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Theory and engineering practice of constructing “inner protection layer” for

strongly prominent coal seams
XIN Xinpingl, YANG Chengta02’3, WEI Jianping4, LIU Yong4, WANG Yitongl, XU Xiangyu4
(1. Henan Energy Group Limited, Zhengzhou 450046, China; 2. Henan Energy Group Research Institute Co., Ltd., Zhengzhou 450046, China; 3. Henan En-
gineering Research Center of Simultaneous Extraction of Coal and Gas with Low Permeability and Outburst Coal Seam, Zhengzhou 450046, China; 4.School
of Safety Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: Protective layer mining is the most effective technical means to prevent and control coal mine gas disaster, which is applicable
to multiple coal seams (groups) with protected seams available for mining. With the influence of multiple factors such as increasing min-
ing depth, mining intensity and more complex tectonics, the stress and gas coupling type of disaster for a single strong protrusion coal
seam without protective layer has become the dominant. In order to eliminate the risk of coal and gas protrusion, the current measures such
as mechanical reaming, hydraulic punching, water jet cutting and hydraulic fracturing can better improve the extraction effect, but fail to
achieve uniform pressure relief, uniform penetration and eliminate stress anomalies, there are certain limitations to the elimination of pro-
trusion. How to achieve efficient gas extraction and high-efficiency outburst elimination is the main technical bottleneck that has long

curbed the safe and efficient mining of this type of coal seam. The study combined the engineering practice of “zero-distance protective
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layer” stratified mining and unloading pressure and increasing penetration of penetrating boreholes to enhance the extraction and eliminate
outburst in prominence mine belonging to Henan Energy Group. The effect of pressure-releasing enhancement and outburst elimination
was investigated by optimizing the design of penetrating boreholes, reasonably selecting the pressure releasing measures and accurately
metering the amount of coal hollowed out. The effect of pressure releasing to eliminate outburst was strengthened, the uniform pressure re-
leasing in a large area was realized, and a way of eliminating outburst by constructing a similar protective layer in the coal seam was
formed. The “construction of inner protective layer technology” was proposed to achieve strong and uniform pressure relief, efficient ex-
traction and rapid outburst elimination in coal seam. Summarizing the development history and experience of gas management technology
in protruding mines represented by Henan Energy Coking Coal Company, the research on the “construction of inner protective layer tech-
nology” for single thick coal seam was carried out, the scientific connotation of “constructing inner protective layer” to eliminate outburst
was explained, the mechanism of eliminating outburst was revealed, and the constructing method was formed. The effect evaluation tech-
nology of inner protective layer to eliminate outburst was developed, a technology system for eliminating outburst in the inner protective
layer of a single coal seam with strongly outburst was constructed, and the related enterprise standard was formulated. The proposed
concept of actively constructing the inner protective layer to eliminate outburst in a single coal seam with strongly outburst has innovated
the connotation and extension of protective layer mining, and provided a more complete technical system and a more solid theoretical basis
and technical means for the efficient outburst elimination in a single coal seam with strongly outburst.

Key words: inner protective layer; strong outburst seam; outburst prevention technology; evaluation of outburst elimination; extraction
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Table 3 Orthogonal test scheme for construction of upper

inner protective layer (working condition 1)

BefLfaism R FLRIBE AR, BOBHEERE/

=
w (°) (tm™) m MPa m
1 45 0.6 5 12 0.3
2 45 1 6 10 0.9
3 30 0.6 6 16 0.6
4 60 0.8 6 14 0.3
5 30 0.4 4 10 0.3
6 30 1.0 5 14 1.2
7 60 0.4 5 16 0.9
8 30 0.8 7 12 0.9
9 75 0.8 5 10 0.6
10 45 0.8 4 16 1.2
11 60 1.0 4 12 0.6
12 45 0.4 7 14 0.6
13 75 0.4 6 12 1.2
14 60 0.6 7 10 1.2
15 75 1.0 7 16 0.3
16 75 0.6 4 14 0.9
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x4 HETHARFEEZKRSH(TR 2)

