% 42 K5 12 4 T RKFFR Vol. 42 No. 12
2019 4 12 A Journal of Chongqging University Dec. 2019

doi:10.11835/j.issn.1000-582X.2019.12.005

air T 25 R AR 0 R 285 Pt B & A PEvE fr WE 8

',i:_ Xl,z,s’f’{ﬁ %I,Z.H j__sl:l‘:‘ 731.2,3 'ﬁ" HH%I,Z,S
%ﬁ“‘aﬂ#ﬁﬁﬁ%%ﬁl@a\ﬂ Z TR, 1000132 AT RGAAREFFANBRELERE
FAFHRER), LT 10001353, bW FTHF %4 TREFELKF L P, T 100013)

BE. AT emEh L& hENET KBS 61114 T/ @ F EFF R X Rt 47FKE
BAG KRN, EAESN BT SR ERALEL R ENEFREOFFTETERR,BERTFEFRER
MFATH AN T R B ATF Rk, LR LW, lf%%i%@?%i%%ﬂﬂ"%é@lﬂ&"

Kb, bk iE M E TR ABRLEERTGKEMELFTEHEL, AR F EEMNGFFAREEREN
TR A KR, XA KRB HE , A A RS 7‘KI4/F@T‘71’/|:7K14/F§5 X 3% ; RT%%FT A#ﬁ]%ﬂ%&
HEEFFTREERARNITEERIE, EBFALET RKRAEF TR, R #7524 50, 450

ELRERH S FARAUERGRG AR EE RIE @G E LK%,
KB FBR T EAE; R AR AN E; T ARKEN; FARBEIEM;HEFE
HESZES . TD175 XHkFRERS A XEHS:1000-582X(2019)12-041-09

Comprehensive geophysical exploration and safety evaluation of the mine

with a fully mechanized pressurized mining face

MU Yi"**, XU Hui'"**, MA Zhichao''**, JIANG Peng'**
(1. Mine Safety Technology Branch of China Coal Research Institute, Beijing 100013, P. R. China; 2. State Key
Laboratory of Coal Mining and Clean Utilization (China Coal Research Institute) , Beijing 100013,
P. R. China; 3. Beijing Mine Safety Engineering Technology Research Center, Beijing 100013, P. R. China)

Abstract: Through the combined use of transient electromagnetic method and radio wave perspective
method, the water-rich mining area and the water-conducting channel were detected in the pressurized
mining area of the 61114 working face of the Dafanpu Mine, and the overlapping abnormal areas identified
by the transient electromagnetic method and the radio wave perspective method were comprehensively
analyzed. Safety evaluation and analysis of the pressurized mining area was conducted, and safe mining
measures were proposed. The results showed that the transient electromagnetic method mainly detected the
aquifer range and water richness, the radio wave perspective method mainly detected the development of
the coal seam and the aquifuge layer. The overlapping abnormal regions detected respectively by the two

methods had both water bodies and water channels, which were key areas for water prevention and
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control. For these overlapping anomalies defined by the underground comprehensive geophysical
exploration, it was necessary to carry out pre-drilling verification. When the existence of water-rich
anomalous structural belt was confirmed, safety analysis should be conducted in time, and grouting may be
necessary for blocking the water conducting fractured zone or setting waterproof coal (rock) pillar to
guarantee the safe mining on the pressurized workface.

Keywords: transient electromagnetic method; radio wave perspective method; water-rich detection; water

conducting fracture detection; pressurized mining
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Fig. 2 Transient electromagnetic method detection layout
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Fig. 3 Schematic diagram of the 61114 working face pit penetration method
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Fig. 4 Stereoscopic electromagnetic simulation results
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Fig. 8 Results of the pit penetration attenuation coefficient
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Fig. 9 Integrated geophysical anomaly distribution map (slash filled areas)
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Table 1 Comprehensive geophysical anomaly area and inferential statistics

s SEALE - o A

S e X PR m Y PR/, CIEC R S H W S O
LA RE 1 0~30 60~170 QESERT K i L
LA 2 20~45 160~240 QESERT KM i B
LA SN 3 30~45 115~160 CIER X g K R
LA A 45~110 60~115 CIER X K i 55




