546 5 1)
2022 4E2 H

w5 b &

GEOPHYSICAL & GEOCHEMICAL EXPLORATION

Vol.46,No.1
Feb.,2021

doi: 10.11720/wtyht.2022.1243

SRR IR L, X, S5 MR AR A K — TEM BB RAEL )] R 56, 2022,46 (1) : 191-197.http ://doi..org/10.11720/ wiyht.2022.

1243

Zhang J Z,Hu F H,Liu H X, et al. TEM response characteristics of borehole in goaves of old coal mines[ J].Geophysical and Geochemical Exploration,

2022,46(1) :191-197.http://doi.org/10.11720/ wtyht.2022.1243

BB 28 25 oK 25 X —FF TEM i b 7 ik

TRAEE WFA, X ER TRE

(LA EMERITE R sk EHEA R, T KN
310014 ; 3. 4b o Wi R TR # & e, b E

AL A

2. PR REATETRE 2 N TR E K SO B PR

072750; 2. @ iL e R E R T A RAH,
100048)

Rz KA (B T I7 5 B 0 i, M T 0 1) 7

PR, TOIE LIRS DR AR PRI . 8 1L PRI R 23 DCPR AL I [ op 3l i 0 DN Hh 2R, 5 DATE R IE B PR 2
5 ST T TR BRI 2R M )22 SR s DCABE RN HSC{BL AL 1 4 5 2 2 ) R 2 DX 7R AN 23 7K T A T I 2 v, e 7 D == 4
TRV 9 3t —H B A HL R R R, 45 5 SE PRS2 RS 1R 28 IX i T M — AL FL R AR AE IS 1 H— B
FL R I BAT B BN G R, R 28 KRG AR R A e I 1 JEL B

KR, W—It TEM,%%IZ,%I@*%TU\,Q’;%;{
FESES: P6314 ZERERIRAD . A

0 55

FUR, B #L 2 2 5 A A 5 Ll 2x K sl J2 4
LR L B i BT, XA L BRI A9 K 236 B T A
FREEAREE 0] SR8 X A 55 00 TR T B 108 Y
JE R AR S R T H AR | BRI R 25 X
IR, SR DDA 200 R0 0T 2 Bl R 23 X BT R £
XA B B RE S, oRAS X 32 R B 4
AIHERY) PRI EA | SAS % 1E , i ER ) BRI
ARSI B BEEBRAE S RGILR T HRE .
e R R B A B L VR R MR IR s O
PETT 1055 HBR ) BT 1A A SR 2 DX R ) 5 R A
SR B4 , SR DORS AR AT 75 TRADTE o

20 {42 80 AFAUMF AL R EYE T I A TR, 2 B
AT Imar s K SO R R AR 23 X R A
AT TR AR HRCR . H—JF 7 o BRI 2 A
e S 2 VA B A M T, A2 WSO Sk T B AL 9% [0 7€ ]
I MR Sk 577 A S e 7 ) TR TR AR B R
DRITHT ] 3 LG Hb T A P S R P e i (5 R

Wi B, 2021-04-29; 1EEIHH. 2021-08-24

XEHS: 1000-8918(2022)01-0191-07

FI TR AL, Ho—FF A8 R R A R AT %
a3 R, 20 4l 80 ARAX, WK FE MCI 22 /]
%K CRONE A7 Hl Geonic 23 T 7 I #—:
WrAE L R G0, 2018 4, o [ i ) 2 e b Bk 4 B
Mo Bk Ak 2 B A AF 5T BT A T PR —JF 1G-
GETEM4.0 =/ R4 sk 5T T - ks
FL A 500 SR S 2 AR 0 DA M 43 A 81 o o R
A IS T SR R I 2 AR
BT T TR0 T B s — I IR A FL R S I
00 A AR MR s — o B AR L Rk =
W R AREAE HEAT T i R BRI AT T Kb A IR
FEMR N B h— T A R R A I S A AR AR H
HIT, M — 572 L R B R (R B (AL A By 9 vt Ak
FI LGB, EZH T 70 AR HE R R B R a5
PE TP 2 R K A L X AT 4 @ B A0 e P 2
FH TR 25 DG B Bk R ) 2 AR TR A Y S R
K TELR BRI, T % R 28 K E AT ER At 2, Ay ik
28 AP R AR , IR, 2R B Rl TR
HEERFLEC S | R — IR R A AR L T 2R A

