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Application of three—component TEM in hydraulic fracturing

effect detection of hard roof

LI Yuteng,FAN Tao,ZHAO Rui,LIU Lei,ZHAO Jiajia
(Xt’ an Research Institute of China Coal Technology & Engineering Group ,Xi’ an 710077, China)
Abstract: Mine hydraulic fracturing technology has been widely used in the fields of hard roof pressure relief and high—efficiency gas
drainage. However, there has been a lack of ideal geophysical prospecting methods for the detection and evaluation of hydraulic fracturing
effects in long boreholes. Traditional detection methods have the shortcomings of high cost, low efficiency and short detection distance. In
order to achieve the goal of efficient and intuitive detection of the hydraulic fracturing effect of long directional drilling in hard roofs, a dy-
namic source—dynamic receiving transient electromagnetic detection method was adopted for the construction of fracturing holes in coal
mines. The antenna of the detection device is composed of a minimum transmitting coil with fixed transceiver spacing and a three—compo-
nent receiving probe, which moves point by point in the borehole to perform three—component receiving. In order to make up for the lack of
the detection distance of the cable device, a detection device with timing synchronization outside the hole and transmission and reception
inside the hole was used to detect the 40-315 m section of the No. 2 fracturing borehole in a Shendong mine before and after fracturing.
Firstly, the vertical component data was preprocessed, and the horizontal component data was used to correct the influence of probe atti-
tude change, and the pure anomaly field is extracted for analysis. Finally, the three—dimensional imaging technology of water filling cracks
was realized. The test results show that there are obvious strip—shaped low—resistivity anomalies in the contour map of the pure anomaly

field. By comprehensively analyzing the distribution of apparent resistivity before and after fracturing, it is considered that the strip-like
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low—resistivity anomalies are caused by fractures formation, and the abnormal strike is the fracture extension direction, and the abnormal

extension range is the fracture extension range. The three—component transient electromagnetic detection technology is an organic combina-

tion and complementation of mine geophysical exploration, drilling and hydraulic fracturing technology. It can effectively delineate the frac-

ture trend and extension range, and can be effectively applied to the evaluation of hydraulic fracturing effect of directional long borehole

with hard roof plate.

Key words : three—component TEM ; directional long borehole; hard and stable roof; hydraulic fracturing

0 35

FE S B B % gt A BE A
B EESERE 1R 5 e DL S s 5 P 1 JRE A T ) S
E2 5 BER 1/3, X R — B IE IR 2 5 1
TR S OCE XA e A R A R ™ R
R BT UE S AT S 2, H R AR 2 A
A KRR AR T 24 e 4 ik, ok g e
AT 1K = R AR AR A R A 25k
Pk o BN T 2480, FE B 8P 8 2 AR I8 1 i 24
ML R G0, TS BN R 5 245 I VE T M3
FRELGRME )7, K R AR B etk H
TR A [ st AT 3k 38 1000 R i J2 O AR
WM ST A R A2 G A A T L 08 G A A L 1 s T A 3
PR AR S TR Z N, RS T R
BRSO

ATV FA B R M, b R S T B 8% 11 L
IEAS (7 n BERRSE = 55 ) MBI 32 BB ok i 2
SEREATY ) BRTREREBCR N B EA
B ABEADLTE R SR 4 0 7, T A e B AR A
A TAESHO BAR 2 EAT B 5T, H A 20
FH T 5256 05T 3 76 S PR G TR L o R FH 24 4
WA 22 2 Rl At Fa I R s I AR
DR S5 7 VR A EATPE A, 72384 T RE R F g
AR AL | SR T I A AL
EATHRIN 1y 2 D0 i S — AR
ARG B MR B FL AP I - B A o] LA
BTG T SAAE (A TT 107 8 (RG34 4 11 L Am]
A REAR SN ZEh S AR oS (] RS
RERRIN B FEml I | 2 AR Ge i i Ja & B T 4G
FLIBFAS L RERRIN J7 35 | T AEAS TR) T AR R B X% 07 v
RCRIEA TR 5, WA 58 0 1 L] o (4 A1 BEL S
TSR = A3 B AL IR AR R AR T i X
SAREVEATHR 1277 v o T B o4 el 3 R 0 B
R ALK FE 2488 A v, X G L 60 ~ 110 m X
(] 23 S R4 T 40 R 285 BRI, R e T 4 A AP
AVHBUS T RN FHRCR (B2 H TR A A%
() T 25, o FH I B 5 L /K ) PR 3458
102

