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Zonal prediction of the heights of water-conducting fracture zones under varying
overburden types in North China-type coalfields
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Abstract: [Background] The gradual increase in the exploitation depth and intensity of coal resources in the North
China-type coalfields has caused problems such as overburden movement and damage, as well as fracture evolution.
These hot topics have attracted considerable attention. [Methods] A total of 117 sets of measured data on the heights of

water-conducting fracture zones in the North China-type coalfields were collected, consisting of 17 sets from hard over-
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burden, 42 sets from moderately hard overburden, and 58 sets from soft overburden. Using these data, this study ex-
plored the effects of varying mining heights, mining depths, and lengths of the mining face along its dip direction on the
heights of water-conducting fracture zones under varying overburden types. Given the sedimentary characteristics of
their coal-bearing strata, the North China-type coalfields were divided into three regions: the northern, middle, and
southern belts. This study thoroughly investigated the heights of water-conducting fracture zones in the three regions us-
ing the convolutional neural network, the Bayes' formula, and empirical formulas for coal mining under buildings, water
bodies, and railways. [Results and Conclusions] The results indicate that as the mining height, mining depth, or the
length of the mining face along its dip direction varied, the height distributions of water-conducting fracture zones
differed significantly under different overburden types. From hard, to medium-hard, and then to soft overburden types,
the ratio of the height of water-conducting fracture zones to the mining height (also referred to as the fracture-to-mining
ratio) decreased sequentially. Specifically, the fracture-to-mining ratio of hard overburden was 1.59 times that of moder-
ately hard overburden and 1.77 times that of soft overburden, while the fracture-to-mining ratio of moderately hard over-
burden was 1.11 times that of soft overburden. The prediction results indicate that the prediction results of the northern,
middle, and southern belts calculated using the convolutional neural network yielded root mean square errors (RMSEs)
of 6.62, 2.20, and 2.60, respectively, while those calculated using Bayes’ formula yielded RMSEs of 21.84, 8.09, and
6.12, respectively. These values were much less than those derived using the empirical formulas for coal mining under
buildings, water bodies, and railways (45.91, 13.40, and 21.99, respectively). This suggests that the convolutional neural
network and Bayes’ formula outperform the empirical formulas. Notably, the prediction results obtained using the con-
volutional neural network are closer to the measured results, suggesting the high suitability of the convolutional neural
network. This study can provide a basis for predicting the heights of water-conducting fracture zones under different

overburden types in the North China-type coalfields.

Keywords: North China-type coalfield; water-conducting fracture zone; empirical formula; sedimentary environment;
overburden structure; main controlling factor
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Table 1 Summary of data on water-conducting fracture zones in various coalfields
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Fig.1 Sedimentary environment during coal accumulation in North China (modified after reference [36])
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Fig.2 Composite stratigraphic column of representative strata in typical mining areas in North China
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Table 6 Empirical formulas for coal mining under buildings,
water bodies, and railways
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between the convolutional neural network and other models

i 35 AT A b AR AT 6 R 22 o 2% 5 HL At s
RUPPANRFE bRt H 25 5 ] 1, MASERL A BN B2 B, &
TR 22 [0 28 R 22 YL FEIFE 0.19~12.57, DL - HpAR 5 (2
ZVLEIE 1.89~17.31,  “= 7 ML )RR A X iR 2
JE B TE 19.27~65.90, F H 4 B 48 W 2% 1 35 7 fid i
7% (RMSE, Egys) F1F ¥ 4 %} 5% 2% (MAE, Ey) 23914
6.62 F1 4.55, /INF DL BRI “ =77 B ) 2 A
LR MBI e R R KT, BRI 2 M2
PLAFERE RS, 83T 0.97, KT DL -k i) e i 2
#0.96. ULIAZEAEICEIEE LS, B A a2 o 45 L 0l i
WA R LA R
3.2 PRI

