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Abstract

Prediction of gas emissions is a calculation based on empirical processing in coal mining. In this study,
methane diffusion was investigated in coal exploration on parameters such as coal gas content, mining,
depth, etc., in two faces in the Tabas Parvadeh central coal mining. Therefore, the first and final values for
the studied faces were initially modeled based on the neural network. The neural network calculated methane
for the P8/TG face, between 0.4476%-0.9921%, and the P8/MG face, between 0.1636%-0.3379%. The
intensity of methane gas emission from the studied mine was done based on the level of coal and the amount
of gas volume using MATLAB coding. Also, the type of extraction method in the mine was based on the
amount of gas emission caused by mining. The permeability shows several degrees of increase according to
the amount and aggregate of induced fractures. These amounts can evacuate the gas generated by the
underground extraction of the mine faster. In this study, the amount of gas emissions due to mining was
calculated using coding to the content of the remaining gas matrix. So, the gas emission due to drilling was
0.04%, blasting was 0.045%, support was 0.040%, muck out was 0.06%, and jiggring was 0.25%. Minor
errors in the measurement of gas content can lead to significant errors in the estimated calculations, which
were determined using the software. The correlation coefficient of the input and output of the studied data
was calculated as 0.984%. The modeling done for the two-face current shows a good result, which can be
used to improve mine safety.
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1- Introduction

To maintain safety conditions in the underground coal mines, regularly monitor the level of
gases such as oxygen, methane, carbon dioxide, carbon monoxide, etc. These results lead to short-
term and long-term data on the earth's surface. Therefore, it will be possible to alarm explosions and
toxic substances in places where workers typically work.

Karacan et al. (2007) presented an artificial neural network (ANN) and principal component
analysis (PCA) based on the sampling method and forecasting the ventilation of methane emissions
from the mines of the American Long Face. In this method, the control and prediction of the
methane released during coal mining are presented.

Kholod et al. (2020) presented predictions of global methane emissions from underground coal
mining to different exploitation methods and with increasing mine depth until 2100. Based on this,
a new way of calculating coal mine methane emissions was proposed, considering the coal
exploitation method, coal grade, and mine conditions.

Qingdong et al. (2022) presented an integrated field monitoring study that has led to many new
methods of methane diffusion and mine dynamics in a relatively high permeability, multi-shoot
mining environment.

To limit methane gas that is naturally present in coal mines, Jarostaw et al. (2022) presented a
developed method of detection and prognosis along with an example of its practical application. This
method is based on the neuro-fuzzy model, which uses the results of measuring accurate ventilation
parameters, diagnosis (fuzzy model), and prediction (fuzzy neural model), and the degree of methane
risk in the exploitation area makes it possible. The risk criterion is the value of the methane hazard index
(MHI), which considers the relationship between the absolute capacity and the criterion of methane-
carrying capacity in the studied area. Thus, the developed models and methods make it possible to
determine methane sensitivity in the short term. This factor causes an opportunity to control methane in
a region. Therefore, this can improve the safety and, thus, the effectiveness of the entire mining
production process by taking appropriate measures (such as changing the ventilation parameters). These
findings are an example of the main application of advanced methods of modeling physical phenomena
to solve a practical problem of improving the safety of the production process.

In this research, two faces of the central Parvadeh Tabas coal mine are reviewed and analyzed
for methane gas emissions. The necessary data were obtained from the technical office of the
Central Coal Mine of Parvadeh Tabas (2017), and MATLAB software was used in this study.

2- Methods

In this study, the method of Karacan et al. (2011), which is based on principal component analysis
(PCA) and artificial neural network (ANN), was used; the proposed methods were presented for
predicting methane gas emissions and Long-term rates in mines. A laboratory study was conducted on
the collected samples to investigate the relationship between coal composition and permeability. A
permeability test was performed on coal samples with an MFORR device. So, many of the coals in the
Parvadeh mine have pyrite as the main mineral. The Coal has an average percentage of vitrinite equal to
82.15% and inertinite equal to 11.02% in this mine. In every modeling for deposit grade distribution,
simplification and hypothesis about spatial changes are done.

In almost all reserve estimation methods, it is assumed that grade is a function of distance.
Distance is the only factor considered, while other factors such as geological structure, formation
environment, deposit form, deposit type, and degree of mineralization are also effective (Kholod et
al., 2020).

The neural technique's attractiveness is because it provides dynamic and non-linear systems that
can learn and model-free node estimation that can be estimated non-linearly. This technique does
not require assumptions about factors affecting the spatial grade variations around a shoot.
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3- Findings and Argument

In this study, the parameters of drilling, blasting, support, muck out, and jiggring are the input variables, and
methane gas is the output variable. After modeling, sensitivity analysis can determine each input parameter's
effect on the methane gas emission forecast rate. Therefore, in each step, the error of the test data is calculated
by removing one of the input variables. To validate the results obtained from the Anfis model, the root mean
square of the errors can be calculated. After the initial modeling, the values related to the natural methane gas
emission in the 13 face P8/MG and the 17 face P8/TG in this mine, to the Anfis model, are given to determine
their estimated values. The results show that the fuzzy model has the necessary efficiency and usefulness for
estimation. In this study, in order to better compare the results of the neural network, the number of holes, the
diameter of the holes, the average length of the holes, and the weight of the total cost have been considered as
input parameters, and the progress rate as the output parameter of the network. 60% of the data are selected for
training the model, 20% for the validation process, and 20% as test data for the constructed model. In order to
train the neural network, using the neural network software, a correlation coefficient is determined for all inputs
and outputs, and then a total correlation coefficient is selected, by which the accuracy of the data is determined;
it is fixed. Figure 1 and Figure 2 show the correlation of data for face P8/MG and face P8/TG with MATLAB
software. The purpose output rate and validation are shown in 4 different graphs.

4- Conclusions

In this study, the prediction of methane gas emission in coal mining exploitation in the faces P8/MG with
a length of 400 meters and face P8/TG with a length of 500 meters was investigated in the central coal mine
of Parvadeh Tabas. In the 13-face P8/MG, using MATLAB software, Anfis modeling was done, and the
average error was 0.76%, which indicates an acceptable fuzzy model. In the 17 face P8/TG, field sampling
was given to the Anfis model; the mean square error was equal to 0.55%. The effect of the maintenance
parameter will also be less than the other face. In the modeling of the artificial network modeling, on
average, the predicted methane gas emission rate was obtained as 0.7784%. In the 17 faces, the correlation
between 0.9625 and 0.98788 percent was calculated. For the 13-face P8/MG, a correlation between 0.1655
and 0.9579 percent was obtained. Modeling was done based on analyzing methane gas emissions and
destroyed parts. Then, these two models were compared. The obtained results allow the prediction of
methane gas release, thus confirming the model's accuracy.
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Figures 1. The degree of data correlation for the P8/MG face with MATLAB software
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Figures 2. The degree data correlation level for the P8/TG face with MATLAB software
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