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Ordovician limestone in North China coalfield has the characteristics of karst fissure development and strong water yield. Coal
mines in North China have been threatened by Ordovician limestone water for a long time. Taking the mining of 32 coal seam
in the first eastern mining area of Qianyingzi coal mine in Anhui Province in China as the engineering geological prototype,
this paper uses the self-developed fluid solid coupling similarity model test device to carry out the similarity model test of
overburden stress and pore water pressure response of coal mining under Ordovician limestone nappe aquifer. Based on the
variation law of pore water pressure and overburden stress in a stope, it can be seen that the variation law of pore water
pressure in confined aquifer is jointly affected by two factors: the vertical distance between the monitoring point and coal seam
and the horizontal distance between the monitoring point and DF200 fault. According to the analysis of experimental results,
the maximum height of a water flowing fracture zone in the stope is fifteen times the mining thickness. Compared with the
theoretical calculation results of empirical formula, the coupling effect of seepage field and stress field and the geological
structure characteristics of the stope promote the development of a water flowing fracture zone. The research results of this
paper have important theoretical and practical significance not only for the safe mining of Qianyingzi coal mine but also for
the safe mining of the coal mine facing the double threat of roof Ordovician limestone confined aquifer and reverse fault.

1. Introduction

In recent years, with the accelerated pace of national energy
transformation, continuous optimization of energy struc-
ture, and slowdown of coal demand, China’s resource
endowment characteristics of lack of gas, less oil, and rela-
tively rich coal determine that the dominant position of coal
as energy will not change for a long time in the future [1, 2].
According to the data of the National Bureau of Statistics in
2019, coal accounts for 68.8% of the primary energy produc-
tion and 57.7% of the consumption structure, respectively.
In China, coal resources have the characteristics of unbal-
anced regional distribution of more in the west and less in
the east and rich in the north and poor in the south, which
is inversely distributed with the developed degree of regional
economic distribution. Therefore, North China coalfield
plays an important role in the distribution pattern of coal
resources at this stage with its rich coal resource reserves

and good natural geographical location; especially under
the action of thrust nappe structure in the strong compres-
sion deformation area in the southwest, the potential of deep
coal resources is great [3, 4]. Thrust nappe structure is a
large-scale and low-angle thrust fault. The hanging wall of
the fault migrates from a distance, which is called external
system or nappe, and the footwall of the fault is called in situ
system. As the whole crust of North China coalfield uplifted
at the end of the middle Ordovician and suffered weathering
and denudation for a long time until it fell again and
accepted settlement in the middle Carboniferous, the
Ordovician limestone has the characteristics of karst fissure
development and strong water yield. The coal mining in
North China, especially in Hebei, Henan, Shandong, and
Anhui provinces, has been greatly threatened by Ordovician
limestone water for a long time [5–18]. Strengthening the
research on coal mining under Ordovician limestone nappe
aquifer and tapping deep resource potential is of great
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practical significance to alleviate the uneven distribution of
coal resources and solve the contradiction between energy
supply and demand in some areas.

