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ORIGINAL ARTICLE

Localization of mining-induced horizontal
fractures along rock layer interfaces
in overburden: field measurements

and prediction

Abstract The locations of mining-
induced horizontal fractures along
rock interfaces in the overburden of
Donetsk Coal Basin were identified
using an original experimental de-
vice. The device traps methane from
horizontal fracture zone (100—fold
coal seam thickness) over an active
longwall mining excavation. Pres-
ence or absence of horizontal frac-
tures along rock layer interfaces is
correlated with physical characteris-
tics of the overburden, such as
thickness, uniaxial compressive

strength of overburden rock layers,
location of rock layer interfaces and
thickness of extracted coal seams. As
a result, a combined criterion based
on these physical characteristics is
proposed to predict the presence of
overburden horizontal fracturing in
coal mine operations.

Keywords Rock layer interface -
Horizontal fracture - Longwall coal
mining - Natural gas emission

Introduction

It is known (Karmis et al. 1983; Hasenfus et al. 1988;
Whittaker and Reddish 1989; Kendorski 1993; Chekan
and Listak 1993; Palchik 2003) that there are three dis-
tinct zones (caved zone, fractured zone and continuous
deformation zone) of movement in the overburden strata
appearing in response to longwall mining (see Fig. la;
Palchik 2003). In the caved zone located immediately
above underground workings, rock layers fall to the
mine floor and are broken into irregular shapes of var-
ious sizes (Kratzsch 1983; Palchik 2002a). Above the
caved zone is the fractured zone, which can be divided
into three parts: rock blocks, through-going vertical
fractures and horizontal fractures caused by bedding
layer separation. In the lower part of the fractured zone
(Fig. 1b), rock layers are broken into blocks by through-
going vertical fractures and horizontal fractures due to
bed separation. In the middle part of the fractured zone
(Fig. 1c), there are also horizontal fractures due to bed
separation, whereas the number of through-going verti-
cal fractures is less than in the lower part of the fractured
zone. In the upper part of the fractured zone (Fig. 1d),

the formation of vertical fractures through the thickness
of rock layers does not occur, and there are only separate
horizontal fractures along weak-strong rock layer
interfaces. The thickness of the fractured zone varies
greatly amounting to 20 to 100-fold seam thickness
(Turchaninov et al. 1977; Peng 1992; Palchik 2003). The
zone above the fractured zone is a continuous defor-
mation zone without any major fractures.

Horizontal fractures along weak—strong rock layer
interfaces play an important role in the movement of an
overburden, since they are natural planes of weakness in
which separation occurs at overburden lamination. The
formation process, thickness and location of horizontal
fractures may influence the value and duration of rock
mass and ground surface subsidence. Moreover, these
fractures are sources of methane and concentrators of
maximum tensile deformations, which may be danger-
ous for mining constructions.

Palchik (2003) has shown that the extent of fractured
zone induced by mining can be determined basing the
change in natural methane emission from this zone.
Mathematical models (Palchik 2002b) were proposed to
describe the process of methane emission from fractured
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Fig. 1 Scheme of movement in overburden strata: a all zones of
movement (after Palchik 2003); b lower part (rock blocks)
of fractured zone; ¢ middle part (through—going vertical fractures)
of fractured zone; (d) upper part (separate horizontal fractures) of
fractured zone

zone in time. Field measurements (Palchik 2003) of the
extent of fractured zone were performed using the
method of tampion. The tampion is moved along a
vertical gas well and can block the latter above and
below the fractured zone in order to measure gas emis-
sion from this zone. As a result, the following extents of
the fractured zone were defined:

— Height of the zone of interconnected fractures (com-
bined thickness of the caved zone and the lower
and middle parts of the fractured zone (see Fig. 1a),
where horizontal and vertical through-going fractures
are interconnected and form a system of through
channels.
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— Location of separate horizontal fractures in the upper
part (Fig. 1d) of fractured zone.

However, localization of horizontal fractures in lower
(Fig. 1b) and middle (Fig. 1c) parts of fractured zone
was not performed, since at use of the method of tam-
pion, gas gets into gas meter from several outlets of
system of through channels in zone of interconnected
fractures.

