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Transparent exploration technology for hidden disaster-causing factors of

geological structure: taking Tunbao Coal Mine in Xinjiang as an example
WANG Haijun', ZHENG Sanlongz, WANG Xiangyel, DONG Mintao', WU Yan', MA Liang',
YANG Wei’, ZHU Yuying'
(1.CCTEG Xi’an Research Institute (Group) Co., Ltd., Xi’an 710077, China; 2. Tunbao Coal Mine of CHN Energy Xinjiang Energy Co., Ltd., Changji
831113, China; 3. CHN Energy Group Xinjiang Energy Co., Ltd., Urumqi 830000, China)

Abstract: Hidden disaster-causing factors in coal mines are key geological factors that restrict the safety, high efficiency, green and intelli-
gent mining, and transparent geology is an important technical means to realize the detection of hidden disaster-causing factors in coal
mines, among them, geological structure transparent exploration is the most important. In order to build a transparent exploration system
for hidden disaster-causing factors of geological structure that applies to different geological conditions or coalfield areas, first, based on
analysis of factors causing hidden structural disasters, technical system of rapid investigation of factors causing structural hidden disasters
is put forward, which is based on the regional structural analysis and the joint investigation of the ground and underground, effectively de-
lineate the mine geological structure anomaly development area and analyze its distribution law. Based on the previous borehole data and
3D seismic data, the coal seam thickness, fault structure and roof and floor structure undulation patterns are analyzed. Comprehensive tech-
nical means such as channel wave exploration, directional drilling, advanced geophysical prospecting, earthquake while mining/driving,
cuttings recording, rapid realistic description of roadway are adopted, further realizing the gradual transparency of the geological structure
of the mining face, adopting the methods of theoretical analysis, engineering analogy, numerical simulation, similar material simulation,
field engineering verification. Correlation between geological structure types, attribute characteristics and mine disasters, such as coal
seam thickness, coal rock mass structure, gas emission, gas pressure, roof strata behavior, is analyzed. Response law of gas parameters and
roof/ground pressure disasters in different areas of the mining face passing through the fault structure under the mining condition is stud-
ied. Monitoring and early-warning of the hidden disaster-causing factors of the face structures are realized by selecting the threshold value
of the characteristic parameters, and the digital expression of the different geological structures and their disaster attributes is realized by
using the digital technology, 3D transparent display of hidden disaster-causing factors is realized by modeling software. The technical sys-
tem of geological structure exploration with 4 levels of regional structure geology research, exploration of hidden disaster-causing factors,
scientific evaluation of disaster-causing threat and geological structure transparency is constructed, and carried out engineering practice in
Tunbao Coal Mine. the results show that the types of geological structures in coal mine are complex, and there are not only graben type,
barrier type, echelon type and flexure type of fault structures, but also small-scale scouring zone, fault and fracture zone. Complex geolo-
gical structure is the key geological factor to induce mine gas outburst, roof disaster, stress concentration and mine rock burst. The influ-
ence of faults on stress concentration of roadway is 10 ~ 15 m, and the influence on working face is 20 ~ 30 m. There are gas enrichment
areas in the working face, the distribution of gas content and gas emission has obvious zonation, and the zonation is controlled by faults.
The content of coal seam gas and the amount of gas emission show logarithmic correlation with the distance between the working face and
the fault, and increase obviously at the distance of 25 m from the fault, and change little in the area of more than 25 m, in the region less
than 25 m, it increases exponentially with the decrease of distance. 20 m before and after the first pressure position and 30 m after the face-
to-face are medium impact danger areas, the coal pillar affected area in goaf, 50 m before and after the final line, and 30 m before and after
the fault with drop greater than 4 m are weak impact risk areas. The overlapping area of hidden disaster-causing factors such as rock burst,
roof and gas, is the key area of disaster prevention and control. The research result realizes seamless connection between the hidden dis-
aster-causing factors of geological structure and the mine disaster, and provides a feasible technical path for the development of traditional
geological exploration in coal mine area to digitalization and intelligentization.

