechanisation of mining processes. (Wright, 1983; Ingler, 1984; and Knissel et
al., 1955) analysed the phenomenon of deposits impoverishment. (However and Noppe, 2003) suggested a
classification of impoverishment into three groups:
e primary impoverishment — floor coal-cutting with a roof and floor layers using a shearer or a roadheader,
e secondary impoverishment — cutting uplifted floor or collecting rock after the roof fall,
e third-rate impoverishment — coal impurities generated at cleaning powered-roof supports or mixing dirt
generated at driving stone roadways with the coal run-of-mine from longwalls.

According to Saedi et al., 2008 in underground mines, off-seam dilution (OSD) varies from 15% to 30% in
relation to mining and geological conditions as well as to technical parameters of the mining system. The first
publications on dilutions appeared in 1971 (Popov, 1971), but since 1973 Agoshkov described relationships among
parameters of minerals and dilutions (Agoshkov, 1974; Agoshkov and Panifilov, 1973; and Ahoshkov and Rysov,
1967). Some tests were conducted in the Stillwater Mine in Montana by (Annels, 1996). He stated that
impoverishment increases when the seam thickness decreases. The subject matter of dilution in the case of metal
ores was investigated by Soviet researchers and scientists such as (Bajkov, 1973 and 1978; Bajkov and Kuchko,
1974; Kaplunov, 1938 and 1948; Mielnikov, 1973 and 1974). The results of their research work were used to
develop similar methods in the hard coal mining industry.

Research objectives

Several research methods, techniques and tools were used for an impact assessment of the run-of-mine
dilution on a hard coal production efficiency.
They included as follows:
e expert analysis of Polish and foreign literature,
*  mathematical modelling,
e probabilistic modelling,
e an assessment of economic efficiency,
e astatistical analysis,
o a simulation with the use of the Monte Carlo method,
*  an analysis of agglomerations,
*  an analysis of scenarios.
The research methods presented above were used to confirm that it is possible to achieve positive economic
results due to a rationalisation of coal winning processes. An impact assessment of the run-of-mine dilution on
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hard coal production efficiency was based on the data collected from three longwall faces conducted in a thin seam
at the LW Bogdanka.

Impact assessment of deposit impoverishment on the economic efficiency of a coal production process
in an underground mine

Resource and economic assessment under uncertainty and risk is difficult and complex. Many geological,
mining, technical and economic aspects should be taken into consideration. It should be borne in mind that the
assessment process itself is subject to errors in the scope of measurement and interpretations of the obtained data
as well as errors resulting from lack of detailed knowledge. Uncertainty about the real value of geological
parameters plays a significant role. In many cases, the information available is insufficient and can cause an
incorrect interpretation, especially at the initial stages of the mine development (Kopacz et al., 2019).

Efficient mining operations require control of key geological and mining variables relating to the deposit
(Biaty, 2014; 2015; 2016; 2017), to coal deposition conditions in seams and the applied mining technology.
Relationships among different mining and geological conditions as well as their impact on a model of a mine,
mining technology, costs of processes, quality of commercial products and economic efficiency of mines were
investigated by (Karbownik, 1987; Lisowski, 2001; Magda et al., 2002; Lorenz et al., 2002; Przybyta and Chmiela,
2007; Rajwa, 2007; Dyczko and Kopacz, 2008; Lubosik, 2009; Sobczyk, 2009; Brzychczy, 2012; Wodarski and
Bijanska, 2014; Grudzinski, 2012 and 2013; Turek, 2013; Kopacz, 2015). These publications confirm the fact that
a generation of a smaller amount of dirt in underground workings contributes to an improvement of coal production
economic efficiency.

A thirty-year activity of the Bogdanka Mine is based on longwall exploitation with the use of shearers
(Figure 1), which ensure a successful operation in seams above 1.6 m. In this mine, the production rates reached
15000Mg/day in the case of mining seams of the height from 1.6 to 2.0 m and up to 20000 Mg/day in the case of
mining seams of the height from 2.0 to 2.5 m.

