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tion is mainly determined by mining and geological conditions, which determine the method of oper-
ation and the selection of machines and devices for this process. One of the most dangerous natural
hazards associated with this process are ventilation hazards, including methane hazard. The reason for
this threat is methane, an odorless and colorless gas, which becomes a flammable and explosive gas
under certain criteria. These features make this gas a huge threat to mining operations. Its huge
amounts, contained in coal seams, are released into the mine atmosphere during the exploitation pro-
cess, causing a very high threat to work safety. Events related to the occurrence of methane are most
often the cause of mining disasters, in which people die and the technical and mining infrastructure is
destroyed. The reason for the growing methane hazard is the increasingly difficult mining conditions,
and mainly the increasing depth of mining, and thus also the increase in methane-bearing capacity of
the seams. Taking into account the huge impact of methane hazard on the mining process, the article
discusses its impact on the safety and efficiency of this process. The results of the literature review
with regard to this risk are presented and the accident statistics are presented. On the basis of actual
data, an analysis of interruptions in the exploitation process related to exceeding the permissible me-
thane concentrations was carried out in one of the mines. The problem of limiting the production
process due to these exceedances is an important factor reducing the efficiency of this process. The
obtained results clearly indicate that the losses resulting from these breaks deteriorate the profitability
of the entire process and affect the economic efficiency of the industry. In order to effectively coun-
teract the dangerous phenomena related to the methane hazard and to improve the efficiency of the
mining production process, solutions were proposed to improve this state and the directions for further
research were proposed.

DOI: 10.30657/pea.2022.28.48 JEL: J28, M11

1. Introduction

One of the most common natural hazards in underground
coal mining is the methane hazard (Matuszewski, 2009). Its
cause is methane, an organic chemical compound that is one
of the simplest saturated hydrocarbons. At room temperature,
this gas is odorless, colorless and lighter than air. In the mine
atmosphere, this gas rises under the roof of the excavation. It
is also a gas that is inert to the respiration process, but at
a higher concentration it can displace oxygen (Lukaszczyk,
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2019). In underground hard coal mines, methane occurs in
three forms: as free methane, gas dissolved in water, and coal-
bound gas (Zyta et al., 2000; Mirek et al., 2013). Coalbed me-
thane is a natural gas accumulated in coal as a result of sorp-
tion. Its genesis is related to the process of transformation and
carbonization of organic matter (mainly plant matter) from
which carbon was formed, under the influence of temperature
and pressure, as well as the activity of microorganisms. There
are two types of sorption: chemical and physical. The first
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consists in the formation of a monomolecular layer of a chem-
ical compound on the surface of the carbon skeleton, resulting
from the reaction of methane with carbon components. In the
case of physical sorption, we can distinguish between: adsorp-
tion, which consists in binding methane to the carbon surface
as a result of intermolecular forces, and absorption, which
means the penetration of methane particles between particles
of the carbon skeleton in the diffusion process. The knowledge
of the sorption process makes it possible to determine the
amount of gas in a given coal bed (Zyta et al., 2000). The total
amount of methane contained in the coal seam is called its me-
thane bearing capacity.

Depending on the methane content of the coal seam, four
categories of methane hazard have been established. These
categories are distinguished for the available seams or their
parts, depending on the volumetric amount of natural origin
methane contained in the weight unit in the depth of the coal
body (Reg. ME, 2016). The description of the categories is
presented in Table 1.

Table 1. Methane hazard categories. Own study based on (Rozp.
ME, 2016)

Methanol capacity calculated as pure

Category
carbonaceous substance
Category | from 0.1 to 2.5 m¥/Mg
Category Il from 2.5 m%Mg to 4,5 m3/Mg
Category Il from 4.5 m%/Mg, to 8 m3/Mg

over 8 m¥/Mg
Category IV* or * sudden outflow of methane

or a burst methane and rock.

The operation of decks classified as category I, Il or 1V is
subject to special control rigors. This control concerns: the
composition of the mine atmosphere, the use of machinery and
equipment, ventilation of mine workings, execution of blast-
ing and drilling works. In addition, mining operations in cate-
gory IV seams, in accordance with the mining regulations in
force, require the use of rock mass methane drainage. In me-
thane seams, the requirements for the machines and devices
used are also stricter, due to the possibility of methane explo-
sion during their use (Lukaszczyk, 2020).

The process of desorption, which is the reverse of sorption,
makes it possible to determine what amounts of gas leave the
coal at a given time. This knowledge is important from the
point of view of the safety and continuity of the coal produc-
tion process, because it allows to identify places particularly
exposed to methane emission and eliminate them through in-
tensive ventilation.