T

SR

P, 2838 2R ] — Bl Bl AL N =70 1 s IR Sh 3
Wik AZ LR B, R FH A AL 2 18 D7 KO0 2R 7 e i Tt
Mg B FL K ) T ZRSCR AT IR BT, W TR 2R
Bt A7 2R R SR5 70 SR O S Al 55 3 S )
R T AT T

1 =5 E5h7LE T BRI &t

1.1 EiEM
TEBRAR LRGN Maxwell [T 263500

B
VXE:_E (1)
VxH=] (2)
V-B=0 (3)
V-E=0 (4)
Horf,
B =uH (5)
J=0E (6)

K, B H E 53 5| 0 W I8N 5 B 1 798 B R L 3
SREE ;s w Fl o SR BUARRE SR ST R
1 LR
HaC(3) il i, LR RA T TS 3 A
P AE 2 AN AT, AR R A R
aB, 0B, 4B,

— = - 7
ot 0z oy (7)
oB, 0B, 0B,
e (8)
ot dx 0z
0B, 9B, 4B,
e (9)
0z 0x dy

A7) —(9) R =4 BRI AL

7 =0 B AL i R G PR S B A PR 1 R
N H R T O R STERRE R AR ELIESSHY 3 IR
el S R R Y Z oy R R, S
KHTRPEIESZ B X Jr R R, LS R 4%
BIIESCH) Y o BRI I8 R, SERI A, K G2k el
AN TR h 13 J] L 2 A S Bk ol e R 5, o o
=P AR B R A | 2 B 4 s ) 3 S A1
BRI AN



PR =R TEM 1R B TUARUK )y He R8CR A I v 4 )15 1 2022 4F5 8
-
o —— B IR L
~ —— TR AR L
g 10°
< o
E 1074
2 w0t
® 10
10° : ] ;
0.000 1 0.001 0.01 0.1

H1 =Z2B4ilB R esRilFEERE

Fig.1 Three—component drilling transient electromagnetic

detection principle

1.2 R

BT ARG FL =0 B AR DN 2R AN 18] 2 s, A0 9
LA FIL D RIEHL 2 343 . LA e i
BL I L B AR Sk 3 TR I, 2% B A%
O HL R s FLAMR B HIL 3 208 FOR T il i 24
AR i o o ik [ 25 A0 I, Al LR R
W B FLIEAR 7 ) — 5 AU A 2 (RS

FLrpR

ul:

AL RIERE Bk

FLAMA AL
H2 ZHB#ARAEHRNEETE
Fig.2 Three—component drilling transient electromagnetic

detection device

2 HIRAEBAE

21 7 rEHELE

BLBEAS WL R Z 3 A A B 5 VR 5 0 I B
AR F RGN AR ] g 2 i 2 T W PRASE Y v R4 5 i
KA BALA B SR R B E S X e an & 3
TN AT RS A AR ] R b B 5 3 T 2
5 R  RAE FR SR FH T A BB AR X HL R
HEATASIE XA TE S5 A 5080 D) AT 1 FH 2 Fof sz 18 1l 15
AT AL B AR Y
22 XY rEHUELE

B FILIGR A R A S T 5 % A B )
[E [ (%) Z 4y Bl 6 F =4 e fLIBR A i b Xy
3 B A A 3 il B AR AR ARy
M o 4RI R Sl b, AL 25 T — 8 XY 4 i B B
AhFRTT T
221 REBREBAERE

=3 IR AR I A A L e TR ER
T2k T2, 2 B MR SN FLIN & AR e

t/s
K3 #mRasi syl sl &t
Fig.3 Comparison of measured curves of mine
equipment and drilling equipmen
PRI, SEFRHZ XY 73 R0 s 20 TR i ot
PR A HeAT 5
NI A LA R E T AN o,
fL o 25 i AL B R TR o, AR
BhFLIN eSS FA B
Aa =a; - a, (10)
PEEAENT N AR S B X Y S5 i
IO L Bl A
V., =V, cosAa + V, sinAa (11)
V., =V, sinAa + V, cosAa (12)