Similarity model test is an important technical means
for research in the field of engineering geology. Compared
with theoretical methods and numerical simulation
methods, physical simulation can qualitatively or quantita-
tively reflect the construction technology, load action
mode, and time effect of complex projects and can study
the whole process of engineering stress, from elasticity to
plasticity to failure mode after ultimate load. At present,
China’s research on coal mining under aquifer mainly
focuses on coal mining under loose aquifer [16–29]. Some
scholars have conducted in-depth research on coal mining
under loose aquifer by using the similarity model test. Li
et al. [30] proposed that the stress field and geophysical
field before water inrush in the coal seam mining under
the loose aquifer have obvious precursory characteristics
by monitoring the variation characteristics and abnormal
signals of the stress field, displacement field, seepage field,
temperature field, and electric field and acoustic emission
information of the surrounding rock of the aquiclude in
the whole process. Sui and Dong [31] used centrifugal
model test to study the variation law of pore water pres-
sure in coal seam mined out area under loose aquifer
and clay layer above coal pillar. The test shows that the
variation of pore water pressure in confined aquifer caused
by mining is closely related to coal seam mining progress
and roof periodic pressure; the pore water pressure in the
aquifer above the coal pillar generally increases first and
then decreases. The change of pore water pressure in the
aquifer above the working face is related to the mining
location. Once the water sand inrush is formed, the pore
water pressure of the aquifer decreases sharply and forms
an instantaneous negative pressure. The test results pro-
vide a precursory information source for the prediction
and prevention of sand break disaster in mining near loose
aquifer. Du et al. [32] applied the distributed optical fiber
sensing technology to the similarity model test of shallow
coal seam mining, proposed the quantitative index of the
coupling relationship between the sensing optical fiber
and the mining rock mass, and reasonably divided the
vertical zoning area of overburden caused by mining,
which provided a new idea for the detection of the devel-
opment height of a water flowing fracture zone.

Different from the loose aquifer, the roof water inrush
mechanism and overburden movement and deformation
characteristics of coal mining under limestone (Ordovician
limestone and Cambrian limestone) aquifer are often
coupled with faults. The existence of faults makes the geo-
logical conditions of the stope more complex. Taking the
mining of 32 coal seam in the first eastern mining area of
Qianyingzi coal mine in Anhui Province in China as the
engineering geological prototype, this paper uses the self-
developed fluid solid coupling similarity model test device
to carry out the similarity model test of overburden stress
and pore water pressure response of coal mining under
Ordovician limestone nappe aquifer. The research results
of this paper have important theoretical and practical signif-

icance not only for the safe mining of Qianyingzi coal mine
but also for the safe mining of coal mine facing the double
threat of roof Ordovician limestone confined aquifer and
reverse fault.

2. Engineering Geological and Hydrogeological
Conditions of the Study Area

The study area is the first eastern mining area of Qianyingzi
coal mine in Anhui Province in China. Qianyingzi coal mine
is the stratigraphic type of Huaibei coalfield, belonging to the
North China stratigraphic category. The first eastern mining
area is located in the southeast of Qianyingzi coal mine. The
mining depth of 32 coal seam in the first eastern mining area
of Qianyingzi coal mine is -280~-650m; the average thick-
ness of 32 coal seam is 3.3m. DF200 fault has a dip angle
of about 45 degrees and is rich in water and weak in water
conductivity. The strata in the study area are Ordovician,
Carboniferous, Permian, Neogene, and Quaternary from
the bottom to the top. The Permian Shanxi Formation, lower
Shihezi Formation, and upper Shihezi Formation are the
main coal-bearing strata. The aquifers in the mining area
include Cenozoic unconsolidated aquifer, Permian sand-
stone fractured aquifer, and Ordovician limestone fractured
aquifer. There are stable water barriers between the first, the
second, and the third aquifers of Cenozoic. Generally, there
is no hydraulic connection between these aquifers. The
fourth aquifer has a certain hydraulic connection with sand-
stone fractured aquifer in some places. Permian sandstone
fractured aquifer has poor connectivity and weak water
yield. The results of unsteady flow pumping test of group
holes show that the Ordovician limestone aquifer has a
hydraulic connection with the surrounding aquifer and is a
medium water-rich aquifer. DF200 fault makes Ordovician
limestone directly push over the roof of 32 coal seam, form-
ing a limestone nappe aquifer. Therefore, 32 coal seam
mining is threatened by both DF200 fault and Ordovician
limestone aquifer.

According to the drilling data, the overburden of 32 coal
seam is mainly interbedded with sandstone and mudstone.
The thickness of roof mudstone is small, and most of them
belong to soft rock with poor stability. Sandstone is a
medium hard rock stratum with hard and dense rock, high
compressive strength, and good stability. The mining
hydrogeological and engineering geological model of the
study area is shown in Figure 1.