% 12 4 £ L FREGRIAFGT HREMIRA R L IFN TR 47

3 HFEFRRZEEEN

BT 61114 TAF H 053 Ab T 5K K45 e X, G, A T 424 R, B T R0 7K R K3l 38, i 77 255
61114 TAFHHEAT B KK PR M. B2 IR AR & 7K 2 08 7K A7 3 T 8 24 5 B 78 e 2 Py
TFR s B FETT R s 2 WUAR AR W R TF R . AR 4l 7 O B2 43 ) 1 08 L U 00 9 ) o 3 BL K /K AN die v A 18 K
+871 m.61114 TAF I Fe flihr i R +852.7 m, M BERAR SR T +871 m J& TR KKK IR, 2 A8
TR KM FoREE . AT A, 61114 A & 50 J& TR KR B IR, #8540 A @ TR R K AR b g, % F
61114 T A [m] SR A7 76 5 40 7 i [) 50, 5 [ SR (19 22 4 P D 0 i 30 02 1 408 1T JIC A B 7K )2 1) 48 4 4y
Br . ARPECHED B 6 K 4000 ) (2018) B 55 U Hh [l SR T2 A T 28 427K Sk (BT F 534 3K, SR TR T % 2K Sk e )
EIFHEWT .

p.=T.M, (1
e p  NIRAR B K 2% 2K AH , MPas M R AR B K 2 8B ms T R I R 28K R4 MPa/m., %4
FESR BT M U /ME 41.18 ms —BE T LR AR 2 0 S IR iy Bt T #% 0.06 MPa/m 115,

WL ES80H A (D), 61114 TAETE 6 1 J2 1R v ik A BR 7K 2 BT R 7K 52 19 Jie /N %2 42 K R
p.=2.47 MPa, KWW B K KA fe @ bR s 0+ 871 m, M98 61114 T4 17 4% 38 A5 5 | W i 81, eIk
AR N +852.7 m, R/KZIEE N 41.18 m, K7 258 18.3 m, B KA b = i F 10 R AR & o PR G A7 7E 47
FER M. AnIRAE 6 B2 P ISR 52 I A B /K 2 T R 2 1 B K B KK Sk FE 1l 0.59 MPas, /I F [RR T
VE T MR B K 2 % 42K 3k R T 2.47 MPa, BT DL, 6 358 RE 50 B 9 Sk b b, 78 A /K GE 38 19 X3, 61114
TAETE 7R E R &40 T BERJE L 20 ABX T T 26 IR E R 4 S 55 X, Y 1 UE A7 78 & 7K 7 % 1
T A I WAEFE 287K fG s I R i 1 A7 22 4 40 A, WA 0 B2 55 S il T 3% B8 3% 2 /K A o B BR IR B KB A A
PRAIE T AR T Y 28 4 R i

MNZE G PR T A B K Al R 25 R AR T Bl R /K AR DN 55 BIME 73 S TC Y 5 % R TR X A W S
ANl H X3 TE W R S A e DX D R S R DX 4 R 28 O TR B AR A S X M B iR T i . 2
HAE A FE R Il A — S ) M B I R it A B AR A R £ R AR TE B IR K AR R — s 4
F LIRS EE . X TR SR R R K B AT A B, T R s T R R OR A R X
BRI P HR W DX S BT AN B0 E L X 50 UE K X s F S R AT B BOK AF TR O T IRl R 6T O IR
SR X L BT AR SRR L AT [ SR, I 7E TR OR o B b MO K SO AR TR B Ok R AR R K B Y
B R DX A 7 e SR TR 1 28 7K B A B 36 X 48k, B T B B E T SR BB 8 I KO R e T 2R A
PR TR K SCsh A W TR S S K e A g VTR K BRG R B kAT AR R A BT K K TR B 5K G
i, KB IR B,

4 & i

B SR P Ik 72 HEL 08 7% 0 DG 2 FR U 35 AL 3 KR A 61114 T4 11 Y R SR DX skt A7 i /K A K i
P, 5 5 BT 25 I 8 X I, B B X3 A Ay R A TRI )7 9 7K B A X R, I X A R SR X ekt A7 28 4
L TR 03 e oA 21 1= R 7o 1 A