Key words: coal mine safety; hidden disaster-causing factors; geologically transparent exploration; geological guarantee technology;

fault; intelligent mining; transparent geology
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3 MERBRHERERERLEAR

3.1 ZiRHERE
3.0 HIERHAT

A WIT02040502 T AR Joja R T =4
B JCER LB, R IR R ETR . BES
S S AEHOR T BOM TAR W Z - TR Al A . B
HARFBAF FBULR IR 2 A A% ARG —,
PRI T 23 ] I AS [, A e O RE (OHs o A oy 22
il o ARYR = 4 1l o AR ok R AL Bl LA
I, kLA R LI AR . ZALIREE | FLARVERE | 43
JEER A, SIS S ATHESL S S0 TS S

a2 LU FL B HEA T AL B e B ) o 15 3
(25 L2 00 Bl . R R P AR TR = 4 R A,
N A Bl BT 1 M= B, oAk ol SEGY, il
AT 22 TR AP Ak B RN, ST | R A
Joi e S A S A T A L5 A R, At S |
FUI SR | I8 A T S5 Ry B e
PSESER RN
312 #HELHZE

Kol & 1 ZE R BRI R S 2R G, BIDREAS
7 P RS0 e e AR bR e e B B AR T IR A T X
P — AL Ab PR . LA T B AL bR 295, = 4

183



2024 4F5 9 11

# £ # F H# K 5550 %

R R | R . I AR B R o T AR
THT 2 0T AR A, S S A AR 45 o

BARERUG, X2 IR AT AL A% L AT
GEAE, B S —AE R — R L
3.1.3 HIERRAHH

ANFE IR . B ST BB Rk [l — b B ) i
Al ff R AN [l A9 SR, B [A] — R F B, o i
FEH AR 45 5, A 345X —oF I 2 B0 ml - 32 22
PR R, AR YR = 4 b ST A LA H: kG B = 2 b
o R SR A LA, LA M TR L R R A T b T AR
Prag, AR TE 5 SCBOE IR E AL LR I 2R, Xt
MR | A Ul B A T 2 e U A A e A T
W IE . BEmaid e b 3 A2 W7 3, 298
R A R
32 SREE=HAILEE
321 B EREA

1) 2 UK T « 5 D J2 A K A ok — i ) 5 ]
AR 7 AT, A T2 T T AR B R
372 o) D T [ A oK B, A b DA T R i 3 T T
LT A TR E (8] 13a) o

2) WA IE : SR PR IR T 53 A B A T TR 5 52 B
JZ R AT FUHE— 3, R A B W T AT N TASIE o G
BWIIES, iz 5B EREFE %, WIEWZE
52 i G 2R S Z2 R )22 5 MR T EI G & B IE
WrE & B EOL (Kl 13b) .
322 HEHR

OB 2 AR . TR A AR DR 22 Ry G 2 T
AT, R 2 S gt 2e 0 AT 2R AR s )
T EA, JE AL Rl A (A, TR )=
1T, AR AR FL 02 R IE 2 1, i M R e R

L 5K S 4 A I 1 1 LR
Tt TiiAR

& 2 T

(b) W7 = 2 b o g A5

13 = RERR b RAEM
Fig.13 3D modeling of seismic body and its fault

S, HE I ST JZ A% AR (1] 14) o B TR 1 b
AR R IE R ARG R, SR A A D) R A
B, WP AZLA- 1 b FS IR )8 A T i A = 4 o A
AI(E 15),

S M R AR AL T R A b OC T A Y
(15, B 16) g e, X J2 A Tk ) A 1 4, Y
Y A 2 A, 3 ] A 255 T A 2R A T
YRS AL, S ST Hb R AL
3.3 HERKBBRERERK

F AL H AR IR BRilcEoR R #1780
A, ITE S BUW R B IXTERTUZ 504 20 m
TN, RO & 2 B HOTR M o S o X A R T2 T
25 m [, Wi)2 S TE AT | TAERIFER T
o AR AE AT R S IRAE 30 m ¥ [ AE B (E S bRk A T S
DX P 5 [R] st 45 b B A 3 5 | i 1) 0 22 SR JRE )

500 m

500m O

14 EHR=ERFHEA
Fig.14 3D geological model of stratigraphic lattice

184



FHFAEAE: TR T BB N 3R I WA b A AR —— LU i o 5058 A 1)