Methane is released into the mine workings as a result of
disturbing the balance of the rock mass in the process of its
exploitation. Drilling of corridors in the deposit as well as op-
erational activities, such as mining, annealing or degassing of
the seams, disturb the sorption equilibrium as a result of low-
ering the pressure of the gas contained in the deposit. As a
result, there is a slow release of methane, which forces the gas
to migrate towards the mine workings. Free methane flows
into the workings, causing an explosion and fire hazard as well
as an oxygen-free atmosphere (Lukaszczyk, 2019). It is this
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type of gas that poses a huge threat to the mining staff, and can
also cause the discontinuity of coal production and huge ma-
terial losses (Matuszewski, 2009). Table 2 summarizes the
events related to the methane hazard in 2008-2022. The ana-
lyzed data show that during this period there were 45 events
in which a total of 180 people suffered, including 45 fatal
(WUG, 2022).

Table 2. List of events related to the methane hazard in hard coal
mines. Own study based on (WUG, 2022)

number number numper number
year of light of serious of fatal
of events . . .
accidents accidents accidents
2008 2 13 5 8
2009 3 13 25 20
2010 1 2 0 0
2011 3 2 9 3
2012 0 0 0 0
2013 7 6 0 0
2014 4 10 15 5
2015 3 4 0 0
2016 5 1 0 0
2017 3 0 0 0
2018 2 0 0 0
2019 4 0 0 0
2020 3 3 0 0
2021 3 0 0 0
2022 2 20 7 9
SUM 45 74 61 45

With the right concentration of methane and the right
amount of oxygen, this gas and air create a flammable or ex-
plosive mixture. At a concentration of up to 5%, methane
burns out smoothly in contact with a thermal source. At a gas
concentration in the range of 5.0% - 15%, methane forms an
explosive mixture with the air. The strongest explosion occurs
with a methane mixture of 9% concentration and oxygen con-
tent over 12%. We call this concentration stoichiometric.
Above 15% methane, the mixture is flammable. Of course, for
any of these events to occur, an energy impulse must occur.
The exact explosion limits are shown in the Coward methane
explosion triangle shown in Fig. 1.
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Fig. 1. Coward's triangle of explosiveness.
Own study based on (Coward et al. 1952)
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The area enclosed by the ABC triangle defines the concen-
tration range for which an explosive mixture of methane is
formed. In the remaining spaces, non-explosive mixtures are
formed due to too little or too much methane or oxygen. It is
impossible to obtain a mixture of methane and air in the area
above the explosion triangle. The status of the mixture in any
given space may change dynamically, for example as a result
of: limiting or increasing the air supply to workings, changing
the ventilation system, reorganizing mining works or chang-
ing the technology of exploitation.

Depending on the maximum concentration of methane that
may occur in the excavation, there are three levels of methane
explosion hazard:

« degree "a" in the case when the accumulation of me-

thane in the air greater than 0.5% is excluded,

« stage"b" if, under normal ventilation conditions, the ac-
cumulation of methane in the air greater than 1.0% is
excluded,

» degree "c" if, even in normal ventilation conditions, the
accumulation of methane in the air may exceed 1.0%.

The present concentration of methane determines the pre-
ventive measures to be taken in order to combat the methane
hazard. In the excavation where the concentration of methane
in the air is more than 2%, the electrical network is immedi-
ately shut down and the machines and devices are immobi-
lized, which results in the interruption of the production pro-
cess, and thus a decrease in the efficiency of this process. In
such a situation, the traffic supervisor is notified and addi-
tional measurements are made in order to determine the cause
of exceeding the methane concentration in the air, the size of
the accumulation of methane and the places of methane out-
flow. In the excavation, where the concentration of methane
in the air is more than 3%, people are additionally withdrawn
from the endangered workings and the entrances to the endan-
gered workings are secured. The main preventive action is to
actively combat the accumulation of methane according to the
rules defined by the manager of the mining plant operations.
The return of people to the workings and the resumption of
interrupted works are permissible only when the methane con-
centration in the air is less than 2.0% (Szlazak et al. 2010;
Rozp. ME, 2016).

2. Mining production efficiency

Methane trapped in the rock mass, rocks and coal is released
at almost every stage of coal production and transport. The
technology of this production, according to the definition of
the workability of the rock, consists in detaching the lumps of
coal from the body of the mining wall. For this purpose,
longwall shearers, streams or explosives are used. Small
pieces of coal go directly to the scraper conveyors and then to
the belt conveyors, which are transported to the shaft. Larger
lumps are crushed in mining crushers. The mined coal is
brought to the surface by means of vertical shafts. At each of
these stages, the coal grinds, cracks and crumbles, releasing
the methane contained in it.

