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INTRODUCTION

Forecasts concerning the intensity of methane emission from the rock mass into
the space of mine excavations, impact of the size of sections are very important
in identification of methane hazard levels (Koztowski B, 1972; Lunarzewski L.
W., 1998; Krause E, tukowicz K., 2000; Drzewiecki J., 2004; Borowski et al.,
2009; Krause E., Wierzbinski K., 2009; Karacan et al., 2011; Krause E., 2015;
Mishra D.P., 2018).

The state of methane explosion hazard is determined by the concentration and
distribution of methane in the ventilation air as well as the possibility of explosion
initials. The forecast of methane concentration in the mine atmosphere is
important for maintaining a sufficiently high safety condition in mine excavations.
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Fig. 1 Scheme of excavations in B-3 longwall area in seam 407/1
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The papers that address this issue are, e.g.: Badura H. (2004); Branny M.
(2006); Badura H. (2007); Krause E. et al. (2008); Badura (2011), Badura H.
(2013); Lukaszczyk Z., Badura H. (2018); Mishra D.P. (2018); Niewiadomski A.,
Badura H. (2019); Tutak M., Brodny J., (2018); Zmarzty M., Trzaskalik P. (2019).
The paper presents research results of the relations between indications of
methane concentration sensors at the airway outlet (CSM-5) and up to 10 m in
front of the longwall face (CSM-4) and in the longwall, in the area of its outlet
(CSM-1). The basis for calculations and considerations presented in the paper
were measurements of methane concentration in the area of longwall B-3 in
seam 407/1 in KWK “Borynia-Zofidowka” Ruch Zofiéwka (Fig. 1 and Fig. 2).
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Fig. 2 Scheme of methane concentration sensors arrangement in B-3 longwall airway

ANALYSIS OF MEASUREMENT DATA FOR METHANE CONCENTRATION
Measurement data of average methane concentration in the locations of the
above mentioned sensors form time series. Tests of normal distribution of mean
methane concentration showed that none of the time series in question has a
normal distribution.

Table 1 shows selected parameters characterizing these series.

Table 1 Selected parameters of time series for average methane concentration
at the airway outlet (CSM-5) and up to 10 m in front of the longwall
CSM-4) and at the longwall outlet (CSM-1)

Average . Minimum | Maximum | Percentile Total
Sensor Median .
value value value 0.9 concentrations
CSM-1 0.69 0.69 0.30 1.23 0.96 239.88
CSM-4 0.67 0.65 0.25 1.18 0.96 231.22
CSM-5 0.60 0.60 0.28 1.01 0.84 206.78

The data in Table 1 show that the highest parameters of methane concentration
have measurements of average methane concentration in the longwall, near its
outlet, and the lowest in airway, at the outlet, i.e. near the intersection with a
slipway. The reasons for the lower values of discussed parameters at the airway
outlet compared to the values at a distance of up to 10 m in front of the longwall
are better methane mixture with air and the diffusion phenomenon causing
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“‘leaching” of short-term increases in methane concentration that occur near the
longwall outlet.

The coefficient of variation, i.e. the quotient of standard deviation to the average
value of methane concentration, is also an important indicator characterizing
methane concentration at the sensor locations. The values of this statistical
parameter are: at the longwall outlet (CSM-1) — 28.4%, up to 10 m in front of the
longwall (CSM-4) — 21.7%, at the airway outlet (CSM-5) — 23.3%. Therefore, the
coefficient of variation is also the highest for methane concentration at the
longwall outlet.

In the discussed time series there is an autocorrelation. The autocorrelation
coefficient of average methane concentration values at the airway outlet is r =
0.84, at a distance of up to 10 m in front of the longwall it is r = 0.84 and at the
longwall outlet it is r = 0.80. Therefore, it can be concluded that the relation
between average methane concentration on a given day and average methane
concentration on the previous day is significant (Zelias, 2000).

There is also a correlation between the time series in question. Thus, the
correlation coefficient between average methane concentration: at the airway
outlet (CSM-5) and at the longwall outlet (CSM-1) is r = 0.89, at the airway outlet
(CSM-5) and up to 10 m in front of the longwall (CSM-4) is r = 0.94, while at the
longwall outlet (CSM-1) and up to 10 m in front of the longwall (CSM-4) is r =
0.92. Relations between average methane concentrations are shown in Figures
3,4 and 5.