2024 455 9 A

H15 BERXBREWZHBSHTER

Fig.15 3D static geological model of faults and critical layers

16 TAEEMEKETE = %3 R AHER

Fig.16 3D stratigraphic model of coal seam and fault in working face

ARRGARAT . LS HEHR X B A B R D R
11 = 4R F SRR
HRZS, K AR (st 2 | Ay | LR JRE B R

235 H X

A

ToUR AR AR ) 55460 1 et 35 DR 28 T M AR A0 3001 7 il
A, HEST WIT02040502 T 45 T+ 1 e 35 ik [ & =
e AR (] 17) o

AT | AT E X

17 ZHHFAEREEKE R A

Fig.17 Distribution map of hidden disaster-causing factors in 3D geological structures

1 &1 17 A H1, WI102040502 T4 [ A7 75 O AA 1
PR R R TS i 8 45 W2 F i S 80 iy 4
X, MR Ay | U s JE X, hefay S 2,
IR REE RS INXE R mERX, f—HERX
Sy A S B DX, A DS AR AE RS X, A7 A
W2 5 & ohds & BB, FUirse i . SR8 TAE
T T2 TOUAR ' T, 7 B rp S 0 8 IR o

4 & it

1) Aa g T A BE R AR T 38 B e B0 TR
KRB ARARRR, U R AP L

WI102040502 2 e FF 3% TAE T 0 TR 5, 528 T %t
PARENSTE QLS ENI SIS HESNE ST E 2 s
. ZHERNIT S, B, SRIBEA . Mt
OIMTHEAR | = 2 ARSI T XA 2 i B R R
ZYEBEHLEIR, R T X IR 1 T | Bt ak
KR FHRGA A . BB PERFA AN | b SR i 7%
WY 4 )2 90 T2 0 3 SR 1 B iie 20 TR 2238 1
A AR,
2) A T A SR IS R AR T
e LR BAWZE . B R AR B R A i, H:
T AR 2R 1 S T, W R R B E N A
185



2024 4F5 9 11

#HEHMFHAK

52 %

SR AR T BT R 2, [R] IR A A £
A R s FREITR .

3 )t A gl A T R O A B R P R
TEWRE AR HUS S b | IR R R | = T
A A R R AR AL | B BEE T, AR
[0 SR 588 A s o B ARG e 3t 1 S BRLAEAH B
IR ZR, He e v o P R BU 3T 5% 2 2 R
A

4) BEFE IR X B it 1136 XA R RE AR
MR N R B & BA R 5 X Ak, Bk
WFFE R A o S RE AL BRI B B R I
ES IECRERLE PR Rl S € O S E i
A G Y M 0 U AR R, S IR BB R
RXEWL S HERS) .

2% X ik (References):

(1] #4357, XA, FEENE, 55, BB RETT SR BT PR B AR K e 2
(0], SRR 5 IR, 2021, 49(1): 21-31.
DONG Shuning, LIU Zaibin, CHENG Jianyuan, et al. Technolo-
gies and prospect of geological guarantee for intelligent coal min-
ing[J]. Coal Geology & Exploration, 2021, 49(1): 21-31.

(2] EREE AL, B, 5. 008 R s T Lo
F ). T A gk, 2021, 47(6): 1-11.
WANG Guofa, REN Huaiwei, ZHAO Guorui, ef al. Analysis and
countermeasures of ten “pain points” of intelligent coal mine[J].
Journal of Mine Automation, 2021, 47(6): 1-11.

(3] P50, BB, SREDORS METT R B R B S B A B = B B
(1], BE3241, 2019, 44(8): 2296-2305.
LU Xinming, KAN Shuting. Geological guarantee and transparent
geological cloud computing technology of precision coal
mining [J]. Journal of China Coal Society, 2019, 44(8) : 2296~
2305.

(4] E#E, EAL, R, & IBBES 2R LEOR (1], g
P, 2024, 70(S1): 263-265.
WANG Haijun, WANG Xiangye, WU Yan, et al. Fine contrast
technology of coal seam in mine roadway [J]. Geological Review,
2024, 70(S1): 263-265.

[5] =58, IKFAA. BEANE M RAE W B AR AL 5 8% (0],
PR, 2020, 45(7): 2346-2356.
YUAN Liang, ZHANG Pingsong. Framework and thinking of
transparent geological conditions for precise mining of coal[J].
Journal of China Coal Society, 2020, 45(7): 2346—2356.