Il - for seam of 2.0-3.0 m thickness

%

Fig. 1. Longwall system with the use of a shearer at the Bogdanka Mine

In the case of seams below 1.6 m in the longwalls equipped with shearers, cutting the roof and floor layers is
necessary to ensure the right longwall height for an operation of a longwall system. Such an operation causes a
bigger loading of a shearer, a dilution of coal with rocks from the layers adjacent to the seam and a deterioration
of the run-of-mine quality.

In 2010 a plough system (Figure 2) was implemented in the Bogdanka Mine to improve the mining efficiency
of longwalls of 1.6 m height. An implementation of ploughs improved the quality of the run-of-mine due to a
reduction of cut rocks coming from the roof and floor rock layers.

B 1V - for seam of 1.2-1.8 m thickness
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Fig. 2. Plough system applied in the Bogdanka Mine

According to the experience gained in American mines, a 1% reduction of dirt in the run-of-mine caused a
two-digit improvement of the production profitability.
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The longwall 7/V/385 equipped with a shearer enabled to obtain 68% of coal in the run-of-mine, and in the
longwall 1/V1I/385, even a better result was achieved, i.e. 75% of coal in the run-of-mine. Until 2019 the Bogdanka
Mine purchased four plough systems in total. The first one, applied in seam No. 385/2 of the thickness 1.55 m,
enabled to reach the daily production rate on the level of 10000 Mg. The average daily gross production rate was
8200 Mg, and the total production rate over the period: April-October was 1382 thousand Mg at the average daily
longwall advance of 10.0 m, the average monthly advance of 247.4 m and the average daily plough operation time
reaching 5h 23 min.

The Bogdanka Mine reached the world record as regards the daily production rate from low seams, which
was 22400 Mg. However, this record was broken by the miners from the Pinnacle Mine (USA) in August 2019.
The daily production rate in the longwall face of the height 1.42 m and length 294 m reached 29420 Mg using the
Cat Gleit hobel GH1600 automatic plough system. Soon after, Bogdanka increased its daily production, which in
October 2019 reached 33612 Mg.

The seam No. 385/2, at a depth of 950 m, is one of the richest and most regular hard coal seams in the Lublin
Coal Basin.

Another example of implementing the plough technology concerned the longwall 7/VII/385 of the 305 m in
length and of the panel length 5 km in the seam of the thickness 1.25-1.60 m, which was equipped with a plough
system which was previously used in the longwall 1/VI/385.

In 2014 the Bogdanka Mine purchased the following two plough systems. At present, four plough systems
are sufficient for keeping the production rates on the required level for several years to come. Both cutting
technologies: shearer systems and plough systems, will be used in the case of four longwalls to be exploited, with
six mechanisation systems at the disposal, i.e. three plow systems and three shearer systems or four plough and
two shearer systems.

The next step of the research work included the development of a correlation matrix for variables determining
shearer-equipped longwall faces and a correlation matrix for variables determining plough-equipped longwall
faces. From the statistical point of view, correlation analysis in the case of shearer-equipped longwall faces showed
essential relationships among:

* the time of longwall face operation, total production rates of coal run-of-mine and total operational costs,

e the seam thickness and net daily production rates,

e the amount of floor and roof rippings and the amount of extracted coal,

e the gross daily advance and average net and gross daily production rates,

e the gross daily production rates and the seam thickness as well as the cutting height,

e the total production rates of the run-of-mine (and coal) from the longwall face together with the total
operational costs, including direct costs such as: use of materials, energy, repairs, wages, as well as other
costs.

As regards, plough-equipped longwalls high and essential values of correlation coefficients were obtained in
the case of:

* an advance, net and gross production rates and operational costs,

e aseam thickness, roof fall, exploitation door, net and gross production rates and operational costs,

e anet amount of coal and seam height, roof fall and operational costs.

