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Abstract: Cavity completion of coalbed methane as an emerging technology has gradually been widely used
abroad; there are three zones after completion, cavity, broken zone and disturbed zone. This technology could
improve the permeability of coalbed and then improved the productivity greatly. In this paper, the crack
propagation of pressurization process and the shear fracture of relief process are under series of studies. In
conclusion, the potential radius of extension fracture zone is presented; shear fracture always taking place
along the minimum horizontal stress direction is proved theoretically, and anisotropic coalbed is suitable for

artificial momentum cavity completion.
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1. Introduction

CBM, as a kind of traditional unconventional energy
has showed great potential. CBM artificial momentum
cavity completion has been widely used abroad, the
technology can make the coalbed and the wellbore
connected to the greatest extent, thus the pollution of
the near wellbore area will be removed, the effective
radius of the wellbore will be increased, and the
permeability and the productivity will be effectively
improved. In general, the production increasing
mechanism of CBM artificial momentum cavity
completion Can be summarized as three points [1]: (1)
Physical cavity. After completion, the diameter of
cavity made by Borehole collapse was several times
the diameter of the previous wellbore, thus expanding
the seepage area of coalbed methane. (2) Broken
zone. Fracture zone is divided into extensional
fracture zone and the shear fracture zone. The flow
conductivity and the permeability of coalbed are
improved because of the expansion of cracks and
crushing of coal. (3) Disturbed zone. The coalbed is
disturbed by the release of the stress, and there is part
of the intensive reservoir outside of the fracture zone.
These cause an area where permeability rising.

In our country, Due to equipment and awareness
reasons, the crack propagation mechanism of cavity
completion is unclear, and the research on the
crushing law of coal is not perfect. Therefore,
perfecting the CBM cavity completion theory and
technology, analyzing and discussing the fracture
zone, these have a positive significance and will play
a guiding role in site engineering.

2. Crack propagation of pressurization process

2.1 types of crack and criterion of fracture

The butt cleat and face cleat of coal and rock are
developed well, the breakage of coal can be thought
of as the crack extension and intersection in artificial
momentum cavity completion. According to the force
conditions, the mode of crack is classified into three
types, opening mode (Mode 1), sliding mode (Mode
I1) and tearing mode (Mode I1I).

y

P P
opening mode

sliding mode

tearing mode

Figure 1. Three basic modes of crack

Because of the complexity and diversity of crack,
generally crack was simplified as a two-dimensional
crack for research [2]. The stress intensity factors of
type I, type Il and type Ill, crack were characterized
by K,, K; and K, K¢ is fracture toughness. Cracks
will extend when the stress intensity factor reaches the
critical value, Ki+K;+K;; > K;c was the judgment

basis of crack extending [3].
2.2 Rupture angle of crack

A model of the crack near the wellbore is established,
as shown in figure 2.

oy is the maximum horizontal stress and oy, is the
minimum horizontal stress in the crack zone; £ is the
angle between the axis of crack and the direction of
maximum horizontal stress.

When the crack surface is closed completely, only
slide and tear extension can take place under the
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effect of stress; In fact, the crack could not closed
completely as a result of the filling of impurities, the
existence of stratum water and point contact. The
expansion of the crack is mainly by tensile stress in
pressurization process after cavity completion. In
order to simplify the analysis, we consider that the
cracks only by tensile stress in the process of

extending.
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Figure 2. A crack model near the borehole

The figure 2 shows that the pressure and shear force
on the crack surface respectively are [4]:

f(x) = oy, sin® f+o, cos® B
9(x) = (0, —o,)sin Bcos B

Within the zone of the near wellbore, suppose that the
stress of down hole P, is exerted on the surface of
crack resulting stress P",. Among them, P,=MPy,, M
defined as conduction coefficient. M is a function of
the distance ‘r’ between crack and wellbore, M=f(x).
This moment, the crack surface is subjected to
compressive stress f(x), pore pressure P; and P,

(1.2.1)
(1.2.2)

The normal stress on the two surface of the crack is:

o =P +PB, — f(x) (1.2.3)
The intensity factor at the crack tip is:
K, =(f(x)—P, —P,)Vma (1.2.4)

In the formula, ‘a’ is a half long of crack.

