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In Datong mining area, CO and other harmful gases were discharged from the gob in the Jurassic overburden strata to the panel of
Carboniferous coal seam. To this end, panel 8309 of Tongxin coal mine in Datong mining area was taken as the engineering
background; the change law of CO concentration in the upper corner of the panel and the law of mining pressure were studied
through field measurement, and the influence of periodic movement of key strata on the downward leakage law of harmful
gases was analyzed. In this paper, the fracture law of the key strata and fracture development characteristics of overburden strata
were further studied by the similar simulation test, and the influence of the periodic movement of the key strata on the pathway
formation of gas downward leakage was analyzed. The results show that the main cause of harmful gas downward leakage in the
Jurassic gob is through the fracture produced by the fracture of the higher key strata. If the higher key strata fractures in the coal
mining in the Carboniferous system, through fracture connecting the Jurassic gob above the open-off cut and the upper part of
the panel are formed, and effective pathways for gas downward leakage are generated. The fracture and rotation of the higher
key strata are accompanied by the formation and disappearance of the effective pathway for gas downward leakage above the
panel. Then the periodic change of harmful gas discharging to the panel is caused and consistent with the law of mining pressure.

1. Introduction

Datong mining area has both Jurassic and Carboniferous coal
seams. At present, the upper Jurassic coal resources are
almost exhausted, and the lower Carboniferous ultra-thick
coal seam has become the main coal seam for the mining
[1, 2]. Carboniferous coal seam is usually mined with a large
thickness, and the damage area of the rock strata is usually
enlarged with the highly developed mining fractures [3]. As
a result, fractures are easily interacted with the gob in Jurassic
coal seam (abbreviated as Jurassic gob) and Carboniferous
coal seam; and the downward leakage of harmful gases (such
as CO) can be caused from the Jurassic gob, which seriously
affects the safe and efficient mining of the Carboniferous coal
seam [4].

The downward leakage of harmful gas in the Jurassic gob
is mainly caused by the mining-induced fracture in the inter-
val strata of the dual-system coal seam. Many scholars have
studied the development law of overburden breakage charac-

teristics and mining-induced fracture in overburden strata.
Bai and Lsworth [5] and Palchik [6] verified that there were
three different moving zones in longwall mining overburden
rock, namely, the caving zone, the fracture zone, and the
bending deformation zone. Liu [7] systematically studied
and summarized the deformation and failure of mining-
induced overburden strata in coal mines of China. Besides,
the calculation equations of the development height of
water-conducting fracture zone were obtained [8–10]. Singh
and Kendorski [11] put forward the importance of the water-
retaining rock formation between water body and gob in
1981. This work plays an important guiding role in the safe
mining of coal seam under water body. However, the influ-
ence of the overburden structure, fracture type, and the
whole movement of the strata on the development of the
water-conducting fracture are not considered in these
researches. Qian et al. [12] proposed the theory of key strata
control and concluded that the key strata play a decisive role
in controlling the strata movement and the development of
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mining fracture. Ju and Xu [13] and Li et al. [14] studied the
structural characteristics of the key strata of longwall face in
fully mechanized mining and its influence on mine pressure.
Zhang et al. [15] and Kuang et al. [16] determined the law of
fracture and movement of key strata through in situ investi-
gation. Based on the key strata theory, Miao et al. [17], Wang
et al. [18] and Feng et al. [19] proposed the concept and prin-
ciple of the water-resisting key strata for the mining with
water preservation, established a mechanical model of the
composite water-resisting key strata, and successfully applied
it to the prevention and control of water inrush disaster of
roof and floor and the protection of water resources in min-
ing area [20]. Based on the theory of key strata, Xu et al. [21]
and Wang et al. [22] studied the influence of the location of
the main key strata of the overburden strata on the develop-
ment height of the water-conducting fracture and proposed a
prediction method for the height of the water-conducting
fracture zone by the location of the key strata of the overbur-
den strata [23]. Du et al. [24] analyzed the development pat-
terns of fractured water-conducting zones in longwall mining
of thick coal seams according to the safety mining of Zhuoz-
hang river. Tu and Fu [25], Qu et al. [26], and Wu [27] per-
formed the research on the gas migration pathway in the coal
seam and obtained the influence of key strata on the effect
and scope of gas drainage. Besides, the reliability of key strata
theory applied in gas extraction was verified by field engi-
neering application. In addition, Ma et al. [28] studied the
characteristics of water flow in mining fractured rock mass.
Si et al. [29], Zhao et al. [30], and Wang et al. [31] presented
a systematic investigation into the permeability characteris-
tics of flow field in mining area.

