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Abstract: The Coal Mine Methane (CMM) process involves: exploration, extraction and drainage of
methane gas in underground mining during extraction process. Various factors affect the CMM operation
efficiency. Investigating the relationship between these factors and their effect on the process of CMM is
very important which has been less attractive to researchers so far. In this research, the effective criteria on
the efficiency of CMM were identified using previous studies and expert opinions. Then, the criteria were
classified in different levels using the Interpretative Structural Modeling (ISM) method. Then, the underlying
relationships between the variables were determined using the experience and practical knowledge of the
experts. Finally, a multi-level structural model was created. The results of this study indicated that the
coal rank, geomechanical parameters and technical specifications of drilling holes of gas drainage are in
the first level with the maximum impact on the process of CMM of underground coal mines. The capital
and operational costs related to the CMM process are also at the fifth level of the model and have the least
effect on CMM operation. Eventually, by charting the “Matrice d’Impacts Croises-Multiplication Applique
an Classment” (MICMAC) and its review, the categorization was done for each criterion based on the
degree of influence and dependency. The results of this research can be used for management purposes and
methane optimization of underground coal mines.

Keywords: Coal Mine Methane (CMM), Interpretive Structural Modeling (ISM), Coal Bed Methane (CBM).

INTRODUCTION

Methane is the most important pollutant gas in underground coal mines. The methane gas explosion is one
of the potential hazards in the coal mines that causes many deaths every year around the world [1,2]. On the
other hand, increasing energy demand and rapid depletion of its global resources have made it economically
viable to produce energy from non-conventional hydrocarbon reservoirs (such as coal resources) [3]. In
order to extract the methane gas from coal mines, methane derainage methods are proposed and used.
The methane discharge refers to the operation of exploration, extraction, transfer of the gas from the coal
seams/mines and the surrounding layers through holes/wells and pipelines [4,5]. Typically, these methods

IFAA Sl € 0 3ladd ¢ slazr 0599 12 Y1



Journal of Mineral Resources Engineering (JMRE)

are divided into two general categories, Coal-Bed Methane (CBM) and Coal Mine Methane (CMM) [6].
There are many factors involved in the CBM and CMM processes. The various geological and extractive
conditions in coal basins around the world have led to many methane drainage methods [7]. Also, various
parameters and factors affect on the efficiency of methane derainage process and so far little research
has been done to evaluate and classify different criteria affecting the efficiency of the methane derainage
process from the coal mines. In this study, the influence of different geological parameters, effects of
geomechanical and operational factors on each other and the criteria classification based on the internal
relationships between different factors have been analyzed and evaluated based on the research conducted
and considering the actual conditions of performing the disassembly operation.

METHODS

In this study, the Interpretive Structural Modeling (ISM) approach is used to investigate the effect of
different natural and operational criteria on the efficiency of CMM process. In the first step, previous studies
on identifying factors affecting the CMM process have been studied. Therefore, the internal relationship
of coal has been investigated and then questionnaires have been prepared and provided to experts. Then,
the opinions were determined by the experts among these criteria and the ensuing results were analyzed
using the ISM approach [8]. The ISM method provided by Warfield is a methodology for establishing and
understanding the relationships between elements of a complex system. This method is interpretive, which
means that it is up to the experts to decide what variables are related to each other [9]. Also, It is a structural
method and it extracts a general structure of a complex set of variables based on communication [10].
On the other hand, it is a modeling method and shows the special relationships of variables as well as the
overall structure of a graphical model.

The ISM method is a good way to analyze the impact of one element on another. This methodology
examines the order and direction of the complex relationships between elements of a system. In other words,
it is a tool by which the system can overcome the complexity between elements [11,12]. By analyzing the
criteria at several different levels, its analyzes the relationship between the criteria [13]. This procedure is
summarized in the following seven steps [10]:

1) Determine the type of content relationship between the criteria;

2) Structural Self-Interaction Matrix (SSIM);

3) Obtain access matrix;

4) Compatibility of the access matrix;

5) Determine the level and standard matrix;

6) Creating an interpretive structural model and drawing a network of interactions;

7) Charting and Analysis of Matrice d’Impacts Croises-Multiplication Appliqie an Classment
(MICMAC).

FINDINGS AND ARGUMENT

According to ISM classification (Figure 1), it was found that the coal rank and geomechanical
parameters (in-situ and induced stresses), technical criteria related to the drilling of holes (length, diameter
and orientation) and the geological structure of overberdun of the coal seam havethe highest level of impact
on the CMM process in the underground coal mines. This is because the significant importance of these
criteria from the perspective of researchers and experts. On the other hand, the coal cleats system, the ash
content of coal, and the groundwater conditions were on the second level, due to their effects on the amount
of methane gas present and its effect on the CMM process. Also the criteria for the amount of gas present
in the coal seam, including degree of gas saturation, gas content and the gas drainage pressureare in third
level. In addition, the intrinsic characteristics of the coal seam (such as: coal moisture content and coal
seam thickness) were ranked in third level. These criteria affect the technical aspects of designing borehole
drilling patterns (i.e. the drilling boreholes density and the stability of the drainage boreholes) which are
at the fourth level and are influenced by the second level criteria. Finally, the capital and operating costs
related to the CMM process were at the fifth and lowest levels of the model and it reflects the fact that the
importance of safety, environmental and potential methane risks in underground coal mines (stopes and
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extraction panels) is far greater than the economic issues of mining activities.
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Figure 1. Final modeling of criteria sffecting CMM process

CONCLUSIONS

In this study, the criteria affecting the CMM operations of underground coal mines were investigated
using the Interpretive Structural Modeling (ISM) approach. The leveling process on the various criteria
with ISM approach resulted in five levels of criteria. The results showed that the parameters related to the
geomechanical properties of the coal seam and the operating parameters of the methane drainage boreholes
were at the highest level. This means that the impact of these criteria on CMM operations is greater than
other factors. On the other hand, the criteria for the cleats and joints systems, the characteristics of the coal
seam, and the parameters related to the gas contained in the coal have a great impacts on the efficiency of
the CMM operation (levels 2 and 3) and is highly depended on other influencing criteria. Operating and
capital costs have the least impact on disassembly operations by being at the lowest level of the model
(level 5). This is due to the increased attention of experts on mine safety issues, potential risks and potential
dangers of methane gas in the mining area, as well as the need to advance underground mining objectives.
The results showed that managers and designers of underground coal mines facing with the problem of
methane gas accumulation in the mining area should design the necessary degasification systems according
to the effective criteria and by using the correct engineering techniques of these systems, drainage methane
gas in underground coal mines to increase safety and reduce potential risks.
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