According to the fracture criterion of strain energy
density factor, raised by Xue Changming [5] on the
crack tip, the strain energy density ‘W’ per unit
volume can be expressed as

1
W= (KT - 22,K Ky +2,Kf +agKf) - (125)

From the above equation, we know that ‘W’ has the
singularity of 1/R, introducing the strain energy
density factor ‘S’:

W=S/R (1.2.6)
Due to the crack is |, type crack, then K;=0, K;;;=0.

The formula (1.2.5) can be rewritten as:

S =a,,K? (1.2.7)

Among them

a,; = i[(3 — 4 —cos O)(1+cos )] (1.2.8)

72
Lis the Poisson's ratio; __E ; E, is Elastic
2(1+v)
Modulus; ‘@’ is the rupture angle between the

direction of potential crack extension and the axis of
crack; ‘R’ is the distance between unit and the crack
tip.

There are two basic assumption tips in Strain energy
density factor theory, first, the crack extend along the
direction of the minimum strain energy density factor
Sminn that  rupture  Angle should satisfy

5 _,2°S _ 4 Second, the crack begin to extend

o6 06?

when Sy, reaches a certain critical value.

According to, 9S _ 0°S _ . we can solve the
o0 86?

rupture angle 6=0°. Obviously, the extension

direction of I, type crack will progress along the axis

direction.

1.3 The length of the crack extension

In the vast majority of coal bed, the trend of face cleat
is the same as the direction of the maximum
horizontal stress direction, the trend of butt cleat is the
same as the direction of the minimum horizontal
stress direction. According to the figure 2, for the
horizontal crack, p=0°, extension of crack should
overcome the minimum horizontal stress. The work is
the least; we can think that when tensile cracks extend
alone the direction of the maximum horizontal stress
they reaches farthest, this is consistent with the
understanding of the field engineering.

The intensity factor of the crack tip is:
K,=(c,—-P —-B)Vma (1.3.1)
Due to the pressure lost of downhole in the process of
conduction, P; and P’y were changed gradually with
the increase distance between the borehole. When the
cracks extend a certain length, we need to re-
determine whether the stress intensity factor of the
crack still satisfies the extension condition. Through
constant iteration to determine the end region of crack
extension, thereby determining the ultimate range of
tensile rupture.

The propagation radius of tensile crack was

determined eventually, namely the radius of
extensional fracture zone:
2
|- 2K (1.3.2)
n(oy, - B, - P.)2

2. The shear broken of coal in pressure relief
process

2.1 The shear broken position

Establish a mechanical model about the stress of rock
near the wellbore for analysis. On the infinite plane, a
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circular hole forces a uniform internal pressure, at the
same time forces the maximum horizontal stress oy,
the minimum horizontal stress o, and there is
overburden pressure in the vertical direction (as
shown in figure 3).
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Figure 3. The stress schematic diagram of rock
around wellbore

The stress state of rock around wellbore can be
expressed by the radial stress e;, circumferential stress
oy, vertical stress o, and the shear stress z,4. As the
shear failure of Rock, there is usually, 65> 6, >0, 6, IS
the intermediate stress [6].

In the process of drilling and completion, the main
reason of wellbore collapse is the fluid column
pressure too low in borehole. The shear failure will
happen when the stress of the rock around wellbore
exceeds the rock strength. For plastic formation, such
as mudstone, the plastic deformation will happen in
borehole, causing shrinkage. For brittle formations,
such as coal seams, collapse will happen, causing
borehole diameter expanding.

According to the Coulomb-Mohr criterion:

7>2C+ uo (2.1.1)
In the formula, C is cohesive force, u coefficient of
internal friction of rock, p=tan(®), ‘@’ is the internal
friction angle of rock.

When there is pore pressure P;, the Coulomb-Mohr
criterion can be expressed by effective stress as:

(o0,~ap,)= (05— ap;) cot’ (45" — % +2C cot(45° —%) (2.12)

We know that Rock shear failure is mainly affected
by the maximum and minimum principal stress from
formula (2.12). When reaching the limit equilibrium,
if increase the difference between ¢; and ¢;, the
balance equation will be broken, resulting the
occurrence of the borehole instability. The maximum
and minimum horizontal stress of rock s
circumferential stress and radial stress respectively, so
the lost stability and collapse will happen more easily
when oq-6; is larger.