This paper presents a new approach to the localiza-
tion of horizontal fractures along rock layer interfaces in
all three parts of the fractured zone. In this study,
methane is trapped from each of horizontal fractures
within rock mass over underground workings. Further,
the presence or absence of horizontal fractures is cor-
related with uniaxial compressive strength and thickness
of rock layers, distances from extracted coal seam to
rock layer interfaces and thickness of extracted coal
seams. Finally, a criterion for predicting the presence
of horizontal fracture along a rock layer interface
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based on the above-mentioned physical characteristics is
proposed.

New approach to localization of horizontal fractures
Experimental device

The design of an experimental device used for detecting
horizontal fractures along rock layer interfaces above
mined coal seams is presented in Fig. 2. A vertical gas
well drilled from the ground surface to the mined coal
seam is equipped with a plastic casing pipe, and the
space between the casing pipe and gas well is filled with
cement mortar. The casing pipe is perforated. In order to
trap methane from horizontal fractures, a packer-trap
with two lateral diametrically opposite openings is used
(see Figs. 2 and 3). The plastic packer-trap is moved
along vertical mortises in the casing pipe (see Fig. 4)

Fig. 2 Experimental device
used for localization of hori-

with the help of a lifting rope connected with a hosting
drum at the ground surface. Volumetric flow rate of
methane emission (v, m*/min) from the packer-trap is
measured by gas meter (portable wind-wheel anemom-
eter), which is located at the ground surface. A plastic
pipe connects the gas meter to the packer-trap.

Experimental procedure

First the packer-trap is lowered with the help of a lifting
rope into the gas well at the top rock layer interface
within the limit height of the fractured zone (100-fold
coal seam thickness). Top rock layer interface and
limit height of fractured zone (Hy =100 m) are shown
in Fig. 7. Volumetric flow rate of methane emission
(v, m”’/min) from the packer-trap at the top rock layer
interface is measured by a gas meter at the well-head
(ground surface). Then the packer-trap is lowered at a
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Fig. 3 Packer-trap used to trap
methane from horizontal
fractures

plastic pipe

lifting ropl/

to gas meter

packer-trap

neighbouring rock layer interface and gas emission from
the packer-trap to a gas meter is again measured. Thus,
the packer-trap is moved from upper to lower rock layer
interfaces in the direction of the extracted coal seam.
Installation of the packer-trap and measurement of
methane emission from the packer-trap are performed at
each of rock layer interfaces located within 100 m above
the underground workings.

The process of horizontal fracture formation along
weak—strong rock layer interface is accompanied by the
subsidence of rock layer interface. In fact, the thickness
() of horizontal fracture can be presented as a difference
between a large subsidence of top boundary of weak rock
layer (1) below the interface and a relatively small sub-

Fig. 4 Mortises in the casing
pipe for the movement of
the packer-trap along vertical
gas well

_—H

perforated casing pipe

plummet

methane from horizontal fracture to two
diametrically-opposed openings in packer-trap

sidence of the bottom boundary of strong rock layer (1,)
above the interface (see Fig. 5). Such subsidences lead to
the formation of cracks in cement mortar in gas wells
directly at the rock layer interface where horizontal
fracture is formed. Methane from horizontal fracture
passes through cracks in cement mortar and then pene-
trates into the packer-trap through lateral diametrically
opposite openings. Volumetric flow rate of methane
emission (v, m>/min) from the packer-trap is measured by
gas meter at the ground surface. If there is no horizontal
fracture along the rock layer interface, cracks in mortar
at the rock layer interface are not formed, methane does
not penetrate into the packer-trap, and the gas meter at
the ground surface shows that v = 0.

\

W mortises in casing pipe
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Fig. 5 Subsidence of rock
layers at rock layer interface
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The formation of through-going vertical fractures in
rock mass is not associated with rock layer interface and
does not cause fracture of cement mortar immediately at
the rock layer interface. Naturally, vertical fractures
may feed methane to horizontal fractures away from gas
well, that is, always there is a system of though channels
in zone of interconnected fractures. However, in case of
use of proposed device, horizontal fracture is the only
outlet of the system of through channels through which
gas gets into gas meter. If the outlet is open (presence of
horizontal fracture) gas meter shows gas flow. When the
outlet is close (absence of horizontal fracture), gas flow
is zero.

