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Integrated system for monitoring and analysis

of methane hazards in the longwall area

Polish hard coal mines with high methane explosion hazards commonly use systems
for automatic monitoring of air parameters. These systems are used by ventilation
personnel in preventive actions, simulation tests and designs. The systems work in-
dependently and the measurement data, needed for ventilation calculations, are used
only off-line and in a small extent. As a result of that, the calculations are conducted
on obsolete data and their results are often far from reality. The European project
AVENTO dealt with the integration of systems that enable to supply measurement
data to calculation programs working in real time mode. The integration enables to
observe on-line the changes in ventilation parameters and the level of methane
explosion hazard. In addition, it allows to calculate the hazard indicators stipulated
by valid regulations, along with the balance of methane which is drained along ven-
tilation paths and pipelines of the degassing system. The paper reports also results

of in situ tests of the integrated system.

Keywords: methane hazard, ventilation, methane forecasting.

1. INTRODUCTION

Natural hazards [22], particularly those which are
related to ventilation [18], are the main source of
risks for coal mining. The most dangerous one are
methane explosion and coal dust explosion hazards
[10], as well as spontaneous fire hazards [20, 22].
The seismic activity of the rock mass has a serious
impact on the level of ventilation hazards [2, 11, 24].
In many Polish mines, seismic and ventilation-related
hazards occur simultaneously and create a system of
interacting associated hazards. In order to have safe
and efficient mining exploitation, it is necessary to
implement efficient prevention, i.e. early identifica-
tion and dealing with hazards. Such operations, apart
from good knowledge of the current state of the ven-
tilation system, require the ability of predicting the
level of hazards in a long [16] and short term [5, 18].
This way the adopted prevention actions can be more
efficient and hazardous events can be avoided with
higher probability.

In the Polish coal mining sector all natural hazards,
their systematic monitoring and routine procedures of
hazards assessment are described in the form of a law
binding on all mines [29]. The level of ventilation
hazards in mines is monitored by continuously devel-
oped monitoring systems [2, 8, 23, 27] which ensure
on-line measurement of most important air parame-
ters in excavations (air flow velocity, temperature,
pressure, concentration of gases) and give signals
whenever the accepted levels are exceeded. Programs
to calculate ventilation parameters are used for as-
sessing the risk resulting from hazards and while
planning prevention actions by the mine personnel
[6, 7, 21, 25]. These programs use off-line measure-
ment data from monitoring systems. The data are
supplemented by the results of manual measure-
ments. However, the practice shows that the em-
ployed methodology does not bring satisfactory re-
sults. The basic reason is a particularly work- and
time-consuming procedure to complete the measure-
ment data. Thus all analyses and simulation tests
related to risk assessment are made with certain de-
lays and the presented data are often obsolete.
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In order to get rid of these disadvantages, the
AVENTO project was launched — Advanced Tools
for Ventilation and Methane Emissions Control. The
project was co-financed by the European Coal&Steel
program. Its objective was to develop methods and
tools that would allow to integrate environmental
monitoring systems used in mines with a number of
computer programs, either existing, improved or
developed within the project to be used by ventilation
personnel. These tools should enable them to analyze
the mine ventilation system in operations related to
on-line monitoring of the ventilation state, methane
and fire prevention and in crisis situations. The main
idea of the research was to improve simulation mech-
anisms of the ventilation network and to develop
a reliable mechanism that would allow the ventilation
analysis programs to access the data base of the envi-
ronment monitoring system. The research made it
possible to monitor the changing state of hazards and
the parameters of the ventilation network in real time.
The project assumptions, along with interim results
of research, were consulted with the representatives
of the ventilation personnel of mines for which the
developed tools were intended.

The article features the results of works conducted
in the EMAG Institute within the AVENTO project.
The works were conducted in the following two
aspects:

1. To modify the system for ventilation calculations
and for monitoring the state of the ventilation
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network with a view to enable their co-operation
in real time mode.

2. To implement methane balance functions which
enable to asess the level of the methane hazard in
longwall areas with respect to methane drainage
efficiency.

