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The fractured zone in the overlying strata of a coal mine goaf is vital for effective gas drainage. The development height of the
fractured zone is lied on the “saddle type” theory and calculated by empirical formula, while the horizontal range is dependent
on the caving theory of the “O” circle. However, the height of the fracture zone obtained using the above method is usually too
large, and only the horizontal boundary of the fracture zone is defined. Besides, the fracture development degree in different
regions is not described. To accurately determine the stable development area of the fractured zone and locate the gas
migration channel as well as gas enrichment horizon, in this paper, a geometric and mathematical model for gas extraction in
the fractured zone is established based on common high-level drilling. Then, a method of investigating the parameters of the
directional high-level drilling in the roof is proposed, and a solving means is provided. Taking Wanfeng Coal Mine as an
engineering background, the reasonable parameters of the common high-level drilling were investigated, and the effect was
verified using the directional high-level drilling in the roof of an adjacent working face. The results show that the stable
extraction volumes of the two directional drilling holes is 1~1.8m3/min and 0.6~1m3/min, respectively, which exceeds the
optimal extraction volumes of the ordinary drilling holes. The new method of determining the stable development area of the
fractured zone is significant for improving the gas drainage effect of the high-level drill holes in the roof.

1. Introduction

Mine gas disaster is one of the most significant disasters in
coal mines. With the increase of mine production intensity
and mining depth, the amount of mine gas gushing out
increases, and gas disaster seriously threatens and restricts
the safe production of mines [1].

During the coal seam mining, the gas in the coal seam and
the adjacent layer at the working face is greatly gushed due to
the influence of the mining activity. Among them, a part of
the gas is discharged to the return airway, and the other part
is accumulated in the goaf and roof cracks [2]. With the
advancement of the working face, the gas in the goaf and roof
cracks gathers near the upper corner under the dual action of

negative pressure of ventilation and roof displacement and
then enters the return air flow, causing the gas concentration
in the upper corner, leading return air flow to exceed the limit,
and bringing hidden dangers to the safety of mine production
[3]. As an effective control method, the high-level drilling hole
in the roof to extract gas in the fractured zone has been widely
used in many mines [4–9]. The applicable conditions for gas
drainage in the fracture zone are as follows: the gas, in the
upper corner of the working face with low gas content and high
output, exceeds the category permitted during mining, the
insufficient predrainage of the low permeability coal seam leads
to the failure of solving the gas emission effectively for the air
distribution of the working face, and the gas in the adjacent
layers flows into the mining space during coal seam group
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mining, resulting in the gas overrun of the working face during
production. The fracture zone is both the gas migration chan-
nel and enrichment area; when a single coal seam is mined,
the proportion of gas drainage in the fracture zone can reach
20~35%, while the coal seam group mined, the proportion is
generally more than 60%, up to 80%. In this paper, the area
with themost developed fractures in the vertical and horizontal
directions defined the fracture stable development area. Pre-
cisely confirming the stable development zone of fractures in
terms of vertical height and lateral dislocation has important
guiding significance for gas drainage in fractured zones.

Coal mining forms vertical fractures and horizontal dela-
minated fractures in the overlying rock layer of the mining
area. As the working face advances, the overlying rock of
the mining area fully collapses, and the fissures of its central
roof rock are compacted, while the support of the coal wall
around the mining area makes the off-layer fissures of the
upper and lower rock layers can still be retained to a certain
extent, forming the coal wall support area, off-layer area, and
recompacted area from the boundary of the mining area to
the middle of the mining area laterally, and the coal wall
support area and off-layer area at the boundary of the min-
ing area form a closed ring mining fissure development area,
called mining fissure “O” ring (referred to as “O” ring) [10].
The “O” ring is fixed on one side of the open cut hole in the
mining area, while on one side of the working face, it moves
forward with the working face advancement, and its moving
speed is equivalent to the working face advancement speed,
so the “O” ring always exists after the full collapse of the roof
plate in the mining area.

Research shows that the “O” ring is not only the main
channel for gas transportation, but also an important place
for gas accumulation [11]. Under the joint action of gas
and air density difference and air leakage in the mining area,
the gas accumulated inside it will enter the mining area or
tunnel through the confining wall or coal column fissure,
which will increase the ventilation burden and unsafe factors
in the mine. Therefore, in addition to minimizing the air
leakage from the working face, we should also provide a
channel for gas circulation in the mining area. The roof high
directional long drill hole is the drainage channel to contin-
uously create negative pressure in the fissure zone of the
working face and divert the gas in the mining area under
the influence of pressure gradient.