L6 Sl XIR, X SCH, 45, 3 TAR I 2 @ M 3h S @ EoR [0,
HEBFAR, 2020, 45(7): 2628-2635.
LIU Zaibin, LIU Cheng, LIU Wenming, et al. Multi-attribute dy-
namic modeling technique for transparent working face[J]. Journ-
al of China Coal Society, 2020, 45(7): 2628-2635.

(7] XU/INERE, T2 WA= R PR T ThT O 028 W A ot o By e
AR DT EHRFRFEOR, 2022, 50(7): 67-74.
LIU Xiaoxiong, WANG Haijun. Transparent geological explora-

186

[10]

[12]

[13]

[14]

[15]

[16]

tion technology of coal seam on the working surface of intelligent
mining of thin coal seam[J]. Coal Science and Technology, 2022,
50(7): 67-74.

wAL s, EVEE, AR, S5 R R B T 0 X 1 AR
HZS R ], BUCHLRR, 2020, 34(2): 281-288.

GAO Beidou, WANG Haichao, TIAN Jijun, et al. Syncline-con-
fined-water model of coalbed methane enrichment area in Li-
uhuanggou southern Coalfield [J].
Geoscience, 2020, 34(2): 281-288.

s, E8, XU, 45 R PR % — 1 WE 20 5 4 0 BRI I
HutBWpIRm Ry [J]. HiEREL2E, 2024, 49(1): 103-122.

GAO Chonglong, WANG Jian, LIU Ming, et al. Boundary changes

mining  area, Junggar

of Jurassic-cretaceous prototype basin of southern Junggar and re-
sponses of sedimentary provenance and depositional systems[J].
Earth Science, 2024, 49(1): 103—122.
EERS, B, SRIRGAT, S5, YERE K Fa i % i B b DBl A
BB FRAE R B FL R AR (00 A R S O K, 2022,
49(5): 859-870.
LU Xuesong, ZHAO Mengjun, ZHANG Fengqi, et al. Character-
istics, origin and controlling effects on hydrocarbon accumulation
of overpressure in foreland thrust belt of southern margin of Jung-
gar Basin, NW China[J]. Petroleum Exploration and Develop-
ment, 2022, 49(5): 859-870.
TG ML A AR A2 TR A7 0 2 R 5 )
(0], MR, 2020, 45(11): 3879-3894.
WANG Haijun. Influence of magma intrusion on rock mechanics
characteristics of coal seam roof in Liujiang Basin[J]. Journal of
China Coal Society, 2020, 45(11): 3879-3894.
T 7. ML SR ST 32 0 5 B R SO SRR (Y 5
(7], BEREAR, 2021, 46(5): 1670-1684.
WANG Haijun. Influence of magmatic activities in Liujiang
Basin on hydrogeological characteristics of main coalfields[J].
Journal of China Coal Society, 2021, 46(5): 1670-1684.
VIR, MO, FEIREY, 45 MERE R 21 U2 RO R S
FRtisesh e (1], B4, 2021, 46(8): 2412-2425.
TANG Dazhen, YANG Shuguang, TANG Shuling, et al. Ad-
vance on exploration-development and geological research of
coalbed methane in the Junggar Basin[J]. Journal of China Coal
Society, 2021, 46(8): 2412-2425.
T2, X, R, 55 SoCm R ORI AR & R
FERIRER L], BT, 2022, 47(9): 3421-3441.
WANG Haijun, LIU Shande, MA Liang, et al. Controlling factors
of abnormal heavy hydrocarbon content in Huoshaopu mine field
of Pansyncline[J]. Journal of China Coal Society, 2022, 47(9):
3421-3441.
ARG S = 2 b TR S R N A X U R A R 1 1o
(7). BHEATE S M, 2016, 6(14): 26.
X7 R, sy, T SR AR M= = e £ K 3
IEIESA (1], AR, 2020, 45(6): 1973-1983.
LIU Wanli, ZHANG Xueliang, WANG Shibo. Modeling and dy-
namic correction technology of 3D coal seam model for coal-min-
ing face[J]. Journal of China Coal Society, 2020, 45( 6) :
1973-1983.


https://doi.org/10.3969/j.issn.1001-1986.2021.01.003
https://doi.org/10.3969/j.issn.1001-1986.2021.01.003
https://doi.org/10.11698/PED.20220103
https://doi.org/10.11698/PED.20220103
https://doi.org/10.11698/PED.20220103
https://doi.org/10.11698/PED.20220103

FUFZEAT . MR e I N ZRE WA A R —— LB S o S 1]

2024 455 9 A

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

FREETL, FORR, YEUE, 4. 0 Hb 5T B Ak MR N H 3 5 ok
SRR (0] B, 2022, 50(7): 1-12.