AR SCH I B IBCEE FL TR} HENT TR OR 2 X

E—1EH . AT (1978-) 5 IEM P ARG, 2002 4EHO T A1 R LG9 2 B K SCHL BT S TREH B b, I I 3t 07 b Bk 4 BRI 52 A%

Email ; 3224827@ qq.com



© 192 - w5 £ B

46 %

SR IR AL T A LI Ty = ek A
A FEL R R 7, S22 ) 1 I 17 22 £k 2
S AL E RN, O H— S B L A T R =S
DXERR BE PSR

1 IR

IR 128 P, 4 P RSB AR X e s s, B
WETE BB R KAV 1Y EM vision , Maxwell 1
INEERE) Emigma , — 4k TE B IA IR 22 70 AR
TR E, Oristaglio 1 Hohmann 2 1 VL TGRS H
DR R BRI AR AT BR 22430k 1 P IR R A 2
U AL UR RS F RE S A T TR B e
DS T AR D7t SR A 7 R ZH R ALY, — Hi 2k
TR B S e L AR SCR B BEADR T
YA R0 ik
1.1 i Ea

AR 2843130 1 F R fife the —4E (R , 37 5 R v
U5 AR XN 3 E AR y o, BRI IR T TE A
Hh, I R AT R R

ok &E PE
KO = + PER (1)
o w o 430 R R S AR A R X SR i s ]
MOTREREAT B oL, PR 0 (1) B o 2tk 5 e
Sy i LR DLUIE 7 A 2 (1) TS R
Eliy + Bl + By — 485
oE; = @)
i ,U«O',:,Az
X, EAAR 0 BoRE 0 BEZ, A ERAS K,
2 (2) BN B[] G5y, B ) 20— M 107° s %X
A BEPRUERS & WSk, BT AT S s AR R, ]
Dufort-Frankel 72, Hi

&E;j‘. E;;l+] —Ef;l_]
= (3)
ot 2At
n E:;+l + E:.'//71
=t (4)
A A FEER . BENTRAK(2) 5T
1.1.+l - 1 - 4rU . r.i,.—l 2rU .
v 1 +4r, v 1 +4r,
(Efy; +EL )+ EfG,y) +EG ) o (5)

St 7 = At/ A7 KA TR A PR [, T
LA, BEAR RIS — I 220350 ) 53 7 06230 5 1300
T4 ZI 5 . RIS B (1=0) = E° 3T
ML A F B R M
K BRI 5 KT AR R, 36T
A 2 B B S T30 4% B AL B 9T L e ok

FHA R 22 43 103 — 4k I 738 H g i 7 4 [
12 #HEE

HR A 230 DX 250 I £, 2565 LA F vk )
PRATS  #ES7 T fAT BRI R b 23 R 2 XA AR
WEBMURBEHAZEN 60 Q - m, R H)ZWIEEH
FHA 110 Q - m, 2 HFHA 260 Q - m, M F M )25
JRBIRHL B 400 Q - m, KRS X HH# 40 Q -
m, AN KR A X HLBHZ 800 Q - m, A T K5 Hb
AT M — AR PR X SR 2 X AR ISR, X 4414
23 [B) N = 4E 23 [ K- AR R AT 1 IR AR
1.2.1 By5)2f2 [ AR R nj Ly

ys) g (R AR AL L B R 200 Q - m, SR K
100 m Y77 T8 8 I 4o e B IEBLIL T R &S X &%
IRFIAN 5 7K B R W

BTS2 KR 23 DX IR AR H i 2200 3 i) 3 fih 2
Fr KR A X AIGBE, 76 2200 58 | 3¢ Bk JE Ry L
15, S REAE B 5t S R T IR AR R TR RH S
PRI B R A

104 i

103 o

W(tyI/(nV-Ah
\

o 10 200 300 400

E B /m
Him
T 600 - m 72m
e 110Q-m 50m
AE 110Q-m 15m
KE  400Q-m
1 &KRE X BRI B R % A AL

Fig.1 TEM multi channel response of water

bearing goaf

P 2 SR P 7K R A DX R AL FL 1 2 T T 3
2, ANEAKCRES X Ny m B, 7E 2005 fh 4k 3Rk
TRV FRL TR REAIS , S R B /N FRIEAS B 8, X iiE
ST WS LG TR R B R R W SR e T L (H
KT Rz KRR
1.2.2 =4k P AR AR A e Ji

R B S 6 X I J2 AR 50 el FL A 38, — 2t
T3 28 349 57 2 233 [ v 1) 2K P 38 A B R, % B R A
100 m 1E 5% 12k, 422 SOHR S il ) 286 o 1) 45 558 T AR
A1 10000 m* 5 48 [ £ 1B (9 A 3L TR 2 500 m? 5 45541
BhALIRBE 200 m, Lok ELAL , H2 00 i Al L



14 AR A IR R A X —JF TEM Wi B RFAE - 193 -

104 .