In the process of recovery face advancement, the trajec-
tory of high directional drilling should always be within
the range of the fracture zone of the mining area, using the
vertical fracture formed by the mining pressure and the hor-
izontal off-layer fracture to extract gas from the mining area
and the mining influence area. The high-level directional
drilling has significant features such as controllable drilling
trajectory, high drilling encounter rate of effective extraction
layer, and large drilling depth. During the workface recovery
process, the drill hole and the mining fissure are kept open,
and the free gas is continuously extracted from the fissure
zone of the mining area until the coal mining face crosses
the area covered by the high directional drill hole [12, 13].

Scholars have conducted various researches on the topic of
gas drainage in fractured zones. Previous studies have divided

the distribution of fracture zones in the vertical and horizontal
directions. It is believed that the deformation of overlying
strata, such as caving, dislocation, and layer separation, lags
behind the working face around which a mining zone will be
formed. The dynamic pressure field and its influence range
generate three zones in the vertical direction, namely the cav-
ing zone, the fissure zone, and the bending subsidence zone,
and three zones in the horizontal direction, respectively; the
coal wall support influence zone, separation zone, and recom-
paction zone [14–17]. The research on the growth characteris-
tics of the fracture zone has initiated the following two
theories, among which the “saddle shape” theory is suitable
for evaluating the maximum development range of the frac-
ture zone after the mining is stable [18, 19]. The “O” ring the-
ory holds that the fracture boundaries favorable for the
drainage of gas after pressure relief during mining share a
common orientation towards the mined-out area along the
strike and dip [20, 21]. At present, the height of the fracture
zone is generally deprived from the empirical formula
[22–25], and the calculation result is the maximum of the roof
fracture development, which is generally higher than the
actual one. Since the fracture extension in the upper part of
the fracture zone is not obvious, the effect of gas drainage in
this area is not obvious. At the same time, the method does
not consider the influence of different lateral dislocations of
the working face on the fracture augmentation. According to
different drilling techniques, high-level drilling on the roof
can be classified into straight holes constructed by ordinary
rotary drilling rigs and directional curved drilling constructed
by directional ones [26–33]. Under the ordinary drilling pro-
cess conditions, the drilling hole is obliquely penetrated to
the designed horizon, then withdrawn, and connected to the
drainage. With the different distances from the working face
to the drilling hole, the drilling holes which can be analyzed
accordingly are located at different horizontal offsets and ver-
tical horizons. The gas drainage effect of different drilling
parameters is obtained, while reasonable drilling parameters
are gained. Directional drilling can achieve the continuous
and stable investigation of gas drainage effects to correspond-
ing vertical horizon and lateral dislocation [34–41], because of
the advantages of stable gas drainage effect and long effective
drilling distance. In a word, depending on the occurrence of
coal seams, the drilling parameters with the best extraction
effect in the fracture zone are obtained through investigation,
and the key to ensure efficient extraction by directional drilling
is to establish a reliable mathematical model and determine
the stable fracture development area accurately.

Based on the understanding of the “three horizontal zones”
and “three vertical zones” of rock mass movement [42], this
paper illustrates the occurrence characteristics of gas in the
fracture zone and the extraction law of high-level drilling in
the roof. The geometric and mathematical model of gas drain-
age in fractured zone with common high-level boreholes is
established, and the investigation and calculation method on
the parameters of arrangement about roof high-level boreholes
is proposed. The author conducted a field inspection of ordi-
nary high-level drilling inWanfeng Mine where the reasonable
drilling parameters were obtained and verified them during the
extraction of directional high-level drilling on the adjacent
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working face roof. This method has good guiding significance
for determining the stable development area of fracture accu-
rately, which can provide ideal gas drainage horizons precisely
and ensure the gas drainage effect of high-level drilling holes in
the roof.