A conducted correlation analysis confirmed relationships among an advance of longwall faces, seam
thickness, daily and total coal production rates and even to a bigger extent — of dirt as well as operational costs. It
showed that in the case of shearer-equipped longwalls, there is a correlation relationship between an advance and
operational costs. But in the case of plough-equipped longwalls, this relation is stronger, although a correlation is
positive. Besides, there is a correlation relationship as regards an average gross daily production rate of the run-
of-mine.

Impact assessment method of the run-of-mine dilution on the economic efficiency of coal production

An impact assessment of the run-of-mine dilution on the economic efficiency of coal production was
conducted with regard to an operational life cycle of a longwall face which included development activities, a
production phase, disassembly of equipment and liquidation of the face (Kustra and Sierpinska, 2013; Magda et
al., 2002). Due to a specificity of the obtained data, the analyses were conducted on the basis of generalised data
from the plough-equipped longwalls: 1/VIII/385, 6/VII/385 and 3/V1/385 generated for a big population of
10 thousand variables, covering a full operational life cycle of one longwall face.

The analysis includes several key stages:

e preparation of data,

e ageneration of big random samples,

e construction of an economic efficiency model.

The thematic scope includes geological data (ash content, calorific value, humidity, weight of run-of-mine),
cost data, data analysis and construction of an economic efficiency model, an analysis of agglomerations,
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verification of results and finally, a generation of assessment results in the form of scenarios. This approach
combines qualitative features of the run-of-mine with the features of the mining system and exploitation costs.

A model of economic efficiency assessment is also based on the data from empirical samples and the samples
generated using the Monte Carlo method and grouped into 11 clusters implemented in the RapidMiner Studio 5
Software.

Impact of run-of-mine dilution on production efficiency

The scope of the research work included the following tasks:

. A collection of geological data from the SYSKON system (ash content, calorific value, moisture content,
weight of the run-of-mine).

e Preparation of technical data (advance, statistics of break-downs taken from the SIK system and their
combination with the data from the SYSKON system).

e A specification of costs.

*  Animplication of historical operational data for a model.

e Data analysis.

* A selection of mixes and a generation of big random samples — a construction of a simulation model.

*  Construction of an economic efficiency model — a generation of a discount model in the NPV method.

Analysing the steps presented above, it can be seen that quality parameters of the run-of-mine are combined
with the features of the mining systems and the production costs.

An introduction of the Monte Carlo method improved the modelling quality and generated big data sets. Four
different scenarios were defined: a basic scenario, an optimistic scenario, a pessimistic scenario and an optimised
scenario. An impact assessment of the run-of-mine dilution (dirt) on the economic efficiency of a mining process
was conducted based on the data from three plough longwall faces. The characteristics of these faces are given in
Table 1.

Table 1. Characteristics of plough longwall faces under analysis [0].

Specification 3/V1/385 6/VI11/385 1/VIIL/385

Name of district G-6 G-4 G-1

Name of system Plough system No. 3 Plough system No. 2 Plough system No. 1
Plough Bucyrus 3 Bucyrus 2 Bucyrus 1

Number of  support 1425x1.75m 172sx 1.75m 172sx1.75m
Panel length 2300 m 4850 m 5024 m

Longwall length 250 303.8 303.8

Panel data analysis 410 m — 1500 m 2700 m — 4400 m 4531 m—5024 m
Period data analysis 12.01.2015 - 13.10.2014 - 24.11.2014 -
Average seam height 1.45 1.42 1.31

Average roof fall 0.55 0.5 0.4

Average floor ripping 0.33 0.35 0.43

As the result of such an approach, a typical plough face was generated. A stochastic model was constructed,
and it was used for generating big sets of representative data. In the following step, an analysis of aggregations
was performed with the use of the RapidMiner Studio 5 software. According to the traditional formula, the net
present value — NPV was a sum of present values (up-dated) of annual cash flows reduced by costs of initial
investments. The equation, enabling to calculate NPV, is as follows:

n

NPV = Zi - I (1)
—~ (1 +dYf
=1

where:
CF; — cash flow in the t year [PLN],
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Iy — initial investments [PLN],
d — discount rate [%],
n — total number of periods required for a project realisation.