After selecting the coal, a free space is created, which is
filled by the fall of roof rocks (it is rarely filled with filling).
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In the process of the collapse of tropic rocks, a very important
role is played by the mechanized mining housing, which is
part of the mechanized longwall complex. Commonly used in
Poland, the caving system causes the formation of rock rubble
behind the mining support, which is a porous and permeable
medium. Due to these features, methane can accumulate in
goaf from the overhead and / or underneath decks and from
the coal left behind. This methane, depending on the ventila-
tion system used, can be displaced deep into the goafs or get
out to mine workings. The behavior of this methane also de-
pends on the ventilation parameters of the air in mining exca-
vations. Unfortunately, methane may also play a significant
role in its concentration in longwall and under-wall workings.
According to the regulations in force, 5 m/ s is allowed as the
maximum air velocity in the wall. Methane, as a gas lighter
than air, accumulates in the upper part of the wall, most often
at the entrance to the overwrap. It is in this zone that the most
dangerous concentrations of this gas occur. The most im-
portant methane concentration sensor is also installed there.
Fresh air, on the other hand, is transported from the bottom
(under-wall heading) up (over-wall heading), so that the me-
thane is safely removed from the exploitation area.

One of the most important problems is the infarction line
already mentioned. Rocks fall uncontrollably, creating goafs
of varying permeability. This can result in sudden outflows of
sometimes large amounts of methane into the working space.
In this situation, the methane sensor may react to exceeding
the permissible methane concentration in this area. Exceeded
concentrations may last for a very short time, however, activ-
ities related to the restoration of working conditions signifi-
cantly extend the downtime of the production process. These
shutdowns ultimately reduce the efficiency of mining produc-
tion.

Efficiency is a concept that is quite difficult to define une-
quivocally. In the literature, you can find synonyms such as
efficiency, effectiveness, productivity and efficiency. How-
ever, the terms are not always interchangeable. Efficiency
should be used to determine the amount of production that is
actually being achieved. Effectiveness describes the degree of
accomplishment of the company's goals. Productivity means
the quantity of production obtained from a unit of a given re-
source. On the other hand, the concept of efficiency can be
described as the ratio of production to inputs (Romanowski,
2017). Although efficiency and effectiveness do not always
measure and mean the same, efficiency can be represented as
the ratio of the effect obtained to the expenditure incurred:

E=e/n 1)

where:

E — efficiency, e — effects, n — outlays.

Another popular interpretation of efficiency is the percent-
age approach to the degree of utilization of the machine park.
The measure of effectiveness is then the OEE Overall Equip-
ment Effectiveness indicator, combining (in the form of
a product) indicators of availability, use and quality (Brodny,
2015, Loska, 2017, Romanowski, 2017): The method of cal-
culating the OEE indicator is presented in Table 3.
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Table 3. Components of the OEE. Own study based on (Loska, 2017)

OEE=A ‘E -Q (2

A - Availability E — Efficiency Q — Quality
A=APT/PBT (3 — FRL _ PRIPQ —ge
(3) E= T aer @ Q=5 O

APT — Actual Production Time
PBT — Planned Busy Time

PRI - Planned Run time per Item
PQ - Quantity of manufactured Products
APT — Actual Production Time

GQ - Quantity of Good products
PQ - Quantity of manufactured Products

Despite the commonness of such an approach to calculating
the efficiency of machines, in practice there are various ap-
proaches to determining its value and interpreting the results.
An example is the division into global and technical OEE. In
the first case, the planned machine working time (PBT) does
not take into account the production plan and the resulting
load. In the second case, PBT is determined based on the ex-
isting production plan. Regardless of the chosen approach,
specific production data are required to determine the value of
the indicator, and the correctness of the calculated indicator
largely depends on the quality and reliability of the data ob-
tained (Brodny, 2015, Loska, 2017, Romanowski, 2017).

In mining enterprises, telemetry systems are responsible for
the correctness and completeness of collected data. These sys-
tems fulfill many functions, such as (Lukaszczyk, 2019, Stec-
uta, 2017):

e measure the concentrations of gases and other physical pa-
rameters,

o inform about the local value of the measured parameter
and alarm about exceeding the threshold values,

o turn off the electricity supply of machines and devices lo-
cally,

e transmit the measurement results to the surface,

o visualize, record and archive measurement data,

o they signal damage to selected system component

Due to the methane hazard, the most important function of
the telemetry system is the disconnection of electricity in the
event of exceeding the permissible methane concentrations.
The purpose of this activity is to prevent the initial ignition or

explosion of methane resulting from the operation of electrical
machinery and devices. Pursuant to the regulations in force,
the electricity of machines and devices operating in the area of
hard coal production is disconnected when the methane con-
centration is exceeded 2%.