3. Test Scheme

The fluid-solid coupling similarity model takes the engineer-
ing geological model -550m level as the bottom interface
and 0m level as the top interface. The scale between the
model and the prototype is 1 : 500. The length, width, and
height of the model are 180 cm, 15 cm, and 110 cm, respec-
tively. The coal seam thickness in the model is 1 cm, which
is equivalent to the actual mining thickness of 5m. As shown
in Table 1, in the similarity model test, the water-resisting
layer is made of sand and talc as aggregate, paraffin as
binder, and vaseline and tung oil as modified water material.
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In the model test, mining starts from 40 cm away from the
right boundary of the model. The mining direction is from
right to left along the coal seam. Each mining step is 4 cm,
with a total of 20 steps. In the model test, the mining
distance is 80 cm, which is equivalent to the actual mining
of 400m.

3.1. Experimental Setup. The fluid-solid coupling similarity
model test device is composed of model box, water supply
system, stress monitoring system, water pressure monitoring
system, and image acquisition system.

The stress monitoring system includes two parts:
pressure sensor and data collector. The strain earth pressure
box is selected as the sensor for stress monitoring, which has
the characteristics of small volume, high sensitivity, good
waterproof performance, dynamic acquisition, and long-
term stability. The diameter of the sensor is 28mm, and
the thickness is 10mm. The signal acquisition device of the
sensor is dataTaker DT515 automatic data acquisition
instrument.

The water pressure monitoring system consists of glass
tubes with openings at both ends, glass tube fixed supports,
connecting tubes, and embedded tubes. Through the con-
nection of connecting tubes and embedded tubes, the glass
tubes are connected with the water pressure monitoring
points. The change of water head height in the glass tubes
can directly reflect the change of pore water pressure at the
monitoring points during the test process.

The model box includes three parts: material box, extrac-
tion box, and pressure seal component (Figure 2). Among
them, the pressure seal component is the key component
of the model box, which can not only realize the require-
ments of step-by-step mining during coal seam excavation
but also meet the sealing of the model box. The pressure seal
component is composed of extraction plate, nut, screw
sleeve, screw guide sleeve, and screw, as shown in Figure 3.
The extraction plate is used to simulate coal seam mining.
In the model test, the thickness of the extraction plate repre-
sents the thickness of the coal seam mined. The width of the
extraction plate determines the distance of each mining step
of the coal seam. Its design size is 15 cm long and 4 cm wide.
According to the setting of mining steps of coal seam in the
model test, 20 sets of pressure seal components are used in
this test to realize step-by-step mining of coal seam.
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Figure 1: Mining hydrogeological and engineering geological model in the study area.

Table 1: Material mixture for the water-resisting layer in a physical model.

Lithology Film forming temperature (°C) Particle size (mm) Mass ratio of sand and talc Paraffin (%) Vaseline (%) Tung oil (%)

Mudstone 40 0.25-0.5 3 : 1 8 8 8

Sandstone 60 0.5-1 3 : 1 10 5 0

Top

Back

Pressure seal component

Front

Material box
Extraction box

Figure 2: Diagram of model box.

3Geofluids



The material box is the space for laying similar mate-
rials and placing sensors. It is the main structure of the
whole model box. The length, width, and height of the
material box are 180 cm, 15 cm, and 110 cm, respectively.
In order to meet the functional requirements of visibility
and pressure resistance of the test device at the same time,
the front and top of the box are made of acrylic plate, and
the back, side, and bottom are made of steel plate. Mean-
while, in order to simulate the mining of coal seam, a gap
with a horizontal length of 80 cm, an included angle of 6°

with the horizontal direction, and a width of 1 cm is
designed on the steel plate on the back of the box, as
shown in Figure 4.

