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Restudy on effectivty of direct current advance detection method in roadway
WANG Peng"*? LU Jinjing' , WANG Xinwen'

(1.Xi’ an Research Institute, China Coal Technology and Engineering Group Corp., Xi’an 710077, China; 2.China Coal Research
Institute , Beijing 100013, China ;3. College of Geological Engineering and Geomatics, Chang’ an University, Xi’ an 710054, China)
Abstract : The direct current (DC) advance detection method in coal mines is one of the main methods for detecting water—rich anomalies
in front of excavation face. It has ahistory of nearly 30 years in coal mines of China. Some experts and scholars have questioned the effec-
tiveness of this technology through research and analysis. Based on the infinitely extending plate, sphere or cube model in a uniform whole
space, the relationship between the abnormal distance and the minimum value of the abnormal characteristic parameter was fitted by calcu-
lating the potential distribution and the full space of the point power supply, and the extraction method of abnormal characteristic parame-
ters, the response characteristic of the abnormal under floor were analyzed, and the theoretical detection distance was calculated.The re-
sults show that ;the abnormal physical energy in front of the tunneling work produces obvious abnormal response behind the roadway, that
is, the rear signal contains information of low—resistivity body in the front, which proves that the basic principle of this technique is cor-
rect. The front low—resistivity body is not a mirror image of the rear apparent resistivity abnormal position. The front abnormal position can
be obtained by selecting the correct abnormal characteristic parameters.Both the low—resistivity bodies in front of the roadway and the low—
resistance body of the floor can generate potential anomalies, which can be identified according to different characteristics of abnormal re-
sponse. The maximum distance of DC advanced detection method can reach about 80 m.The DC advanced detection method in the excava-

tion face of the coal mineis effective and can be popularized and improved continuously.

Key words : direct current method ; advanced detection; plate—like body; sphere; anomaly extraction
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Fig.2 Plane distribution of potential and potential

anomalies with low resistivity anomalies
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parameters of sphere and polar distance

7 PR RATTIRAER MR 12 1 2525850 51
5 ERUASE R B 2 [A] % IR B I3k 2,

A DL o AR B BR A5 A 2 A A B
RFAT G R 22 AR TE 22 m LA
1 ISR 2EAE 8 m DL, R BURE IR (T, T Acb 52

BRZEAHNT KA A
F2 HREXRXITEERIIE
Table 2 Comparison of calculated results according to

formula of sphere

SR e/ IMERT PN XFEX WiE1:1
BEE/m BRI/ m PEE/m 2%/ m 2%/ m

30 22 28.4 1.6 8.0
40 34 39.7 0.3 6.0
50 46 50.9 -0.9 4.0
60 58 62.2 -2.2 2.0
70 66 69.7 0.3 4.0
80 78 81.0 -1 2.0
90 86 88.5 1.5 4.0
100 98 99.8 0.2 2.0
110 110 111.1 -1.1 0.0
120 118 118.6 1.4 2.0

LR R S ) A AT T 5 45 SR RN
(3 G TN ow S ER S BU e SN B /NG 1
iR E RS Er SRS MUNERY P S NP R 2 AT L)
%12 1 AT BRI, R T I S BRAARASE R A | Ho A
BT A 25 5 SEBR I 5 AR 25 YA RN
3.3 BEIRIRFE NG HFHE

FENT AN E] 6 T 7 A AE AR S R PR I A
YR AR T F B IR VT 10 m MR ES m |
HLBH p, =20 Q + m AR S8 04, B8 AR T 7
FE B PRI 5 7 d=50 m AMFAEDK 4 m IR h=
2 m HFHR p,=50 Q - m WIS IRSEH Fl# R
Fp,=500 Q « m, K= - =k T AT
B, 2 AR B L TR AL A2 A3, Ho AL T
TE A T A5 LR A 4 m, RSB I EE 4 m, T2
K 200 m, LIS A h 2 & 7 iR

UIRINEN
) A
‘ A3 A2(]
[[eooeesessemes
ik p :

B 6 Ffe AR oA AT R AR A
Fig.6 Advanced detection model with floor anomaly
7 bR T RCIR A A BE A5 3 A 57 5 A 552
PRz, B AP A R e AN A7 A SR AR S A A AL L B
ML, B P bRic B9 5 4R AT IR A S I 4
261



2020 4F55 12 A

HEMFHA

548 4

RLBHAR N . X HE AT WL ANFEAE AR S I, A R
ESHESE0; - gl il) <EZ W ES VN e I D N |
R AR AR S W IR IO B S S B
& R IRE LSS Bl AR S 3 05 R s
2L B0/ IMELA B 1] S HERS 5 76 M R, AR
S5 VA S RO T 0 FEE DU AR X AN A, 400 L L3 ol £k
Y,de S D WA R N S 2 2 P N s T U
TR ST 75 VA S5 o O R B 8, 2 TR (RO
HE 3 BT BRI S R RN, PRI, 7E BRI
AT LSS G (B v s TR S O AL 2
X R AR S R R I AR, 7 — A i i SO
9 S5 R E S RORAR T 7 52