CHENG lJianyuan, WANG Baoli, FAN Tao, ef al. Typical applic-
ation scenes and key technologies of coal mine geological trans-
parency [J]. Coal Science and Technology, 2022, 50(7): 1-12.
AR, R, HE M, 45 SRR AR T AR S R R DB AR AT
FEHERE: IS AN 12701 AR 01 (0], a2k, 2021,
46(S1): 406-413.

WANG Baoli, CHENG Jianyuan, CUI Weixiong, ef al. Research
progress of seismic-while-mining detection technology in coal
face: an case study in 12701 working face in Guizhou Yanjiao
Coal Mine[J]. Journal of China Coal Society, 2021, 46( S1) :
406—413.

PR, KRB, £ %, 5. BRI R ETT R AR 1M BT
T B 2 K T R HG S AR 0D, M R 2 4R, 2019, 44(8)
2285-2295.

CHENG lJianyuan, ZHU Mengbo, WANG Yunhong, ef al. Cas-
cade construction of geological model of longwall panel for intel-
ligent precision coal mining and its key technology [J]. Journal of
China Coal Society, 2019, 44(8): 2285-2295.

SE PR, DTy, H BT B A AR T N 20 S R 0 R e
TR 0] BERBLAHAR, 2023, 51(5): 149-160.

WU Guoqing, MA Yanlong. Research on the interpretation meth-
od of channel waves for various abnormal bodies in geologically
transparent working faces[J]. Coal Science and Technology,
2023, 51(5): 149-160.

2 SRR TR IR B AR A 1 SR T A T G PR e 2000 o g i
JHD. L7436 45, 2022, 45(3): 304-305.

WU Wenhui. Application of radio wave perspective technology in
concealed structure detection of mining face[J]. Shanxi Metal-
lurgy, 2022, 45(3): 304-305.

T FETRALIRAE v R A2 SR 2SR AR 2z (] o
24,2020, 45(9): 3195-3207.

FAN Tao. Coalbed methane fracturing effectiveness test using
bore-hole transient electromagnetic method[J]. Journal of China
Coal Society, 2020, 45(9): 3195-3207.

M. BB IR BOR MR KRR I 5% A 3R 00 ) 1oz A
(0], TREHERY ISR, 2024, 21(4): 578-586.

YAN Yan. The application of microtremor exploration techno-
logy in the detection of hidden disaster causing geological factors
in coal mines[J]. Chinese Journal of Engineering Geophysics,
2024,21(4): 578-586.

58, VAR, TBM i LA B R — AL BORBF Rk i 5 8
(7). BEFH BT 5 DR, 2023, 51(1): 21-32.

YUAN Liang, ZHANG Pingsong. Research progress and think-
ing on integrated tunneling and detection technology of rock road-
way with TBM[J]. Coal Geology & Exploration, 2023, 51(1):
21-32.

FLRA, BRI, &%, 5. B0 I T Bl 5 52 YRR AE BRI
PEREDTSE (1], ML 55 A, 2022, 50(1): 10-19.

WANG Baoli, CHENG Jianyuan, JIN Dan, et al. Characteristics
and detection performance of the source of seismic while excavat-

ing in underground coal mines[J]. Coal Geology & Exploration,

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

2022, 50(1): 10-19.

FRGEL, B A, F0RE, 45, M0 8 ORI 0 A KR
HAR ). BeEEA), 2022, 47(1): 404-412.

CHENG lJianyuan, LU Ziqing, JIANG Bici, et al. A novel techno-
logy of “long excavation/long detection” for rapid excavation in
coal mine roadway[J]. Journal of China Coal Society, 2022,
47(1): 404-412.

TEALTE, BT, 229, 45, JE T AL E A Y38 W T AR Il 2y
7 00]. BEH TS5 R, 2022, 50(1): 128-135.

JIANG Bici, CHENG lJianyuan, LI Ping, et al. Construction meth-
od of transparent working face based on borehole radar[J]. Coal
Geology & Exploration, 2022, 50(1): 128—135.