3.2. Layout of Monitoring Points

3.2.1. Layout of Stress Monitoring Points. As shown in
Figure 5, 17 stress monitoring points are arranged in the
model test. Among them, 4 monitoring points are located
in the footwall of F18 fault, and the other 13 monitoring
points are located between F18 fault and DF200 fault.
Among the 13 monitoring points located between the two
faults, No. 2, No. 7, No. 12, and No. 17 monitoring points
are located in front of the goaf, and the rest are located above
the goaf. Meanwhile, the monitoring points (No. 3 to No.
17) above the coal seam are located on three horizontal side
lines parallel to the coal seam, and the vertical distances
between the three side lines and the coal seam are 5.4 cm,
12 cm, and 15 cm, respectively.

3.2.2. Layout of Pore Water Pressure Monitoring Points. As
shown in Figure 6, 16 pore water pressure monitoring points
are arranged in the test. All pore water pressure monitoring
points are located in the limestone aquifer above the coal
seam. The heights of the four horizontal survey lines from
the bottom boundary of the model are 23 cm, 28 cm,

32 cm, and 38 cm, respectively, and the distance between
two adjacent survey points on the same horizontal survey
line is 10 cm.

4. Analysis of Test Results

4.1. Overburden Stress Analysis. Figure 7 is the contour map
of overburden stress change after the model is fully mined.
In the figure, coordinate X represents the distance from
the left boundary of the model, coordinate Y represents
the distance from the bottom boundary of the model, and
coordinate Z represents the change of stress value before
and after model mining. It can be seen from the figure that

Nut

Screw sleeve

Sleeve

Screw guide sleeve

Extraction plate

(a) Composition diagram (b) Assembly drawing

Figure 3: Picture of pressure seal component.

Figure 4: Picture of material box.

4 Geofluids



the stress unloading area above the goaf is centered on
x = 110 cm in the horizontal direction and has obvious
zoning characteristics to the left and right sides, which
can be divided into a strong decompression area, weak
decompression area, and transition area. Under simu-
lated geological conditions, the zoning characteristics on
both sides are asymmetric distribution. The average
reduction range of internal stress in the strong decom-
pression zone is 86.3%, that in the weak decompression
zone is 51.8%, and that in the transition zone is 8.7%. If
it continues to expand to both sides, the stress value will
increase.

As shown in Figure 8, with the increase of mining dis-
tance, the main variation laws of stress values at No. 1~17
stress monitoring points are as follows:

(1) No. 1 and No. 2 monitoring points are located 5 cm
in front of and behind the goaf, respectively. During
the mining process of the model, the stress values of
the two monitoring points fluctuate but generally
show a trend of gradually increasing with the
increase of mining distance

(2) Except for No. 7 and No. 12 monitoring points,
other monitoring points of No. 3~16 monitoring
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Figure 5: Stress monitoring layout.
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points are located above the goaf. After completed
mining of the model, the stress value of these
monitoring points decreases. Because cracks are
generated first and then closed affected by the
deformation of the upper rock stratum, the stress
value of No. 8 and No. 13 monitoring points first
decrease to 0 and then increase gradually during
the model mining

(3) No. 7, No. 12, and No. 17 monitoring points are
located above the coal seam and in front of the goaf.
Meanwhile, No. 17 point is the nearest monitoring
point to DF200 fault. The stress values of No. 7
and No. 12 monitoring points gradually increase
with the increase of mining distance. However, due
to the influence of fluid-solid coupling of the stope
and DF200 fault, the stress value of No. 17 monitor-
ing point decreases after complete mining

(4) After the model is fully mined, the stress ratio of 17
stress monitoring points is shown in Table 2. The
stress ratio refers to the ratio of the stress value of
the monitoring point after the model is fully mined
to the initial stress value of the model before mining.
By analyzing the variation law of overburden stress
from the perspective of the position relationship

between the monitoring point and the goaf, it can
be concluded that:

(1) The stress increase of the No. 2 monitoring point
is the largest, with a stress ratio of 1.8 and an
increase of 80%. The stress ratio of the No. 1
monitoring point is 1.65, with a stress increase
of 65%, indicating that the stress increase in front
of the goaf is greater than that after the goaf

(2) The stress ratio of the No. 12 monitoring point is
1.45, with an increase of 45%; the stress ratio of
the No. 7 monitoring point is 1.25, with an
increase of 25%; the stress ratio of the No. 17
monitoring point is 0.92, with a decrease of 8%

(3) Among monitoring points of No. 3~No. 16
(except monitoring points of No. 7 and No.
12), the stress of the No. 14 monitoring point
has the largest decrease, with a stress ratio of 0
and a decrease of 100%; the stress ratio of the
No. 3monitoring point is 0.04, with a stress
decrease of 96%; the stress ratio of the No. 9
monitoring point is 0.09, with a stress decrease
of 91%; and the stress ratio of the No. 15 moni-
toring point is 0.10, with a stress decrease of
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90%. Generally, the average decrease of the stress
value of monitoring points above the goaf is
68.5%

In summary, the decrease of the lower wall stress value
of F18 fault is larger than the decrease of the upper wall
stress value of F18 fault. Along the direction of coal seam
mining, the decrease of the stress value of the rock formation
above the goaf shows a trend of decreasing first, increasing,
and then decreasing. In the rock formation between the
F18 fault and DF200 fault, the geodesic directions consisting
of No. 5, No. 10, and No. 15 located in the middle of the
mining area are the directions with the largest decrease in
stress above the goaf.

Combined with the development characteristics of over-
lying rock fractures in the stope, the maximum height of the

water flowing fracture zone is 75m, and the ratio of the
height of the water flowing fracture zone and the mining
thickness is 15. Comparing the calculation results of empir-
ical equation 1 and empirical equation 2 calculated from the
height of the water flowing fracture zone of medium and
hard roof strata in the procedures for coal pillar reservation
and coal mining of buildings, water bodies, railways, and
main roadways [29], the coupling effect of seepage field
and stress field and the geological construction characteris-
tics of the mining area have a promoting effect on the
development of the water flowing fracture zone, as shown
in Table 3.

4.2. Pore Water Pressure Analysis. The variation law of pore
water pressure value of water pressure monitoring points
with mining distance is shown in Figure 9. It can be seen
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that pore water pressure values of 16 water pressure
monitoring points, which are located in front of the working
face, are consistent with the trend of gradually increasing
with mining distance and show a fluctuation relationship
consistent with the change of roof stress in the stope. At
the initial stage of model mining, the water pressure values
of No.1~No.16 pore water pressure monitoring points do
not change significantly. After the fourth mining step, the
pore water pressure values of monitoring points begin to
increase. With the continuous advancement of the working
face, pore water pressure values gradually increase. After
the tenth and seventeenth mining step, the pore water
pressure values increase significantly. Compared with the
variation law of roof stress in the stope, the roof stress value
changes little at the initial stage of mining. After the fourth
mining step, the stress values of No. 4 and No. 5 stress mon-
itoring points closest to the front of the work increase
significantly.

Figure 10 shows the growth rate of water pressure of
No.1~No.16 pore water pressure monitoring points after
the model is fully mined. It can be seen from the figure that
the change of pore water pressure is related to two factors:

the vertical height of the monitoring point from the coal
seam roof and the horizontal distance between the monitor-
ing point and DF200 fault.

From the perspective of the vertical distance between
pore water pressure monitoring point and the coal seam
roof, at different levels, the increase of pore water pressure
at the monitoring point close to the coal seam roof is rela-
tively large, and the change range of pore water pressure at
the monitoring point far from the coal seam roof is relatively
small. From the perspective of the horizontal distance
between pore water pressure monitoring point and DF200
fault, at the same horizontal height, the pore water pressure
value of the monitoring point close to DF200 fault increases
greatly.

