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Underground coal mining Summary

Coal and gas Outburst During underground coal mining, ground stresses, geological anomalies such
numerical methods as faults and shear zones lead to the stress concentration, deformation and
Tabas Parvadeh coal mine failure of coal, and ultimately create hazards such as coal and gas outburst. A

coal and gas outburst is the rapid release of a large amount of coal or rock,
along with a large amount of gas, in an underground coal mine. The occurrence of this phenomenon can lead to the loss
of equipment and the lives of miners around the world. Therefore, it is necessary to predict, analyze and control it.
Numerical simulation is one of the powerful methods to study this complex phenomenon. The purpose of this paper is
to predict this phenomenon in underground coal mines using analytical and numerical methods. For this purpose, one
of the subtunnels of the E4 stope of Tabas Parvadeh mine, which is located at a depth of 472 meters from the surface of
the earth, has been simulated in Phase2 software and the probability of occurrence of outburst in this layer has been
investigated assuming the presence of a gas pocket. In addition, in order to predict the occurrence of outburst, the
unstable failure index (UFI) has been used. According to the results of this research, no special relationship was found
between the probability of the studied phenomenon and the thickness of the layer. This has been confirmed by previous
researchers in this field. However, in general, the thicker layer is more exposed to this phenomenon because there is a
possibility of an increase in softer coal and total amount of the released gas. In addition, coal strength parameters such
as cohesion, internal friction angle, and modulus of elasticity have significant effects on the severity of outburst
occurrence, while the probability of occurrence of this phenomenon is estimated independently of the tensile strength
of coal.

Introduction
In general, the phenomenon of coal and gas outburst has the following stages: A part of the rock, which is under

pressure due to gas and is exposed to rapid deformation due to confining stresses, is fractured as a result of the
geological effects in the area or the concentration of stress caused by mining. Then; the gases in the sandstones or
evaporite rocks containing coal quickly enter the fractures that contain gas. When more gas enters the fracture space,
the stress caused by the gas pressure may reach such a level that the rock cannot bear it. If the stress on the rock
exceeds its strength, the mass of fractured rock and gases will start to move. Finally; the rock is fractured, and the
gases are pushed towards holes such as boreholes and mine openings at a high speed, and the phenomenon of outburst
occurs.

The most important factors affecting of outbursts in deep coal mines include the amount and pressure of gas in the coal
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layer, geological factors including the depth of the mine, the angle of slope, and the thickness of the layers, folds,
fractures, faults, shear zones, changes in the thickness of the layer, and magmatic infiltration, the mechanical
characteristics properties of coal including permeability, absorption properties, strength, and coal rank, as well as stress
conditions in the region. The purpose of this article is to investigate the behavior of outburst in coal mines using the
index of unstable rock failure. According to this index, the outburst of a kind of rockburst is considered with the
difference that in addition to ground stress, the effect of gas pressure is also considered. In this case, by determining
unstable failure index (UFI), the areas prone to outburst can be determined. In this paper, first, the outburst has been
investigated and analyzed using the index of unstable rock failure, and then, the possibility of outburst using the
unstable failure index in Tabas Parvadeh coal mine was investigated.

Methodology and Approaches

Since numerical methods have shown their capabilities in the study of mining and geological phenomena, this study
was carried out using finite element numerical method in Phase2 software. Previous researchers have studied this
phenomenon using artificial intelligence methods such as artificial neural networks and random forest. In UFI, outburst

is considered a kind of rockburst, and in addition to ground stress, rock is also affected by gas pressure. In this case, to
analyze the energy-bearing capacity, the values of elastic strain energy and stored energy capacity until the moment of
failure are used. Unstable failure is related to brittle failure, during which the strain energy drops drastically. In this
type of failure, there is negligible plastic strain before rupture occurs. Therefore, the behavior of the rock until the
moment of failure can be assumed as elastic. In this case, UFI can be calculated from the ratio of the applied elastic
strain energy to the bearing capacity of the elastic strain energy of the rock.

Results and Conclusions

In this study, the effect of indicators such as the depth of the stope, gas pressure, stress ratio, and the strength
characteristics of the layers on the severity of the occurrence of gas outburst has been investigated. For this purpose,
with the assumption of keeping other indicators constant, the sensitivity analysis of UFI has been made with respect to
each of the mentioned indicators. It should be noted that the analysis was carried out in two limit states of zero pressure
and 0.6 MPa pressure. In order to investigate the effect of stress ratio on the probability of gas outburst, UFI is
calculated by considering different values of stress ratio coefficient, gas pocket pressure, height and thickness of the
coal layer at two limit pressures of zero and 0.6 MPa. As the stress ratio increases, the probability of the outburst
phenomenon increases. This finding is consistent with previous researches. By increasing the stress ratio to values
more than 2.5, the value of UFI increases significantly that indicates the effect of high values of horizontal stresses on
the severity of the occurrence of this phenomenon. It should be noted that with the increase of lateral stresses, in
addition to increasing the pressure on the tunnel wall, the pocket wall wikk also be under more pressure and with the
intensification of the movement of gas molecules, the possibility of outburst increases greatly. With the increase of gas
pressure, the outburst index increases linearly. Therefore, with the increase of gas pressure, the tendency of the coal
layer to outburst increases considerably.

By increasing the depth of the coal layer, the value of UFI increases significantly. Since the amount of stress increases
with the increase of the depth of the layer, the probability of outburst also increases. In the past researches, there is no
specific relationship between the probability of outburst and the thickness of the coal layer. This means that we can
have the possibility of gas explosion and outburst in both thin and thick layers. However, generally speaking, the
thicker layer is more prone to this phenomenon because there is a possibility of increasing the softer coal and the total
amount of gas available. As the depth of the layers increases and the amount of stress increases, the probability of
outburst also increases.

By increasing the modulus of elasticity of coal, the value of UFI decreases. In other words, the risk of outburst
phenomenon is higher in softer layers. The role of this index in the possibility of outburst phenomenon is similar to the
adhesion and internal friction angle of the coal layer. By increasing the stickiness of the coal layer, the value of UFI
decreases. In other words, the more resistant the coal layer is, the less likely it is to come out.

As the angle of internal friction increases, the maximum value of UFI decreases, that indicates the low probability of
outburst in resistant layers. According to the change curve of tensile strength of the layer, since UFI is based on the
assumption of rock shear failure, the value of this index is estimated independently of the tensile strength of coal.
Nevertheless, investigating the effect of the tensile strength of the layer on the probability of outburst requires
independent research.