2. Research Methodology

2.1. Developmental Characteristics of Fracture. The fracture
space characterized by “ three vertical zones” which is formed
by the mining stress field is not only a gas migration channel,
but also a gas storage. The middle and lower parts of the frac-
ture zone are gas flow channels, and the middle and upper
parts are reservoirs. The extraction principle of the high-level
drilling is to arrange the drilling in the gas storage in the frac-
ture zone. It uses the negative drainage pressure to extract the
pressure-relieving gas there and reduces the gas concentration
in the upper corner and the return air flow. The horizontal
stagger and vertical horizon of the high-level drilling are the
most important factors affecting the pumping effect, and the
gas drainage boreholes should be arranged in “gas storage”
instead of “gas migration channel.”

When the overlying roof of the coal seam deforms under
the action of the mine pressure, the break, collapse, and dislo-
cation process of the rock stratum is relatively rapid, which
leads to the development of the roof crack also being a relatively
discontinuous process; that is to say, the drilling takes effect
suddenly, and once the fracture is formed, its recompaction
or closure is a continuous process; in other words, the drilling
failure is a gradual process, and it can be reflected in the curve
of the change between the extraction quantity and the advanc-
ing distance of the working face; that is, the curve shows “steep
rise and slow fall.” Based on the theory of masonry beams,
according to the “ three horizontal zones” of the rock mass
movement law affected by mining, the overlying strata along
the advancing direction of the working face will locate the coal
wall support-affected zone, the separation zone, and the recom-
paction zone, respectively. The fracture zone is also divided
into three sections: the fracture generation section, the fracture
development section, and the fracture compaction section, as
shown in Figure 1.

(1) Fracture generation section: a certain distance
behind the working face, generally in the initial stage
of fracture generation, with the movement of the
overburden cracks begin to produce, fracture is rela-
tively undeveloped

(2) Fracture development section: located behind the
fracture generation section, and the fracture is well
developed in this area

(3) Fracture compaction section: lies behind the fracture
development section, and the fractures in this section
begin to be compacted and closed gradually

2.2. Gas Drainage Law of Roof High Drilling. The gas gush-
ing during the mining comes from the coal wall of the work-
ing face, the coal that has been mined, the coal left in the
goaf, the adjacent coal seam, and the surrounding rock and

finally enters the return air trough, the caving, and the frac-
ture zone. Part of the gas in the fracture zone deprives from
the floating gas released from the coal leftover in the goaf,
and the other part stems from the gas out-gushing, caused
by mining and pressure relief [14, 15] of the adjacent layers
and surrounding rocks. Before the roof is pressed, part of the
gushing gas enters the caving and the fissure zone with the
leakage air, and during the roof pressing, the gas in the cav-
ing zone and the fissure zone is squeezed into the return air
trough, and a dynamic balance relationship is maintained
among the three.

The ordinary high-level drilling whose profile is a straight
line in space is carried out by rotary drilling machine, cutting
diagonally from the roadway, or drilling field to the target
position. With the advance of the working face, the vertical
distance between the drilling hole and the working face
decreases gradually, the distance to the working face dimin-
ishes gradually until the working face pushes through the
drilling, and the directional high-level drilling hole can be
drilled stably at the fixed horizontal offset and the vertical layer
after it penetrates obliquely to the target position. The relative
positional relationship between the two types of boreholes and
the advancing period of the working face is different, resulting
in different variation laws of gas drainage with the advancing
of the working face. The gas extraction rate of ordinary
high-level boreholes increases, reaches the peak, and decreases
gradually until the boreholes fail completely. Compared with
the advancing distance of the working face, the change of the
gas extraction rate is generally a parabola, from low to high,
and then decreases gradually. The directional high-level dril-
ling is basically stable and only changes greatly in the initial
climbing stage of the drilling, and the change curve of the
gas extraction scalar and the advancing distance of the work-
ing face are generally trapezoidal, as shown in Figure 2.

2.3. Establishment of the Geometric Model. The angle is formed
by the line, which links the actual effective point of drilling with
the working face, and the horizontal plane is defined as the lag
effective angle. During the normal advancement of the working
face, the lag effective angle, when the drilling is valid, can be
considered as constant. Based on this, a model is conceived to
investigate and analyze the key parameters of the high-
drilling hole in the roof. Themodel assumes that the advancing
speed of the working face is constant, the coal seam is stable,
and the effective horizon is the same at different transverse
stagger distances. The service period of drilling is divided into
three stages: effective, optimal, and invalid, and the purpose
of the model is to obtain the dip angle, which is composed of
the line connecting the working face and the drilling action
point, when the high-level borehole is in effect (the best or
failed), and then to get the height “h” and the lateral offset “w
” of the effective horizon, as well as the parameters such as
the offset “l0” between the borehole and the roof of the coal
seam when the borehole is in action, it can direct the design
of high-level borehole.