—_

<
W
1

—_
<
o

W(tyI/(nV-Ah

i
=,

100 . T . . . : . : .
0 100 200 300 400
E B /m

Him

FE 60Q-m 72m
e 110Q-m 50m

260Q - m

HE 110Q-m 15m

KE  400Q-m

B2 AREKRZ XS N EN
Fig.2 TEM multi channel response in

water bearing goaf

D 5 1 m, AU ST A 50 mx50 mx 10 m,
KR 2 K HBHAR K 10 Q - m, A5 7K R2S X LB
7 800 Q)+ m, ZKP-HARIETR 130 m, 57225 (1] i
BH%R 100 Q » m, & 3 A RETERb—H TEM %68

— =
INE o

I

Y oz

L RETRG
| ; FetlE

ERE

— -
/ '—l AP
CGRZEXD

1
2004 1
/ ii

& 100

B3 mE—3 TEM XETE
Fig.3 Schematic diagram of magnetic

source well TEM device

P 4 S AP BEL WA 1) B 1 7 L e 7 i £
BALZE KPR PG, 3 A M A AR A
AR, 370 i s W 18K 5 32 Al
ST R Bl L3 5 S R R, oy J7 1] L 1Y
VRINALNERIZO8 - 2 S O SR [ NN 1ok SRR
AR R — B, 2 7 11 Wi 7 i e B R O I A AR A
B BUEGR A AR, A ERBE MR AR
TG ME RS AR W . TR B

P 5 2 e BEL AR AR Y = 70 g 78 L 2 DV AT 28

Va Y 2
T(l‘)//(n\/_ Al y_](t) /(nV- Al V](f)/

-10% -10' 10° 10! 10° -10° -10' 10° 10' 10° -10° -10! 10° 10! 103

(nV-AY

I I
i i
504 50
g | 1“0“(); Ti 100
= (] = Ll
150 1504777
1
200 200} 200 -
4 {RBE R A = 4 S 0% T AR RN L
Fig.4 Three component TEM response of low
resistance thin plate
Vilt V() VAt
"T() J@v-A) 2=/ @v-ah z]( ) /(nv.A
-0 0 10 1000 -0 0 10 1000 -0 0 10 1000
¢ 111 { L N N ol | ¢ 111
AT
1 g T
1 e
f f T
50 50 so{I(lII {111
f f i
i1
"H\“
i
£ | £ ool g I
& 100 i 100+ & 1007
Ju ]
150 150 150/
I
R R 11 |
|
Wi
i
= 1 i
200 200 oo M

5 EFEERE =S5 25 RN 5
Fig.5 Three component TEM response of high

resistance thin plate

TR FLAE 5 B B I B AR R AE LU B e oy 2 22
TN T 7 ey BELAR A B 30 35 R AP S L S O B 8
/0N, Ut B R BEL S AL TEM I i o — 2 19U
138
1.3 EREEMLEL

T o b T 3550 2 25 ()R = 2 7K P AR 7Y 0 S
(1 TEE AL BN 2598 . X —E B R 25 X 7E
FEACIRAETR , Hu i G L TEM X Reas X454 1R 419
UM BE 5 R 28 X F A o BH S ), b T A8 FL R 22
DU TE R BEAS AR A B RS X Bl L TEM X R
25 XA —E N



- 194 - w5 b B 46 %

2 SN

FEE AU AT 0 S SE A, R FH R 2
B XCRASE AT T A A XA TR F T
X, JE T o i 5 X, S 2 R 2R .
WPHR ARR ZBR BIR, AREZ KA
5.8 S RS AT 5 BEZE R 120 ~ 160 m,
TEVEAY X A% I 20 mx40 m WA A B T 12 Sk il

(a) 24%%

JH Geonic 23] PROTEMS7 & 4%, B4 K4 H e TR
M2k ki 100 mx 100 m 4778 14 | #0546
RN 31.4 m® 1 PRI BB, B0 28 Ll B i Ak
PR  WIVE T e B 5 0 1 PRI S 6 2% L BH %
VIR,