At present, many scholars have studied the development
law of overburden breakage characteristics and mining-
induced fracture in overburden strata, and the mining thick-
ness of coal seam is below 8m [32, 33]. However, the average
thickness of Carboniferous ultra-thick coal seam in Datong
mining area is 15m, and the damage area of the rock strata
is usually enlarged with the highly developed mining frac-
tures [34, 35]. The downward leakage of harmful gas in the
Jurassic gob is mainly caused by the mining-induced fracture
in the interval strata of the dual-system coal seam [36–38].
Therefore, the research on the development law of overbur-
den breakage characteristics and mining-induced fracture
in Datong mining area should be carried out systematically.

To summarize, the key strata theory has been well applied
in the development law of water-conducting fracture zone
and the mining-induced fracture evolution related to gas
drainage. In view of the occurrence and mining conditions
of the dual-system coal seams in Datong mining area, panel
8309 of Tongxin mine, Datong mining area was taken as
the research background; the key strata theory, physical
experiment, and field measurement were used to study the
fracture law and fracture development characteristics of the
interval strata of the dual-system coal seam. Besides, the
influence of the periodic movement of the key strata on the
gas downward leakage pathway and gas drainage law was
analyzed, so as to ensure the safe and efficient mining of
the dual-system coal seams. This study provides a theoretical
guidance for coal mining in the dual-system coal seam.

2. Introduction of Panel and Identification of
Key Strata

2.1. Overview of the Panel. Panel 8309 of Tongxin mine is
located in the third mining area of Tongxin mine in Datong
mining area. The 3-5# coal seams of the Carboniferous
system were mined. The average thickness of the coal seam
was 14.88m, the average buried depth was 580m, and the
dip angle was 0-3°. The length of the panel was 2843m, and
the dip length was 200m. Longwall mining and the extrac-
tion ventilation method was adopted. Jurassic gob in 14# coal
seam was overlaid on the panel 8309, with a spacing of 200-
240m. There were a lot of water and harmful gas in the Juras-
sic gob, which seriously affected the safe and efficient mining
of the panel. The goaf in Jurassic coal seam above the panel
8309 from the open-off cut to 1283m includes the panel
81003, the panel 81005, the panel 81006, and the panel
81008; besides, the goaf in Jurassic coal seam above the panel
8309 from 1809m to the nonmining line includes the panel
8902-3, the panel 8902-2, the panel 8908, and the panel 8906.

2.2. Key Strata Identification. According to the key strata the-
ory of strata control and the water-resisting key strata theory
for mining with water conservation [8], the stability of key
strata in the interval strata of dual-system coal seam plays a
decisive role in the gas drainage in the overburden gob. The
key strata refer to the strata which control the whole or par-
tial overburden movement from the overburden to the sur-
face. If the structural key strata do not fracture after
mining, the fracture cannot expand, develop, or form an
effective gas drainage pathway. Therefore, the structural key
strata is the gas-resisting key strata. To study the influence
of the key strata between the dual-system coal seams on the
harmful gas downward leakage of the overburden gob, the
core drilling holes were arranged in the middle of the panel
8309. Mechanical parameters of the standard coal rock sam-
ples were tested by RMT-150B rock mechanics experiment
system, and the position of the key strata of the overburden
strata on the panel was determined according to the key
strata discrimination condition [7], as shown in Table 1.