4.3. Linkage Response of Pore Water Pressure and
Overburden Stress. Among pore water pressure monitoring
points, No. 1, No. 5, No. 9, and No. 13 monitoring points
are located on the DF200 fault. After the model is fully
mined, the increase of pore water pressure values of above
four monitoring points is 49%, 55%, 33%, and 26%, respec-
tively. Among overburden stress monitoring points, No. 7,

Table 2: Stress ratio of monitoring points.

Monitoring point position Monitoring point number
Vertical distance

from coal seam (cm)
Stress ratio of model after full
mining and before mining

Behind the goaf 1 0 1.65

In front of the goaf 2 0 1.80

Above the goaf

3 5.4 0.04

4 5.4 0.24

5 5.4 0.14

6 5.4 0.91

8 12 0.21

9 12 0.09

10 12 0.36

11 12 0.99

13 15 0.26

14 15 0

15 15 0.10

16 15 0.44

In front of the goaf

7 5.4 1.25

12 12 1.45

17 15 0.92

Table 3: Calculation value of development height of the water flowing fracture zone in the stope.

Number Equation
The height of water flowing

fracture zone (cm)
The ratio of the height of water flowing
fracture zone and the mining thickness

Equation 1 100〠M/1:6〠M + 3:6
� �

± 5:6 37.5-48.7 7.5-9.7

Equation 2 20
ffiffiffiffiffiffiffiffiffiffi
〠M

q
+ 10 54.72 10.9

Note: ΣM refers to the mining thickness.
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No. 12, and No. 17 are three stress monitoring points closest
to the DF200 fault. In addition, the No. 7 stress monitoring
point is close to the No. 1 pore water pressure monitoring
point, No. 12 stress monitoring point is close to the No. 5
pore water pressure monitoring point, and the No. 17 stress
monitoring point is close to the No. 9 pore water pressure
monitoring point. By comprehensively analyzing the varia-
tion law of the water pressure value of pore water pressure
monitoring point in confined aquifer and the stress value
of overburden stress monitoring point, it can be seen that
near the DF200 fault, the increase of the water pressure value
of the No. 5 pore water pressure monitoring point is the
largest, which is closest to the No. 12 stress monitoring point
with the largest stress increase after the model is fully mined.
There is a coupling effect between the seepage field and
stress field.

As shown in Figure 11, combined with the data of the
No. 1 pore water pressure monitoring point and No. 4 and
No. 5 stress monitoring points, which are located above
the middle of the goaf, the linkage response law of pore

14

No.1 point
No.2 point

No.3 point
No.4 point

No.9 point
No.10 point

No.11 point
No.12 point

No.13 point
No.14 point

No.15 point
No.16 point

No.5 point
No.6 point

No.7 point
No.8 point

13

12

11

Po
re

 w
at

er
 p

re
ss

ur
e (
kP

a)

10

0 10 20 30 40
Missing distance (cm)

50 60 70 80

0 10 20 30 40
Missing distance (cm)

50 60 70 80 0 10 20 30 40
Missing distance (cm)

50 60 70 80

0 10 20 30 40
Missing distance (cm)

50 60 70 80

9

8

12

11

10

9

Po
re

 w
at

er
 p

re
ss

ur
e (
kP

a)

8

7

6

9.0

8.5

8.0

7.5

7.0

6.5

6.0

Po
re

 w
at

er
 p

re
ss

ur
e (
kP

a)

13

12

11

10

Po
re

 w
at

er
 p

re
ss

ur
e (
kP

a)

9

8

7

Figure 9: Law of pore water pressure with mining distance.

55

50

45

40

Po
re

 w
at

er
 p

re
ss

ur
e i

nc
re

as
e %

30

20
1 2 3 4 5 6 7 8 9

The number of pore water pressure monitoring point
10 11 12 13 14 15 16

35

25

Figure 10: Growth rate of pore water pressure at monitoring
points.