1) 42 FRC AT 4 0 BR 7 1 FOK S U L SR W R S AT B R I UE Y i X 61114 A R 45 R AR KR
K2 B B 7K )2 2R FHT % 25 H R 76 R T 48 H U 3 LS AR A TR N . 0 IR IR AR W Rk R R S OK 2 R
IR TC 2k U 35 T 2 B B R 2 T B K 2 R 1 & I DL T R R I S AR R S DX 0 T BB R A
FroK AR XA G K T L B 58 X 3

2) 38 35 % T 1T X 38 B8 AR R 7K KRS T A T RS AR B 7K 2 B 8 7R 32 19 48 4 K R T B A5 L RS AR B K 2
RENE 7K 32 1 & 7K 2 2.47 MPa, KT TAE i Al B8 7K 2 SEBR 7K 32 1 3K 0.59 MPa 7K e, Rk, 61114 T
A 1 VA K T Y X R R AT



48 TR KFFR %42 %

3R T 45 0 W RIS 6 4 T S 77 S T8 9T 60000 500 % £ 2 K W DS i
5 A AMHT 5 B 557 S A K o R B K B R T AT 9 T R

SE K

[1] A e, 2%, IRk, 55, 07 I 4% 18 M ek Wy 207 v 8 i 00 BF 52 i e 5 R BR [T ). ME 24, 2014, 39(8): 1742-1750.
CHENG Jiulong, LI Fei, PENG Suping, et al. Research progress and development direction on advanced detection in mine
roadway working face using geophysical methods[]]. Journal of China Coal Society, 2014, 39 (8): 1742-1750. (in
Chinese)

(2] dEEsR, T 50U, WA vk 7 5 ST i F 58 5 0 AR ik S [T ], MusR¥y 82 J 2017, 32(1): 319-326.

XUE Guogiang., YU Jingcun. New development of TEM research and application in coal mine exploration[ J]. Progress in
Geophysics, 2017, 32(1): 319-326. (in Chinese)

[ 31 A W Biia KPR AR LMD, bt B Tl ik, 2018.

LI Hongjie. Coal mine water prevention and geophysical technology[ M]. Beijing: China Coal Industry Publishing House,
2018. (in Chinese)

(47230, B3, B3 0 &K R R i & W Jr s R LT ). #4224, 2017, 48(7): 208-211.

LI Wen, MU Yi, QIU Hao. Application of mine comprehensive geophysical detection methods on water bearing abnormal
bodies[J]. Safety in Coal Mines, 2017, 48(7): 208-211. (in Chinese)

(51 53cE. B IF BT 58 A 2 S 0 R H R 0K R Te 52 B4 #r L) ], v EUBE S 5T, 2018, 30(9): 62-66.

ZHAN Wenfeng. Coalmine geological anomalous body multi-field integrated geophysical prospecting technological system
and practices[J]. Coal Geology of China, 2018, 30(9): 62-66. (in Chinese)

[ 6] &Faid, BES, ZILAE, . ZRMERMT TAAELZ G BB AR MAR2AH AR, 2018, 46(7): 190-196.
SHU Zongyun. LIAN Yuguang. LI Jianghua, et al. Key technology of water inrush prevention and control in coal mining
face under condition of complicated structure[J]. Coal Science and Technology, 2018, 46(7): 190-196. (in Chinese)

(770 mifam, 2k, W5, 4. 2588 WIRBORTED I AR R AR S ACH 3 200 b g i T B e 24 7 Bl ok, 2014,
10(7) . 87-92.

GAO Baobin, LI Lin, LI Huigui, et al. Application of integrated geophysical technologies in detection of aqueous structure
in floor of mine working face[ J]. Journal of Safety Science and Technology, 2014, 10(7): 87-92. (in Chinese)

[ 8] B, W R E KR TAEE N W IREGE B WA L], 97k &4 53R, 2017, 44(3): 65-68.