It can be seen from Table 1 that the immediate floor of
the panel is composed of sandy mudstone with a thickness
of 4m, and the immediate roof is mainly composed of
coarse-grained sandstone and sandy mudstone. There is the
Jurassic gob in 14# coal seam and 220.89m above the panel,
and there are two key strata in the overburden strata. The
higher key strata are 123.08m away from the 3-5# coal seams,
which is less than 10 times of the mining height. According to
the prediction method for the height of the water-conducting
fracture zone proposed by Xu et al. [21], the harmful gas of
Jurassic gob in 14# coal seam will be discharged to the panel
8309 after the key strata are broken.

3. Experimental Analysis of Periodic
Movement of Key Strata and Gas
Downward Leakage

3.1. CO Observation Schemes of Panel 8309. To study the gas
downward leakage law of the Jurassic gob in 14# coal seam

2 Geofluids



Table 1: Physical and mechanical parameters of 1# drill hole column and coal seams.

Lithology
Thickness

(m)
Buried depth

(m)
Unit weight
(kN·m-3)

Tensile strength
(MPa)

Elastic modulus
(GPa)

Key strata
location

Jurassic system

Fine-grained
sandstone

6.44 346.13 27.00 6.40 44.65

Siltstone 8.21 354.34 26.04 4.89 37.29

Coal seam 14 2.90 357.24 14.26 4.20 4.20

Siltstone 8.57 365.81 26.04 4.89 37.29

Sandy mudstone 6.48 372.29 26.81 4.40 38.07

Medium-grained
sandstone

4.30 376.59 26.54 5.72 38.90

Mudstone 4.20 380.79 27.52 2.72 29.40

Coarse-grained
sandstone

3.64 384.43 25.40 2.56 18.28

Medium-grained
sandstone

3.35 387.78 26.54 5.72 38.90

Mudstone 9.06 396.84 27.52 2.72 29.40

Fine-grained
sandstone

1.60 398.44 27.00 6.40 44.65

Mudstone 2.03 400.47 27.52 2.72 29.40

Fine-grained
sandstone

4.30 404.77 27.00 6.40 44.65

Mudstone 17.31 422.08 27.52 2.72 29.40

Fine-grained
sandstone

5.27 427.35 27.00 6.40 44.65

Siltstone 42.01 469.36 27.52 2.72 29.40
Higher key

strata

Sandy mudstone 7.27 476.63 26.81 4.40 38.07

Fine-grained
sandstone

3.00 479.63 27.00 6.40 44.65

Sandy mudstone 2.04 481.67 26.81 4.40 38.07

Coarse-grained
sandstone

6.37 488.04 25.40 2.56 18.28

Coarse sandstone
with gravel

4.57 492.61 25.28 3.20 15.33

Coarse-grained
sandstone

3.23 495.84 25.40 2.56 18.28

Coarse sandstone
with gravel

2.80 498.64 25.28 3.20 15.33

Coarse-grained
sandstone

5.54 504.18 25.40 2.56 18.28

Coarse sandstone
with gravel

12.74 516.92 25.28 3.20 15.33
Lower key
strata

Coarse-grained
sandstone

5.84 522.76 25.40 2.56 18.28

Coarse sandstone
with gravel

6.97 529.73 25.28 3.20 15.33

Mudstone 5.20 534.93 27.52 2.72 29.40

Dyas system

Sandy mudstone 3.57 538.50 26.81 4.40 38.07

Coarse-grained
sandstone

6.17 544.67 25.40 2.56 18.28

Sandy mudstone 4.10 548.77 26.81 4.40 38.07

Medium-grained
sandstone

2.37 551.14 26.54 5.72 38.90
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above the panel 8309, CO was taken as the monitoring object
of the discharged gas, and 8 observation points for CO
concentration were designed and arranged in panel 8309,
headgate 2309, and tailgate 5309. As shown in the Figure 1,
4 measuring points for CO concentration are uniformly
arranged in the 200m long panel. The exact time for field
measurement is from June 14, 2018, to July 13, 2018. Measur-
ing points 1 and 4 correspond to the upper and lower corners
of the panel, and two measuring points are arranged 50m
and 100m away from the upper and lower corners of
headgate 2309 and tailgate 5309. CO concentration of each
measuring point is monitored in real time through the CO
volume concentration sensor, as shown in Figure 2.