500 .
N
!
. )
g450 '\
S |
X 4001 |
= !
& |
R 350 e
neEgN
300 A I{ME "‘/fLﬁﬁS’fV_E_ |
0 50 100 150 200
X/m

7 B B A A A DL R
Fig.7 Simulation results of advanced detection with floor anomaly
3.4 HKRBHIRNEEE

BRI T I AR T A R VR R AR R
SR BRI R R VFR RO BER LAY 65 mA |, B dls
R G/ N AT PGS 10 wV . BOE R b
RN 60 mA, i/l 73 HEAE 5 AL AS I BR B9 3 1%
(30 V), LAFT AR AR Y 1 15 45 2R 70 By fi 8 iR 0
PR,

BT S AR 5 05 7 A i 4l e A 2 22 AN 8D 8
FiR o M 25 5T 30 wv B, SRR S RE R AR
., K8 BRIRAIR BRI EE S 72 m, SRR AR 1 FR
P 87 m, MRAEE(2) 3 (4) HATIHE, BRI R K
TR 75.4 m AR ERERINEE B 7 89.0 m,,

_100 -

-10't

P=NY

ZER VA

S -10%7

e
ﬂﬁ{ _103 E

—~ B fh
—— Bk 1

0 50 100 150
AO/m

_104

K8 REWRMEHLERIET

Fig.8  Abnormal potential difference curves and minimum signal

262

4 & B

1) BB I i A v i 7 B AR B S U A
AR 5 7 BAT 55 5 B MR LARRAE SR R A WL
DA g SR B 5 V6N S B MO S5 ] LA 32 o s
e, R I T i 2 AR T I B AR 4
AR i B R A Y

2) RIE H 7 R W AR O IR E A BRI AR R
AR N T A S RIS B IBOA R AR 2R LY
“GRARTRHE , PRI L D A R ) i A B
ARAEAHRABITE

3) BIE R R OB IR AR S E S
TR EFIESEUL R R, o Z RfEfE—E
AN R X IR ERIE AL PR Ll S 4

4) FEAEJERAR S I, A0 F BEL 36 ) e 7 AR S
TEF A7 R 2 g A (E RO R 4 o A T T
58 S5 W 7, 2 W] ] e a0 A B T 3 n LA
K,

5) 4 IR A R R AL LU 60 mA /NG
MAE S 30 WV 5, SR A I8 SCHY B0t Ak 28 07 2%
I, AT IR U R T R A B R R R 2
80 m,

R L 5 A s ] Hh R RN ARCIR A R AR
B L3793 A SRy Bl T Je ) e 43 A, SR T AR RU AR
XFSERR A AT T AL, 25 0 i A TR
—EMFMIRE . SCPRW R AR E A 2RI
SRRSO HL B AR 28 AR A | A LS i —
o IF R XTI ST

S 3CHK ( References)

(1] EZRETZEEER P EET K EFEIREORM] RN P E
Ak R R, 2011,

(2] BAE,ZE CEIRN,H. 5 I A IR By I AR
Wyt SREL)]. B, 2014,39(8) :1742-1750.
CHENG Jiulong, LI Fei, PEN Suping, et al. Research progress
and development direction on advanced detection in mine roadway
working face using geophysical methods[ J]. Journal of China Coal
Society ,2014,39(8) :1742-1750.

(3] dmedete . o D e HL TR IR 36 4F A S MU ] s Bk
FREEHERE 2016,31(4) 1716-1724.

YUE Jianhua, XUE Guoqiang. Review on the development of Chi-
nese coal electric and electromagnetic prospecting during past 36
years [ J]. Progress in Geophysics , 2016,31(4) :1716-1724.

[4] FRE, EFOM, BA S8 UHE B H MR B AR5 ].
HERY LR ,2006,49(5) :1529-1538.

HUANG Junge, WANG Jialin, RUAN Baiyao. A study on
advanced detection using DC resistivity method in tunnel [ J]. Chi-

nese Journal of Geophysics ,2006,49(5) :1529-1538.



MR R E ELUR R AT TR BOR A R

2020 4F3 12 14

[5]

(6]

[10]

[12]

[13]

[14]