The project included also the research works on
short-term forecasts of methane hazard with use of
machine inference. The results of the research works
are a subject of a separate publication.

2. MINE ENVIRONMENT MONITORING AND
VENTILATION CALCULATIONS IN POLISH
MINES — STATE OF THE ART

2.1. Monitoring environmental parameters

Ventilation in Polish mines is monitored by different
systems provided by different companies (EMAG,
HASO, MICON, Carboautomatyka) [2]. Though these
systems apply different technological solutions, their
functional structures are, in fact, similar and comprise
the following basic elements (Fig. 1):

— measuring sensors,

— transmission and power supply system,

— data archiving block,

— visualization and alarming block at the safety

operator’s stand.
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Fig 1. System for monitoring ventilation environment of a mine — functional diagram
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The selected measurement data go to the operators’
stands of the mine specialized departments. One of
the most important departments that uses these data is
the Ventilation Department.

Systems for monitoring methane hazards have the
following basic functions:

— on-line measurement of methane concentration
and other air parameters in excavations and pipe-
lines of the methane drainage system;

— monitoring the state of ventilation equipment
(air dams, fans) as well as selected machines and
devices which are important in terms of safety;

— automatic switch-off of underground machines
and devices when admissible values of methane
concentration are exceeded;

— data visualization in the supervision stand, warn-
ing alarms when admissible values of the meas-
ured parameters are exceeded,;

— archiving and reporting aboutmeasurement data
and events.

An example of a system for monitoring environ-
mental parameters is the SMP-NT system which has
been developed and updated since 1990s. The system
is now used in the majority of hard coal mines in
Poland, it also operates in Ukraine and Belarus
[14,23]. Its structure and principle of operation are
presented in Fig. 2.
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Fig. 2. SMP-NT system for monitoring environmental parameters

The SMP-NT system, just like similar systems of-
fered by other companies, has a star-shaped arrange-
ment of devices which allows remote supply of
measuring devices from the surface. Such a solution
has a clear advantage, i.e. the operations of the sys-
tem are maintained in emergency and crisis situations
when the underground electrical power grid is
switched off, for example due to exceeded methane
concentration values.

Most coal mines in Poland exploit coal beds with
high methane content. Therefore methane sensors are
the most numerous measuring devices under the
ground. Other frequently used sensors are air- flow
and carbon oxide sensors which are used in fire pre-
vention. Air temperature and humidity sensors, car-
bon dioxide sensors and sensors for measuring gas
impurities are slightly less common. Recently, abso-
lute pressure meters have been installed more and
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more often in the nodes of ventilation networks.
Their usage is very important from the point of view
of accuracy and reliability in the calculation of air
distribution.

Apart of analogue values, SMP-NT monitors the
state of many bi-stable sensors (e.g. state of ventila-
tion equipment). In addition, it can perform bi-stable
control of devices which are used for automatic
switch-off of machines and devices and can signal
hazardous states. The states of all sensors, both ana-
logue and bi-stable ones, are monitored and regis-
tered in the archives of SMP-NT, with the sampling
period of two seconds.

2.2. Ventilation calculations

For calculation purposes the network is described
by a model in the form of a graph with determined
air-flow directions. The model is composed of
N nodes and M edges (branches). The branches rep-
resent all kinds of ways along which the air can flow.
The nodes are connections between the air-flow
ways. Each branch has a parameter assigned — air
resistance [15, 28] which represents the impact of
friction that the flowing air has to overcome. The
resulting pressure drops are overcome by ventilators
which produce pressure whose value ensures the
required air distribution. Apart of mechanical depres-
sion in branches, produced by the ventilators, natural
depression is generated whose volume depends on
the air temperature and position heads of the branch
nodes.