XU, ARFESE, B, 45, FIH B LR RIS IR TR
ARG AEEAELIE ST (D). TS, 2021, 40(3): 711-720.
LIU Sixin, SONG Zihao, CHENG Jianyuan, ef al. Numerical sim-
ulation research on detecting underground coal mine roof and
floor using borehole radar[J]. Global Geology, 2021, 40( 3) :
711-720.

WL 3, 2R, RN, &, — (R B2 AL Al i k CT 1E
B )i (7). iRk 2441, 2023, 38(4): 657664, 685.

JI Yongli, LT Zhigiang, SONG Jiajia, et al. A cross-hole electro-
magnetic CT forward and inversion method in low resistivity
formation[J]. Chinese Journal of Radio Science, 2023, 38(4):
657-664, 685.

FEHE, X DEME, Bk St WUB E RS LA CT SRS M D], 4
BRYIHESAIEE, 2023, 38(2): 814-822.

JIANG Hui, ZHAO Xiaopeng, ZHAO Yonggui. Principle and ap-
plication of dual-channel cross-bore radar CT[J]. Progress in
Geophysics, 2023, 38(2): 814-822.

LIUG R, YAO K Q, NIU F Y, et al. Deep investigation of muo-
graphy in discovering geological structures in mineral exploration:
a case study of Zaozigou gold mine[J]. Geophysical Journal In-
ternational, 2024, 237(1): 588—603.

EBH, BT, AR, S TR R AL AR 0 50 i W 4k
B RELER TAEM A 35 1 BIOCEBOR BT M R g H (1], 4
B, 2022, 47(1): 515-526.

MAO Shanjun, LU Shouming, LI Cunlu, et al. Key technologies
and system of adaptive coal cutting in transparent intelligent fully
mechanized coal mining face based on precisegeodetic coordin-
ates [J]. Journal of China Coal Society, 2022, 47(1): 515-526.
EFAh, TE, 2T, 5. BT =4 BB BRI b
e K Z B WLAESE 0], T E 3hik, 2024, 50(3): 71-81,
121.

WANG Jiawei, WANG Haijun, WU Hanning, et al. Research on
transparency of hidden disaster causing factors in coal mines
based on 3D geological modeling technology[J]. Journal of Mine
Automation, 2024, 50(3): 71-81, 121.

BT, ZMG, R IR, 5. RIS =Y FEK SRt R K B3
RSB LT R BLZEEAR, 2020, 48(7): 143-149.

JIN Dewu, LI Peng, ZHAO Chunhu, et al. Geological modeling
and implementation on dynamic visualization of three-dimension-
al water filling structure in stope of underground mine[J]. Coal
Science and Technology, 2020, 48(7): 143—149.

187


https://doi.org/10.12363/issn.1001-1986.22.12.0967
https://doi.org/10.12363/issn.1001-1986.22.12.0967
https://doi.org/10.12363/issn.1001-1986.21.11.0639
https://doi.org/10.12363/issn.1001-1986.21.11.0639
https://doi.org/10.12363/issn.1001-1986.21.10.0598
https://doi.org/10.12363/issn.1001-1986.21.10.0598
https://doi.org/10.12363/issn.1001-1986.21.10.0598
https://doi.org/10.3969/j.issn.1004-5589.2021.03.024
https://doi.org/10.3969/j.issn.1004-5589.2021.03.024
https://doi.org/10.12265/j.cjors.2023024
https://doi.org/10.12265/j.cjors.2023024
https://doi.org/10.6038/pg2023GG0294
https://doi.org/10.6038/pg2023GG0294
https://doi.org/10.6038/pg2023GG0294
https://doi.org/10.6038/pg2023GG0294
https://doi.org/10.1093/gji/ggae057
https://doi.org/10.1093/gji/ggae057
https://doi.org/10.1093/gji/ggae057

2024 4E45 9 1] # £ M 2 H# K 52 %
[35] T2, N0, o[, 55, & SR o A 1 R AiF LA 98 3 ment and prospect on underground coal mine tunnel drilling tech-

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

188

SCLI. v R, 2023, 35(2): 1-9, 16.

WANG Haijun, LIU Shande, MA Liang, et al. Characteristics of
detachment structures and research significance in Panxian coal
field[J]. Coal Geology of China, 2023, 35(2): 1-9, 16.