Based on the execution of the borehole in the high-level
drilling field, a geometric model is set up as follows: the bore-
hole is projected to the vertical plane where the return air pas-
sage is located. The relative position between the actual point
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of the borehole and the advance of the working face is shown
in Figure 3(a), and its geometric model is illustrated in
Figure 3(b). A few symbols and definitions necessary must
be made as follow: the end point of the drilling is just at the
upper boundary layer of the effective gas drainage in the frac-
ture zone, “MO” is the drilling channel, point “O” is the pro-
jection of the plumb plane where the return air is located
when the drilling is actually effective, point “C” is where t
the working face is located, “β”is the inclination angle of the
line connecting the drilling effective point and the working
face (lag effective angle), “α” is the drilling inclination angle,
“PQ” is the roof of the coal seam, “MQ” is the height between

the drilling point and the roof of the coal seam, the coal seam
is along the working face, the inclination angle of the advanc-
ing direction is “δ1,” and the inclination angle along the incli-
nation direction of the working face is “δ2”.

With the advance of the working face, the fissures go
through three stages: sudden generation, gradual develop-
ment, and piecemeal compaction. Therefore, the design
principles for the high-level drilling should be followed.

(1) The opening height shall be kept at a high level, the
inclination angle of the borehole as gentle as possi-
ble, the height difference between the opening point

Fracture compaction
section

Ordinary high-level
drilling on the top plate

Working faceFracture
initiation

Fracture
development

Caving

Top plate directional
high drilling

Coal seam

Figure 1: Schematic diagram of the development and evolution law of high-level borehole extraction and fracture zone in the roof.
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and the final hole point shortened, and the effective
extraction section length of the borehole in the frac-
ture zone increased

(2) Along the working face trend, the high-efficiency
extraction layer is distributed in a strip shape that
is gradually raised, as well as the high-level borehole
layout layer

(3) The horizontal offset of drilling holes should not
exceed one-third of the inclined length of the work-
ing face at the farthest. The final horizon of ordinary
high-level drilling holes should be slightly higher
than the investigated and be arranged distinctly

2.4. Establishment of Mathematical Model. Known condi-
tions: dip angle “α,” borehole azimuth angle “γ,” dip angle
“δ1”of coal seam along advancing direction of working face,
dip angle “δ2”along working face direction, the height “△h
”(MQ) from the location of borehole opening to coal seam
roof, and the distance “L”(CQ) from the face position to
the opening point along the roadway direction when the drill
hole is actually in effect.

Solution: the inclination angle “β” composed of the line
connecting the drilling effective point and the working face,
the vertical distance “l0” (OP) from the roof when the dril-
ling is effective, and the lag distance “CP” from the lateral
offset “w” to the working face along the roadway. The pro-
cess of solving and analyzing the model is as follows:

CD =MN =MQ −NQ = Δh − L sin δ2, ð1Þ

FD = CD
tan β

= Δh − L sin δ2
tan β

, ð2Þ

FM = FD +DM= Δh − L sin δ2
tan β

+ L cos δ2, ð3Þ

FC = CD
sin β

= Δh − L sin δ2
sin β

, ð4Þ

definem = FD = Δh − L sin δ2
tan β

, ð5Þ

defineL′ = FM = FD +DM=m + L cos δ2, ð6Þ
∠MOF = β − α, ð7Þ

OF = FM sin α

sin β − αð Þ = L′ sin α

sin β − αð Þ , ð8Þ

OC =OF + FC = L′ sin α

sin β − αð Þ +
m

cos β ,
ð9Þ

OA =OC sin β = L′ sin α sin β

sin β − αð Þ +m tan β, ð10Þ

AC =OC cos β = L′ sin α cos β
sin β − αð Þ +m, ð11Þ

PC = AC
cos δ2

= L′ sin α cos β
sin β − αð Þ cos δ2

+ m
cos δ2

, ð12Þ

PA = ACtanδ2 =
L′ sin α cos β
sin β − αð Þ +m

& ’
tan δ2, ð13Þ

definePQ = 10, ð14Þ

10 = PC + CQ = L′ sin α cos β
sin β − αð Þ cos δ2

+ m
cos δ2

+ L, ð15Þ

OP = 10 cos δ2 tan δ2
cos γ − 10 sin δ2 − 10 cos δ2 tan γ tan δ1+Δh:

ð16Þ
2.5. Solution of Mathematical Model. The solution condition
of the simultaneous equations is that the vertical distance l0
(OP) between the drilling hole and the coal seam roof is the
same when the two ordinary high-level drilling holes are
valid. That is, l01 = l02; the inclination angle “β” composed
of the line, which connects the actual effective point of the

Effective point of drilling

High drilling

High-level drilling Working face

(a)

Where drilling startsR

C N

DF

E

O

P
A

M

QL
Working face

𝛼

(b)

Figure 3: Schematic diagram of common high-level drilling in the roof.
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drilling hole and the working face, is obtained by iterative
method, and then the same parameter “l0,” different parame-
ters “PC,” and lateral offset “w” of the two drilling holes are
obtained as well. After the initial solution results are received,
verify whether the lateral offset and vertical distance of different
drilling holes and the projected length along the roadway, when
the drilling is effective, are within the range estimated accord-
ing to the empirical formula, as well as the service range of
the high-level drilling. When the solution results meet the
above conditions, the lateral offset of the two boreholes should
be further analyzed. When the difference is large, the design of
the high-level drilling in the next drilling site can be guided
according to the solution results until the lateral offset is within
the reasonable range set.

In order to speed up the investigation progress and obtain
reasonable results, two rows of boreholes, which possess the
same azimuth, are constructed at the same location. It is better
to parallel the advancing direction of the working face, and the
positions of boreholes, characterized by an alternating upward
and downward, are all higher than the maximum effective
horizon, then the pumping effect of the upper and lower drill
holes with different transverse stagger distance is investigated,
and the lag effective angle of the roof drill hole is obtained
according to the above formula, and finally the effective hori-
zon of different internal dislocation distance is available.

In engineering practice, it is difficult to meet the above-
mentioned ideal investigation conditions. Generally, high-
position boreholes are arranged radially in the direction of
advancing toward the working face in the drilling site. The
approximate formation can be obtained by solving accord-
ing to the method; through the comprehensive investigation
and calculation of several boreholes, the reasonable arrange-
ment of boreholes with different transverse stagger distance
is analyzed. The flow chart of inspection and calculation of
the common high-level borehole layout parameters of the
roof is shown in Figure 4.

3. Engineering Applications

The engineering investigation was carried out in Wanfeng
Coal mine. After the construction of ordinary high drilling
hole, the parameters of gas extraction were detected during
the advance of working face. The preliminary results were cal-
culated according to the effective advance steps of different
hole and compared with the high directional drilling hole.

3.1. Working Face Overview. No. 1 coal is mined in the 1115
working face of Wanfeng Mine, with a strike length of about
1461m, a dip length of 167m, and an average thickness of
the coal seam of 1.5m. The dip angle is 3° to 10°, and the aver-
age dip angle is 6°. The direct top of the coal seam is sandy
mudstone with an average thickness of 4m, and the direct bot-
tom is sandy mudstone and siltstone with an average thickness
of 7.5m. The old roof of the coal seam is siltstone or fine sand-
stone with a dense and thick-bedded lithology, as well as a rel-
atively stable structure. The working face adopts “U” shape
ventilation; the air distribution is 1000~1200m3/min. The fully
mechanized mining method is selected to falling coal; mean-

while, all the height is mined at one time, and the roof is man-
aged by the caving method.

3.2. Drilling Design. According to the empirical formula for
calculating the height of the fractured zone provided by
“Coal-mining Under Three Circumstances” theory

Hl =
100∑M

1:6∑M + 3:6 ± 5:6, ð17Þ

where the variable Hl presents the height of the fracture zone
along the normal direction of the coal seam. The variable
∑M denotes the cumulative mining thickness of the coal
seam.