In order to calculate air distribution in the mine
ventilation network, a non-linear set of equations is
used. The equations express the law of conservation
of mass and energy, known as Kirchhoff's law. These
are the following:

1. Nodal equations:

N
dbi-gi=0 [m®s] k=12,..,P-1 (@))
i=1

2. Loop equations:

iCji '(Hi ~Rig? sgn q):O [Pa] j=12,...M (2)

where:
N — number of branches;
P — number of nodes;

M =N -P+1- cyclomatic complexity of the graph
which maps the ventilation network;

by, Ci — elements of a nodal-branch matrix and
a loop matrix which describe the to-
pology of the ventilation network;

H; —sum of natural and mechanical de-
pression in the i-th branch;

Ri — air resistance of the i-th branch;

Qi —volumetric rate of airflow in the i-th
branch.

The parameters of a model of a ventilation system
have been changing in time and therefore such pro-
grams are activated at intervals in order to conclude if
the conditions of a safe mining are still observed.
Determining a new state requires a contribution to be
prepared in a form of corrected parameters of the
ventilation system to be made as a rule on the basis of
measurements carried out by means of hand-held
instruments and/or the measuring data of gasometric
system loaded to the ventilation calculation system
by off-line method. Thanks to integration of the ven-
tilation model and the gasometric system, the model
of the ventilation network can be corrected on an
ongoing basis, extremely after all readouts of sensors
of the gasometric system. Such a quasi-dynamic met-
hod allows us to obtain a record of the whole process
of transition of the ventilation system from one state
(the old one) to a new one (the current state).

Ventilation networks of today’s Polish mines have
very complex structures. They consist of several
hundred branches and nodes. Each change in this
structure or in the network parameters requires to
conduct air quantity measurements, update the model
and recalculate the network. The majority of pro-
grams for ventilation calculations, employed to solve
the equations of the model, make use of an iterative
algorithm by Hardy Cross [3, 28].

There are a number of ventilation management
programs that are used in Polish mines, for example:
AERO (Silesian University of Technology and IFK
company), Ventgraph (Strata Mechanics Research
Institute of the Polish Academy of Sciences) and
AutoWENT (Wroctaw University of Technology)
[27]. In the carried out research the AERO program
was used. Contrary to other programs, it provides
a complex approach to the calculation and documen-
tation aspect, operates quickly, has a user-friendly
interface, and is in compliance with Polish standards.

AERO is responsible for the management, calcula-
tion and balance of air distribution in the mine venti-
lation network. It enables to model changes, conduct
simulations and document the network parameters. It
co-operates with spatial schemes and canonical
schemes of the mine in the AutoCAD environment.
In emergency situations the program enables to iden-
tify hazardous zones with dangerous gases (e.g. CO,
CH,) and provides a list of endangered branches and
observation points. It is also possible to have auto-
matic calculation of the network based on the read-
ings of sensors located in the hazardous zone.
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The system comprises two basic modules — Stand-
ard Data Input Program and Graphical Module work-
ing in the AutoCAD environment. The basic element
of the former module is a proper calculation program
wechich solves the model (equations) by algorithms
based on the above mentioned Hardy Cross method.
The parameters which are indispensable for the pro-
gram to work are entered into the following tabs:

— Nodes — spatial co-ordinates and air parameters

in the nodes of the mine ventilation system,

— Fans — working parameters of fans; each of them
has its own characteristics which can be edited
and displayed in the form of a chart; in addition,
it is possible to calculate the coefficients of the
polynomial which determines the characteristics
of the fan,

— Branches - recording the mathematical model of
the mine ventilation system; the model defines
the structure and parameters of ventilation con-
nections between particular nodes.

The AERO interface is supplemented with a dedi-
cated graphical editor which uses the data recorded in
the numerical part and maps these data onto the
frame of the spatial scheme. This way it is possible to
view the structure of the mine (canonical and spatial
scheme) in AutoCAD. With the use of a graphical
editor it is also possible to modify the mine structure
and change the parameters of the ventilation network.
After the changes are made, the program recalculates
the whole ventilation network and updates the values
of displayed parameters on the scheme.