3.2. Effect of Periodic Movement of Key Strata on Gas
Downward Leakage. Through the CO concentration of each
observation point, it is found that CO of the Jurassic gob in
14# coal seam is discharged to panel 8309 under the negative
pressure effect. Since the upper corner is located at the return
side of the panel and close to the triangle area of the upper
side of the return air lane and the edge of the gob, the CO
concentration of the upper corner is significantly affected.
Based on the monitoring results of CO concentration in the
upper corner of the panel from June 13 to 14 and the mining
pressure curve obtained by the 58# support in the middle of
the panel, the influence of periodic movement of key strata
on gas downward leakage is analyzed. As shown in
Figure 3, there are large and small periods of mining pressure
in the advance of the panel. The small periodic mining pres-
sure steps are measured as 24m, 40m, 34m, etc., and the
average pressure steps are 33m; the large periodic pressure
steps are measured as 64m, 58m, etc., and the average pres-
sure steps are 61m. The large periodic mining pressure steps
are about twice of the small periodic mining pressure. The
change of CO concentration in the upper corner presents
periodic change, which is consistent with the law of mining
pressure law. In the case of nonperiodic and small periodic
mining pressure, CO concentration is low, while in the large
periodic mining pressure, CO concentration increases
significantly.

According to the drilling column in Table 1 and the the-
ory of mining pressure and strata control [7], the main rea-
son for the large and small periodic mining pressure in the
panel is that there are two key strata in the overburden strata
of the panel. When the lower key strata are broken, a small
periodic mining pressure is formed, and when the lower
key strata and the higher key strata are broken simulta-
neously, the large periodic mining pressure is formed. In
the mining process of the dual-system coal seam, mining-
induced fractures are generated in the interval strata, and
harmful gas can be discharged to the Carboniferous panel
through the gas leakage pathway formed by mining fractures.
Because the key strata control the evolution of mining frac-
tures, it can be inferred that the periodic fracture of the
higher key strata will change the gas leakage pathway, thus
causing the periodic leakage of the harmful gas from the
Jurassic gob.

4. Similar Simulation Experiments of Fracture
and Fracture Development in Key Strata

4.1. Design of Similar Simulation Experiments. To further
study the influence of the periodic movement of the key strata
on the evolution characteristics of the gas leakage pathway and
the gas leakage law, a similar simulation experiment of the key
strata fracture and fracture development law was performed
based on the project background of the panel 8309. In this
similar simulation experiment, a similar model frame with
the size of 2:5 × 1:3 × 0:2m (length × height × width) was
selected. The geometric similarity ratio of the model was
200 : 1, the actual laying height was 1.28m, and the simulated
laying height was 256.49m. The unit weight ratio of the model
was 1.5 : 1, so the stress similarity ratio of the model was
300 : 1, the thickness of the nonsimulated overburden was
339.69m, and the load on the upper part of the model was
0.028MPa. For test materials, sand was taken as aggregate;
cement, calcium carbonate, and gypsum as cementing
materials; borax as retarder; and mica as layered materials.

The theoretical basis for the similar simulation experi-
ment includes the geometric similarity, the kinematic

Table 1: Continued.