For the purpose of this research, data was obtained from one
of the currently functioning mining enterprises. On their basis,
the analysis of events related to the exceedance of the permis-
sible methanol concentrations was performed. A selected frag-
ment of the obtained data is presented in Fig. 2.

The analyzed research period covered 30 working days.
During this time, there were 82 events related to exceeding the
permissible methane concentration. The most frequent cause
of these events was the increased release of methane as a result
of the fall of roof rocks in the cave. The total time of the vio-
lations that occurred was slightly over 40 hours. However, the
time related to the restoration of appropriate working condi-
tions and the commissioning of machinery and equipment
amounted to over 121 hours. The results of the analysis of the
obtained data are summarized in Table 4.

Particularly disturbing is the fact that even the shortest oc-
currence of exceeding the permissible methane concentration
generates long interruptions of the entire mining production
process. However, it is difficult to determine a reliable rela-
tionship between the time of exceedances and the time of re-
storing working conditions. The shortest time of exceeding the
2% methane concentration, lasting only 5s, caused the process
to be stopped for only 9 minutes and 15 seconds. On the other
hand, the exceeding of 7 seconds stopped the operation pro-
cess for 5 minutes and 21 seconds.

7 L p|+ Nr| + Adres Zabudowy ~| Pré¢r| Czas prze ~ | wyt enerd ~ | Ma - Przyczyna

8 1 516 Up.Viz bad./504 do 10m na pin. od frontu Sc. r 2,0% 0:00:13 0:30:46 r 3.2 wzmozone wydzielanie CH4 po odpaleniu MW

23 16 602 |z badawczy, pokiad 504- do 6m od czota przodka wyrob.w miej najw,nagrorr' 2,0% 0:22:40 02647 1,3 zakidcenie wentylacji - prace na lutniociggu

70 63 405 Up.Viz bad.pokiad 504, do 2m na pin.od linii likwidacji wyrobika. " 2,0% 0:00:05 0:05:51 r 21 wzmozone wydzielanie CH4 - urabianie

95 88 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. c_, na wys.okna Sciany. I 2,0% 0:00:06 0:08:43 2 wzmozone wydzielanie CH4 - urabianie

96 | 89 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. Sc., na wys.okna sciany. " 2,0% 0:00:10 0:10:38 i 1.3 wzmoZone wydzielanie CH4 - opad skat stropowych w zawale
121 114 516 Up.Viz bad./504 do 10m na pin. od frontu Sc. I 2,0% 0:03:01 01412 21 wzmozone wydzielanie CH4
132] 125 405 Up.Viz bad. pokiad 504, do 2m na pin.od linii likwidacji wyrobika. " 2,0% 0:00:05 0:20:01 r 21 wzmozone wydzielanie CH4 - rabunek
139 132 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. c_, na wys.okna Sciany. I 2,0% 0:00:05 0:13:11 2 wzmozone wydzielanie CH4 - opad skat stropowych w zawale
145/ 138 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. Sc., na wys.okna sciany. " 2,0% 0:00:10 0:10:06 2 wzmozone wydzielanie CH4
159 152 405 Up.Viz bad.poktad 504, do 2m na pin.od linii likwidacji wyrobika. I 2,0% 0:00:31 8:04:42 r 21 wzmozone wydzielanie CH4
1601 153 405 Up.Viz bad. pokiad 504, do 2m na pin.od linii likwidacji wyrobika. " 2,0% 0:00:04 0:29:11 2 wzmoZone wydzielanie CH4 - opad skat stropowych w zawale
161 154 405 Up.Viz bad.poktad 504, do 2m na pin.od linii likwidacji wyrobika. I 2,0% 0:00:16 0:04:46 r 21 wzmozone wydzielanie CH4 - opad skat stropowych w zawale
162 155 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. Sc., na wys.okna sciany. i 2,0% 0:03:47 0:07:43 i 27 wzmoZone wydzielanie CH4 - opad skat stropowych w zawale
163 156 511 Up.Viz bad./504 na ociosie przeciwleg. do wyrob. $c., na wys.okna Sciany. I 2,0% 0:00:08 0:12:36 r 21 wzmozone wydzielanie CH4 - opad skat stropowych w zawale
170/ 163 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. 5c., na wys.okna Sciany. i 2,0% 0:00:06 0:08:57 r 23 wzmoZone wydzielanie CH4 - rabunek
175 168 511 Up.Viz bad./504 na ociosie przeciwleg. do wyrob. $c., na wys.okna Sciany. I 2,0% 0:00:05 0:06:12 2 wzmozone wydzielanie CH4 - rabunek
176 169 511 Up.Viz bad /504 na ociosie przeciwleg. do wyrob. 5c., na wys.okna sciany. i 2,0% 0:00:05 0:06:32 2 wzmozZone wydzielanie CH4 - opad skat stropowych w zawale