The figures show values of determination coefficient (R?) for the above relations.
The closest relation is between average methane concentrations at the longwall
outlet and up to 10 m in front of the longwall, even though 1900 m3/min air-
methane mixture flows through the airway and 1300 mS3/min through the
longwall. It can be assumed that the air-methane mixture at this point is
heterogeneous and the value of methane concentration at the sensor location
in airway is determined mainly by the air stream coming out of the longwall.

y = 1,009x +0,0903
1 R*=0.7958

Average methane concentrations at
the longwall outlet, %
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Average methane concentrations at the airway outlet, %
Fig. 3 Relation between average methane concentrations
at the airway outlet and at the longwall outlet
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Fig. 4 Relation between average methane concentrations
at the airway outlet and up to 10 m in front of the longwall
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Fig. 5 Relation between average methane concentrations up to 10 m in front
of the longwall and at the longwall outlet

For forecasting reasons, it is interesting to note the correlation between average
methane concentrations at the longwall outlet and up to 10 m in front of the
longwall and methane concentration at the airway outlet on the previous day.
They are r =0.77 and r = 0.80, respectively. Therefore, they are lower than the
autocorrelation factors.

For safety reasons, it may be important to forecast the methane concentration
at the location of methane sensor, the indications of which include all sources of
methane outflow in the longwall. Such a sensor is located up to 10 m in front of
the longwall face (CMC-4). On the other hand, the most important is methane
concentration at the longwall outlet (CSM-1) due to the possibility of initiating a
methane explosion by a shearer near the longwall face.

In the presented paper an attempt was made to forecast the average methane
concentration at the longwall outlet and in the airway at a distance of up to 10 m
from the longwall face, using autocorrelation of average methane
concentrations.
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FORECASTS OF AVERAGE METHANE CONCENTRATION
As there are no forecast equations that allow for forecasting methane
concentration at the location of CSM-1 and CSM-4 sensors, the linear
forecasting equations of methane concentration at the airway outlet (Badura H.
2013) were used for this purpose with autocorrelation, the general form of which
is presented in the equation:

Pi = ao+ a1Spom-1
where:
ao, a1 — parameters of the forecast equation,
Pi — forecast methane concentration on i-th day,
Spom-1 — measured methane concentration on a day preceding i-th day.
The parameters of forecast equations, separate for each day of the week, were
determined on the basis of measurements of average methane concentrations
at the airway outlets of nine longwalls. In total, the measurements included
indications of methane concentration in 2239 days (Badura H. 2013).
In order to assess the usefulness of these equations to forecast the average
methane concentration at the longwall outlet and in the airway at a distance of
up to 10 m in front of the longwall face, the forecasts of methane concentration
at the airway outlet, i.e. in the place for which the forecast equations were
developed, were also carried out. The errors of these forecasts were assessed
and then compared with the errors of forecasts carried out for the locations of
CSM-1 and CSM-4 sensors.
Measurement values and forecasted methane concentration at the airway outlet
are shown in Figure 6, Figure 7 — up to 10 m in front of the longwall, and Figure
8 — at the airway outlet.
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Fig. 6 Measurement and forecasted methane concentration at the airway outlet
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Fig. 7 Measurement and forecasted methane concentration
at the airway up to 10 m in front of the longwall
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Fig. 8 Measurement and forecasted methane concentration at the longwall outlet

Figure 9 shows the number of absolute errors in the specified ranges of error
values, and Figure 10 shows the percentage of absolute errors in the specified
ranges.
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Fig. 9 Absolute errors in forecasting methane concentrations
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Fig. 10 Percentage of absolute errors in the increasing ranges of error values

In the further part of this publication, the forecast for airway outlet will be called
the first forecast, the forecast for sensor location up to 10 m in front of the
longwall — second forecast and the forecast for longwall outlet — third forecast.
Figure 9 shows that for 157 first forecasts, absolute errors were no higher than
0.05% CHa, which is 46% of all forecasts (Figure 10). The second forecast
provided worse results, as the value of absolute errors no higher than 0.05%CHa4
was obtained for 139 forecasts (Figure 9), which constitutes 40% of all forecasts
(Figure 10).

The least errors in the discussed range were reported by the third forecast. Their
number is 128, which constitutes 37% of all forecasts.

In the range from 0.05% to 0.10% CHa there are 107 absolute errors of the first
forecast, 93 absolute errors of the second forecast and 87 errors of the third
forecast (Fig. 9).

In the third range, 0.10-0.15 CHa, the number of forecast errors of the first one
is the smallest and is 47, the number of forecast errors of the second one is 58
in this range and the number of forecast errors of the third one is 64 (Fig. 9).
Therefore, in the discussed range of errors, the errors of third forecasts prevail,
and the least errors concern the first forecast. This trend also applies to the
further ranges of errors.