Results of field measurements

Field measurements of locations of horizontal fractures
along the rock layer interfaces above underground
workings were performed in Donetsk Coal Basin (Uk-
raine) in ten gas wells 280-450 m deep. Overburden in
all observed gas wells consists of layers of limestone,
sandstone, calcareous shale, sandy shale and bone coal.
For example, Fig. 6 demonstrates the location of hori-
zontal fractures in gas wells# 1345, 5345 and 10789 after
all horizontal fractures (within 100 m above the ex-
tracted coal seam) were formed. From Fig. 6 it is clear
that the overburden in gas wells# 1345, 5345 and 10789
has two, five and four horizontal fractures along rock
layer interfaces, respectively. Rock layers above hori-
zontal fractures consist of strong sandstone and lime-
stone, whereas rock layers below these fractures consist
of weak sandy shale, bone coal and calcareous shale.
Distance from the extracted coal seam to the horizontal
fracture is 23. 1 and 45 m; 19.6, 39.9, 54.3, 91.9 and
149.4 m; and 15.4, 71.2, 95.6 and 127.9 m in gas wells#
1345, 5345 and 10789, respectively. Distance between

7
subsidence of rock layer below
interface

\ 4

coal seam extracted

neighbouring horizontal fractures is 22.4 m, 20.3—
57.7 m and 24.4-55.8 m in gas wells# 1345, 5345 and
10789, respectively.

Figure 7 presents a schematic geological profile of
overburden showing observed thicknesses of rock layers
and distances from extracted coal seam to rock layer
interfaces. Here, 1, ..., i—1, i, i+ 1, ..., n is the number of
rock layer interface: 1st rock layer interface is the lowest
interface above the caved zone, whereas nth rock layer
interface is the top layer interface within 100 m above
the extracted coal seam; H,..., H;.;, H;,H;+1,..,H, 1s the
distance from extracted coal seam to the Ist,..., (i—1)th,
ith, (i+ 1)th, ..., nth rock layer interface, respectively;
haq), > Nagi-1ys Ba@y and hyoopyis the thickness of rock
layer above the 1th, ..., (i—1)th, ith and (i+ 1)th rock
layer interface, respectively; (1), fbay Mo+ nand Ay
is the thickness of rock layer below the (i—1)th, ith,
(i+ 1)th and nth rock layer interface, respectively; m is
the thickness of extracted coal seam; Ay is the thickness
of the so-called “‘layer-bridge” which is the stiffest rock
layer within the limit height (Hy =100 m) of fractured
zone.

The samples for uniaxial compressive testing were
extracted from each the of rock layers within 100 m over
underground workings in all ten gas wells. Uniaxial
compressive strength (Gu1), ..., Cagicl)s Gagi)y Ta(i+1)s --os
Gawy) of rock layer above the 1st, ..., (i—1)th, ith,
(i+ 1)th, ..., nth rock layer interface, respectively, and
uniaxial compressive strength (Gu(i1), Ob(i)s Ob(it 1)s -o-s
Gb(m) of rock layer below the (i—1)th, ith, (i+1)th and
nth rock layer interface, respectively, were tested.

Values of H, h,, 6,, h,, o, and /1, and the presence or
absence of horizontal fractures for all rock layer inter-
faces within 100 m above the extracted coal seam in all
ten examined gas wells are presented in Table 1. The
latter also includes values of extracted coal seams (m)
and thickness of “layer -bridge’ (4) in each of ten gas
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Fig. 7 Geological profile showing observed thicknesses of rock
layers and distances from extracted coal seam to rock layer
interfaces

wells under study. The value of H ranges from 9.8 to
164.7, and the thickness (m) of extracted coal seam is
between 0.8 m and 1.6 m. Thickness (4, and /h,) and
uniaxial compressive strength (o, and o) of rock layers
range from 09 m to 44.7m and from 7 MPa to
99.1 MPa, respectively. Thickness of rock “layer-
bridge” (h4) varies from 10.1 m to 44.7 m.

