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a b s t r a c t

Gas flow patterns during draining of gas from a coal seam during mining are discussed. The coal seam is
treated as a dual medium with both pores and cracks. The seepage, diffusion, and desorption processes
are treated using a gas flow equation that describes flow around drill holes. MATLAB is used to solve
the differential equations. The permeability tracer test results from a mined coal seam are used to study
the variation in gas drainage from a coal seam during mining. The results show that mining can increase
the permeability of a coal seam, which then increases the gas drainage. There are inflection points in this
variation over time. A close relationship between this variation and the rate of change in coal seam per-
meability is observed.

� 2012 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

Over the past years gas has been the main cause of disasters
during coal production and the ‘‘first killer’’ that endangers miners’
lives. This is a kind of unconventional gas with a high calorific
value. Recently the increased depth of mining has made gas prob-
lems more serious. This greatly restricts safe production from the
coal mine. Eliminating the damage and hidden trouble from mine
gas, and simultaneously getting a cheap energy supply, has made
gas drainage a more important problem in China. Real conditions
in our country have led to the formation of a gas drainage mode
incorporating the ground and the mine, being mainly under the
coal mine [1]. Ensuring safe mining requires most gassy and out-
burst prone mines to perform a thorough pre-drainage before min-
ing of the working face begins. This is converted to contiguous
drainage when the coal seam is mined. Because the gassy coal
mined in China has low permeability seam pre-drainage is always
ineffective. Increasing seam penetration is required to ensure the
effectiveness of gas pre-drainage. Many laboratory studies have
shown that there are obvious changes in coal seam permeability
when the coal is under stress. Some scholars have also analyzed
the relationship between ground stress, effective stress, and the
dielectric permeability of coal and rock [2–6]. In addition, field
studies have shown that coal seam fissures develop that lead to
further connections that could, in turn, lead to greater coal seam

permeability [7,8]. Therefore, it is necessary to study and the gas
flow of gas drained from drill holes in a coal seam under mining
conditions, which information can provide new ideas for achieving
efficient gas drainage.

2. Gas flow equation for gas drained through drill holes from a
coal seam: the seam as pores and cracks

A gas flow law in a coal seam for drill hole drainage was
described in previous studies from a fluid mechanics point of view.
The coal seam was considered a uniformly distributed, virtual
continuous medium over a large scale. The gas flow theory was
based on Darcy’s law, which was applied to the parametric design
of gas drainage drill holes [9,10]. However, the real situation
underground shows that in fact only free gas can be involved in
seepage. Most of the original coal seam gas is absorbed, which is
different from free gas. When only considering seepage of gas the
physical nature of a gas flow process would be unable to give the
correct response [11]. Therefore, considering the seepage and
desorption diffusion of coal seam gas requires that the coal seam
seem to be considered a two phase medium with both pores, the
first phase, and cracks, the second. The mathematical model
appropriate for this actual physical process is described below.

The basic assumptions are:

(1) The surface of the holes and cracks is where gas is adsorbed.
The cracks are the place where free gas resides.
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(2) There are both diffusion and seepage fields. The diffusion
process is Fickian and the seepage process follow Darcy’s
law. There is gas exchange between the two fields. For two
flow fields the amount of exchange implies a negative source
on one side and an equivalent positive source on the other.

(3) The influence of coal seam deformation is not considered.

These are important assumptions. Other assumptions made are
similar to those described in reference [9]. These are the basic con-
ditions of gas flow theory.

A closed surface with a fixed space is arbitrarily taken as one
unit cell in the coal seam. The basic principles of fluid mechanics
allow the mathematical and mechanical model of gas flow to be
established. The amount of gas flowing through the unit cell sur-
face during unit time is

t
s
q~V � d~s

where q is the density of the gas; ~V the velocity vector; and d~s the
infinitesimal area, the integral is over the closed surface, S. The rate
of change of free gas over time in the unit cell is
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where v is the porosity, m3/m3; qg0 the density of the gas under
standard conditions, kg/m3; pa the standard atmospheric pressure,
equal to 1 � 105 Pa; dx the infinitesimal volume; and X the unit.