NPV is a very good tool to be used to assess economic efficiency. The bigger NPV, the bigger profits result
from a project realisation. A block model was constructed on the base of analysed longwalls (Klackova et al.,
2019). A stratigraphic model of the Bogdanka deposit was generated on the grounds of surface boreholes and
underground test holes (Figure 3).

Fig. 3. Model of surface and location of test holes.

Such a stratigraphic model enabled to model a fall of roof rocks.
In the case of the plough longwall 1/VIII/385, a roof fall (in yellow) is clearly visible (Figure 4).

4849 m of longwall
¢ S-97 4850 m of longwall

Fig. 4. Profile of 1/VIII/385 plough longwall on 30th November 2014 [0].

The forecast of roof rockfall was made with the use of the MineScape software developed by the ABB
Company. Then a statistical assessment of empirical data, which included an expert analysis, was conducted. An
analysis of regression, variance and correlation revealed some difficulties in selecting a statistical model. The
Statistica software was used in this case.

The conclusions drawn from the statistical analysis enabled to state explicitly that there is a strong relationship
between the longwall face advance and the run-of-mine weight. The quantitative criterion seems to dominate the
qualitative criterion, which is confirmed by a decreasing calorific value of the run-of-mine (Kuric et al., 2019;
Pivarciovd et. al., 2019). Conclusions drawn on the basis of analyses of agglomerations are more appropriate than
those based on a linear model, which can be misleading in particular for a population composed of a few data sets
within the whole life cycle. Such an approach enabled identifying sets of similar observations and determining
descriptive statistics for them, i.e. technical and economic relationships. As already mentioned, a selection of
theoretical distributions for empirical data was made with the use of the Crystal Ball software and the Monte Carlo
method. Finally, the A-D (Anderson-Darling) method was chosen, which is sensitive to so-called thick tails. D —
value statistics were high and sufficient for verification of selection correctness of the theoretical distribution of
empirical data. To obtain a sufficiently big number of data for an analysis of agglomerations, big sets of
observations (about 2500) were generated for the following variables: advance, the weight of the run-of-mine,
calorific value, ash content, amount of dirt that can be eliminated. The Latin hypercube technology was used for
sampling. A distribution of dirt, which could be eliminated, was based on an expert assessment of possibilities of
leaving a determined amount of stone in the plough longwall according to geological guidelines. Finally, using the
Monte Carlo method, it was possible to re-create a standard plough face model and generate big data sets (Wiecek
et al., 2019). This step ended the assessment phase and the analytical material preparation, which enabled to start
the phase of constructing assumptions of a mathematical model incorporated in the economic efficiency model.
Analysed data, both from empirical samples as well as generated using the Monte Carlo method, were grouped
into 11 clusters in the RapidMiner Studio 5 software.
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A relationship between average ash content and an advance for a given cluster in the mathematical model is
shown in Figure 5.

25.00 50.0%
48.0%

20.00 46.0%
44.0%

15,00 42.0%
40.0%

10.00 38.0%
36.0%

5.00 34.0%
32,0%

0.00 30.0%

1 2 3 = 5 6 7 8 9 10 11

average advance

average ash content

Fig. 5. Relationship between average ash content and an advance.

A reduction of dirt in a longwall face has an impact on reducing ash content. The formula used for calculations
was based on the mass and energy conservation law:

my X pp = skgy, X 100% + (mp — skgs) X pn (2)

where:
m,, — total weight of the run-of-mine [Mg],

Pp — primary ash content according to indications of ash-meters [%],

sk ;s — weight of dirt which is possible to be eliminated [Mg],
Pn — new ash content in the changed run-of-mine structure [%].