The roof of No. 1 coal seam ismedium-hard, and the max-
imum height of the water-conducting fracture zone is calcu-
lated by 30.6m. The production practice shows that the gas
drainage effect is extremely weak when the height of the
high-level drilling in the working face exceeds 17m. Therefore,
the results, depriving from the calculation of the empirical for-
mula, clearly exceeded the tolerable level. In order to ensure
the safe mining and to meet the needs of this investigation,
there are already 12 conventional drilling holes in the No. 7
drilling site of the No. 1115 working face; 3 additional inspec-
tion holes, numbered as No. 5, No. 10, and No. 15, are put into
effect, and the design parameters are shown in Table 1.

3.3. Determination of the Stable Development Zone of Fracture.
With the advancement of the working face, the variation curves
of the extraction parameters of the three inspection holes are
shown in Figures 4–6. When the working face is 54 meters
away from the hole point, the concentration of No. 5 increases

Borehole design

Extraction drainage
parameters

Achieve solution
conditions

Calculating

h or w whether
is within an

estimated range
Termination

Whether I0 is within the
scope of drilling service

w is within the
allowable range

Reasonable
results

Yes

Yes

Yes

Yes

No

No

No

Figure 4: The flow chart of inspection and calculation.

6 Geofluids



Table 1: Construction parameters of ordinary high-level drilling.

Bore number Axial horizontal angle with the tunnel (°) Obliquity (°) Opening height (m) Hole depth (m)

5# 22 8 3 92

10# 25 11 3 72

15# 36 15 3 57

100

90

80

70

60

50

40

30

20

10

0

1.2

1

0.8

0.6

0.4

0.2

0
–80 –70 –60 –50 –40 –30 –20 –10 0

The distance between the opening point of the No. 5 hole and the mining face (m)

C
on

ce
nt

ra
tio

n 
of

 d
ra

in
ed

 g
as

 (%
)

Th
e a

m
ou

nt
 o

f g
as

 ex
tr

ac
te

d 
(m

3 /m
in

)

Concerntration
Mixed amount
Pure quantity

Figure 5: The relationship between the extraction parameters of the No. 5 hole and the advancing step distance.

C
on

ce
nt

ra
tio

n 
of

 d
ra

in
ed

 g
as

 (%
)

70

60

50

40

30

20

10

0

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
0

Th
e a

m
ou

nt
 o

f g
as

 ex
tr

ac
te

d 
(m

3 /m
in

)

–60 –50 –40 –30 –20 –10

The distance between the opening of the No. 10 hole and the mining face (m)

Concerntration
Mixed amount
Pure quantity

Figure 6: The relationship between the extraction parameters of the No. 10 hole and the advancing step distance.

7Geofluids



to 86%, and the mixing amount is 0.06m3/min, which did not
increase immediately but boomed to 0.8m3/min as it was
delayed for 6 meters. When 42 meters away from the opening
point for No. 10 borehole, its concentration changes from 10%
to 50%, and the mixing amount remains at 0.1m3/min, while
the lag is 12 meters, which suddenly increases to 1.8m3/min.
The concentration summit of borehole No. 15 is 46 meters
away from the working face, with a maximum of 40%, but
the mixing amount augments from 0.3m3/min to 1m3/min
after a lag of 16 meters suddenly. The three boreholes show
common characteristics. The pumping concentration of the
high-level boreholes in the roof increases sharply at the begin-
ning, generally by more than 5-10 times. After a certain lag dis-
tance, the volume fluctuates sharply, resulting in an apparent
climbing in the net pumping volume. This is because with

the gentle growth of fractures, the passage of gas flow gradually
increased, and the pressure-relief gas in goaf and adjacent strata
is drained into the borehole in the role of negative pressure.
However, attributing to the incomplete development of the
fractures, the mixing gas quantity is low, and the gas concentra-
tion boomed obviously at the early stage under the condition of
tight sealing, and then the quantity is increased successively. In
Wanfeng Mine, the effective single-hole drainage purity is gen-
erally 0.2~1m3/min. The area, where the extraction purity is
more than 0.2m3/min, is defined as the effective extraction
area, in which No. 5, No. 10, and No. 15 drill holes are 52m,
30m, and 11m far away from the hole point, respectively.

With the advancing of the working face, the pure quan-
tity and the mixed quantity of extraction continuously jump
up and generally remain stable in a certain distance after

Table 2: Calculation results of ordinary high-level drilling.

