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a b s t r a c t

The coalbed methane (CBM) desorption area is highly important in the placement of wells to produce an
adequate working system. This paper develops a homogeneous seepage model of CBM that incorporates
desorption and uses a finite-element method to obtain the pressure field in complex boundary cases
influenced by adjacent wells. The pressure field is presented in a 2D and pseudo-3D form that visually
demonstrates the shape of the pressure profile and the pressure expansion. A method of combined
numerical computation and contour drawing technology is used to determine the CBM desorption area
and pressure drop region. By analyzing the main factors that affect the CBM desorption region, we
demonstrate that a higher value of critical desorption pressure yields a larger desorption area of the
seam. The effect of the permeability is different from the value of the critical desorption. This effect is
determined by the critical desorption pressure level and the intersection of pressure profiles with
different permeabilities. Permeability anisotropy leads to a desorption area with an elliptical shape. We
also demonstrate that a greater flux of methane will result in a greater desorption region, and the effects
of the distance between wells and the desorption area are closely related to the permeability. The
developed model is applied in a field case to predict the desorption area.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

CBM is an unconventional type of natural gas. As a new type of
clean energy, the development and utilization of CBM can not only
directly produce economic benefits but also is important for the
reducing in coal mine disasters and improving the environmental
quality of the atmosphere. China is rich in coalbed methane re-
sources. A new resource evaluation study shows that CBM re-
sources in China occupy 36.8 � 1012 m3 (Shao et al., 2015; Wang
et al., 2014), ranking third in the world. In recent years, with the
construction of new gas pipelines including the WesteEast Gas
Pipeline project and an output of natural gas exceeding 50 billion
m3, China has become one of the world's greatest producers of gas
and is gradually adjusting its energy structure. However, there are
still significant gaps between China's energy structure and those of
developed countries. The development and utilization of coalbed
methane plays an important role in promoting the improvement of
the energy structure (Ni et al., 2007).

Currently, research on coalbed methane geology and explora-
tion drilling technology has become more thorough (Zhao, 1999;
Weeks, 2005; Perry and Lee, 2007; Myers, 2009). In addition,
certain achievements in coalbed methane development have been
obtained. Coalbed methane exists in an adsorption state in the coal
seam. Exploitation of coalbed methane is typically performed using
the drainage buck mode. This mode has three stages (Yang et al.,
2009; Meng et al., 2014a). The first stage is the drainage decom-
pression portion. With the extraction of water, the coal seam
pressure is gradually decreased. The second stage occurs when the
pressure drops below the critical desorption pressure of the coal
seam, and methane desorbs from the coal particles and flows to the
wellbore through the fractures. In this stage, the gas flux is low. In
the third stage, with the discharge of water and reduction in
pressure, a large amount of coalbed methane desorption occurs in
the coal seam, and gas production increases.

Domestic and foreign scholars have proposed many models for
the recovery of CBM and its mechanism of transport. These models
can be classified into three types:
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(a) Empirical models. This type of model uses simple mathe-
matical formulas to describe the experimental phenomenon.
The typical models include the Lidime and McFail models
(King and Ertekin, 1989).

(b) Equilibrium adsorption models. This type of model assumes
that the coal is a single porosity media. The gas enters into
the fractures once it desorbs from the coal matrix; therefore,
the gas density is dependent on the fracture pressure and
independent of time. The free and adsorbed gas in the coal
pore is in a continuous equilibrium state. The typical models
include the Mckee and Bumb models (Bumb and Mckee,
1986).

(c) Non-equilibrium adsorption models. This type of model as-
sumes that the coal is a dual porosity media consisting of
micro-pores and fractures. These models take into account
the desorption, seepage and diffusion process from micro-
pores to the fractures. The diffusion process is a non-
equilibrium process that is characterized by Fick's law.
These types of models can be classified into transient models,
which are based on Fick's second law, and pseudo-steady
models, which are based on Fick's first law. The representa-
tive transient models include the Smith (Smith andWilliams,
1984) and Kolesar (Kolesar et al., 1990a, 1990b) models, and
the pseudo-steady models include the Ertekin (Ertekin and
Sung, 1989; Anbarci and Ertekin, 1990) and Comet models.

These models are derivative from Langmuir isothermal
adsorption (Meng et al., 2014b) or other adsorption theories and
Fick diffusion laws (Liu et al., 2014). So there are a lot of undeter-
mined parameters needed to be evaluated from experiments in the
lab. It is time consuming and the parameters from lab are not very
accurate because the experimental conditions in the lad are quite
different from the subsurface.

In the process of coalbed methane production, determination of
the methane desorption zone, which can be used to determine
adequate well spacing and routine production, is a very important
issue. Several analytical models have been developed to predict the
desorption area of CBM (Seidle, 1993; Spivey and Semmelbeck,
1995; Xu et al., 2013). These models are simple to run but are
only appropriate for reservoirs with a circular shape and neglect
the interference of adjacent wells. Therefore, the application of
analytical models is limited by these factors. Another approach for
predicting the desorption area consists of implementing numerical
reservoir simulations using numerical simulators (Luo et al., 2000;
Gentzis and Bolen, 2008). This method is capable of simulating
reservoirs with complex boundary shapes and multiple wells.
However, large amounts of data are required to run the simulation.
Data such as the relative permeability curves are often unknown.

In this paper, we develop a numerical method to predict
desorption area and pressure-drop region. This model assumes that
the desorption of coalbed methane and the pressure have a linear
relationship. The model calculates desorption by including the
critical desorption pressure and a coefficient, which is a source term
added to the conventional control equation. In this newmodel, only
two parameters are needed to be determined and this procedure
can be easily accomplished by well testing. We used the finite-
element method to solve the model in the complex boundary and
well interference cases. The pressure contour is used to determine
the desorption area and pressure-drop region under different
critical desorption pressures. We discuss the effect of the critical
desorption pressure, permeability, permeability anisotropy, well-
bore rate and well spacing on the desorption area and pressure-
drop region. A field example is also presented by applying this
new method to a platform with four wells.

2. Physical and mathematical model

2.1. Assumptions

(a) The coal seam is homogeneous and anisotropic.
(b) The methane gas is a weakly compressible Newtonian fluid

with a laminar state in accordance with Darcy's law. The
reservoir is bounded by the constant pressure boundary, and
gas is produced in vertical wells.

(c) When the pressure falls below the critical desorption pres-
sure, the coalbed methane begins to desorb from the coal,
and desorption becomes instantaneous.

(d) The temperature of the reservoir is constant, and the
effects of gravity and other physical chemistry effects are
neglected.

2.2. Mathematical model

2.2.1. Governing equations
To describe the CBM desorption characteristics, we assume that

the gas volume desorbed from coal seam depends linearly on the
difference between critical desorption pressure and pore pressure.
And the desorption occurs only if the pore pressure is smaller
than the critical desorption pressure. Then, the desorption gas
volume is

qd ¼ ½a1 þ a2ðmc �mÞ�εðmc �mÞ (1)

where a1 and a2 are two desorption coefficients.
Then, the continuum equation accounting for the sources terms

of desorption is
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The flow in coalbed is dominated by Darcy's law
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Combing Eq. (2), Eq. (3) and the equation of state for actual gas,
the governing equation for gas flow accounting for desorption is
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Pressure is replaced by pseudo pressure, andwe assume the coal
seam is anisotropy in two dimensions. Eq. (4) is given by
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The dimensionless form of Eq. (5) is
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where a1D and a2D are two dimensionless desorption coefficients
which are given by
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