FWFEE, B R BRIk 20 B = A R O A R A
JIEAHFAE (7], B 55 B, 2019, 47(3): 61-69.

WANG Haijun, MA Liang. Study on sediment environment and
rock mechanics characteristics of the delta plain of Jurassic
coalfield in northern Shaanxi[J]. Coal Geology & Exploration,
2019,47(3): 61-69.

FUFZE. 52 DRI AT HAR e o i oT (1], el
K, 2017,45(2): 178-184.

WANG Haijun. Study on impact of sedimentary environment to
stability of seam roof[J]. Coal Science and Technology, 2017,
45(2): 178-184.

TR, X8, R, A AR R R 0 A 2 SR S
X FEHEA (7] B 575 B, 2022, 50(2): 24-38.

WANG Haijun, LIU Shande, MA Liang, et al. Comprehensive
correlation technology of coal and rock layers in mines for intelli-
gent mining[J]. Coal Geology & Exploration, 2022, 50( 2) :
24-38.

R, AL st e AR R TR B A 25 5T LASRA
Sl (1], TP EHE S, 2024, 36(3): 47-59.

HAN Ke, WANG Haijun. Study on roof deposition characterist-
ics of coal seam in high underground pressure: a case study of the
Mengcun Coal Mine[J]. Coal Geology of China, 2024, 36(3):
47-59.

JEA B, . £k AR s W A PR A A RO [T]. T
W1 81k, 2022, 48(3): 11-15, 31.

YUAN Changsuo, WANG Feng. Transparent mining mode and
key technologies of fully mechanized working face[J]. Journal of
Mine Automation, 2022, 48(3): 11-15, 31.

FEEAR. ST B WM T 2ok TR =42 @i (1], T [
3hfk, 2022, 48(4): 135-141.

XUE Guohua. Three-dimensional coal seam modeling of fully
mechanized working face based on transparent geology[J].
Journal of Mine Automation, 2022, 48(4): 135-141.

INPUTE, ZE3CHE, BlA, 55 B0 I FRE AL AT Bok O R
T B R JR R 00 0 I S804, 2022, 50(8): 1-15.
SUN Siqing, LT Wenbo, ZHANG lJian, et al. Research progress
and development trend of staged hydraulic fracturing technology
in long-borehole underground coal mine[J]. Coal Geology & Ex-
ploration, 2022, 50(8): 1-15.

ARUH, VIR, XA, S5 R0 T T At Al TUT A R 1o i
KA TARSER ], JseA4, 2022, 47(8): 3108-3116.
LI Quanxin, XU Chao, LIU Jianlin, et al. Key technology and
practice of directional drilling for gas drainage in all the mining
time and space in underground coal mine[J]. Journal of China
Coal Society, 2022, 47(8): 3108-3116.

AR, W, WETOF, A5 BRI R HTEAHRBOR R % 40
RS RS R [T]. R BLEAEAR, 2020, 48(4): 1-34.

SHI Zhijun, YAO Ke, YAO Ningping, ef al. 40 years of develop-

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

nology and equipment in China [J]. Coal Science and Technology,
2020, 48(4): 1-34.

WRIR . 0T I R B R 20T R £ 5 Bl K KRBT 5 )0
H [D]. dbat: BEARLEB T BB, 2017.

CHEN Qingfeng. Research and application of comprehensive fire
prevention and extinguishing technology in close-distance coal
seam mining in Tunbao Coal Mine[D]. Beijing: Chinese Institute
of Coal Science, 2017.

FRYU, A RAT, ZEAHI, 45 3 T3 T ST ALY R A AR S B
R FEEAR [T, M 3 B S5 R, 2021, 49(5): 77-87.
ZHENG Kaige, YANG Junzhe, LI Bingang, et al. Collapse filling-
based technology of weakening and danger-solving by staged
fracturing in hard roof[J]. Coal Geology & Exploration, 2021,
49(5): 77-87.

R, WL, R, SE il R iy S B2 A e A
BRETTR (V). BB, 2024, 52(1): 1-14.

WANG Guofa, PAN Yishan, ZHAO Shankun, ef al. How to real-
ize safe-efficient-intelligent mining of rock burst coal seam[J].
Coal Science and Technology, 2024, 52(1): 1-14.

