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Abstract: Based on the mechanism of migration of the coal bed methane (CBM), and taking into account the deformation of the coal
rock during the process of CBM production was also taken into account, a coupled mathematical model considering the interaction of
solid and fluid for methane extraction was built. The coal gas extraction of JINcheng coal mine was taken as an example, some
typical coal sample was chosen to test the permeability under different confining pressure. The curve for permeability of coal rock
versus effective stress under different confining pressure was obtained, a numerical model considering the variation of permeability
for methane extraction was set up. The influence of deformation of coal rock on the gas production was simulated and analyzed. The
simulation results indicate that the productivity curve considering deformation of rock is closer to the actual production data, at the
initial stage of production, the gas rate is less than the case without considering deformation of rock, but the time of stable yield will
last longer, and this matches the actual methane extraction, therefore, we recommend that the deformation of coal seam should be
considered during the prediction of methane production for JINcheng coal mine.
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1. INTRODUCTION

The CBM exists in the coal seam in the form of adsorption, which is different from the ordinary natural gas. The
main method for the exploitation of CBM is to drain the water in the coal rock (to get the water out from the stratum) to
extract the gas, competitive adsorption and fracturing et al. [1 - 4], as for the mathematical model and mechanism for
the development of coalbed methane, many scholars have conducted a lot of research work.

It is commonly recognized that the properties of coal are gradually changed during the process of production of
methane.  As  far  as  the  research  on  properties  of  coal  rock  are  concerned,  GUO  et  al.  [5]  employed  MZY-  type  I
permeability measuring instrument of coal seam to measure permeability of gas in coal seam under different pressure.
Zhang et al. [6] took triaxial compression test under condition of different coal gas pressure and confining pressure of
coal  samples,  and  studied  seepage  characteristics  of  well  circumferential  and  influence  of  gas  seepage  on  the
mechanical properties of coal and rock. LI et al. [7] took the No. 9 coal seam and completion fluid in Ningwu basin as
the research object, and carried out the experiment on desorption of coalbed methane, capillary imbibition and drilling
and completion fluid dynamic-static damage, and analyzed mechanism of the drilling and completion fluids affecting
CBM desorption-diffusion-seepage by means of the micro methods. YIN et al. [8] took the molding coal sample in
Jincheng  coal industry  group in  Zhaozhuang Mine  as the  research  object and  simulated the  influence of changes  of
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moisture content in coal-bed on seepage of coalbed gas. LI et al. [9] studied the relationship between permeability of
coal samples and effective stress and movement law of coal gas and established equations of permeability and effective
stress to describe nonlinear seepage law of methane.

Based on the experimental results, ZHANG et al. [10] established a mathematical model of nonlinear seepage flow
in coal seam, which can clearly characterize the flow resistance and the physical meaning. LIANG et al. [11] carried out
the research work about the law of interaction between the deformation and gas seepage in coal rock. According to the
characteristics  of  gas  flow  in  coal  seams,  considering  the  dynamic  change  of  permeability,  gas  adsorption  and
desorption in micro porous gap, they established a coupled seepage model. From the perspective of seepage field and
the stress field, SONG et al. [12] established a model with non uniform distribution of the water bearing layer in the
bottom plate and the model of the strip zone considering the interaction of fluid and structure. Based on elastic plastic
theory,  the  elastic  and  plastic  solution  of  the  limit  water  pressure  of  the  water  inrush  from  coal  seam  floor  were
obtained. On the basis of mass and momentum conservation equations of seepage theory, SONG et al. [13] established
a non Darcy percolation mathematical model, and by considering desorption effect of methane and low velocity they
deduced the radial flow pressure distribution analytic solution and deliverability equation of this new coal-bed methane.

About the numerical simulation of coalbed methane, the trend is that, the transportation ability of coal rock should
be considered as variable. LI et al. [14] used the constant permeability, the stress sensibility and S-D model of cleat
with changing compression ratio to describe the coal seam respectively,  employed the software Simed to study the
drainage intensity of coal seam with different structure. ZHANG et al. [15] used COMSOL to simulate the change of
gas desorption and seepage in the non isothermal coal bed under the condition of convection-solid-thermal coupling.
XU et  al.  [16] used briquette specimen as the object  for study,  tested permeability evolution of coal  bed under the
condition of different temperature and different confining pressure.  JIANG et al.  [17] used the multi  physical field
coupling simulation software COMSOL to simulate the gas seepage process in coal seam during water injection, and
analyzed the variation of water saturation in the front of water and gas in discontinuous interface. In consideration of
deformation capacity from adsorption, compressibility of pore gas and thermal expansion. YAO et al. [18] used the
flow solid  coupling  analysis  module  of  three  dimensional  fast  Lagrangian  (FLAC3D) and considering  the  variable
permeability of the rock on working face floor they studied the dynamic mechanism of strain and seepage of mining.

To sum up, in drainage of water to recover coal gas, the production of fluid, leads to the continuous change of pore
pressure and reorientation of formation stress and finally changes the physical parameters of bed rock. Among these
dynamic  changes  in  the  parameters,  the  permeability  properties  of  coal  and  rock  will  significantly  affect  the  well
productivity of coal bed methane. Therefore, it is necessary to analyze the change of permeability of coal seam resulted
from variation of seepage field, and hence to explore that how this affects the productivity of coal seam gas.