6 & 24 28R 28 £k Ik 7AF H R S5z T8 HEL BH 26
i, 24 2% 5 BEZMHITTE 130~ 170 m 2047 B 2 A I BE
SR 28 ZR7E 110~200 m A0 A BH S A IR BHL 5%, 43
Br R FE KR A X,

p/ Q@ -m

B 6 B ra R IR MR R T E

Fig.6 TEM inversion resistivity section

BT JE 0T 5 B2 02 s B R A B 24
2k 28 £k 140~200 m Z [H] A {RBH 55 , 45 & kA5 L
T S T R BH T T, 2565 A0 A D i L Dy & 7 R
X (LL P AT .

R B b 1 7 A P G BSR4 A TR, AR S A
TWHINATE T 5 MASL(WLIE 7)), Ho J-1.J-4 -
5 FLILSEREE, 32 A1 -3 FLILRAS X, 7E J-2 Al J-3
LI Z TR AR 20 m NHEAT T 85 L TEM I &, ) 5
i T ProTEM #ifL RS, 32 E N 100 mx100 m
T 2R, o 7 TS FLAL, %83k S BH43,
FLPII R (BB 1 m,

Pl 8 AL J-2 v a7 B g I 1) R AR LR — 5%
N R FEMEE 940 ~ 945 m BERASIXIN x.y .z
Gy A B S 0% SR N L LG I IR AR SR s XA L R
A DL, 55 1 33 g BH AR 19 5 5 R — S0 (W
6)

P9 SR AL J-3 Hh e ] o g Ik 1) RS LR = 5%
T R 2R FEREZE 940 ~ 950 m BERAS XN 2 Jr i
Y ) i SRR P 67 (AR R AE L y S0 TE 945 m
BT B 0™ (B 43 S, ZE M0 2 A, A ISt A

81 93 105 117 129 p/ (Q-m)

5 57 O
[ Joeks [T mxem [ 8 )mni [ © @0

WETEMENE %5/49) [ (] |#ugeRimE

7 s EERBEETREEHRSE
Fig.7 Comprehensive diagram of resistivity slice along

No.5 coal seam



14

SRR A5 R AR S X —

FF TEM i 3 HRAE - 195 -

<
Z 50
g ~ 0
<
g
§ ~
<
g
SN 0 T T ‘ : :
920 930 940 950 960 970
B E/m
A petuss: K43m, §E18m, H24m
HLFAAR600 Q - m
8 £h7L J-2 R =5 E MRS A WA L B £k
Fig.8 Three component TEM response curve in borehole J-2
4.; 50
2 o
S|~ —s04
4.; 501
Z 0
E|~ 50 ==
= 50 B
<5 0+— — —
S 920 930 S 960 970
R 50+ RI¥/m

SRS K44m, 23 m, BE3m
HIHZEI0 Q - m

9 $hFL J-3 h =5 EBIT EERENG AT 2k

Fig.9 Three component TEM response curve in borehole J-3

R MR SR 28 X FE /KRR, A5 T 3 AR BEL VAR ) S o
fE—2 (ULIE 4) Rz KRS FL AL ILBUK
Ao T A L = 7 L U 72 8 4L
A MR FL R R ARAT T B AR DR 2 X
AP (1 10) |, Dy 2R 28 DX BB AL 1 o fy 1) 3t o 44K

#io

4
(e

3 g HaL

SRz DX IPRAE 4 S5 A 2 A I 8] AR AR 2 22
7L S IR B A RE A AT X R T AR
AR O R P B 7 R 3 PR R 25 X AT e 2

T BORBHF R TT
1) KA SRS, X B A 2 T AR AR A
RS X, RS KB R HIGRRUK , 3 TR H
Rl o SR 2 X R PR AR, AN S o TEF AR
RS T e L AR 11 TR 2 ) I (LA, AN TR
25 XU,
2) B =Yl KT AR A — T 1 A R W) 10
T BB R ST S, SR 2 XIS 7KCR
2% DX 3t — S 78 e, o e o R A 5 s R A 1)
NS TR /INE R 2 R A PRI T HORSHE
3) BRAS R RE A N —Fh b ER Y PR T v
2 f VR A SRR L | DR A S B R 255