9Geofluids



water pressure and overburden stress during mining can be
seen as follows:

(1) When the stress monitoring point is in front of the
working face, the variation law of pore water
pressure increases gradually with the increase of
overburden stress, and the growth rate of pore water
pressure is relatively stable

(2) When the working face passes below the stress mon-
itoring point, the overburden stress decreases and
the pore water pressure continues to increase until
the model is completely mined without water inrush.
In this process, the change law of pore water pres-
sure is divided into two stages. The first stage is at
the initial stage of stress unloading, overburden
stress decreases rapidly, and pore water pressure
increases slowly. In the second stage, when the
working face passes a distance below the stress mon-
itoring point, with the continuous advancement of
the working face to the front aquifer, the change of
overburden stress decreases, and the growth rate of
pore water pressure increases rapidly

5. Conclusion

The research on overburden stress and water pressure
response to mining under Ordovician limestone nappe aqui-
fer is a new subject of coal mine safety production. Taking
the mining of 32 coal seam in the first eastern mining area
of Qianyingzi coal mine in Anhui Province in China as the
engineering geological prototype, using the self-developed
similarity model test device, this paper can fully consider
the geological structure characteristics of the stope while
meeting the simulation of the mining process of coal seam
under confined aquifer and overcome the key technical
problems of step-by-step mining of coal seam under sealed
conditions; the fluid-solid coupling similarity model test of
coal seam mining under Ordovician limestone nappe aquifer
is carried out, focusing on the changes of overburden stress

and water pressure of confined aquifer in the process of coal
seam mining. The main conclusions are as follows:

(1) The stress unloading area above the goaf presents
obvious zoning characteristics to the left and right
sides in the horizontal direction, which can be
divided into a strong decompression area, weak
decompression area, and transition area. Under the
simulated geological conditions, the zoning charac-
teristics on both sides have asymmetric distribution.
The average reduction range of internal stress in the
strong decompression zone is 86.3%, that in the
weak decompression zone is 51.8%, and that in the
transition zone is 8.7%. If it continues to expand to
both sides, the stress value will increase

(2) The maximum height of the water flowing fracture
zone is 75m in the stope, and the ratio of the height
of the water flowing fracture zone and the mining
thickness is 15. Combined with the lithology charac-
teristics of the stope roof, the empirical formula 1
and empirical formula 2 for calculating the height
of the water flowing fracture zone in the medium
hard roof slate given in the procedures for coal pillar
reservation and coal mining of buildings, water
bodies, railways, and main roadways are used for cal-
culation. The theoretical values of the development
height of the water flowing fracture zone in the stope
are 30.1~41.3m and 44.6m, and the ratio of the
height of the water flowing fracture zone and the
mining thickness is 7.5-10.7 and 10.9. It can be seen
that the development height of the water flowing
fracture zone in the stope is jointly affected by the
coupling effect of stress field and seepage field and
the characteristics of geological structure

(3) Pore water pressure monitoring points are located in
front of the goaf, and there is no water inrush during
the mining process of the model. The change law of
pore water pressure generally increases with the
increase of mining distance. The change law of pore
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Figure 11: Connected effect between pore water pressure and overburden stress in the mining process.
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water pressure is affected by two factors: the vertical
distance between the monitoring point and the coal
seam and the horizontal distance between the moni-
toring point and DF200 fault. By comprehensively
analyzing the variation law of the water pressure
value of pore water pressure monitoring point in
confined aquifer and the stress value of overburden
stress monitoring point, it can be seen that near the
DF200 fault, the increase of the water pressure value
of the No. 5 pore water pressure monitoring point is
the largest, which is closest to the No. 12 stress mon-
itoring point with the largest stress increase after the
model is fully mined. There is a coupling effect
between the seepage field and stress field

Data Availability

The data supporting the findings of this study are available
within the article and are available from the corresponding
author on request.
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