3. INTELLIGENT INTEGRATED
MONITORING SYSTEM

3.1. System functions

A standard monitoring system (e.g. SMP-NT which
we used) has a number of functions which are needed
by the system administrator. However, the most im-
portant, basic function of the system is limited to
measurements. A similar situation occurs with
AERO. Based on the data obtained by the system, the
administrator cannot monitor on-line the specific
parameters of the ventilation network that impact the
analysis and assessment of hazards, particularly the
methane hazard.

SMP-NT and AERO, presented in the previous
chapter, perform a number of tasks related to moni-
toring. To be more precise, SMP-NT enables on-line
monitoring and visualization of currently measured
quantities. AERO, in turn, presents a static scheme of

the ventilation network after it is supplied with his-
torical data. Therefore, in fact, the assessment of the
methane hazard comes down to the following:

— ensuring automatic switch-off of current when
critical values of methane concentration are ex-
ceeded on any sensor (SMP-NT),

— alarming when the values of any monitored pa-
rameter (e.g. anemometer, dam opening/closure
sensor) are incorrect (SMP-NT),

— regular (usually conducted once every few days)
analysis of gases and air distribution in the bed
(AERO).

The integrated monitoring system, developed with-
in the project, not only allows to supply the AERO
system with the current data coming on-line, but also
to provide two-way communication between SMP-
NT and AERO. In addition, it exceeds the functional-
ity of SMP-NT by the possibility to analyze trends
and predict methane concentration values (as well as
readings of any other sensors) by means of two com-
putational intelligence methods [12, 17, 19]. Thus the
developed system has the characteristics of both
a measuring and IT system [1, 4].

3.2. System structure

The functional diagram of the new system is de-
picted in Fig. 3. In comparison with the structure
from Fig. 2, the new one contains an extra program
block (6) which is responsible for network-form cal-
culations, methane balance analyses and short-term
prognoses about the changes in the methane hazard
status.

The block (6) is supplied on-line by measurement
results from the sensors of the environment monitor-
ing system by means of a central data base, devel-
oped during the research, and a communication pro-
tocol. In practice, it means that programs, which
make up the analysis block, work all the time on
updated and current data. The results of measure-
ments and analyses, along with current measurement
data, are basically intended for the mine ventilation
personnel. They can also be used in the on-line mode
to produce warning signals at the operator’s stand.

3.3. Analysis block of the ventilation
environment

The diagram of data flow in the integrated monitor-
ing system is shown in Fig. 4.

The basis of the block operation is the integrated
database. The objective of the base is to integrate and
provide access to measurement data which come
from different monitoring systems (particularly from
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SMP-NT) The database is updated according to the
sampling times of the environment monitoring sys-
tems. The data integration is based on assigning the
data to a certain place in the mine (e.g. one excava-
tion) and artificial unification of sampling time. The
integration related to a place is based on the unifica-
tion of the mine structure terminology and the places
where sensors are installed, i.e. the places where the
measurements come from. Thanks to a pre-defined
set of dictionaries (defined while a successive system
is connected to the data base) it is possible to unify
the names of roads, excavations, etc., as they may
often have different names and identification symbols

in different systems. The artificial unification of the
sampling time can be described with the following
steps. One full measurement vector of the data base
can be accessed from the outside. The vector contains
all measurement results stored in the base. The vector
is updated (and can be accessed) in compliance with
the shortest sampling time. For example, if the given
methane sensor (e.g. MM116) has the shortest sam-
pling time (e.g. 2 seconds), then the cycle in which
the vector can be accessed for further analysis is
2 seconds as well. Obviously, the measurements
coming from sensors with longer sampling times will
be changing in the accessed vector every few cycles.
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Apart of on-line work, another method was em-
ployed to give access to source data. According to the
method, databases are supplied with archived data
once and then these data are recreated in simulation
conditions. Thus it is not necessary to be connected
on-line to the system working in the mine. This ena-
bles to recreate the courses of measured parameters,
thus it provides a full-scale simulation of the real mon-
itoring system operations, in compliance with the real
changes in the object state parameters. This method
was used during the research part of the project.