After transformations, the formula for an assessment of new ash content is:

_ My XPp—SKkdyx100%

[Po] 3)

Pn mp—SKqy

The next stage of calculations was oriented onto a determination of an advance. The total effect of efficiency
increase was calculated from the following formula:

_—

E
Xpp

- 1/%] (4)

where:
E — efficiency increase [%],
Pp - sample advance [m],

Ny, —new sample advance [m].

In Figure 6, relationships in clusters among the run-of-mine weight and the advance, as well as the ash content,
are shown.
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Fig. 6. Relationship in cluster among the run-of-mine weight [Mg] and the advance [m/d] and the ash content [%].

It is worth seeing in clusters a changeability of the ash content in relation to the advance, as it is shown in
Figure 7.

cluster ¢ cluster_0 @ cluster_8 @ cluster_4 @ cluster_1 @ cluster_3 @ cluster_2 @ cluster_7 @ cluster_8 @ cluster.S @ cluster_6 @ cluster_10
s3
s2 °
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47 L B
46
45
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42 ® 90
-
c 41
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539
O3g
37
© 36
35
34
33
32
31 e o
30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1s 16 17 18 19 20 21 22 23 24 25 26 27
advance

Fig. 7. Changeability in clusters of ash content in relation to the advance.

Basing on the conducted analysis of agglomerations, it was calculated that the maximal advance increase in
relation to average values experienced at the LW Bogdanka is 8 metres per day. From the scientific point of view,
it was interesting to investigate the impact of geological, mining, technical and organisational conditions on the
longwall face advance (Kuric et al., 2021). An inquiry method was used. In total, 440 questionnaires were
distributed, but 165 were analysed as the other ones were either incomplete or completed incorrectly. According
to the questionnaire respondents the biggest impact on production rates in plough longwalls had geological
conditions (51%) (Liaposhchenko et al., 2019). Technical and organisational conditions had an impact of 24% and
25%, respectively. As regards the production purity, 62% of respondents regarded geological factors to have the
biggest impact, 22% of them chose technical factors and 16% - organisational ones.

Model of economic efficiency (profitability)

A rationalisation of a coal production process gives big savings as regards operational costs. It concerns, in
particular, the content of dirt in the run-of-mine. The FCFF (free cash flow to firm) was used for a calculation of
economic-and-financial results, taking into consideration:

. production of the run-of-mine and of coal,

. identified reductions of costs connected with mining a smaller amount of dirt,

. an income,

e operational costs of development work, of equipping longwall faces, of production from plow — equipped
longwalls, of drawing off the faces.
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Based on this information, a structure of the economic efficiency model was generated. It included as follows:
e Total net production rate from longwalls and road-headings.
e  Income.
e  Mining costs of using a plough technology.
*  Amount of eliminated dirt.
e Total savings.
e Total costs.
e  EBIT (income before tax, interests).
e Depreciation.
e Taxes.
e NOPAT (net operational profit).
¢  FCFF (free cash flow to firm).
An analysis of the economic efficiency enabled to present net values for different scenarios, which vary from
1496.0 to 1777.4 mil. PLN. However, total net profits are from 74.6 to 281.5 mil. PLN. Table 2 shows the results
of the economic efficiency assessment.

Table 2. Results of economic efficiency assessment.

Type Specification NPV Savings in relations to
of scenario [million PLN] present state [million PLN]

"as is" Present state 1495.9 0.0

"to be" Pessimistic scenario 1570.5 74.6

"to be" Basic scenario 1 580.6 84.7

"to be" Optimistic scenario 1753.5 257.6

"o be" The scenario at full optimisation 17774 2815

effects

In the result of conducted research investigations, it can be concluded that an exact driving of the plough head
along the seam floor gives positive economic effects as it enables to avoid cutting a part of the seam containing
small amounts of coal but big amounts of dirt, which causes an increase of ash content and thus reduces the quality
of the feed directed to the preparation plant.