T T R A, AR T AR AL

T 35 AT AR b TR FE ey 3 FEUR 25 0 2% 5 LA AR
RUTEAN P AT L S n] i, BT B FONDRS R R L 6
TRV 20 [0 45 (1) 12 22 3 B 7E 0.61~3.56, DL -S4 7Y ) 1%
ZENUFITE 0.48~4.78, ( “=F7 ML )L I A Ui 243
FEITE 10.09~16.60, Jf HASFMZE M4 RMSE Al MAE
43902k 2.20 1 1.92, /N T DU ERBERUATC“ =R B
Y286 SR MBS (b s R R SR, D13
BRI FREE B, TR 30 1 097, BEHITEAEdL A
A, A B 28 I 2 R DL SR 405 R AR
3.3 BEWHMMNERITEE

TE AR R A, A5 B T AU AL R
33 A TR R SN A AR, T s th R S
A AFEARNE KGR FEAR, B 3 FvEAY () F 45 -5 52
GERAATXF

iz FH DU H7 [ AR, A5 38 A AR b B T Rl 1)
Tk S O A 2



- 186 - B RS B4R %53 %

®8 LNESHMRBTUERT L

Table 8 Comparison of measured values with predicted values from different models PAfi.m
— " \ Es At AT ‘ ‘ DUt ‘ << =R RLTE ) ﬁ%é\ﬁ
HmiE Y xR TE YxRzE HE YatiR2s

1 62.50 60.07 —2.43 59.74 -2.76 48.15 -14.35

2 50.34 53.90 3.56 53.74 3.40 40.25 -10.09

3 38.41 37.80 -0.61 38.89 0.48 23.91 -14.50

4 30.74 31.65 0.91 35.52 478 20.55 -10.19

5 40.21 38.12 —2.09 39.09 -1.13 23.61 -16.60

/MR 0.61 0.48 10.09

FoRiR%E 3.56 478 16.60

RMSE (Eys) 220 8.09 13.40
MAE (Ey) 1.92 5.97 13.15
R 0.93 0.97
0 o I b T H 2T, MR 1 B B,
60 - Jﬁﬁﬁ%gg TR 28 X 25 1) 15 22 YU L AE 1.17~3.60, DL S A5 8 1
g - ST ARAR TRZEEEITE 2.05~3.40, ( “=F" ML YLK A iR 2
EOE JEFEIE 14.33~27.40. UL P25 ) RMSE(Eys) Fil
Sl MAE(Eyy,) 73510 2.60 F1 2.35, 16 /)N T UL - 357 465 21
I~ (=T R ) 2 A SR (1 KSR e 2 R oF
* . ) T A 22 0 45 0 DL ST TR 0 A B, 34
2 : : = — T 097, % BT, 7EARAL UG g5, B2 R 4
FEAFF 5 LA RBOR TG

K9 BRUMZ R0 %% 5 HABBRY B A5 50 H K% RMSE(Eqys). MAE(Ey,) il B> 3 AR PEAfY
Fig.9 Comparison of the prediction results of the middle belt P A7 S [ RS T80 7 A ] b [ A 0 PR F) T g

between the convolutional neural network and other models

JIEAT T A THIEAG, K BB 28 [ 4 DL 4720 5

16 3 A-H X 4 AT e 1 U BE A BE, B 10T
FEBUE ) 4 DREALARACA RGBT xR =R ) P 2 A SR P 4 5

ARG CET AR AP HHAXEIREE 7 87.8% M1 61.4%, B “=F7 G )25 A X

B 22 2 T LS S AT 0 e, 0 LS S L2 9, 51k 4 e,

I 10 PR, S 1R ST, 2T 2 IO 44 T 445 L 0 b
S A S BT AL UL T R A 28 I S O o, LA BRBE SR, AT S AT S B O A ST e

®9 LNESHEMRBTERT L

Hy; =107.68b+2.95M —0.02L + 10.55 3)