K, v, MV, R E AR | AN AL S Y
IR 432 ] HL B 3
222 REFAITHE

Ayt R AR F RGN P SR T A S XY K
43 i PRI B2 UIAH 56, PR T LM K SF-
SrifF EEFHR S HE NI AL, KA COMSOL A
FRITE S BTSRRI 4 s, BLE X 4%
B Y w2 KON 1 2 0R 38R 1
WUE O = = IA R,

E‘Z
Y

B4 ZHHRTHKEITHEE
Fig.4 Finite element numerical calculation model
Bl LI A HL RS DN /K 3 s SRS 2R P s 2R
FIEZUE 73 5380, T 2 YR B 3 2905 25 5+
103



2022 4F55 8 HH

HEMFHA

50 %

R R ZRITE, DRIME DA DAy 8 R0 ol AR 22 S B Oy 4 T
PR o AR 18] S ASCIR AR BEL S (A e 7%
BRI 19 T7 20 Bl T30 S W AR AR S A
XY Ao RS R RO E ORI IRAS 7 5
BRI

FELE R AR FRE XY e R i 2 2 AR
CIERET SRR (F5) o B R R 57
TN Al MR, AT g ik 6 FrR ¢k
527 5 RERR AR LA DA e nT AR 18] 7 0

SRR,
6._
‘Nﬁ 4+
> 2t
=
c 0 -
,6 I i n n ]
0 20 40 60 80 100
HP=sy

A5 KTRLEFREHHEAL

Fig.5 Horizontal component abnormal field combination

F=FIR
X: IEZEE
Y: IE%ES

HVYRBR
X: RIEZES

BRI
Y: RIEZES

ERE
X: RERHA
Y. RERHA

Y

"6 REMTAREZREAFLERLYES
Fig.6  Horizontal component response curve in different quadrant
K73 S R (R 1) B9 = A R O R (T8
5) T ST SR R TR I R R B i e

EGO
v
AN 2 AN 2 (4>
V" + (1)

B Ja ARG T AR T E R IR, SRt S8 iR e iy
i a: OF RS 1 2. o =0 ; Q5 H KA
F24M.a=m-0 ;R FEELI LM, a=7+
0, DFFERIEFALR . a =27 -6,

6= arcsin[

104

B7 R AE
Fig.7 Abnormal body deflection angle

23 ZHRBHE

=B AL RS HL R K ) T SR I T vk AR
TR REGE AR AR B, O T BV s RS I
BhAL BUIE o> A O, X SR R AT = 4k 52 AR
AR

o B AR S AL BE R I, il LA Bl Voxler 4K

TFHCR 2 K RESE B A8, B BT
1) LS

2) H4 A FEL BHL 3R AR VR 6 LA R T, AR AR
P HLBH 853 A1 R0 2t LA B Sk iy 2 oIk S o IX B
FRic ol 32244

3) A — X Bolad 2.2 T TR A S
5 E, KA 7 5 £ B T3 S PR s (8] vh 2448 T LT IE
A, I Voxler B LAHIS B S AR BUR SR 23
BEMIEE,

R RR SR AL 2 () e i 1) 5 e
FARENERE . b T OT R 2B s AR AR AL PR
BhiALIE =2 7 LA BE e o LIRS LB
R v AT B AT AR AR R AR R T N A
8 Fi .

3 HRiMA

MRIEE 2 SEGFLIR 417 m, R UK Sy B2 4
ARAULEE e S A A L e T R B AR 2 A A i
B RSB A E WA 9 s, i T R AR,
SR =y i A B R VAR T B FLIRJE 40~ 315 m
X ]

Kl 10 A 2405 1B FLIBRAE FL R 7 o m i B
ghIL R 10a 0 AR AL EE S & 10b R
FE AL FREE R | R B PR A A O B FLIER B Ak
FromaGfLAR RS, & 10a A 1, FEZERTA
HL BH R AE (B LR o A1 LU 50, HE R Hh 28 B 4 A e
PAAPRRELIX., 3 55 PR 24, 300 X PR B A 00 L LR 43 A