3.4. Ventilation network calculation module
with on-line measurements

The main element of the module is a modified
AERO program, including a configuration part, an
editor and a graphical user interface. The package
was supplemented to collect information directly
from the integrated measurement data base. This
feature ensured on-line up-date of the mathematical
model of the mine ventilation structure in a real time.

To be more precise, the mathematical model is recal-
culated according to the time interval defined by the
user. As the mathematical model is based on average
measurement data, during the model recalculation the
average values of the latest measurement data are taken
into account. Thus the recalculation requires that values
of two parameters should be given: the frequency of the
model recalculation and the width of the measurement
window wchich selects the values to be averaged.

During the research it was found out that in spite of
a high degree of complexity in the modern mines venti-
lation networks, which comprise several hundred exca-
vations, and in spite of time-consuming ventilation
calculations, the applied integration mechanism and the
proposed modifications to the AERO program enable to
recalculate the whole network in a relatively short time
of a few seconds. In practice, except of crisis situations,
it is not necessary to recalculate the whole network that
often. Therefore the integration mechanism gives
a possibility to define time parameters of the module
and the aggregation (averaging) method of data which
are supplied to the ventilation calculations module.

Thanks to the use of an intermediary element, the
data source for a new version of the AERO program
can be any measurement system which supplies the
integrated database.

3.5. Methane balance module
for the longwall area

Mostly, methane can be found in mines in the
longwall areas [13, 26]. Methane emitted from solid
coal, broken and transported coal and from goafs is

transported with the ventilation air to the upcast shaft.
The mines which exploit coal beds with high me-
thane concentration use an extra method of eliminat-
ing excess methane from the longwall area, i.e. they
use methane drainage systems with drainage holes
and pipelines which transport methane straight to the
surface, omitting the ventilation system. Within the
conducted research there was software developed
which enabled to determine the current volume of gas
emitted in the longwall area on the basis of the data
(provided by the integrated database) about methane
concentration, air velocity in excavations and param-
eters of the air-methane mixture in the methane
drainage pipelines.

In order to determine methane-bearing capacity, i.e.
the volume of methane emitted in the area, the min-
ing industry in Poland applies a method developed in
the Experimental Mine Barbara [13]. The method
uses the averaged values of methane concentration
and air velocity for calculations. The methane-
bearing capacity of the longwall area is characterized
by the following:

1. Ventilation methane-bearing capacity (Mym) -
difference between the volume of pure methane
measured in the outflow air current and the vol-
ume of methane that flows into the longwall area.

2. Absolute methane-bearing capacity — total volume
of methane emitted to the ventilation air and the
methane drained by the pipelines of the methane
drainage system.

3. Criterial methane-bearing capacity (Mcm) — max-
imum absolute methane-bearing capacity which
takes into account uneven emission of methane at
which the admissible values of methane concen-
tration in the return air current are not exceeded.

Based on the above it is possible to determine the
following parameters. Absolute criterial methane-
bearing capacity is the maximum value of absolute
methane-bearing capacity for the given ventilation
conditions and for the methane-drainage efficiency at
which methane content in the used air flow does not
exceed the admissible value. The adopted measure-
ment unit is m*min. The efficiency of methane
drainage is the percentage of drained methane, calcu-
lated in relation to absolute methane-bearing capaci-
ty. The developed software compares the value of
ventilation methane-bearing capacity with the value
of Mcm and the methane-drainage efficiency with the
efficiency assumed in the design of the longwall.
Methane hazard assessment is carried out based on
the methane hazard indicator ky (3) and the indicator
of the methane-drainage efficiency kg (4). Methane
hazard levels are determined in compliance with
Tables 1 and 2.
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where: where:
Mym — Ventilation methane-bearing capacity Epe — calculated methane-drainage efficiency [%],

[m*/min],
Mcw — criterial methane-bearing capacity [m*/min].

E  -assumed methane-drainage efficiency [%].

Table 1.
Degrees of methane hazard calculated depending on the value of ky indicator
Ky Degree of methane hazard
>1,0 Dangerous longwall, very high methane hazard
[0.8;1.0) High methane hazard
[0.5;0.8) Moderate methane hazard
[0.2;0.5) Low methane hazard
<02 No hazard
Table 2.