Observations of presence or absence of horizontal
fractures in overburden

Presence or absence of horizontal fractures along rock
layer interface at different H/m and distances (H) from
the rock layer interface to extracted coal seam is shown
in Fig. 8. Here, all 79 rock layer interfaces observed in
ten gas wells are presented, 30 of them having horizontal
fractures. As can be seen from Fig. 8, although the
number of horizontal fractures decreases above
H/m=175, three (marked by the values of H/m) hori-
zontal fractures exist at large H/m=285.3, 93.4 and 97.2.
These three horizontal fractures (H=127.9 m in gas
well# 10789, H=1494 m in gas well# 5345 and
H=131.2 min gas well# 7679, respectively) were formed
along rock layer interfaces where the rock layer above
the interface has a high uniaxial compressive strength

(o, = 79,45.1 and 34.6 MPa, respectively), whereas the
rock layer below the interface exhibits a relatively low
uniaxial compressive strength (o, = 11, 9 and
14.5 MPa, respectively). Thickness of the layer above
the interface (h, = 8, 15.3 and 23.5 m, respectively) is
also larger than the thickness of the layer below the
interface (b, = 2, 13.7 and 1.6 m, respectively). This
fact suggests that not only the value of H/m, but also the
ratio between physical properties of rock layers above
and below the interface, may influence the presence or
absence of fracture along rock layer interface.

Figure 9 shows the presence or absence of horizontal
fracture at different values of ratio ¢,/c, multiplied by
ratio /,/h, and different distances (H) from rock layer
interface to extracted coal seam. Value of (c,/cy) (hy/hy)
is between 0.018 and 300. As can be seen from Fig. 9,
probability of the presence of fractures increases with
increasing (6,/0y) (ha/hy). When small 0.018 < (o,/0p)
(ha/hy,) < 2, only one presence and 46 absences of hor-
izontal fracture were observed. When 2 < (o,/0y) (h./
hy) < 5.5, there are 11 presences of horizontal fracture
and only 3 absences of horizontal fracture. At large
values of (o,/cp) (ha/hy) = 5.5 — 300, 18 horizontal
fractures are observed and there are no rock layer
interfaces where fractures are absent.

Field measurements of subsidence of undermined
rock mass (Palchik 1989, 2000) show that the subsidence
of rock layers of overburden and separation at lamina-
tions and formation of fractures along rock layer inter-
faces may be restrained by thick and strong rock layers of
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Table 1 Test results