Fig. 2. A fragment of the obtained data from a mining company.
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Table 4. Summary of the results of the analysis of break times caused by exceeding the permissible methane concentrations in the longwall

Own study

Analyzed number of events 82
The sum of the time of exceeding the permissible concentrations 40h 41 min
Total downtime of the mining production process 121h 40 min
The difference in the time of exceedances and downtime of the production process 80h 59min
Longest overshoot time permissible methane concentration 7h 42 min
Shortest crossing time permissible methane concentration S5s
The longest downtime of the coal production process 19 h 30 min
The shortest downtime of the coal production process 2min8s
Average duration of the exceedance permissible methane concentration 49 min
Average downtime of the hard coal production process 1h 48 min
The longest recovery time 13h 48 min
The shortest time to restore working conditions 2 min
Decline in efficiency due to downtime (availability of machines) 22%;,

Another proof of the lack of systematization of the restora-
tion of working conditions is the fact that 6 events occurred,
which lasted exactly the same, namely 8 seconds, and each of
them was the cause of stopping the process, and these stops
lasted, respectively: 3min 47s, 2min 8s, 20min 2s, 13min 8s ,
6min 20s and 6min 53s.

60.00

50,00

time [min]

40.00
30.00
20.00

10.00

0,00

In order to illustrate the differences in the discussed times
of exceeding the permissible methane concentrations and
breaks in the hard coal production process, a list of these
events was prepared, which is presented in Fig. 3.

1 3 5 7 9 111315171921 23 2527 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

= cnergy off time e=time of exi

Fig. 3. List of selected exceedance times

incident

ceeding the concentration of methane 2%

permissible methane concentrations

and breaks in the production of hard coal

In order to maintain the legibility of the drawing, the events
with downtime not exceeding 60 minutes were listed.

Such frequent downtime of the mining production process
is caused by preventive measures (disconnection of power
supply) aimed at ensuring safety in mining excavations during
the occurrence of exceeded allowable methane concentrations.
This safety is very important for the health and even life of
employees and for ensuring the functionality of the mining in-
frastructure. However, it is disturbing that the occurrence of
these events causes a reduction in the efficiency of the entire
mining process. When analyzing the discussed data in relation
to efficiency (as the value of OEE index), one can notice a
decrease in the availability of machines in the mining produc-
tion process by 6% and their use by 18%. These components
determine the final efficiency of the analyzed process, which
in this case fell by 22%.

It is worth mentioning that the decrease in efficiency is as-
sociated with a decrease in hard coal production, and thus af-
fects the efficiency of the entire process. In the case of the
mining industry, it is associated with large economic losses.
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3. Proposed solutions and further research direc-
tions

Underground hard coal mining continues to be one of the
priority sectors of the Polish economy. This sector generates
over 85 thousand. jobs in mines and about 400 thousand. jobs
in the vicinity of the mining industry. Mining plays a key role
in Poland's energy policy, in the broadly understood national
energy sector. It is worth mentioning that Poland has rich coal
resources, which for many years may be a stabilizer of the en-
ergy security of the country and the European Union. How-
ever, it should be remembered that the production of hard coal
belongs to one of the most difficult and dangerous industries.
Currently, coal seams in Poland are highly methane. As a re-
sult, excavations in these seams and the very process of their
exploitation are exposed to high methane emissions. As a re-
sult of coal mining and disturbance of the equilibrium in the
rock mass, there may therefore be high concentrations of me-
thane in mining excavations. Such concentrations may ignite
or explode methane. Both of these phenomena are among the
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most dangerous in mining, posing a huge threat to the entire
mining process (Olszewski, 2017; Palka, 2021).

In order to ensure work safety and the efficiency of the coal
production process, it is necessary to diagnose and forecast
phenomena accompanying mining production. In terms of
ventilation hazards, undoubtedly one of the most dangerous,
conducting direct research of these phenomena in real condi-
tions is very difficult and dangerous, as well as expensive,
which significantly limits the possibilities of their conduct. In
many cases, such research is practically impossible to carry
out, and the course of many unfavorable phenomena can be
described on the basis of their effects only roughly. For this
reason, model studies are very important, as they enable the
analysis of many phenomena based on various types of models
that are able to reproduce real conditions with increasing ac-
curacy (Brodny et al. 2021; Tutak, 2021).