Degrees of methane hazard calculated depending on the value of ke indicator

Ke Degree of methane-drainage efficiency
>0.5 High methane-drainage efficiency
[0.3;0.5) Medium methane-drainage efficiency
<03 Low methane-drainage efficiency

Depending on the achieved indicators, decisions
are made to reduce the methane hazard to the admis-
sible level (by regulating the ventilation network,
reducing the mining speed, increasing the methane-
drainage efficiency, etc.).

4. SELECTED RESULTS
OF THE INTEGRATED SYSTEM TESTS

4.1. Calculating the ventilation network after
changes in air flow

The tests of the ventilation network parameters
were conducted on the basis of measurement data
registered during a ventilation experiment in the N-2
longwall area. The diagram of the longwall, made
with the use of the AERO program, is presented
Fig. 5. The objective of the tests was to confirm the
accuracy of the mechanism which integrates monitor-
ing systems and ventilation calculations. Particularly,
it was intended to check whether is it possible to
fulfill time conditions necessary for the systems to
co-operate in real time in the conditions of significant
air distribution changes.

The N-2 longwall was ventilated with the use of the
Y method by means of the main fresh air stream

flowing along the N-2 road and an auxiliary stream
supplied to the face end along the N-3 road. The air
distribution in the area was regulated by air dams T1,
T2, T3 and T4. In the normal state, before the exper-
iment began, the T1 dam was open while the remain-
ing dams were closed.

The area was equipped with a standard set of sta-
tionary measuring devices which were in compliance
with valid regulations. For the time of the experi-
ment, this set was supplemented with extra sensors,
i.e. absolute pressure and air velocity sensors, which
were installed in the excavations (inlet, outlet, fresh
air supply). Additionally, a methane drainage param-
eters sensor was installed in the main pipeline that
transports methane from the rock mass and goafs.

Due to security reasons, the experiment was con-
ducted when no mining operations were under way.
The idea of the experiment was to invoke some venti-
lation disturbances in the area by means of changing
the locations of the dams T1 and T3. The experiment
comprised the following stages:

1. State | (starting point) — T1 open, T3 closed.

2. State Il (less air supplied to the area) — T1, T3
closed.

3. Return to the starting point.

4. State Ill (change in the proportion of air streams
supplied to the longwall) — T1, T3 open.

5. Return to the starting point.
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Fig. 5. N-2 longwall area during the ventilation experiment

Before and during the experiment there were some
air flow measurements made manually in several
important spots of the area.

The closing of the T1 dam (State 1) resulted in sig-
nificant changes in air output in the excavations of
the area. In addition, the air current got reversed in
the N-12a uphill drift due to self-opening of T4,
while the air flowed through N-12a to the N-1 in-
cline. This fact was confirmed by measurements
conducted with a portable anemometer. The invoked
changes were accompanied by transitional states with
a significant amplitude and duration. Figure 6 fea-
tures the waveforms of air velocity registered during
the experiment.

The actual research works were carried out in
a computer laboratory with use of an archive of
a mining monitoring system which served — as shown

in Fig. 3 — as a source data base for simulation of real
courses by means of a program which was especially
designed for this purpose. The program loaded suc-
cessive archived data with a sampling period of
2 seconds, identically as has been used in the mining
system. The results confirmed correctness of the
solution which was developed within the scope of the
project.