Table 9 Comparison of measured values with predicted values from different models A7 m
" —_ ‘ B2 M 2% ‘ DUt A << ST HE) 5 AR
T (g HUPORES = ot AN IR ot 2 Xf R
1 40.80 42.08 1.28 43.49 2.69 26.47 -14.33
2 41.00 42.17 1.17 43.25 2.25 25.45 -15.55
3 73.00 76.60 3.60 70.95 —2.05 45.60 —27.40
4 65.00 68.34 3.34 68.40 3.40 37.86 -27.14
5 ZNP S 1.17 2.05 1433
oRR%E 3.60 3.40 27.40
RMSE (Egws) 2.60 7.22 21.99
MAE(EyA) 2.35 6.12 21.11

R 0.97 0.97




AP RDR N E B B KA T S AR IR & R K HUIAT R - 187 -

%3 TRAK i 5
90 r— sl
- - BRI
80 T - yun syt .
£ g0 |7 T CETHED) BRAR I -
= 7
Z 60
iE
=50
Il - -
& 40 - -
30 [ 7
20 :
1 2 3 4
FEAT TS

Bl 10 AR 4 5 AR IR 45 R0t 1
Fig.10 Comparison of the prediction results of the southern belt
between the convolutional neural network and other models

VR TN D B A (0 P 7 B 5 BB B RR AR, AL, B 5
ARG AN R e R AN R 7 s AT KRB A B
FETRIN, 2 FhJ7 i34 ] AR T AL B T Y K 220
A ACE e B

4 it

(1) 13 /> RV AN [R) 3 A 25 80 SR U RRAE 43
BTl B0, Bt 2 7 2 A PR AT, S E 2R g
Wy F2 T 3 FEA AT R L SR AR HAR
KR HT, BIAHFE S50, b5 R & TAE
THARHS B3I, Sk AR & B S R R E R,
TR A AR X FoK 24Pl K = BE e/ F5Y
S5 R AL R M S oK 2B & B s R
BT, AR R 78 AR A 4 — s i H e
55

(2) MR R A -8 R A )2 A DR
REE B TR IR 0 23 8] 3 AT B, B2 1 40 XA S8 i 7 vk,
W5 DX R 53 g U v o REP- JE A L iy v B S A B 1Y
ACHT | TR D R v RO J5 A S U b DR AR
B rhE R I DU PR B A R 3 A KB, % x4k
JC B I T K SR R e B TR, PR T R ARG A
A SRR FTARE

(3) KRB ML | DA K (=R #
JE)ARK 3T, g5 A 2 Mg m R R T T 4 XIS
K S R N, 3% SR S R 4% X Il AU 222 ) 45 11 DL
SRR - S e 0P R 223 =T e T A A
G HE R T 87.8% 1 61.4%, JEI T HEAI7E 4L
U SR 24P K8 e B T00 0 A v v m S A
FitES

(4) T2 0yBgE H sk T s i 4R, $E ALY
WEBAE . A RAH RIS I SR AR A 43 DORG A Ak L 5% A
B AR B O A S5 T ), JF AT 52 BRI BIE,
3 3o S AR AR ) RS I RO P, B R A KRR

A KT e TG AV
FSER:

Hy 937K 3BT R BE, my b 2R MO IR
Ko, m; LN TARIRHS, m.

F %% it 22 7 BA/Conflict of Interests

A A AR £ P2

All authors disclose no relevant conflict of interests.

S & 3Lk (References)

[1] MEJET, BRoRH, BRAR M, . 5T GWO-Elman #1289 25 ()%

MR TTMI]. BB A4, 2020, 45(7): 2455-2463.
SHI Longqing, ZHANG Rongao, XU Dongjing, et al. Prediction
of water inrush from floor based on GWO-Elman neural
network[J]. Journal of China Coal Society, 2020, 45(7):
2455-2463.

[2] Mided, Fiaar, A, % ORI T SR B & T
BT[], PR AR, 2012, 41(1): 37-41.

SHI Longqing, XIN Hengqi, ZHAI Peihe, et al. Calculating the
height of water flowing fracture zone in deep mining[J]. Journal of
China University of Mining & Technology, 2012, 41(1): 37-41.

3] ERZAEWE SR, ERED 2R, ERRER, 5. 25y,
ARAR it K R B i S R R G M. Lo
s ol At 2017.