Table 4 Orthogonal test scheme for construction of lower

inner protective layer (working condition 2)

p Hiflwis, e fLRIBE,  RLRRS, HORIREE/

(°) (tm™) m MPa m
1 45 0.6 5 12 0.3
2 45 1.0 6 10 0.9
3 30 0.6 6 16 0.6
4 60 0.8 6 14 0.3
5 30 0.4 4 10 0.3
6 30 1.0 5 14 1.2
7 60 0.4 5 16 0.9
8 30 0.8 7 12 0.9
9 75 0.8 5 10 0.6
10 45 0.8 4 16 1.2
11 60 1.0 4 12 0.6
12 45 0.4 7 14 0.6
13 75 0.4 6 12 1.2
14 60 0.6 7 10 1.2
15 75 1.0 7 16 0.3
16 75 0.6 4 14 0.9

x5 EHREETHBEIRIEHTR(TR3)
Table 5 Orthogonal test scheme for all-soft coal (working

condition 3)

G5 Hiflfe) AR (emT)  FLEIEYm  JRERSE J1/MPa
1 60 0.6 7 14
2 60 1.0 5 10
3 75 0.6 6 10
4 45 0.4 5 14
5 30 0.6 5 12
6 75 1.0 4 14
7 30 1.0 7 16
8 75 0.8 6 16
9 30 0.8 6 14
10 60 0.8 4 12
11 45 0.8 7 10
12 45 1.0 6 12
13 60 0.4 6 16
14 75 0.4 7 12
15 30 0.4 4 10
16 45 0.6 4 16

Fo EWBERINILAM(TIR4)
Table 6 Orthogonal test scheme for all-hard coal (working

condition 4)

o, BALIUR SR LRI RISEICRE RIARMCRE HIAERE

&
/(°) /MPa /m /MPa M~ /em
1 45 35 10 0.3 2 2
2 60 35 12 0.9 4 2
3 30 2.5 10 0.9 8 4
4 30 2.0 16 0.9 2 2
5 30 2.5 14 0.3 6 2
6 30 3.5 14 0.6 2 8
7 60 2.5 16 1.2 2 8
8 75 2.5 10 0.6 4 2
9 45 3.0 10 0.9 2 6
10 75 3.0 10 1.2 2 2
11 75 2.0 14 0.9 2 6
12 60 3.0 14 0.3 2 6
13 45 2.5 12 0.3 2 6
14 60 2.0 10 0.6 6 6
15 30 35 10 1.2 8 6
16 30 2.0 10 0.3 2 2
17 60 2.0 10 0.3 2 4
18 30 2.0 12 1.2 6 2
19 30 3.0 16 0.3 4 6
20 30 3.0 12 0.6 2 4
21 30 2.0 10 0.3 4 8
22 75 2.0 12 0.3 8 8
23 45 2.0 16 0.6 8 2
24 75 35 16 0.3 6 4
25 45 2.0 14 1.2 4 4

VE g A A Ht, (]I R FH 22 SE 4R [ U 1) 7 ¥6 0 B3k

B A TG AT AR AR 15 0
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F, =88.35-0.10692A +30.7395B - 9.44055C—-
0.3564D +4.3065E

(13)
Fy =22.36038 —0.02706A +7.77975B — 2.38928C—
0.0902D +1.089917E
(14)
Ao A EEFLBIAE, (°); B M, vm; C MEEFL
[ BE, m; D NG N T, MPa; E 52 ERE, m; F
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Fig.6 Working condition 1 the influence degree of unloading

pressure factors for soft and hard coal
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Fig.7 Working condition 2 the influence degree of unloading

pressure factors for soft and hard coal
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pressure factors for all-hard coal
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Table 7 Comparison parameters of single-hole gas extrac-
tion drilling for 1613 intermediate
bottom extraction roadway

pogiaic| EFLITIAA JREE K /m AEFL K /m
41°20" 13 35
I
41°20" 13 34
80°20" 7 18
I
80° 7 16.5
6° 18 48
I
6° 18 49
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Fig.11 Comparison of single-hole gas extraction in 1613 inter-

mediate bottom roadway of Jiulishan Coal Mine
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Fig.12 Comparison of group-holes gas extraction situation of

1613 intermediate bottom roadway in Jiulishan Coal Mine
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outbursts for internal protective layer construction
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