Due to circumferential stress on the borehole changes
with angle (0), ‘¢’ is an angle between the radius
vector of points in the well wall and the direction of
maximum horizontal stress), o, is a constant on the
anywhere of wall. As shown in figure 4 is 6, change

curve with angle 6, when 6=90°, or 0=270°,
corresponding M and N in figure 5, the maximum of
(6,-0c,) is reached. ~ When differential

stress(o, — o ), force on M and N, reaches or exceeds
0 r

the rock's shear strength, the borehole will lost
stability and cause borehole avalanche. The wellbore
will change from circular to elliptical, and the
direction of minimum horizontal stress is consistent
with long axis of the ellipse [7].
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Figure 4. Circumferential stress ‘e’ change curve
with angle ‘6’

Figure 5. Schematic diagram of borehole avalanche
ellipse

In the pressure relief process of CBM artificial
momentum cavity completion, causing the low
pressure or negative pressure in downhole, making
(c-0,) larger due to the reduction of ‘s, equally the
maximum of (oe-o;) is reached. Therefore in the
pressure relief process of cavity completion, the M
and N two point alone with the minimum horizontal
stress happen to shear break and then wellbore wall
loss stability, this form a range of collapse zone,
namely shear fracture zone of cavity completion

2.2 The influence of anisotropy

Take any one micro fission in the plane of coalbed,
the stress state is expressed in the polar coordinates.
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‘p’ is the radial coordinate and ‘¢’ is the ring
coordinate. As shown in figure 6:
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Figure 6. The stress state of micro fission

Stress component, transformed from
coordinates to polar coordinates, is:

2 HAY H
c,=0,008"@p+o0,sIN" p+17, 5IN2¢0

rectangular

o, =0,sin’ p+o,cos’ p—r, sin2p (221)

7, =(0,—0,)cospsing +r,, COS2¢p

Make 07,

Oop
maximum shear stress on cross section that determined
by ‘¢’, solve the equation:

_g» We can get the minimum and

tan2g = %% (2.2.2)
TXY
o, — O
Tmax = +\/(¥)2 + szy
2 (2.2.3)

o, —O
Tmin:_\/( X2 y)2+T2xy

Make Ao = o, —oy putin

T me, min :im:i\/m (2.2.4)

Take the derivative of the maximum shear stress with

respect to Ao .we can get:
or 1 (2.2.5)
Ac
o \/1+(27Xy)2
Ao
According to (2.2.4) and (2.2.5), the difference
between two horizontal stresses and the shear stress

suffered have important influence on the maximum
shear stress. For isotropic coalbed formation, the

maximum shear stress slants small when Ao tends

max

to be zero, coal is not likely to happen shear failure;
For anisotropy of coalbed formation, the greater the

Ao, the greater the maximum shear stress. The shear
failure of coal and rock is more likely to occur when
only shear occurs.

Therefore, we should try to choose the anisotropic
coalbed to construct when choosing the formation of
cavity completion. It is conducive to the formation of
cavity and the effect of cavity completion is also more
prefect.

3. Conclusion and understanding

1) Cracks of coal mainly extend alone the direction of
the maximum horizontal stress in pressurization
process, the potential stretching radius of fracture
K
7(oy — Pt; - P.)Z
2) The shear breakage of coal will be the first occur at
two points along the minimum horizontal stress
direction in pressure relief process. If using other
ways to make cavity, such as mechanical or hydraulic
way, we can first construct along the minimum
horizontal stress direction. This is easy to make the
cavity.
3) Choose the great anisotropic zone for artificial
momentum cavity completion, the effect of cavity
completion will more prefect.
4) The stress field distribution of coal can be changed
in the pressurization process and the pressure relief
process. Increasing constructing cycles appropriately
is advantageous to the expansion of disturbed zone.
Thus it can strengthen the reservoir and increase the
permeability.

Zone isR =
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