Lithology
Thickness

(m)
Buried depth

(m)
Unit weight
(kN·m-3)

Tensile strength
(MPa)

Elastic modulus
(GPa)

Key strata
location

Coarse-grained
sandstone

2.40 553.54 25.40 2.56 18.28

Sandy mudstone 5.94 559.48 26.81 4.40 38.07

Coarse-grained
sandstone

3.10 562.58 25.40 2.56 18.28

Mudstone 6.74 569.32 27.52 2.72 29.40

Sandy mudstone 1.87 571.19 26.81 4.40 38.07

Coarse-grained
sandstone

5.34 576.53 25.40 2.56 18.28

Carboniferous
system

Sandy mudstone 1.60 578.13 26.81 4.40 38.07

Coal seams 3-5 14.05 592.18 14.26 4.20 4.20

Sandy mudstone 4.00 596.18 26.81 4.40 38.07
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similarity, and the dynamic similarity. The similar simulation
model is shown in Figure 4. To clearly observe the fracture
development characteristics of 3-5# coal seams and interval
strata of 14# coal seam during the excavation, after the model
was laid, the coal seam and key strata were colored with black
paint and yellow paint, respectively, on the front of the
model, and the remaining strata were whitewashed with lime.
At the same time, the grid lines with a spacing of 10 cm were
drawn with ink bucket.

4.2. Experimental Processes and Experimental Results. Before
the excavation, the model was loaded with a loading of
0.028MPa. To reduce the boundary effect of the model plat-
form, 30 cm protective pillars were reserved at both ends of
the coal seam. In the model, 14# coal seam was first mined,
then 3-5 # coal seams, all of which were excavated from the
left side of the model at 5 cm every 30 minutes.

Similar simulation experiment results show that during
the excavation of 3-5# coal seams, the fracture of the key
strata is accompanied by the movement of the loaded over-
burden strata and the fracture development. As shown in
Figure 5, when the lower key strata is fractured, and a
through fracture is formed, the overburden strata controlled

by the key strata break synchronously, and the fracture
develops rapidly to the lower part of the higher key strata;
when the higher key strata fractures, longitudinal cracks are
developed from the overburden strata to 14 # coal floor.
Through the analysis of the experimental results, it is believed
that the lower layer of the key strata directly collapses during
the advance of the panel, and the stability of the key strata is
determined by the fracture and fracture development of the
interval strata in the dual-system coal seam. Therefore, the
two key stages of the fracture of the lower and higher key
strata are analyzed based on experimental results.

4.2.1. Fracture of Lower Key Strata.When the panel is mined
60m from the open-off cut, the first collapse of the direct roof
occurs. With the panel advances to 120m, the fracture height
of overburden strata reaches to the lower key strata, and sep-
aration zone appears at the bottom of the panel and gradually
expands with the advance of the panel. When the panel is
mined to 160m, the lower key strata fractures for the first
time. As shown in Figure 6(a), due to the long settlement
time in the separation zone near the open-off cut and the
large compaction degree of the rock layer, the lower key
strata presents an asymmetric fracture structure, and some
of the above rock layer collapse. With the primary fracture
of the lower key strata, longitudinal fracture runs through
the lower key strata and develops to the lower part of the
unbroken layer with the separation zone. At this time, the
longitudinal fractures and separation zones on both sides
are connected with each other, resulting in trapezoidal-
shaped collapse in the model.

When the panel is mined to 200m, the first periodic frac-
ture occurs in the lower key strata, and the overburden strata
collapse completely. At the same time, the separation zone
and longitudinal fracture develop rapidly to the lower part
of the higher key strata, as shown in Figure 6(b). With the
advance of the panel, the periodic fracture continues to occur
in the lower key strata, with an average periodic fracture step
distance of 30m. Because the higher key strata are not bro-
ken, the development of the fracture upward is hindered,
and the trapezoidal-shaped collapse area of the rock strata
evolves towards the panel instead of the higher key strata.
The floor failure in Jurassic coal seam has the important
effect on gas downward leakage, because the mining fractures
caused by the floor failure in Jurassic coal seam are the main
leakage channel for the harmful gas.

Gob 8309 working face

50 m

50 m 50 m

874

3

20
0 

m

2

1 5 6

50 m

5309

2309 intake airway

Figure 1: Layout of CO measuring points in panel 8309.