Currently, one of the most frequently and widely used meth-
ods for modeling ventilation hazards is numerical fluid me-
chanics. The CFD method can be used to study phenomena
related to the flow of liquids and gases, mass and heat transfer,
as well as combustion processes. It consists in solving a sys-
tem of differential equations that describe the analyzed phe-
nomena. CFD is based on the equations describing the pres-
sure and flow velocity fields - on the continuity equation and
the Navier-Stokes equations. Numerical fluid mechanics also
enable the analysis of complex physical processes such as:
heat conduction, convection, coupled heat exchange between
liquids and solid materials surrounding them, and radiation.
The main goal of the CFD method is to determine the reality
using an appropriate mathematical model and to visualize
what will happen under certain circumstances (Xu G, 2017;
Wendt, 2008). The possibility of using the CFD technique in
forecasting the distribution of methane concentration in work-
ings has been described in numerous scientific papers (Brodny
at al., 2015; Matachowski, 2015; Brodny at al., 2016; Brodny
atal., 2017; Brodny at al. , 2018; Tutak et al., 2018a; Tutak et
al., 2018b).

Another interesting form that enables the analysis of venti-
lation conditions is the use of artificial intelligence in the prob-
lems of diagnosing and forecasting gas hazards in mining. In
the literature, the most frequently mentioned in this field are
artificial neural networks, expert systems and evolutionary al-
gorithms (Knosal, 2002; Lipski et al. 2014). The current state
of knowledge and access to modern IT and programming tools
allow the implementation of advanced systems in mining. A
significant advantage of these systems is the ability to quickly
respond to changes in methane emission and the possibility of
continuous learning based on subsequent measurement data
imported by the system. The process of continuous improve-
ment enables obtaining reliable results, and thus can effec-
tively support the management process of the ventilation sys-
tem of a given area of hard coal production (Broja et al., 2015;
Mroéz et al., 2016). Due to the dynamic development of tech-
nology, the availability of advanced application solutions and
computer hardware, it seems reasonable to invest and conduct
research towards a wider use of modern solutions in mining
production processes and to support their work with additional
analyzes and tests.
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4, Summary

Underground hard coal production is essential for the devel-
opment of the economy and the shaping of global markets.
Thus, it is necessary to further efficiently exploit this raw ma-
terial. However, the multi-year restructuring of mines has led
to the concentration of extraction, which in practice means the
necessity to deepen the mining exploitation areas, and thus the
intensification of unfavorable and dangerous phenomena. As
a result of the deepening of the workings and the exploitation
of deeper and deeper seams, an increase in their methane-bear-
ing capacity is observed, which directly influences the in-
crease of the methane hazard. As a result of the activities car-
ried out during the coal production process, the rock mass
structure is disturbed and methane is released to the areas cov-
ered by the exploitation. The occurrence of exceeding the per-
missible methane concentrations is the most common cause of
interruptions in the coal production process, which signifi-
cantly reduces its efficiency. Even minor exceedances lasting
a few seconds suspend the production process for a few or
even several minutes. The time necessary to restore working
conditions after the occurrence of such an event significantly
reduces the availability and use of mining machines. It should
be remembered that both of these factors have a direct impact
on the efficiency of the entire process.

Uncontrolled accumulation of methane can also cause igni-
tions or explosions of this gas and coal dust. Most often these
are catastrophic phenomena, in which employees die and the
mining infrastructure is irretrievably destroyed. Their direct
research is very limited or even impossible. Such possibilities
are provided by model studies and computer simulation. One
of the most advanced methods of modeling these phenomena
is CFD. In terms of ensuring the safety and thus the efficiency
of the hard coal production process, this method seems to be
an excellent solution. Research, in which various methods can
be combined, also offers enormous potential. Better and better
industrial automation systems or automatic methane measure-
ment systems practically continuously recording ventilation
parameters in mining excavations create the possibility of us-
ing these data sets and using them in modeling the phenomena
occurring.

Assuming that in the near future, hard coal mining will con-
tinue to remain one of the most important sectors of the world
economy, it is reasonable to undertake all research and actions
to ensure the safety and thus effectiveness of this industry.

Acknowledgements

This article is the result of research conducted at the Institute of Pro-
duction Engineering, Faculty of Organization and Management, Si-
lesian University of Technology, within the statutory work BKM-
649/R0OZ3/2022 (symbol 13/030/BKM_22/0073) and supported by
the “Silesian University of Technology as a Modern Education Cen-
ter based on research and innovation” (project numbers
POWR.03.05.00-1P.08-00-PZ1/17). This article is the result of the
research project No. PBS3/B6/25/2015 “Application of the Overall
Equipment Effectiveness Method to Improve the Effectiveness of the
Mechanized Longwall Systems” Work in the Coal Exploitation Pro-
cess”, realized in 2015-2018 and financed by NCBIR.