The development of coal-bed gas in Jincheng coal mine is taken as instance, after the test of permeability for typical
coal and rock under different confining pressure and gas pressure based on the logging data and experimental results of
coal seam, the geological model of the coal bed was established. According to practical dynamic production data, the
numerical model of a block including one single methane well was established, numerical analysis of gas development
of  the  well  was  conducted  reveal  the  law  about  deformation  of  coal  and  rock  affecting  development  of  coal  bed
methane.

2. MATHEMATICAL MODEL OF MIGRATION OF COAL BED METHANE

The coal bed gas reservoir has a dual porosity structure,  which is composed of the coal matrix and the fracture
system, and the methane gas mainly exists in the coal matrix in the state of adsorption. A small amount of free gas
exists in the fracture system, in the extraction of coal bed methane, with the drop of reservoir pressure, equilibrium of
gas adsorption is broken, the gas adsorbed in coal matrix will escape from the matrix and diffuse into the crack system
and be extracted from the fracture. Therefore, compared with the flow process of traditional underground water and oil
resources, the migration of coal bed gas is more complex, it includes process of diffusion of gas in the coal matrix, and
seepage process  in  fracture  system.  At  the  same time,  different  flow characteristics  in  different  mobile  phases,  the
escaping and diffusion process can be described by the Langmuir isotherm adsorption equation and the Fick's diffusion
law [19], the flow process in cracks can be described by Darcy and non Darcy's law, accompanied by deformation of
reservoir and molecular diffusion effects of gas.
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(1)

As we did not consider the changing of the temperature during the simulation, the process we simulated was set as
isothermal. The mathematical model of methane migration considering deformation of coal bed is as follows, mainly
including two processes, one is the seepage model in fracture system.

The other one is the diffusion equation in coal matrix,

(2)

The boundary conditions for constant pressure:

(3)

The initial conditions for initial concentration of coal bed methane:

(4)

Where, Cam is the concentration of coal bed methane, Dm is the diffusion coefficient of gas, pf is the pressure of gas,
CE is the concentration of gas in the fracture, c is the compression coefficient of gas, K is the permeability tensor of coal
rock, q is source and sink item, here means the flux from the matrix to the crack system.

During the process of CBM production, the pore pressure is constantly changed, and the stress of the rock skeleton
is  also  altered.  This  phenomenon can be  described by the  principle  of  effective  stress,  considering  the  equilibrium
equation  for  the  coal  rock,  the  final  equilibrium  equation  of  coal  rock  during  the  production  of  methane  can  be
expressed as follows:

(5)

Where σij  is  the  total  stress  in  the  porous  media,  σij  is  the  effective  stress,  p  is  the  pore  pressure,  which can be
calculated from equation (1), δij is the Kronecker Delta; and α is the Biot constant (0 ≤ α ≥ 1).

Due to the changing of effective stress and pore pressure of the coal rock, the permeability and porosity will be
changed  [20],  this  can  be  described  by  an  empirical  relationship  between  the  permeability  and  the  pore  pressure,
effective  stress,  etc.  There  are  many  empirical  expressions  of  this  kind,  they  can  be  represented  by  the  following
equation:

(6)

3. EXPERIMENT ON DEFORMATION AFFECTING PERMEABILITY OF COAL SEAM

In  order  to  simplify  the  mathematical  model  and  the  calculation  process  of  simulation,  we  consider  that  the
deformation of coal rock will mainly result in the variation of permeability of rock. The final results of changing of
stress  field  is  to  alter  the  gas  pressure  and  cause  the  variation  of  permeability.  Therefore,  we  just  designed  some
experiments to test the permeability of coal rock under different confining pressures. The equipment for testing the
permeability of rock under axial compression and confining pressure is shown in Fig. (1). The oil system was used to
load  the  confining  pressure,  and  the  axial  compression  system  to  load  the  axial  pressure  to  the  sample.  The  axial
compression sensor was used for monitoring and measuring the axial pressure on the sample, collection system for
stress information was used for measuring the stress, strain, and displacement of the coal sample, and the test was set as
isothermal.

In order to obtain the law that the deformation of coal rock affect the permeability, we set the confining pressure as
2 MPa, 4 MPa, 6 MPa, 8 MPa 12 MPa, 15MPa to test the permeability of coal rock. The high temperature and high
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CONCLUSION

Based on the multi-field coupling theory of porous media and the mechanism of migration of coal seam gas, the1.
mathematical model of the coal bed methane extraction is established. The calculation of the coupled model is
simplified by the analysis of permeability evolution mechanism.
On the basis of geological data of coal bed methane wells in Shanxi Jincheng coal mine, the numerical model of2.
extracting methane for a single well is established, the gas extraction process is simulated, compared with the
historical data, and the simulation results are analyzed.
According to the comparison, when considering deformation of coal rock, yield curve from simulation changing3.
of permeability and the actual production data of the CHC38 well are in better agreement. In the early stages of
production,  the  gas  rate  of  the  case  considering  deformation  of  coal  rock  is  lower  than  the  case  without
considering, but the stable production period is longer. It is recommended to consider the deformation of the
coal rock in the production prediction of CBM for JINcheng coal mine.
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