ZE GRS R TE A U e EL R R A
FELT] R 264 ,2012,43(7) :30-34.
LI Fei, CHENG Jiulong, TAN Qiang, et al. Study on Advanced
Detection by Resistivity Method in Roadway Excavation [ J].safety
in coal mines,2012,43(7) :30-34.
R, 2R R, A T s T i O v LR v A T R
AR [ T] 3 F 4 )55 TR, 2013,9 (1) :135-140.
ZHANG Pingsong, LI Yongsheng, HU Xiongwu. Application and
discussion of the advanced detection technology with DC resistivity
method in tunnel [ J]. Chinese Journal of Underground Space and
Engineering,2013,9 (1) :135-140.
SERAERL, BLE o, RS A M 1 I = AR R AT A
DEEARIR ﬂﬂf?ﬁ%lﬁﬂ’ i J€ ,2011,26(1) :320-326.
QIANG Jianke ,RUAN Baiyao,ZHOU Junjie, et al. The feasibility
of advanced detection using DC three —electrode method in coal -
mine tunnel[ J]. Progress in Geophysics,2011,26( 1) ;320-326.
B[S T U L L S = A R B A R [T v A A
J5,2017,29(3) :72-75.
LUO Guoping. Effectiveness of DC resistivity tri—electrode advanced
prospecting[ J ]. Coal Geology of China,2017,29(3) ;72-75.
f] R BRI o0 B v B S R T IR [ M e
B ik, 1995:90-91.
B, 2 AT, 4. BRI CE P S oK A
ﬁﬂ@ﬁiﬁﬁﬁ%[ ] R, 2010,35(4) :635-639.
HAN Depin, LIDan, CHENG Jiulong, et al. DC method of ad-
vanced detecting disastrous water — conducting or water —bearing
geological structures along same layer[ J]. Journal of China Coal
Society, 2010, 35(4) :635-639.
XS 2R B DL, A5 BEGE KR i AL P B R i
BRIMBFSE[ 1.4 +71%,2009,30( 10) :3093-3101.
LIU Bin, LI Shucai, LI Shuchen,et al. Study of advanced detec-
tion of water —
method [ J].
3101.
XU, BERA 2R, A BETE KA 3 R BEL A i AR
DN IE RS 00 F [T ] 35 PROR 22 2 i (MR B2 A | 2012,
42(1) .246-253.
LIU Bin, LI Shucai,

bearing geological structures with DC resistivity

Rock and Soil Mechanics, 2009, 30 (10) : 3093

LI Shuchen, et al. Forward modeling and
application of electrical resistivity method for detecting water —
bearing structure in tunnel [ J]. Journal of Jilin University ( Earth
Science Edition) , 2012, 42( 1) :246-253.

B, /T AR T A F BEL % s AR = 2k AR (A A
[ 1] 2 M Bt 554K, 2013,41(6) :83-86.

LU Jingjin, WU Xiaoping.3D numerical modeling of tunnel DC re-
sistivity for in —advance detection[ J]. Coal Geology & Explora-
tion, 2013,41(6) :83-86.

R, F N, T 45 4 T o e BEL 5 1ok T PR 0

B R F [0 I M5 5 B4, 2000, 28 (4) - 60-62.

CHENG Jiulong, WANG Yuhe, YU Shijian, et al. The principle

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and application of advance surveying in roadway excavation by re-
sistivity method[ J ]. Coal Geology & Exploration,2000,28 (4) .
60-62.

L. MR B R = RSB0 2 T RS O vk R HL R O
FE[D]EIE . ERA AR R, 2010.

LU Jingjin.Studies of multi—grid Algorithm for 3D geo - electro-
magnetic modeling and its applications[ D]. Hefei; University of
Science and Technology of China, 2010.

X, SN AR TE TR 59 IF AT Monte Carlo J5 i K L
BR324 i) S A 5 W ()], M BR 9 B 24 4, 2016, 59 (11):
4297-4309.

LIU Yang, WU Xiaoping. Parallel Monte Carlo method for ad-
vanced detection in tunnel incorporating anisotropic resistivity
effect[ J]. Chinese Journal of Geophysics,2016,59(11) :4297-
4309.

2 SRR S R B R R T I R [T ]
MBS IR, 1992,20(4) :59-63.

LI Xuejun.Study and experiment on heading detecting by fixed e-
lectric source gradient method in underground [ J]. Coal Geology
& Exploration, 1992,20(4) :59-63.
XI55 52 IR R PRI T i K G
#£,2001,29(5) :60-62.

LIU Qingwen. Underground electrical lead survey method and its
application [ J]. Coal Geology & Exploration, 2001,29(5) ;60—
62.

X BT L B AR S AR TR BRI [ D] AR
M E R, 2014

LIU Lu. Study on DC resistivity method 3D advanced prediction

o FH [T ] 5 5 5 8

technology inmine [ D].Xuzhou: China University of Mining and
Technology, 2014.

MR, YOI S R L LA B B AT R B AR B SE [ D] g - %
R T R, 2010.

HU Xiongwu. Study on stereo resistivity method advance detection
technology in tunnel [ D].Huainan:
& Technology, 2010.

BCH 58, A/INRE, XU, A5 T8 B U R BEL =R i 2R AR R DB
TrEBEFE )], MBI, 2009, 52(1) :289-296.
RUANBaiyao, DENG Xiaokang

Anhui University of Science

, LIU Haifei, et al. Research on
new method of advanced focus detection with DC resistivity in
tunnel[ J]. Chinese Journal of Geophysics, 2009, 52(1) :289-
296.

ik 1, BLE e, B RN, SF G 4 ) B R AR A
ST )] HLBER By #2430, 2011, 54 (4) . 1130- 1132, 1134—
1139.

ZHANG Li, RUAN Baiyao, LYU Yuzeng, et al. Study of full—-
space numerical modeling of advanced exploration in tunnel with
DC focus resistivity method [ J ].Chinese Journal of Geophysics,
2011, 54(4). 1130-1132,1134-1139.

263