[4] FKE, £, 5% CERMED 3-1 BZ TR 8w &

BRHIE[T]. 45 FH b BT S5 4, 2019, 4708 ) 1): 37-42.
WANG Yongguo, WANG Ming, XU Peng. Characteristics of col-
lapsed fractured zone development of No.3-1 seam roof in Bay-
angaoler Coal Mine[J]. Coal Geology & Exploration, 2019,
47(Sup.1): 37-42.

[5] Kz, B, S80M, 5. S K)2 T R B BRI SR 2L

1 LR S (0], R E % & TR R, 2018, 35(1):
106-111.
ZHANG Yun, CAO Shenggen, GUO Shuai, et al. Study on the
height of fractured water—conducting zone under aquifer for short
wall blocking mining[J]. Journal of Mining & Safety Engineering,
2018, 35(1): 106—111.

[6] FX, 5E, I 0. LR KRB & H & 8 N R BT

FE[I). WL 51 %, 2020, 40(10): 51-55.
WANG Wei, GUO Yu, FANG Zhongnian. Simulation on main
controlling factors of development height of fully-mechanized wa-
ter flowing fracture zone[J]. Mining Research and Development,
2020, 40(10): 51-55.

[7]1 EHE, E R, BT EA RO R SRR K B RED].
JEE T b 5 5 14, 2020, 48(3): 145—-151.

CAO Zubao, WANG Qingtao. Development characteristics of wa-
ter conducted fracture zone based on overburden structural
effect[J]. Coal Geology & Exploration, 2020, 48(3): 145—151.

[8] Z=ibd, BRkh 2, BRIKAE, &5, %5 i n otk 2L Y Sk 2L B

BELIL]. S TH LTS5 BIER, 2020, 48(6): 179-185.


https://doi.org/10.3969/j.issn.1001-1986.2020.03.021
https://doi.org/10.3969/j.issn.1001-1986.2020.03.021
https://doi.org/10.3969/j.issn.1001-1986.2020.06.024

188 -

iR R

%53 %

[10]

(1]

[12]

[13]

[14]

[15]

[16]

LI Ruirui, CHEN Luwang, OU Qinghua, et al. Numerical simula-
tion of fractured water—conducting zone by considering native
fractures in overlying rocks[J]. Coal Geology & Exploration, 2020,
48(6): 179-185.

FR/NER, XUBEEE, A0 o5 2% WK™ DB JZ T 2R /K LB g LR
W R[], R 525 2P TR, 2023, 5(5): 053526.
GUO Xiaoming, LIU Yingfeng, GU Zhanxing. Detection and cal-
culation of the height of water flowing fractured zone of coal roof
in Binchang mining area[J]. Journal of Mining and Strata Control
Engineering, 2023, 5(5): 053526.

R WAL, BRRIG, 5. PR 2R 55 1B 4 THUR R Sl e TR AL A
H5ERBREEWNI]. TR, 2023, 31(4): 1474-1485.

XU Zhimin, HAN Yuhang, CHEN Tianci, et al. Mining—induced
overburden failure and height prediction in Jurassic weakly ce-
mented roof[J]. Journal of Engineering Geology, 2023, 31(4):
1474-1485.

XU, AR, e R, 4R E KB T R R B L OT R K
PP KT R[] RS R T AR 2R, 2024, 6(2):
023524.

LIU Chengyong, SONG Wei, SHENG Fengtian, et al. Develop-
ment height of water—conducting fracture zone in fully-mechan-
ized caving of extra—thick coal seam under strong aquifer[J].
Journal of Mining and Strata Control Engineering, 2024, 6(2):
023524.

I, BEE, [T RERS =T — B SRR RS
JEEA[T]. BERHEER, 2020, 48(9): 16-26.

GUO Wenbing, MA Zhibao, BAI Erhu. Current status and pro-
spect of coal mining technology under buildings, water bodies and
railways, and above confined water in China[J]. Coal Science and
Technology, 2020, 48(9): 16-26.