Analysing the production balance of wastes generated in the LW Bogdanka over the years 2005-2014
(Kopacz, 2015), it can be seen that the annual production waste varied from 2.169 to 5.624 mils. Mg. According
to (Kopacz et al., 2019), over the years 2007-2013, contents of dirt in the gross weight of the run-of-mine in the
Polish hard coal mines increased from 29.6% in 2007 to 31.5% in 2013. From the information published in
(Dyczko, 2018), it can be seen that in the LW Bogdanka in 2013, the content of dirt in the gross run-of-mine was
about 37.7%. The net coal index was 62.3%. The forecast of coal production rates for the years 2020-2034,
presented in (Bajkov, 1973), assumes that an annual amount of dirt will stabilise on the level of about 5.1 mils.
Mg, whereas the forecasted net coal content will be about 69.5%. The structure of production wastes in the LW
Bogdanka over the years 2005-2014 (Kopacz, 2015) indicates that about 85% of production wastes came from the
coal mechanical preparation process. It can be stated that processes of separating dirt from coal in the mechanical
preparation plant significantly impact hard coal production efficiency (Figiel et al., 2020). In this context, research
and development work concerning an improvement of quality and production rates of coal mechanical preparation
processes (Kowol and Matusiak, 2019 and 2019) play an important role. During these processes, a relatively large
amount of dust is generated (Lutynski, 2016). It is a hazard to occupational safety and health (Lutynski, 2017).
Control of this hazard is the subject matter of numerous research projects such as, for example, (Bataga, 2019).

A correct selection of the seam mining technique and technology, in the aspect of minimising the dirt content
in the run-of-mine, apart from an essential impact on the hard coal production efficiency, also has a significant
impact on occupational safety and health of miners. A cleaner seam extraction reduces free crystalline silica (FCS)
in the dust generated in the process of cutting the rock mass. Coal dust in underground workings contains from
2% to 10% of free crystalline silica (Finkelman et al., 2002 and Onder et al., 2009). They belong to dust causing
fibrosis, pathomechanisms of silicosis. The measurements taken at workplaces in the mining industry
(Mikolajczyk et al., 2010) confirm the average concentration of this dust on the level of 2.31 mg/m?. The maximal
permissible concentration was exceeded in the case of 56.75% of measurements. The dust concentration can be
effectively reduced by efficient ventilation and spraying installations (Prostanski, 2017 and 2018).
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Conclusions

An impact assessment of the run-of-mine dilution on hard coal production efficiency in the LW Bogdanka
was started with the preparation of the data sample. These data were collected from three longwall faces. An
assessment of empirical data was started with statistical analysis to select an optimal model, enabling to generate
a mathematical model including an advance of longwalls, the quality structure and production rates of the run-of-
mine from plough longwall faces. Qualitative and quantitative data were taken from the SysKon400 equipment
installed on the conveyors.

The statistical analysis revealed small relationships among the ash content and other quality parameters of
the run-of-mine in linear and non-linear models, so the Monte Carlo simulation and analysis of agglomerations
were introduced. As the result of such an approach, a mathematical model of the plough longwall faces was
constructed. The economic effect was estimated based on calculations of the amount of dirt eliminated due to no
floor cutting as well as potential savings relating to costs of processes. These savings were identified using a cost
structure in the LW Bogdanka.

As the assessment process turned out to be extremely complicated, an analysis of scenarios was introduced
in the function of advance increase and an improvement of extraction purity. In general, the coal resources in thin
seams are in the range of 66.8 mils. Mg the LW Bogdanka can achieve:

e Total cost reduction in the amount of 170 mils. PLN.
. Maximal total profit (NOPAT) in the amount of 384.1 mils. PLN.
e Values of income effects according to the NPV method in the amount of 281.5 mils. PLN.

The research project results presented in the article confirm that there are possibilities and measures of
optimising the mining processes regarding the run-of-mine dilution impact on hard coal production efficiency in
the LW Bogdanka.
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