In the range 0-0.15% CHa there are already 90% of all absolute errors of the first
forecast, 84% of the second forecast and 81% of the third forecast (Fig. 10).
The range of absolute errors 0.15-0.20% CHa includes 25 first forecast errors,
34 second forecast errors and 37 third forecast errors.

In the range 0-20% CHa there are 97% absolute errors in the first forecast, 94%
in the second forecast and 92% in the third forecast.

A total of absolute forecast errors of the first one is 23.67% CHa, the second one
is 28.31% CH4 and 30.97% CHa.

As in the case of absolute errors, also the errors of the first forecast are the
lowest. In the range 0-10%, there are 187 relative forecast errors of the first, 170
forecast errors of the second and 157 forecast errors of the third (Fig. 11).
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Fig. 11 Relative errors in forecasting average methane concentrations

In the second range of relative errors, which includes errors from 10% to 20%,
the highest number of errors, 119 errors, refers to the third forecast. The
smallest number of 95 errors in the discussed range are relative errors of the
first forecast, and 107 errors are forecast errors of the second. In the third range,
from 20-30%, the number of relative errors decreased drastically. The range
includes 39 forecast errors of the first one, 43 forecast errors of the second and
42 forecast errors of the third.

Figure 12 shows that the range of relative errors from 0-10% includes 54% of
the first forecast errors, 49% of the second forecast errors and 46% of the third
forecast errors. The range of 0%-20% relative errors includes 82% of first
forecast errors, 80% of second and third forecast errors.
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Fig. 12 Percentage of relative errors in the increasing ranges of error values

In the range of 0%-30% relative errors, 93% of first and second forecast errors
and 92% of third forecast errors.

The error analysis shows that the forecast of methane concentration related to
the location of methane concentration sensor up to 10 m in front of the longwall
is more accurate than the forecast related to the longwall outlet. However, both
forecasts are worse than the forecast of methane concentration at the airway
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outlet. However, as there are currently no forecast equations for methane
concentration at these locations, the use of forecast equations for methane
concentration at the airway outlet may be helpful in selection of preventive
measures. The collection of suitably large measuring material and its analysis
may lead to the development of forecast equations, adequate for the formation
of methane concentration at the listed locations of the longwall area.

CONCLUSION

The forecasts used so far in the Polish mining industry refer to the absolute
methane concentration of a longwall area or to the values of average methane
concentration at the airway outlet.

This publication presents the possibility of making a one-day forecast of
methane concentration at the sensor location in airway up to 10 m from a
longwall. Methane concentration in ventilation air flowing out of the longwall and
the part of airway located between longwall face line and airway
decommissioning line has a significant impact on the methane hazard state in
the immediate vicinity of longwall. Methane concentration at the longwall outlet
is the most important measure of the methane explosion probability due to the
highest possibility of explosion initiation from the excavating shearer.

The forecast of methane concentration in discussed locations may significantly
influence the selection of preventive measures, in particular auxiliary ventilation
measures in the area of longwall intersection with airway.

The research carried out in this publication has shown that in the analyzed case,
the use of forecasting method based on forecast equations of methane
concentration at the airway outlet gave good results of forecasting methane
concentration in the airway, up to 10 m in front of the longwall, and slightly worse
at the longwall outlet.

Obtained results encourage to further research in the scope addressed in this
publication. The forecasted results are the formulation of adequate forecast
equations for methane concentration at the longwall outlet and at a distance of
up to 10 m in front of the longwall. Until the formulation of appropriate forecast
equations and testing their accuracy, the forecasts presented in this publication
may be helpful.
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Abstract.

In the presented publication, an ex post forecast of methane concentration at the airway outlet
was carried out on the basis of equations previously developed and repeatedly tested by H.
Badura and its errors were calculated. This forecast was considered as a reference level.
Next, using the same forecast equations, the forecasting of methane concentration at the
sensor location up to 10 m in front of the longwall face and at the longwall outlet was carried
out, followed by the analysis of forecast errors. Since the measurement of methane
concentrations in the locations under consideration differed, the results of forecasts also
differed. Therefore, in order to assess the accuracy of forecasts, their absolute and relative
errors were calculated and then compared with the forecast errors at the airway outlet. The
analysis of errors showed that there are differences in forecast accuracy and it is advisable
to develop new forecast equations mainly for the longwall outlet, but also for the location of
methane concentration sensor installed in the airway up to 10 m in front of the longwall.

Keywords: longwalls, methane hazard, methane concentration forecasts, testing of forecast
accuracy
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