PR =R TEM 1R B TUARUK )y He R8CR A I v 4 )15 1 2022 AR5 8

AR HE AR 2] W& IS 918 10b 1] L

f?ﬂ* 1R T BB IIK e T R R K A R 3 3

*zﬁ*ﬂ‘? RS SECA R IR A KW &, 0 TEHE MRS
WA S 1 R B RLAEE

Jo T R L R A R L

s ST B4 AR I BRSO SR 3, A TR R AR

2. e i il e 3. e e 5@%'43{}&%@%% PR 4l S H %,ﬁ%ﬁﬁk%ﬂﬂ
REXOZFH HETZMEA L 11 7% , SR ] b A A A L VR B, 0 A A
xe==> 0 x == L BB AR A S B o LT
AR FLAB B S 0~ 10 m 8 PAoul fL B (MG LS

z W R ERALIE B 29N 30 m, AT SRS A

Y ¥ IR, A4 P b S 4k 6 AN IK BRL 454 AT
4. 287 b Bl 9—11 ZH,6 455 X, 3 5 5L k24 55 A7 7

0, X|:’|> o) X Eﬁ?ﬁﬁh?@%o

HRAE AR S5 T b, A 6 SR
WAL FERFL AR ] B AR TR J5 7, K- R0 ke SR 6 A 7 57
R, R B 12 B, B 12 Hm] DL g s
UL 25 1) 3 A 5 A T K ) R 2R AT

z z
B8 o = (A ek 7 %

Fig.8 Scattered space rotation method

25 LI AR B
| | I | || ||
HAE 7 ERRIZ i S T ER EHzgi FSBULR FaBULR
40m 91.74~96.12m 150.74~155.12m  195.74~200.12m  242.14~246.52m  279.84~284.22m

K9 #HilERBAE

Fig.9 Borehole fracturing section layout

- = =
> 0D °

' 150
gf 30 - 142 2
= 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 Bg g
al BEFLIREE /m 118 <

(a) IEZ4HT 110 %

=30 ‘ -
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
EEFLIREE /m

(b) E&E

H10 ZpEEZA)EM T

Fig.10  Comparison of Z component before and after hydraulic fracturing

=) —~
= 4

e -10 0 é
=y -4 <
= 20 -8
& 12 g
 ~30 EYE
3 _

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 W-24 =

B FLEREZ /m

Bl 3R TR R

Fig.11 Results of pure anomaly field detection plane 105



2022 4E45 8 1] #EAFHAK 550 %
£ i — . - - improvement through underground directional long borehole hy-
B’ 20 draulic fracturing [ J ]. Coal Science and Technology, 2020,
% o ¢ . 48(10) ; 84-89.

% -0 lL [5] HBEZLY, 3k 41, B R0 30 E M0 TR 9 3 B0 5 o R B s
@ 50 100 150 200 250 300 x ARLI] 0245 ,2020,51(10) :24-33,38.
BEALIR AL /m KANG Hongpu , ZHANG Zhen, HUANG Zhizeng. Characteristics of
H12 RE=EsHET roof disasters and controlling techniques of coal mine in China[ J].
Fig.12 Display of abnormal spatial distribution Safety in Coal Mines,2020,51(10) :24-33, 38.
[6] REeL¥ th NI, EIRHE, 5 RIEMERIFR 552 FE MR &
4 % ® J&E 40a BB [J]. R 55 )2 26 LR 4R, 2019, 1(2)
7-309.
1) K =42 45 L B A B 18 1 AR 4 B AE K KANG Hongpu, XU Gang, WANG Biaomou, et al. 40 a and
HU ﬂ}uE }:];i: }L%;}’/_\’{ml j:&‘lj F})rl]-‘ EE ISE‘Z/E‘{E prospect of coal mining and strata control technology development
ZBL §,J N ﬁ mﬁizﬁﬁ(’f& AL % LILIj J— Pl %i&}]b EE, Kﬁ_% in China[ J]. Journal of Mining and Strata Control Engineering,
2019,1(2) :7-39.
KA, {H%&Eiﬂiﬂ— IJQ%E/Jﬁ{iO (7] ARBE KRR BERCR G A TR BRI T[] 47k %
2) 4l ??YD“EJZ%IEIFP W X e 5 S B A 2 HTRE 2019 ,46(2) :20-24.
R{JE%A _H_ %% ﬁﬁﬂﬁ ESRACIED U\j\]ﬁﬁ# YUAN Yongbang. Research on comprehensive geophysical explora-
ﬁ’v }j&“% IZFI E/\Jﬁ‘?ﬁ’ B:jl]ji EI] j\jjj(jj}j_iyu '5%5]1}5)?%& 2l QJ% tion technique experimental for permeability enhanced effect of hy-
3) EL# !E'Jj %L ':F‘ E/‘J j{ﬂ_\t‘mu i'fﬁﬂl_ ﬁxd.%ﬁ/%]ﬁﬁi 7J( draulic fracturing[ J]. Mining Safety & Environmental Protection,

P 54 LR 47 X PR, SR 00 577 1y e

? - ;J‘E; s {a%ﬂl i%m r@;ﬁ; —— (8] WHT, BT,k B «wmwﬁﬁkﬁﬁm s
o = LMl 37 ) or M (1], BB BE 22 5K, 2019, 47 (10):
BLHERE 1 = i B FL IR 28 FRLREBOR AT IAT RO K 216-222.