Table 3 features averaged values of air flow in
most important branches of the area, calculated by
the AERO program for the initial state and during
regulating operations. In the analyzed case, the recal-
culation of the ventilation network was carried out
just in 4 seconds. This time is enough even when it is
necessary to conduct simulations during rescue oper-
ations.
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Table 3.
Air output in selected branches of the N-2 longwall area
State | State 11 State 111
Branches Characteristics T1 open T3 closed T1, T3 closed T1 open T3 closed
[m%min] [m%min] [m%min]
1 2 3 4 5
337-544 3237 1377 3127
544-357 Flow into the area 2297 773 2160
544-535 940 604 967
380-343 Supply stream 1153 493 564
343-388 Excavation 1153 493 564
357-388 Fresh air supply 970 560 1142
380-550 Lateral current 173 -280 454
388-589 Face end 2123 1053 1706
589-535 Flows out of the longwall 876 563 928
589-512 1248 489 778

4.2. Simulation of methane distribution
in places with higher methane
concentration

Simulations of a significant impact of methane emis-
sion in a longwall face and observation of a flow way of
gas along the workings of the ventilation system have
been the one of elements of the research works. The
effect has been obtained by introducing a virtual source
of methane emission into a longwall face, which caused
increasing in CH4 concentration up to 10%.

After the simulation was launched, the program, in
a time imperceptible to the user, generated a hazardous
zone, i.e. identified the path of the mixture with in-

creased methane content from the place where it flows
into the upcast shaft (yellow color) and marked the
locations of the so called observation spots (methane
sensors) (Fig. 7) marked with the letter P. The endan-
gered branches and observing methane sensors are
marked automatically with a different colour. At the
arrows showing a flow direction the program gives the
values of the air flow volume and percentage values of
methane concentration (green colour). In the integrated
system the simulation is activated automatically by
a methane sensor located at the longwall face area
when the allowable values of methane concentration
are exceeded. Similar simulations can be conducted for
other gases, e.g. CO, CO,, smoke.
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Longwall N-2 = 2880

78

Fig. 7. Simulation of methane outflow in the N-2 longwall (red arrows mean fresh air)

4.3. Determining coefficients of methane-
bearing capacity in the longwall area

Within the conducted research there were some
procedures implemented to calculate the coefficients
of methane-bearing capacity on the basis of current
values of sensor readings.

Figure 8 features a window of this part of the appli-
cation which is responsible for determining methane-
bearing capacity coefficients of the longwall area.
The values of the coefficients can be calculated on-
line or on the operator’s demand.

B Bilans metanowy rejonu éciany wydobywczej v1.02m =R I
— Anemarmetry — WWizualizac
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ASOT2 | prad wylotoy 1365 m2 28 mis 10F B
Wispdlezynnik nieréwnoscl rozkiacy powistrza k 0.8,
g m
— Metanomierz f L L L
0
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Fig. 8. Window featuring methane-bearing capacity balance of the longwall area

The left side of the window contains current read-

ings of sensors based on which the calculations are
done. The right side presents daily charts of the as-
sumed and real efficiency of methane drainage (upper
chart) as well as ventilation methane-bearing capacity
(Myn) and criterial methane-bearing capacity (Mcw)
— lower chart.

In the right bottom part of the window the program
gives current and daily values of Myy and Mcy. On
this basis the values of the indicators (3) and (4) are
calculated in accordance with Tables 1 and 2. Infor-
mation about the values of (3) and (4) can be returned
on-line to the SMP-NT system or any other supervi-
sion system.
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5. CONCLUSIONS

In order to carry out complex assessment of the
ventilation state and methane hazard in the longwall
area it was necessary to develop new calculation
procedures or modify the existing ones, including:

— calculating current changes in the ventilation net-

work parameters based on the measurements of
pressure changes and air velocity changes in
branches,

calculating, in real time, the flow of methane from
the source to the upcast shaft based on the readings
of the methane sensor installed near the source,
assessing methane hazards — based on the on-line
analysis of the ventilation methane-bearing capaci-
ty, criterial methane-bearing capacity and the effi-
ciency of methane drainage with the use of meas-
urement results from the sensors measuring air ve-
locity, methane concentration and methane drain-
age parameters.

The results of the conducted tests confirmed the ac-
curacy of the new intelligent integrated system for
monitoring and analyses of the methane hazard. The
developed system significantly extends the function-
ality of the existing solutions. At present there are
actions undertaken to extend the methane monitoring
systems in Poland by the functions presented in this
article. In addition, some Chinese coal mines are
showing interest in the developed solution.
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