ZEMG, PRI, [A1R TAR T2 = 4 i RTHOR K AR R e R
TR 0], B2 4z, 2021, 52(8): 156-161.

LI Peng, CHENG Jianyuan. 3D modeling technology of coal
seam in working face and its application in intelligent mining[J].
Safety in Coal Mines, 2021, 52(8): 156—161.

d JUHL, SHNEAS, TR, A5 JE TR fLED RO (M2 R B o
A SRR (V] ERBLEAEAR, 2017, 45(8): 233-237, 211.
MENG Fangang, MA Yajie, WANG Guohua, ef al. Seam thick-
ness distribution and tectonic prediction based on exploration data
from drilling[J]. Coal Science and Technology, 2017, 45(8) :
233-237,211.

TR . W2 e DX Bl R RS M i M S S AR ]
BEHAEAR, 2022, 41(4): 49-52.

ZHANG Qingqing. Stability controlling analysis and support
parameters optimization of roadway with dynamic pressure in
fault broken zone [J]. Coal Technology, 2022, 41(4): 49-52.
ZRUE. SR SRR AR AT AR T8 LA ORI 5 4% 1 X 3
(0], MEpediAR, 2021, 40(11): 35-40.

LI Haichao. Destruction characteristics and control countermeas-
ures of coal pillar roadway in fully mechanized caving face of
tunbao mine [J]. Coal Technology, 2021, 40(11): 35-40.

XU, B R, SRR, S oL R 2 R A A
HWFFE L], T8 F 31k, 2020, 46(4): 98-103.

LIU Ming, CAO Minyuan, WU Yuhai, ef al. Research on deform-
ation control of roadway in reverse fault fracture zone of Tunbao
Coal Mine[J]. Journal of Mine Automation, 2020, 46(4) : 98—
103.

KD, RREE A, BREESR, 45, W= R0 DR R TR 2 I S
KA HITE (V] BEBREAAE, 2015, 40(S1): 1-5.

LAI Xingping, ZHENG Jianwei, CHEN Jianqgiang, et al. Compre-
hensive identification of rock-coal mass internal critical destabil-
ization in fault influenced broken zone[J]. Journal of China Coal
Society, 2015, 40(S1): 1-5.


https://doi.org/10.3969/j.issn.1674-1803.2023.02.01
https://doi.org/10.3969/j.issn.1674-1803.2023.02.01
https://doi.org/10.3969/j.issn.1001-1986.2019.03.011
https://doi.org/10.3969/j.issn.1001-1986.2019.03.011
https://doi.org/10.12363/issn.1001-1986.21.04.0238
https://doi.org/10.12363/issn.1001-1986.21.04.0238
https://doi.org/10.3969/j.issn.1674-1803.2024.03.09
https://doi.org/10.3969/j.issn.1674-1803.2024.03.09
https://doi.org/10.12363/issn.1001-1986.22.06.0520
https://doi.org/10.12363/issn.1001-1986.22.06.0520
https://doi.org/10.12363/issn.1001-1986.22.06.0520
https://doi.org/10.12363/issn.1001-1986.22.06.0520
https://doi.org/10.12438/cst.2023-1656
https://doi.org/10.12438/cst.2023-1656

	0 引　　言
	1 构造地质特征
	1.1 区域构造地质特征
	1.2 矿井构造特征

	2 透明化勘查技术体系
	2.1 构造透明化勘查技术
	2.1.1 地震勘探技术
	2.1.2 地质钻探技术
	2.1.3 地质写实
	2.1.4 地球物理测井技术
	2.1.5 孔中物探技术
	2.1.6 随采/随掘探测技术

	2.2 地质构造与矿井灾害关系分析
	2.2.1 断裂构造与应力集中的关系
	2.2.2 断裂构造与瓦斯富集的关系
	2.2.3 断裂构造与矿压显现的关系

	2.3 地质构造隐蔽致灾因素勘查技术体系

	3 构造隐蔽致灾因素透明化技术
	3.1 多源数据融合
	3.1.1 数据源分析
	3.1.2 数据综合
	3.1.3 数据融合分析

	3.2 复杂断层三维可视化建模
	3.2.1 断层建模
	3.2.2 地层模型

	3.3 构造隐蔽致灾因素透明化

	4 结　　论
	参考文献