MA Shaojie. Research on comprehensive geophysical prospecting technology for long coal face with high confined water[]].
Mining Safety &. Environmental Protection, 2017, 44(3): 65-68. (in Chinese)

L9 0 JED . AW EARTEN TP R TAE® i B FI LT ], 7k 22 2 53R, 2017, 44(5): 81-85, 92.

QU Shaobo. Application of comprehensive geophysical prospecting technology in working face under safe water pressure of
aquifer[J]. Mining Safety & Environmental Protections 2017, 44(5): 81-85, 92. (in Chinese)

[10] B4, XVEAR, B2, 860 HWRERTE & /K W2 200 i B2 [T, MR ¥y #1253 2, 2015, 30(3): 1371-1375.

LU Tuo, LIU Shengdong, WANG Bo. Application of integrated mining geophysical method in detection of water-bearing
faults[J]. Progress in Geophysics, 2015, 30(3): 1371-1375. (in Chinese)

[11] Ma Z J, Xue G Q, Hou D Y, et al. Identifying deep saturated coal bed zones in China through the use of large loop
TEML[]J]. Journal of Environmental &. Engineering Geophysics, 2018, 23(1): 135-142.

[12] X, #E, SE3ca, . 0 5 R TR T Rk K 3F 28 5 IR R BFSELT ], B IT 2R, 2016, 21(6) . 22-27.

MU Yi, XU Hui. DOU Wenwu, et al. Complex geophysical prospecting of hide disaster of mining working face in
mine[ J]. Coal Mining Technology, 2016, 21(6): 22-27. (in Chinese)

(18] Z=yrfle, BEET, HIH, % ZaWRBORTE LARW S KM SR b s R LT BE0™ 44, 2018, 49(3): 129-132.

LI Jianghua, LIAN Yuguang, JIAO Yang, et al. Application of comprehensive geophysical exploration technique in
exploration of water conductive structures in working face[ J]. Safety in Coal Mines, 2018, 49(3): 129-132. (in Chinese)

[14] Su B, YuJ, Sheng C, et al. Maxwell-equations based on mining transient electromagnetic method for coal mine-disaster

water detection[ J]. Elektronika Ir Elektrotechnika, 2017, 23(3): 20-23.



UL, ¥ . WEGERIVGT FEOWIER LW IENIR 49

ey

%12 4

[15] Chen W Y, Xue G Q, Olatayo A L, et al. A comparison of loop time-domain electromagnetic and short-offset transient
electromagnetic methods for mapping water-enriched zones: a case history in Shaanxi, Chinal J]. Geophysics, 2017, 82
(6): B201-B208.

(167 22 . U Fr H AR AR 191 2R A 1 78 L e R 4R I b i i o2 S LT CT ). P E R s, 2014, 40(3): 35-39.
MU Yi. Research and application of slicing technology in transient electromagnetic detection in coal mining face[J]. China
Coal, 2014, 40(3): 35-39. (in Chinese)

[17] Chang J, Yu J, Su B. Numerical simulation and application of mine TEM detection in a hidden water-bearing coal mine
collapse column[]J]. Journal of Environmental & Engineering Geophysics, 2017, 22(3); 223-234.

[18] Zhang X, Qiao W, Chen Y K. 3D visualization of the VTK and Qt based mine transient electromagnetic method[J].
Journal of Mines, Metals & Fuels, 2016, 63(12): 593-598.

C19] A3, A0, LER. 2T H ok 0o H oK F BT RN BRI LT ] KR T/, 2013, 45(5): 109-111.
MU Yi, FENG Li, JIANG Guoqging. Study on advance detection technology of Mine water disaster based on mine electric
method[ J]. Coal Engineering, 2013, 45(5): 109-111. (in Chinese)

[20] Zhu X G, Fu Z H, Su X F, et al. Frequency-domain analysis for pulse current sources in transient electromagnetic
method[ J]. Near Surface Geophysics, 2017, 15(2): 155-162.

[21] Xue Y G, Li S C, Su M X, et al. Response and test of whole space transient electromagnetic field in mine goaf

water[ J]. Applied Mechanics and Materials, 2013, 353/354/355/356: 1136-1139.

(R ¥ A0