Figure 2: CO volume concentration sensor.
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4.2.2. Higher Key Strata Fracture. The fracture characteristics
of the higher key strata in the mining process of the panel are
shown in Figure 7. When the panel is mined to 300m, the
higher and the lower key strata fracture simultaneously. With
the first fracture of the higher key strata, the bottom strata of
the gob in 14# coal seam, which is controlled by the higher
key strata, are fractured simultaneously. Meanwhile, the
cracks in the overburden strata of the higher key strata
develop rapidly to the bottom of the gob in the 14# coal seam,
and three longitudinal through cracks connecting the gob in
14# coal seam are formed above the cut-out hole and the
panel, as shown in Figure 7(a). Due to the large compaction
degree of rock at the cut-out hole side, through crack 2 is
inclined to the one side of the cut-out hole. When the panel
advances to 360m, the first periodic fracture occurs in the
higher key strata, with a step distance of about 60m. At the
same time, a new through fracture is formed above the panel,
as shown in Figure 7(b).

According to the main characteristics of fracture and
fracture development of key strata in the excavation process
of model, it is obtained that the periodic fracture step

distance of the lower and higher key strata in the mining
process of panel 8309 is about 30m and 60m, respectively;
the fracture step distance of higher key strata is twice that
of lower key strata, which is basically consistent with the large
and small periodic mining pressure curve of 58# support in
the middle of panel.

In the coal mining of Carboniferous system, through
fractures caused by the fracture of the higher key strata is
the main cause of the downward leakage of harmful gas in
Jurassic gob. The phenomenon of key layer rotation and
crack closure occurs in the similar simulation experiment
results, which is controlled by the higher key strata. If the
higher key strata fracture after the panel of Carboniferous
system is fully mined, a through fracture connecting the
Jurassic gob will be formed above the cut-out hole and the
upper part of the panel, resulting in the generation of harmful
gas leakage pathway. With the periodic fracture of the higher
key strata, a new through fracture appears above the panel,
becoming a new gas downward leakage pathway.

5. Analysis of the Influence of the Key Strata on
the Gas Downward Leakage Law in the
Mining of Dual-System Coal Seam

5.1. Influence of Key Strata on Evolution Law of Gas-
Conducting Fractures. In general, there are multiple key
strata in the coal seam of the dual-system. Based on the the-
ory of key strata, the evolution law of the gas-conducting
fracture is analyzed when there are two key strata in the over-
burden. In the excavation of 3-5# coal seams of Carbonifer-
ous system, when the lower key strata fractures with the
advance of the panel, the lower key strata are located in the
open-off cut, and the broken rock block above the panel
rotates. The two ends of the gyratory block are occluded with
the adjacent key strata or broken rock block to form four gas-
conducting fractures. With the fracture of the lower key
strata, the soft rock layer in the control area overlying the
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lower key strata fractures synchronously, and the gas-
conducting fracture develops in the soft rock layer and
extends to the bottom of the higher key strata. If the higher
key strata does not fracture or lose stability (the distance of
panel advance is insufficient), the gas-conducting fracture
in the higher key strata and its control soft rock layer cannot

connect with the Jurassic gob, and the gas downward leakage
will not be caused, as shown in Figure 8.

With the continuous advance of the panel, if the
higher key strata is fractured along with the mining, the
soft rock layer at the upper part of the higher key strata
is simultaneously fractured along with the higher key

Mining-induced fracture

Fracture of lower key strata

(a) Fracture of lower key strata

Mining-induced fracture

Fracture of higher
key strata

(b) Fracture of higher key strata

Figure 5: Simultaneous fracture of key strata and overburden strata.
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strata, the fracture field at the upper part of the higher key
strata connects the Jurassic gob and forms an effective gas
pathway together with the fractures in the control area of
the lower key strata, and the harmful gas in the Jurassic
gob enters downward along with the effective gas pathway
to the gob open-off cut and the panel, as shown in
Figure 9. It should be noted that with the development
of mining activities, the lower key strata has a periodic
fracture and settlement rotation. The gas-conducting frac-
ture (including the gas-conducting fracture in the upper
control soft rock layer) behind the panel is closed with
the settlement contact, and the gas-conducting capacity is
sharply reduced. However, the new broken rock block

forms the new gas-conducting fracture in front of the
panel. If the closed fracture is not considered, with the
periodic fracture of the lower key strata, the number and
capacity of the effective gas-conducting fractures in the
lower key strata and its overburden strata do not decrease
with the closing of the latter fractures.