Number of gas well 1 H (m) h, (m) hy, (m) c, (MPa) oy (MPa) hg (m) K Presence/absence
of fracture
1345 m=1.15m 1 23.1 21.9 4.9 12 7 22.4 0.38 P
2 45 22.4 21.9 44.2 12 0.14 P
3 67.4 28.6 22.4 12 44.2 -0.19 A
4 96 18 28.6 32 12 —-0.03 A
5 114 4.1 18 15.9 32 -0.6 A
2845 m=0.9 m 1 19.8 7.1 8.3 9 8.9 16 -0.19 A
2 26.9 7.9 7.1 12 9 -0.07 A
3 34.8 19.8 7.9 17 12 0.15 P
4 54.6 9.3 19.8 14.5 17 -0.24 A
5 63.9 16 9.3 79 14.5 0.2 P
6 79.9 10.1 16 34.5 79 -0.25 A
7 90 5.6 10.1 45.1 34.5 -0.23 A
3567 m =0.8 m 1 9.8 3.6 5.2 17.1 34.2 28 —-0.85 A
2 13.4 13.9 3.6 14.5 17.1 0.15 P
3 23.7 10.3 13.9 59.4 14.5 0.01 P
4 33.9 7.4 10.3 19.7 59.4 —-0.49 A
5 41.3 28 7.4 67.9 19.7 0.29 P
6 69.3 9.7 28 23.4 67.9 —-0.43 A
7 79 12.3 9.7 36.7 23.4 -0.09 A
4123 m=1.15m 1 14.7 9.1 7.4 23.9 12.2 44.7 -0.1 A
2 23.8 21.9 9.1 34.9 239 0.13 P
3 45.7 44.7 21.9 57.1 349 0.12 P
4 90.4 16.6 44.7 16.9 57.1 —-0.44 A
5 117 3.9 16.6 45 16.9 —-0.85 A
5345 m=1.6 m 1 19.6 15.3 15 71.4 19.9 25.6 0.25 P
2 34.9 5 15.3 45.7 24.6 —-0.47 A
3 39.9 14.4 5 42.3 45.7 0.07 P
4 54.3 25.6 14.4 67 42.3 0.11 P
5 79.9 12 25.6 21.3 67 —-0.42 A
6 91.9 30.6 12 45.6 21.3 0.17 P
7 122.5 13.2 30.6 19.8 45.6 -0.33 A
8 135.7 13.7 13.2 9 19.8 -0.21 A
9 149.4 15.3 13.7 45.1 9 0.06 P
1 164.7 23.6 15.3 28.9 45.1 —-0.08 A
6467 m =1.05m 1 20.1 40.7 4.5 54.9 11.7 29.9 0.81 P
2 60.8 4.3 40.7 13.3 54.9 -0.97 A
3 65.1 9.8 43 9.9 13.3 —-0.15 A
4 74.9 3 9.8 9.6 9.9 -0.84 A
5 77.9 29.9 3 99.1 9.6 0.47 P
6 107.8 4.3 29.9 23 99.1 —-0.82 A
7678 m=1.35m 1 18 2.2 11.2 11.1 13.6 22 -1.2 A
2 20.2 5.7 22 23.5 11.1 0.17 P
3 259 22 5.7 56.9 23.5 0.44 P
4 479 18.2 22 9.7 56.9 —-0.41 A
5 66.1 18.1 18.2 16.9 9.7 -0.01 A
6 84.2 4.6 18.1 19.8 16.9 -0.49 A
7 88.8 20.1 4.6 44.2 19.8 0.2 P
8 108.9 20.7 20.1 124 44.2 -0.21 A
9 129.6 1.6 20.7 14.5 12.4 -1.21 A
1 131.2 23.5 1.6 34.6 14.5 0.3 P
8999 m=0.95 m 1 12.9 12 2.1 67.8 7 20.2 0.97 P
2 24.9 4.2 12 12.5 67.8 —-0.87 A
3 29.1 1.2 4.2 9 12.5 -1.46 A
4 30.3 5.4 1.2 8 9 —-0.02 A
5 35.7 11.1 5.4 9.9 8 0.02 P
6 46.8 17.9 11.1 12 9.9 0.02 P
7 64.7 20.2 17.9 96 12 0.2 P
8 84.9 11.8 20.2 23.1 96 —-0.33 A
9 96.7 9.2 11.8 11.8 23.1 -0.24 A
9899 m =1.4m 1 15.1 1.1 2.7 7.8 9 39.9 -2.86 A
2 16.2 39.9 1.1 64.4 7.8 1.61 P
3 56.1 6.2 39.9 23.3 64.4 -0.91 A

Table 1 (Contd.)
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Number of gas well 1 H (m) h, (m) hy, (m) o, (MPa) o (MPa) hg (m) K Presence/absence
of fracture
4 62.3 10.5 6.2 21.9 23.3 -0.2 A
5 72.8 3.1 10.5 8.1 21.9 -1.2 A
6 75.9 19.3 3.1 67.9 8.1 0.39 P
7 95.2 19.9 19.3 19.9 67.9 -0.29 A
8 115.1 11.6 19.9 124 19.9 -0.35 A
9 126.7 7.6 11.6 12.5 124 -0.41 A
10 134.5 1.3 7.6 57.9 12.5 -2.17 A
10789 m =1.5m 1 15.4 423 0.9 48.9 12.1 423 1.57 P
2 57.7 13.5 423 7 48.9 -0.72 A
3 71.2 21.3 13.5 12 7 0.01 P
4 92.5 3.1 21.3 12 12 -1.2 A
5 95.6 30.3 3.1 39.7 12 0.34 P
6 125.9 2 30.3 11 39.7 -1.92 A
7 127.9 8 2 79 11 0.01 P
8 1359 1.1 8 15 79 -3.07 A
9 137 2.3 1.1 12 15 -1.23 A
10 139.3 14.2 2.3 10 12 —-0.04 A