ﬁ"' EFF)]"E& jQ%;L_ f/_"{ﬂllj }J&‘%Tﬁﬁ ﬂ:ﬁ:}’*ﬁ‘ Zl Q% MENG Zhaoping, WANG Yuhen, ZHANG Kun, et al. Analysis of
,fzﬁlg k = AI\%E Vo) , o I Rl T5 ;i;}i K’ % YFI 1 ﬁ T hydraulic fracturing cracks for coal reservoirs and in—situ stress di-
%:\SL ) rection in Southern Qinshui Basin[ J]. Coal Science and Technolo-

gy, 2019, 47(10) . 216-222.
% S8 ( References) - (9] i, FGHK. K (. B0 IR KB ALK A T ST
FRGRE AR )] BEHBIEEAR, 2020, 48(7) :296-303.
(1] W%, RELLE 58 ) /K J1 R 2P A7 I A X %5 TRUAR 3 460 MOU Quanbin, YAN Zhiming, ZHANG Jian. High efficiency gas
[J] A 122 5 TR0, 2012,31(6) : 1148-1155. drainage technology of hydraulic fracturing with directional long
FENG Yanjun, KANG Hongpu. Test on hard and stable roof control drilling in underground coal mine[ J]. Coal Science and Technolo-
by means of directional hydraulic fracturing in coal mine[ J]. Chi- ay, 2020, 48(7) : 296-303.
nese Journal of Rock Mechanics and Engineering,2012,31(6) : [10] 8 PR 7K R 29455 Tkt O3 AR TR S AR 1 7 JH B 5%
1148-1155. [D]. BT TR K ,2019.
(2] T ok, B QORI i ik BE SR O SR /K g s 4 T0UR 7 7] ZHAO Dan. Application research of gas pre—drainage technology
BORBIFE[T]. A4 1% 5 TREEHR ,2014,33(4) 1 778-785. by hydraulic fracturing permeability improvement in mapu coal
YU Bin,DUAN Hongfei. Research on roof control technology of hy- mine[ D]. Fuxin; Lianning Technical University,2019.
draulic fracturing in high strength fully mechanized caving mining [11] R ARV, & T I W I R o s (5 2 R g e by
of extra—thick coal seam[ J]. Chinese Journal of Rock Mechanics ARWFFE[ D] K F . MK, 2018.
and Engineering,2014,33(4) :778-785. ZHU Yadongyang. Research on the key technology of underground
[3]  BRELE V0275 1K ) e 24 1A T A5 A 1 Wl % JHG 3 Ak microseismic signal acquisition suitable for well-ground joint mo-
AL )] R4 ,2012,37(12) :1953-1959. nitoring[ D ]. ChangchunJilin University ,2018.
KANG Hongpu, FENG Yanjun. Monitoring of stress change in coal [12] R, BEZ2K R85 AL B Ul R Al FL AL BF
seam caused by directional hydraulic fracturing in working face FE[D].E K. IR KY,2014.
with strong roof and its evolution [ J]. Journal of China Coal KANG Xiangtao. Research on the law of coal seam hydraulic frac-
Society ,2012,37(12) :1953-1959. turing crack propagation and optimization of gas drainage drilling
[4] BRAA FhUTE, 5K &, 55 N @ LK I He 240 2 1 [D]. Chongging: Chongqing University,2014.
BEHEARRRE TRLE[)]. BRB2AER, 2020, 48(10) . [13]) FR6H]. gk M R A% I MBS T R GEdF 7 D ).

84-89.
CHEN Dongdong, SUN Siqging, ZHANG Jian,et al. Technical sys-

tem and engineering practice of coal seam permeability

106

K2#,2011.