ARCHIWUM INZYNIERII PRODUKCJI



DOROTA PALKA ET AL. / PRODUCTION ENGINEERING ARCHIVES 2022, 28(4), 390-397

Reference

Brodny, J., Tutak, M., 2018. Analysis of Methane Hazard Conditions in Mine
Headings. Technical Gazette 25, 1, 271-276.

Brodny, J., Tutak, M., 2016. Determination of the zone endangered by me-
thane explosion in goaf with caving of longwalls ventilated on “Y” system.
Management Systems in Production Engineering, 4(24), 247-251.

Brodny, J., Tutak, M., 2015. Numerical analysis of airflow and methane emit-
ted from the mine face in a blind dog heading. Management Systems in
Production Engineering, 2(18), 110-118.

Brodny, J., Tutak, M., 2017. Symulacja numeryczna jako narzg¢dzie wspoma-
gajace ocen¢ zagrozenia metanowego w kopalni wegla kamiennego. Ze-
szyty Naukowe Politechniki Slaskiej, Seria Organizacja i Zarzadzanie, 100,
45-59,

Brodny, J., 2015. Koncepcja wykorzystania modelu efektywnosci catkowitej
do analizy pracy maszyn goérniczych. Systemy Wspomagania w Inzynierii
Produkcji.

Brodny, J., Tutak, M., 2021. Applying computational fluid dynamics in re-
search on ventilation safety during underground hard coal mining: A sys-
tematic literature review. Process Safety and Environmental Protection 151,
373-400.

Broja, A., Matachowski, M., Felka, D., 2015. Monitorowanie parametréw 0d-
metanowania w konteks$cie ich wptywu na warto$ci metanowosci w rejonie
$ciany. Konferencja Naukowo-Szkoleniowa: Zasilanie, telemetria i auto-
matyka w przemysle wydobywczym ,,Innowacyjnos¢ i bezpieczenstwo”
EMTECH 2015, 274-283.

Coward, H.F., Jones, G.W., 1952. Limits and flammability of gases and va-
pors, US Bureau of Mines Bulletin 503.

Knosala, R., 2002. Zastosowanie metod sztucznej inteligencji w inzynierii
produkcji. Wydawnictwo Naukowo-Techniczne, Warszawa.

Lipski, J., Pizofi, J., 2014. Sztuczna inteligencja w inzynierii produkcji. W:
Monografia Innowacyjne metody w inzynierii produkcji, 11-24, Politech-
nika Lubelska, Lublin.

Loska, A., 2017. Analytical model of the exploitation policy assessment of
technical network systems-case study. Systemy Wspomagania w Inzynierii
Produkcji, 6.

Lukaszezyk, Z., 2020. Methane - fuel gas. Opportunities and threats. New
Trends in Production Engineering. Sciendo.

Lukaszczyk, Z., 2019. Zagrozenie metanowe - przeglad literatury. Systems
Supporting Production Engineering, 8(1), Gornictwo-perspektywy i zagro-
zenia, 300-313.

Matachowski, M., 2015. Zastosowanie oprogramowania wykorzystujacego
obliczeniowa mechanik¢ ptynéw CFD do analiz zjawisk wentylacyjnych w
kopalniach. Konferencja Naukowo Szkoleniowa: Zasilanie, telemetria i au-
tomatyka w przemysle wydobywczym ,,Innowacyjnos¢ i bezpieczenstwo”
EMTECH, 284-296,

Matuszewski, K., 2009. Najwazniejsze zagrozenia powodujace katastrofy w
polskich podziemnych zaktadach gorniczych. Bezpieczenstwo Pracy: na-
uka i praktyka, 25-28.

Mirek, A., Katan, D., 2013. Zagrozenie metanowe w polskim gérnictwie we-
gla kamiennego w ostatnim dwudziestoleciu i perspektywy ksztaltowania
si¢ poziomu tego zagrozenia w najblizszych latach. Materialy Szkoty Eks-
ploatacji Podziemnej, Krakéw 2013.

Mréz, J., Broja, A., Felka, D., Matachowski, M., 2016. Struktura systemu mo-
nitorowania i analiz on-line zaburzen oraz zagrozeh metanowych w sieci
wentylacyjnej kopalni. Przeglad Gorniczy, 9, 28-36.

Olszewski, J. 2017. Znaczenie gornictwa wegla kamiennego dla gospodarki i
regiondéw oraz bariery jego funkcjonowania, GIPH, Surowce dla gospo-
darki Polski, Krakow, 2017.