H is the distance from extracted coal seam to the ith rock layer
interface (<100 m); m is the thickness of extracted coal seam, i is
the number of rock layer interface; &, and &, are thicknesses of rock
layers above and below the i th rock layer interface, respectively; ,
and oy, are uniaxial compressive strengths of rock layers above and

below the i th rock layer interface, respectively; /g is thickness of
“layer-bridge” within 100 m over extracted coal seam; K is criterion
for predicting the presence of horizontal fractures along rock layer
interface; P presence of fracture along rock layer interface; A ab-
sence of fracture along rock layer interface

Fig. 8 Observed presence or 180
absence of horizontal fracture - i
along a rock layer interface at 2 160 - ! °
different H/m and different dis- f i ° 934
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P presence of fracture and 4 ‘é’ : o» 858 7.
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overburden. One of such rock layers is the so-called
“layer-bridge” (see Fig. 7), which is the stiffest layer in
the overburden and has the largest value of hxo among
others rock layers within the distance of 100 m over
underground workings. Figure 10 shows presence or
absence of horizontal fracture at different ratio between
the thickness of “layer-bridge” (4) and thickness of rock
layer (h,) above interface and different distances (H)
from rock layer interface to extracted coal seam. Value of
hg/h, ranges from 0.73 to 38.5. As can be seen from

Fig. 10, probability of the presence of fractures decreases
with increasing hg/h,. When 0.73 < hg/h, < 2.5, 27
presences and 17 absences of horizontal fracture were
observed. When 2.5 < hg/h, < 6, only 3 presences and
16 absences of horizontal fracture were observed. At
large 6 < hg/h, < 38.5, there are no horizontal frac-
tures, and same number (n=16) of rock layer interfaces
without horizontal fractures were observed.

Thus, Figs. 8, 9, 10 demonstrate a combined influ-
ence of H/m, value of (c,/0y) (ha/hy), and ratio between
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hg and h, on the probability of the presence of horizontal
fracture along the rock layer interface.

Criterion for predicting the presence of horizontal
fracture

Observations of presence or absence of horizontal frac-
tures at different physical characteristics of overburden
show that:

— Probability of the presence of horizontal fracture along
rock layer interface increases with increasing (c,/cp)
(ha/hy). The larger the difference between physical
characteristics of strong rock layer above and weak

rock layer below the interface, the higher the proba-
bility of the presence of horizontal fracture along the
rock layer interface.

— On the other hand, the probability of the presence of
horizontal fracture along rock layer interface de-
creases with increasing H/m and hg/h,.

Palchik (1989) has found that the thickness of hori-
zontal fractures along rock layer interface in overburden
increases with increasing value of & = f{4) (m/H)*?,
where parameter 4 reflects the combined influence of
physical characteristics of overburden, and (m/H)"° re-
flects the combined influence of extracted coal seam and
location of rock layer interface. We assume that & value
may also be used for predicting the presence of hori-
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absence of horizontal fracture 5 i !
along rock layer interface at > o i i
. K} 160 ! i
different values of (c,/cp) ~ i Ib
(ha/hy) and different distances 8 140 | i
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of fracture and 4 absence S e 120 i !
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(ha/hp) < 40, b 40 < (c4/0p) 8 T 10045 I °
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Fig. 10 Observed presence or 180 : .
absence of horizontal fracture » i i
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zontal fractures. In this case, we may suggest that the when & = In (A) (m/H)*> and at the value of
parameter 4 = (o,/0y) (hy/hy), since the value of (c,/ = 0.07.

Gyp) (ha/hy,) influences the probability of the presence of
fractures, as shown above. Thus, the expression of & for
possible prediction of the presence of horizontal frac-
tures may be:

m

SPACHY

= (1)

where f (4) is an implicit function of 4, A =
(ha/h).