WorER, T, AL, 5. BOFOT X R B K R A i B 2
TERIKEBDHAEOR]. BEHEA, 2018, 43(7): 1999-2006.
GENG Yaoqiang, WANG Sujian, DENG Zengshe, et al. Water
disaster prevention and control technology in shallow coal seam
around the large reservoir in Shenfu coal mine[J]. Journal of China
Coal Society, 2018, 43(7): 1999—2006.

IR, 2R3, Borf2y, 45, BB UL R R SRR R S5O R
TR AL 5 5k 2L K B LA D). M T 4 5T 45 B R, 2024,
52(5): 129-138.

YAN Heping, LI Wenping, DUAN Zhonghui, et al. Water inrush
mechanism and water—conducting fractured zone’ developmental
patterns of a typical ultra—thick coal seam in the Huanglong
coalfield during fully mechanized mining[J]. Coal Geology & Ex-
ploration, 2024, 52(5): 129—-138.

PR, KEZ, BN ZHREERRNE AN R LT
BHSE[I]. BEpe T AR, 2022, 54(7): 97-103.

LI Youwei, ZHANG Yujun, XIAO Jie. Development law of over-
burden failure height under repeated mining in multiple coal
seams[J]. Coal Engineering, 2022, 54(7): 97-103.

FE AR, KT T, 5. LR TARRR S B A SRR R E
FEEERTTTE]. 00k 24 SERR, 2024, 51(5): 132-141.
WANG Yi, ZHOU Yu, ZHANG Dingding, et al. Comprehensive
study on the development height of water—conducting fracture

zone in overburden rock of fully mechanized mining face[J]. Min-

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ing Safety & Environmental Protection, 2024, 51(5): 132—141.
RS S, R, A KT R ERR 5 B SRR R AR
WFFE0). M TR, 2011(12): 4-7.

YU Xueyi, ZHOU Yang, ZHAO Bingchao, et al. Research on
mining technology of super thick coal seam under water[J]. Coal
Engineering, 2011(12): 4-7.

2, MR, A, A VR R R TSR R b i S ok
BeUHY & B BT [J/OL]. /K SCHb T TREHLS, 2024: 1-13 [2025-
02-27].  https://doi.org/10.16030/j.cnki.issn.1000-3665.2023090-
25.

SHANG Hui, LIU Sihang, GAN Zhihui, et al. Development of
overlying strata collapse and water—conducting fractured zone in
shallow coal seams mining[J/OL]. Hydrogeology & Engineering
Geology, 2024: 1-13 [2025-02-27]. https://doi.org/10.16030/j.cnki.
issn.1000-3665.202309025.

ZHOU Yang, YU Xueyi. Study of the evolution of water—conduct-
ing fracture zones in overlying rock of a fully mechanized caving
face in gently inclined extra—thick coal seams[J]. Applied Sciences,
2022, 12(18): 9057.

ZHANG Dingyang, SUI Wanghua, LIU Jiawei. Overburden fail-
ure associated with mining coal seams in close proximity in as-
cending and descending sequences under a large water body[J].
Mine Water and the Environment, 2018, 37(2): 322—-335.

PR, sk, PN, 45 IR IT R A BOR 5 KRR
WRE EEPIT. SR TR, 2021, 53(11): 102-107.

HOU Enke, ZHANG Meng, SUN Xueyang, et al. Study on over-
burden failure and development height of water conducting frac-
ture zone in shallow coal seam mining[J]. Coal Engineering, 2021,
53(11): 102—-107.

FANG Han, ZHU Shuyun, ZHANG Shengjun. Height develop-
ment characteristics of water—conducting fracture zone in a fully
mechanized longwall face with a large panel width[J]. Mining,
Metallurgy & Exploration, 2024, 41(5): 2407-2420.

20, BN, B8, . W ARBZE RS Sk B AL L Y
FDEM RGBS 0], BB, 2022, 47(12): 44434454,

LI Hao, BAI Haibo, MA Ligiang, et al. Research on the evolution
law of water flowing fractures in the Jurassic and Carboniferous
coal seams based on FDEM simulation[J]. Journal of China Coal
Society, 2022, 47(12): 4443—4454.