CAI Guangming. Study on the video detection system of crack on

oAb s

the bottom of high — speed rail bridge [ D ]. Beijing: Beijing



FTEE

s =3 TEM 75 WA THUR 7K I s Z8CRAG I b 4 1oz

2022 4F5F 8 )

[15]

[16]

[17]

[18]

[19]

Jiaotong University,2011.
w M BT S R H R e R S [
Bk R ,2019.

GAO Bin. Study on the characteristics of mine multichannel tran-

D AR I

sient electromagnetic response| D ]. Xuzhou; China University of
Mining and Technology,2019.

ZEtit T, UL B REE M HOESE[ D . AR E
K2,2016.

LI Shining. Study on the mine tunnel—drilling transient electro-

magnetic method and its application [ D ]. Xuzhou; China
University of Mining and Technology,2016.
W VAL R LR B IR R TR RN R = XK [ ).

HEpe 4%, 2017,42(12) :3229-3238.

FAN Tao. Experimental study on the exploration of coal mine goaf
by dynamic source and fixed reception Roadway—Borehole TEM
detection method [ J]. Journal of China Coal Society, 2017,
42(12) :3229-3238.

B W AT, A AL R RERINAE K O R 2
SRR A ISE A [ ) ] AR BT S MR, 2020, 48 (4) 14145,
ZHAO Rui, FAN Tao, LI Yuteng, et al. Application of borehole
transient electromagnetic detection in the test of hydraulic fractu-
ring effect [ J ]. Coal Geology & Exploration, 2020, 48 (4) .
41-45.

W R, O, S IR L R R AL 37 R i
R B2 K 0 RO IR 5T [T ] e 4
2016,41(7) :1762-1768.

FAN Tao, CHENG Jianyuan, WANG Baoli, et al. Experimental
study on imaging method of TEM pseudo wave—field to detect the
effect of underground coal-bed gas hydraulic fracturing[ J . Jour-
nal of China Coal Society,2016,41(7) :1762-1768.

2 A B REITR I BE SR I M] . P % PRV AL 4L
A RAL, 2002.

LI Xiu. Theory and application of transient electromagnetic sound-
ing[ M]. Xi’an;Shaanxi Science and Technology Press,2002.

X B H AR R =20 e R e o AL BTSE [ D] K

[21]

[22]

[23]

[24]

[25]

[26]

U PR, 2009.
LIU Jian. Three — component TEM response on thin plate
conductor[ D ].Changsha ; Central South University ,2009.
JAN K. Rainey, JEFFREY S DeVries, BRIAN D Sykes.
Estimation and measurement of flat or solenoidal coil
inductance for radiofrequency NMR coil design[ J].Journal of
Magnetic Resonance,2007,187(1) :27-37.
W R IR, RIS BEE L 2 I 2 R
THFR K ZAmAEIEoE [ )] 82441, 2014,39(5) :932-940.
FAN Tao,ZHAO Zhao, WU Hai, et al. Research on inductance
effect removing and curve offset for mine TEM with multi small
loops[ J]. Journal of China Coal Society,2014,39(5) ;932-940.
Wit ae, e WSO, AR 2 I M 2R i O R e G A
RIS MR A () ] PR AR 3T 3 52 K, 2007 (2) 1 96 -
98,85.
YANG Haiyan, YUE Jianhua, HU Wenwu, et al. The
characteristics of the early signal in TEM affected by self —
induction of multiturn coil [ J]. Computing Techniques for Geo-
physical and Geochemical Exploration,2007(2) :96-98,85.
AR RN E R SE. AL R AR
HysgE rp B RE LT ] S 5, 2019,31(2) 27782,
LI Xueqian, HAN Depin, WANG Cheng, et al. Application of

T Ik

roadway — borehole tem in water — bearing and water conducting
structure prospecting[ J]. Coal Geology of China,2019,31(2) .
77-82.

ZE LI T AL P R R RER I
P42 PULRH K7, 2016.

LI Bofan.

oW 7 A AR BT FE [ D]

The abnormal response characteristics simulation
research of the underground bore—hole transient electromagnetic
method [ D ]. Xi’ an: Xi’
Technology,2016.

FAN Tao, LI Hongtai, LIU Lei, et al. Stereo imaging method of

an University of Science and

borehole transient electromagnetic apparent resistivity based on
clustering algorithm[ J ]. Journal of Earth Sciences and Environ-

ment2021,43(2) :343-355.

107