Since an increase in & contributes to the formation of
fractures, whereas an increase in the ratio of hg/h,
restrains the formation of fractures, the relationship
suggests that the formation of fracture along rock layer
interface occurs when the following inequality is satis-
fied:

(Ga/ Gb)

&> (2)
Here
)

where a is an unknown statistical coefficient.

Inequality 2 may be used to predict the presence of
horizontal fractures only when the value of coefficient
a (Eq. 3) and explicit function f{4) (Eq.1) are known.
Inserting initially assumed values of ¢ = 0.1, 0.2,
and then 0.01, 0.02, ..., 0.1 into Eq.3 using a statistical
method of successive approximations and then com-
paring calculated values of A with values of & = exp
(A)(M/H)05 &= In(A)(m/H)*, & = kA(m/H)** and
& = 4" (m/H) , establishes that the inequality & > A
is satisfied in the presence of all 30 horizontal fractures

Comparison of the values of & = In (A)(m/H)"> and
A (Eq. 3, @ = 0.07) for each of all 79 observed rock
layer interfaces in ten gas wells is presented in Fig. 11.
Values of £ range from —0.53 to 1.68, while the value of
A is between 0.07 and 2.69.

Inserting & = In (A)(m/H)’® and Eq.3 in Eq. 2,
gives the final criterion for predicting the presence of
horizontal fracture along rock layer interface:

hg

where H is the distance from extracted coal seam to rock
layer interface; m is thickness of extracted coal seam; o,
and oy, are uniaxial compressive strengths of rock layers
above and below rock layer interface, respectively; A,
and /i, are thicknesses of rock layers above and below
rock layer interface, respectively; Aq4 is thickness of rock
“layer - bridge” within the distance of 100 m from ex-
tracted coal seam; a = 0.07 is a derived statistical
coefficient.

Thus, the criterion for predicting the presence of hor-
izontal fracture along rock layer interface is based on four
ratios between:

(4)

— Uniaxial compressive strength of rock layers above
and below rock layer interface.

— Thickness of rock layers above and below rock layer
interface.

— Thickness of the stiffest rock layer (within the limit
height of fractured zone) and thickness of rock layer
above rock layer interface.

— Thickness of coal seam and distance from extracted
coal seam to rock layer interface.
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Fig. 11 Comparison of & and A 3

values for all observed rock
layer interfaces

0.5 A1

Values of £ and A
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S|V LU

i

120

Value of K (Eq. 4) is shown graphically in Fig. 12 for
all observed rock layer interfaces. Here, the value of K is
between —3.07 and 1.61. From Fig. 12 it is clear that the
horizontal fracture along rock layer interface is formed
only when inequality (Eq. 4) is satisfied (i.e. K > 0).
Otherwise, rock layer interface does not have horizontal
fracture.

Conclusion

Localization of mining-induced horizontal fractures
along rock layer interfaces in the overburden was per-
formed by trapping methane from an overburden in

Donetsk Coal Basin. A packer-trap used in this study
traps methane directly from each of horizontal fractures
within the limit height of fractured zone over active
underground workings in order to define more precisely
the locations of these fractures.

Formation of horizontal fractures occurs along
weak—strong rock layer interfaces at a distance between
129 m and 1494 m from the extracted coal seam.
Number of horizontal fractures within the limit height of
fracture zone ranges from 2 to 5, and the distance be-
tween neighbouring horizontal fractures is between
5.7 m and 59.7 m.

Presence or absence of horizontal fractures at differ-
ent physical characteristics of the overburden are

Fig. 12 Value of K for all 2
observed rock layer interfaces.
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observed. A criterion for predicting the presence of
horizontal fractures is proposed. It is based on four ra-

tios between:

— Uniaxial compressive strength of rock layers above

and below rock layer interface,

— Thickness of rock layers above and below rock layer

interface,

— Thickness of the stiffest rock layer (within the limit
height of fractured zone) and thickness of rock layer

above the rock layer interface and
— Thickness of coal seam and distance from extracted

coal seam to the rock layer interface.
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