TRIR . RS &A1 T HOE R B A R UIR LI BRI 5E [ D).
ALt sPEB R AR, 2017.

XU Dongjing. Research on failure mechanism of analogous rock
mass having arched fractures and its model under mining condi-
tions[D]. Beijing: China University of Mining and Technology-
Beijing, 2017.

TREAE, BRI, skl EE, 55 R MR R R R B TR
TRZEBEMT S 77 1o BE XS A AL ()] BB R, 2022, 50(5):
38-48.

ZHANG Yujun, SHEN Chenhui, ZHANG Zhiwei, et al. Regional
distribution law of water—conducting fractured zone height in
high-strength mining of thick and extra-thick coal seams in
China[J]. Coal Science and Technology, 2022, 50(5): 38—48.

GUO Wenbing, ZHAO Gaobo, LOU Gaozhong, et al. A new

method of predicting the height of the fractured water—conducting


https://doi.org/10.3969/j.issn.1001-1986.2020.06.024
https://doi.org/10.12363/issn.1001-1986.23.08.0480
https://doi.org/10.12363/issn.1001-1986.23.08.0480
https://doi.org/10.12363/issn.1001-1986.23.08.0480
https://doi.org/10.12363/issn.1001-1986.23.08.0480
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.16030/j.cnki.issn.1000�3665.202309025
https://doi.org/10.3390/app12189057
https://doi.org/10.1007/s10230-017-0502-0

% 3 3

R AR E A FE A R R AR R KFNE R

- 189 -

[27]

(28]

[29]

[30]

[31]

[32]

[33]

zone due to high—intensity longwall coal mining in China[J]. Rock
Mechanics and Rock Engineering, 2019, 52(8): 2789—-2802.

WHE T, VI, SRSE, S5 LT M T U A K R K
B R EETNT]. 5022 4%, 2024, 55(6): 176-183.

XIE Daolei, JIANG Xinghong, HAN Chenghao, et al. Prediction
of development height of water—conducting fracture zone based on
rotational subsidence[J]. Safety in Coal Mines, 2024, 55(6):
176—-183.

s, 2247 ) M S, 45, PCA-BP i 28 9 45 4 151 00 S 7K
R m L] T E AR, 2017, 27(3): 100-105.

XIE Xiaofeng, LI Xibing, SHANG Xueyi, et al. Prediction of
height of water flowing fractured zone based on PCA-BP neural
networks model[J]. China Safety Science Journal, 2017, 27(3):
100—-105.

BERR, BUEWE. WK XA S K)Z T EEUT R SRR
Bty i BERFAT 0], BE sk TR, 2022, 54(3): 84-89.

SHENG Fengtian, DUAN Yugqing. Height of water—conducting
fracture zone in fully mechanized caving mining under extra—thick
sandstone aquifer in Binchang mining area[J]. Coal Engineering,
2022, 54(3): 84-89.

BEduh, s, AR, . SRR 2T AU RS R K2
e BE TR e TN FE K B[], SR 5 22 4 TR 224, 2020,
37(6): 1222—-1230.

XUE lJiankun, WANG Hao, ZHAO Chunhu, et al. Prediction of
the height of water—conducting fracture zone and water—filling
model of roof aquifer in Jurassic coalfield in Ordos Basin[J].
Journal of Mining & Safety Engineering, 2020, 37(6): 1222—1230.

SRUESR. JOR LR R T R B i EERHERT S )], P 22
BlfeEdR, 2022, 32T 2): 142-147.

GUO Weiqiang. Study on characteristics of height of two zones of
overburden caused by fully mechanized mining with large mining
height[J]. 2022, 32(Sup.2):
142-147.

ERST, A, K, R T R RS R TR
P R R ] 0k 2 53R, 2020, 47(1): 55—
60.