Solution drilling Lag effective angle (°) w1 (m) w2 (m) H (m)

5#, 10# 32.20 28.26 23.10 15.53

5#, 15# 33.46 27.82 21.56 15.34

Table 3: 1201 drilling hole design and actual layout parameters of directional drilling field with return air downhole.

Hole
number

Designed internal staggered distance to return air
trough (m)

Designed distance to 1# coal
roof (m)

Hole depth
(m)

Projection length of
borehole (m)

1# 40 15 255 246.72

2# 20~25 14 267.6 257.04
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Figure 7: The relationship between the extraction parameters and the advancing step distance of No. 15 hole.
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reaching the peak. Gradually the end of the drilling hole
enters the compaction section of fracture; however, the front
section of the borehole moves towards the caving zone
slowly until entering completely, so the mixing pumping-
production continues to be stable or slightly decreased. With
the further reduction of the effective horizon, the concentra-
tion becomes lower and lower, resulting in the gradual
diminishment of the pumping-production purity. The
former analysis gets verified.

The calculation results of drilling holes Nos.5, 10, and 15
are shown in Table 2. The fluctuating value of the transverse
offset is only 5m, so it can be considered as a reasonable
range. The investigation conclusion is that, during normal
mining of No. 1 coal in Wanfeng Mine, the area of 25m in
dip and 15m in vertical height is a stable fracture zone. It
should be noted that the mathematical model established
in this paper is universal, but its parameters are not fixed.
When using the model under different mines and coal seam
occurrences, the model must be solved by specific conditions
based on the working face parameters of the target coal
seam, and the design parameters of the borehole must be
determined according to the solution results.

3.4. Engineering Verification. The calculation results are ver-
ified by directional high-level drilling in 1201 working face.
The drilling parameters are shown in Table 3. The effect of
gas drainage is shown in Figure 7.

From a statistical data perspective based on Figure 8, the
data of directional high-level hole indicate that when No. 1
and No. 2 boreholes come into effect, they lag behind the
working face by 26m and 18m, respectively, and the obtained
lag effective angles are all about 29°, which is close to the calcu-
lated value of 32° by themodel, The stable drainage pure quan-

tity of borehole is up to 1~1.8m3/min and 0.6~1m3/min,
respectively, which acquires a good extraction effect and is in
good agreement with the mathematical model of the stable
fracture development zone and its solution results. The pure
amount of extraction is 0.7m 3/min at the top effect of ordi-
nary boreholes; the average of directional high-level drilling
is maintained at 1.4m 3/min, which has a much longer service
cycle than that of ordinary drilling. When directional high-
level drilling is arranged in the stable fracture development
area to extract gas, its technology is more advanced, and the
engineering quantity and economy are more reasonable.

4. Conclusions

The stable development area of the fractured zone is vital to
ensure the effective gas drainage. The drill hole service
period is divided into three stages: effective stage, optimal
stage, and ineffective stage. After the analysis of gas drainage
laws of the ordinary and directional high-level boreholes in
various stages, it is clarified that the lag effective angle, the
lateral dislocation distance, and the lag distance of the effec-
tive point along the roadway are the key parameters to deter-
mine the stable development area of the fractured zone in
the overlying strata.

In stable coal seam area, the geometric model and math-
ematical model are relatively distinct. Usually, the geometric
model of gas drainage from the high-level boreholes is set up
based on the ordinary high-level boreholes in the drilling
field. With the occurrence of coal seams and boreholes, a
mathematical model is established to determine the key
parameters of stable fracture development zone, and the
parameter investigation and model calculation methods are
proposed.
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In Wanfeng Mine, the established mathematical model of
stable fracture development zone and its solution method are
quantitatively implemented by using ordinary high-level bore-
holes, and the solution results are testified by directional high-
level boreholes. There is a clear consistence between these two
results, which confirms the reliability of the method. In pro-
duction practice, the low-cost and easy-to-operate ordinary
high-level drilling can be used to obtain the required parame-
ters. Then the directional high-level drilling is guided in the
stable crack developing area to ensure the efficient extraction
of directional high-level drilling.

The mathematical model established in this paper con-
tains many parameters, and the solution process is complex.
In the next, a special calculation software will be compiled
based on the mathematical model to realize rapid solution.
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