The conservation of mass and Stokes theorem allow us to write:

vqg0=pa
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According to Darcy’s law:

V
!¼ �K

l
rp ð2Þ

where K is the permeability of the coal seam, m2; l the dynamic vis-
cosity of the gas, Pa s; and rp the pressure gradient of the gas.

If Eq. (2) is substituted into Eq. (1), after some transformation
Eq. (3) may be written:

vqg0=pa
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rq � rpþ qDpð Þ þ q ð3Þ

Eq. (3) is the coal seam gas flow equation for a coal seam con-
sidered as a double medium with both pores and cracks. This equa-
tion shows that the outflow of gas from a unit cell plus the amount
of desorbed gas equals the variation in gas concentration within
the unit cell over unit time.

Consider the radial flow of free gas into a drill hole. If the radius
of one drill hole is given as R1 then the initial and boundary condi-
tions are:

t ¼ 0 p ¼ p0 ð4Þ

p ¼ p1 r ¼ R1; t > 0ð Þ
p ¼ p0;

@p
@t ¼ 0 r !1; t > 0ð Þ

(
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where p0 is the original coal seam gas pressure, MPa; r the radial
distance in cylindrical coordinates giving the distance between a
target location and the hole center, m; and p1 the pressure in the
drill hole, MPa.

Eq. (3) contains the internal source, q is difficult to define
because of complications with desorption and diffusion processes
of the coal seam gas in the coal mine. In short, it is difficult to
obtain an analytical formula for q. Reference [11] derives, through
a large number of desorption experiments, an empirical estimate of
q:

q ¼ AB
qcpa

RT
ab

p0

1þ bp0
� p

1þ bp

� �
expð�AtÞ ð6Þ

where AB is a test coefficient; ab the adsorption constant of coal, can
be measured by gas desorption tests; R the molar gas constant; T
the absolute temperature of the gas, K; and qc the bulk density of
the coal, kg/m3.

Eq. (3) is a highly complex, nonlinear heat conduction type par-
tial differential equation. Obtaining even an approximate analytical
solution is so difficult that numerical methods must be used to
solve it. The finite difference method allows the solution of Eq.
(3) and coal seam gas pressure distributions over space and time
can be estimated. Then changes in coal seam gas pressure over
time at any position can be found. This allows both gas drainage
quantity and gas drainage rate to be calculated.

Fig. 1 shows an estimate for the variation in gas drainage over
time for a drill hole depth of 80 m and a drill hole diameter of
90 mm, with a coal seam permeability of 2.62 � 10�3 lm2. A drain-
age time of 30 d gives a total drainage quantity from one drill hole
of 25.4247 m3.

3. Variation of gas drainage from a coal seam during mining

Eq. (3) contains the coal seam permeability, K, as a constant that
reflects the pre-gas-drainage stage. At that point the coal seam per-
meability may be considered unchanged because the coal seam is
not influenced by mining.

However, the coal seam permeability changes because of min-
ing. Some studies have shown that coal seam permeability after
mining shows a cyclical variation as the work face advances [8].
This is shown in Fig. 2. At first, between 20 and 40 m from the face,
the coal seam permeability slowly increases. These changes are
over a long period of time but the variation is not very large. After
a period of slow growth the permeability suddenly increases by a
factor of several times, which then reaches a peak. During the
observation period the fist permeability peak appears at a distance
of 7.9 m from the work face. The value was 18.23 � 10�3 lm2 and
this exceeds the lowest value by 6.04 times. After peaking the
permeability drops rapidly to a local minimum but then increases
again to a large number. This growth lasts only a short time before
the work face has advanced to the current position.
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Fig. 1. Gas drainage from one drill hole an un-mined coal seam.
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