When the higher key strata fractures periodically with the
mining, the gas-conducting fracture in the soft layer, lower,
and higher key strata in the middle of the gob gradually close
and disappear, and the gas-conducting ability decreases
sharply. The mining fracture of the overburden strata near
the open-off cut and the panel are developed, and four effec-
tive gas leakage pathways are formed in the lower key strata,

Soft rock and surface

Jurassic gob

Soft rock

Higher key strata

Soft rock

Lower key strata
Soft rock
Carboniferous coal seams
Coal seam floor

Figure 8: Distribution diagram of gas-conducting fracture field before fracture of the higher key strata.

Soft rock and surface
Jurassic gob

Soft rock

Higher key strata

Soft rock

Lower key strata

Soft rock
Carboniferous coal seams
Coal seam floor

Closed
fracture

Figure 9: Distribution diagram of gas-conducting fracture field in the first fracture of the higher key strata.

Closed fracture

Soft rock and surface

Jurassic gob

Soft rock

Higher key strata

Soft rock

Lower key strata
Soft rock
Carboniferous coal seams
Coal seam floor

Closed fracture

Figure 10: Distribution diagram of gas-conducting fracture field during periodic fracture of the higher key layer.
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the higher key strata, and the soft strata controlled by the
overburden strata, as shown in Figure 10.

5.2. Analysis of the Influence of Key Strata on the Gas
Downward Leakage Law. Under the mining condition of
dual-system coal seam in Datong mining area, the main
reason for periodic downward leakage of harmful gas in
Jurassic gob is the fracture and rotation of the higher
key strata. Under the condition of nonpressure and small
mining pressure, the blocks in the higher key strata above
the panel turn in the reverse direction, the higher key
strata and its upper gas-conducting fracture close rapidly,
resulting in the disappearance of the effective gas pathway.
Harmful gases in the Jurassic gob are mainly discharged
into the gob of carboniferous coal seam through the effec-
tive gas pathway above the open-off cut. In the closed
state, there is stable harmful gas discharge into the panel
through the gob of Carboniferous system. In the large
periodic mining pressure, the rotation and fracture of the
higher key strata result in the formation of new effective
gas-conducting pathways, and the harmful gas in the panel
of Carboniferous system increases sharply.

To sum up, under the condition of dual-system coal seam
mining in Datong mining area, when the Carboniferous coal
seam is mined to the lower part of the Jurassic gob, if there is
strong mining pressure in the panel, effective measures such
as the use of pressure equalizing ventilation system should be
taken timely to eliminate the hidden danger of harmful gas
downward leakage from the Jurassic gob to the panel.

6. Conclusions

(1) The change of CO concentration in the upper corner
of panel 8309 shows periodic change, which is consis-
tent with the mining pressure law. In the case of non-
pressure and small periodic mining pressure, CO
concentration is low, while in the case of large peri-
odic mining pressure, CO concentration increases
significantly.

(2) The main cause of harmful gas downward leakage in
the Jurassic gob is through fractures produced by the
fracture of the higher key strata. If the higher key
strata fractures in the coal mining in the Carbonifer-
ous system, the through fracture connecting the
Jurassic gob will be formed above the open-off cut
and the panel.

(3) Under the mining condition of dual-system coal
seam in Datong mining area, the main reason for
periodic downward leakage of harmful gas in Jurassic
gob is the fracture and rotation of higher key strata.
When the Jurassic gob is overlying on the Carbonif-
erous coal seam in the mining process, once the
strong mine pressure appears in the panel, effective
measures should be taken timely to eliminate the hid-
den danger of harmful gas downward leakage from
the Jurassic gob to the panel.
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