Palka, D., 2021. A methane emission from hard coal mines in Poland in 2009-
2019 and its business use, Proceedings of the 37th International Business
Information Management Association Conference IBIMA.

Romanowski, M., Nadolny, K., Batasz, B., 2017. Metody analityczne w oce-
nie efektywnos$ci proceséw produkcyjnych. In Innowacje w zarzadzaniu i
inzynierii produkcji.

ROZPORZADZENIE MINISTRA ENERGII z dnia 23 listopada 2016 r. w
sprawie szczegolowych wymagan dotyczacych prowadzenia ruchu pod-
ziemnych zaktadow gorniczych

Stecuta, K., Brodny, J., Tutak, M., 2017. Informatics platform as a tool sup-
porting research regarding the effectiveness of the mining machines’work;
CBU International Conference Proceedings, 5.

ARCHIWUM INZYNIERII PRODUKCJI

Szlazak, N., Korzec, M., 2010. Zagrozenie metanowe oraz jego profilaktyka
w aspekcie wykorzystania metanu w polskich kopalniach wegla kamien-
nego. Gornictwo i Geoinzynieria, 34, 163-174.

Tutak, M., Brodny, J., 2018a. Analysis of the Impact of Auxiliary Ventilation
Equipment on the Distribution and Concentration of Methane in the Tail-
gate, Energies. 11, 3076, DOI: 10.3390/en11113076.

Tutak, M., Brodny, J., 2018b. Prognozowanie rozkladu stezenia metanu w
wyrobiskach gérniczych z wykorzystaniem badan modelowych oraz po-
miaré6w w warunkach in situ. Automatyzacja Proceséw Dyskretnych. Teo-
ria i Zastosowania, 1, 219-228, Wydawnictwo Politechniki Slaskiej, Gli-
wice.

Tutak, M., 2021. The Application of Numerical Methods and IT Tools to En-
vironment and Safety Engineering. A special issue of Sustainability (ISSN
2071-1050), Environmental Sustainability and Applications.

Wendt, J.F., 2008. Computational fluid dynamics: an introduction. Springer
Science & Business Media, 5-15.

Wyzszy Urzad Goérniczy, Niebezpieczne zdarzenia — metan, 2022, dostep
online 20.05.2022 (www.wug.gov.pl/bhp/zdarzenia)

Xu, G., Luxbacher, K.D., Ragab, S., Xu, J., Ding, X., 2017. Computational
fluid dynamics applied to mining engineering: A review. International Jo-
urnal of Mining, Reclamation and Environment, 31(4), 251-275.

Zyta, M., Praca zbiorowa: Uklad wegiel kamienny-metan w aspekcie desorp-
cji i odzyskiwania metanu z gazéw kopalnianych. Nauka i Technika Gorni-
cza, Uczelniane Wydawnictwo Naukowo-Dydaktyczne AGH, Krakow
2000.

396



DOROTA PALKA ET AL. / PRODUCTION ENGINEERING ARCHIVES 2022, 28(4), 390-397

R EifEm .. EREWARE XTRY £ REMHR

B R

R i R R SRR o 2B B — AL R R, 3 ELZE N TR MR A AR O PR R T 4T
TiREROR SR ER B P (PR LA R — AR R R TR IR B, R A A AR
AT SR B, FCIF R RAEHE RS HEAT o FUAE P R BRI B R TSR R AR, XSS e
ke TR B R R RIS A R, S RN G I RS AR — B R,
AR ELFE e SO R R R R s, — R TR U, TE— bR T 2R S M
FA) GBS . AR MR AR R M B K. K RAPEE TR, T Rt R

SRR EH R, WA R Al B R B . 5 e R A AR R S R R A
JRBE, Ho NGBETS, SORFUERE SR R M AR o B A6 T 48 I A J R 52 IR 2% A BOM Bk R
A, FESRIFRIREZ N, B2 LR ERE S bl 2 S . 2508 B P b fa 35 X R I AR Y
EORRMA, SCREHE T H X — i RN 22 M RCR IR R . /28T A 902 S (4 SCHR [ i 45
RAFS G AR EE AR L, 0 Herh— AL BT T S S VR BRI A R
(T R R T K 7 o R T AR 1T PR ) A 7 TR ) e R P AR Z e R AR M B R 3
AT ARG R MR Y], XL g BB T BRI BAIRE 1, TR T AT &
Pt T ARG B A E A RRERILR, SRR AR, R T SRR
FURDLIIE R 58, JEGEH T3 BT 1A

397 ARCHIWUM INZYNIERII PRODUKCJI