WANG Zhenguang, LI Feilong, BAI Zhiyong, et al. Study on the

height of overburden strata in two zones of “two soft and one hard”

China Safety Science Journal,

unstable coal seam working face[J]. Mining Safety & Environ-
mental Protection, 2020, 47(1): 55—60.

B te, EAEH, BT, & 1262(1) TR SR M 2 B &
B (BB T 0], S TAE, 2010, 42(11): 68—70.

[34]

[35]

[36]

371

[38]

[39]

[40]

JIN Junheng, MENG Xiangrui, GAO Zhaoning, et al. Numerical
simulation study on development height of water conducted crack
zone in 1262(1) coal mining face[J]. Coal Engineering, 2010,
42(11): 68-70.

Rz, BB, T, . EEATUNE IR Pt K H
WFFE[I]. BEBcHA, 2017, 36(6): 61-63.

WU Yun, LI Yunjiang, MENG Zhaohe, et al. Study on develop-
ment height of “two zones” in thin bedrock top slicing[J]. Coal
Technology, 2017, 36(6): 61-63.

T, TR, B, S5 M R R H S ok 2
Bl = TR [0]. SRA 5 % 2 TR, 2012, 29(5): 607-612.
WANG Lianguo, WANG Zhansheng, HUANG Jihui, et al. Predic-
tion on the height of water—flowing fractured zone for shallow
seam covered with thin bedrock and thick windblown sands[J].
Journal of Mining & Safety Engineering, 2012, 29(5): 607—-612.
ZEUEG, R TR SC, ZEE A, AF AedU I X A - 40 T R R
WA HUER D). SR 2R, 2020, 45(7): 2399-2410.

LI Mingpei, SHAO Longyi, LI Zhixue, et al. Lithofacies palaeo-
geography of lower coal group accumulation period of Carbonifer-
ous Permian in North China[J]. Journal of China Coal Society,
2020, 45(7): 2399-2410.

LA, B, TE 2, A5 MR IT SR IS /K 2T g JE T
BT, BEHAIEHOR, 2008, 36(5): 59-62.

MA Yajie, WU Qiang, ZHANG Zhiyan, et al. Research on predic-
tion of water conducted fissure height in roof of coal mining
seam[J]. Coal Science and Technology, 2008, 36(5): 59—62.

ZHAI Peihe, LI Nianzheng. Predicting the height of the hydraulic
fracture zone using a convolutional neural network[J]. Mine Wa-
ter and the Environment, 2023, 42(3): 500-512.

Bl W1 T KA ARRAE K 58K K IR 31 Elman 28 9 46
BD]. AAE: FHAE TR, 2009.

LYU Chun. Chemical characteristics of groundwater and discrim-
inate models of water bursting source based on Elman neural net-
work: A case study on Xieyi coalmine[D]. Hefei: Hefei University
of Technology, 2009.

ZEM L. FET CNN AY#L—fL TEM 5% 25 ) PSO-DLS 7
Jr YD), dbat: HERRAFTL B, 2020.

LI Mingxing. Research on the anomaly extraction based on CNN
and PSO-DLS inversion of the downhole TEM method[D].
Beijing: China Coal Research Institute, 2020.

(Tt BEE)


https://doi.org/10.1007/s00603-018-1567-1
https://doi.org/10.1007/s00603-018-1567-1
https://doi.org/10.3969/j.issn.1671-0959.2010.11.027
https://doi.org/10.3969/j.issn.1671-0959.2010.11.027
https://doi.org/10.1007/s10230-023-00950-6
https://doi.org/10.1007/s10230-023-00950-6
https://doi.org/10.1007/s10230-023-00950-6

	1 导水裂隙带发育高度区域分布特征
	2 导水裂隙带发育高度主控因素分析
	2.1 采高影响
	2.2 工作面斜长影响
	2.3 开采深度影响

	3 华北型煤田导水裂隙带发育高度分区差异性预测
	3.1 北带预测结果对比
	3.2 中带预测结果对比
	3.3 南带预测结果对比

	4 结 论
	符号注释：
	参考文献