- 196 - oW 5 b & 46 £
N

4000 0o o o o o o o/o o
o 484 4&8 48/12 40718 4&20 4&24 %/28 4&/32 o T
o 0o o o o o o o o ol 4¥m
o 0o o o oo ® o o ©o 0 O
o £,0 0 O O © 0 o0 o o0 © I:l K E

3000 0.0 =06 o~ 0 ¢ o 0o O 0o O
O~ e=p0_ 650 om0 O O O 0 O T
o o =0 o7 o ®o O 0o 0o 0o o MR A
Q O O 0y o 0 _ 0o O 0 0 © -

[ ] sy e

o~o9——o—=0f o'~=, 0\¢ o o o o L

2000 O O G O O Ol O O 0O O
 0f D30 TRE S [ e

o i a Q J-5 7 5

o 0o oo~ 0o o~§ 2 o fo o - By
O o 0 0 \0 O _0 V~Q ©0JO O o

woe o o o 'o—v o g o "v-/ o ol [J]#mxrruE
O 0 0 0O 0 ©0 0 Oo~0 O 0 ©
© 0 0o 0 o0 0O 0 O g o 0o o©
© o o 0 0o ©o 0 O Q@ ©o 0o o©
o o o 0 0 0o 0 o o0o~Oo_0o o
o o o o o o 0o o0 o o a._o
0/0 0/8 016 0/24 0132 0/40

E10 REXSEMEMR
Fig.10 Comprehensive interpretation map of goaf
%*4:33&’,“/;5ﬁi@ REIR SRR e ()] S ERYIFL R 2018,33(5) 12187 ~ 2192,
” Xue G Pan D M, Y . Review the licati f geophysi-
?IJ E%ﬂ?ﬁﬂi 93[] E’J}ED—" L’TT*jE Qmﬁg*:’: %Elj Eﬁ ue G Q, Pan , Yu ] C. Review the application of geophysi

E—'EEE%%E‘{DI ARHERSG 3, S 3t B A LA TR A 5
S ARG A o R

22 3Lk ( References) :

(1] SKIAUME, sk AR, 45 DR 78 e A 7E S0 7K SOl BT
PR L] PRSI, 2012,36(2) 1283 — 286.
Zhang Y B, Zhang H, Yang H Y, et al. The application of TEM to

the investigation of hydrogeological disaster in the coal mine [ ]J].
Geophysical and Geochemical Exploration, 2012, 36(2) . 283 —
286.

TR dz A P 0 DX W % 2 P R v B [ ML) b T b R
#t,1998.

Jiang B Y. Applid near zone magnetic source transient electromag-

iR

netic exploration [ M ]. Beijing: Ggeological Publishing House,
1998.
TREE Gy A AR R R A X L )

WAIFSE[T] . b R b5, 2012 ,24(5) 160 — 65.

LR
Zhang J Z, Yi C H, Li N. A study on multi-gradient profiling array
in detection of coalmine shallow gob area [ J]. Coal Geology of
China, 2012, 24(5): 60 - 65.
TREE AL R DU R SR A BRI A R T [0 &
I%E‘Lﬂ,2019,33(4) :525 - 527,532.
Zhang J Z. Application of TEM to determine the dimensions of the
abandoned mine voids[ J]. Soil Eng. and Foundation, 2019, 33
(4) : 525 -527,532.

TEIE, REW, AW, FpEE
[J]. YIRS LER,2012,36(s1) :16-19.
Wu D S

25 XA RN AR

, WuFS, SuYC, etal. A tentative discussion on detec-
tion technology of coal seam goaf in a tunnel [ J]. Geophysical and
Geochemical Exploration,2012,36(s1) :16-19.

(6] R EARY], T 50 MR 2 XCHLERY) BEERI BT 2538

[10]

[11]

[12]

cal methods for mapping coal-mine void [ J]. Progress in geophys-
ics,2018,33(5) :2187 —2192.

TRAS XBIRLT B AR 5 i — PR W PR R
FL)] IR SR 2015,39(3) 1572 - 579.
Zhang J, Deng X H, Tan H D, et al. A study of vector intersection

5 2R

for borehole transient electromagnetic method [ J]. Geophysical

and Geochemical Exploration, 2015, 39(3) . 572 —579.

FhPRF I 22 BER. M — R R RESC R OR [ AU ST ]

YR 51688 ,2019,43(1) ;143 — 147.

Du Q F, Feng X L, Huang Y. Research on key technical problems

of surface-borehole TEM [ J]. Geophysical and Geochemical Ex-

ploration, 2019, 43(1) . 143 - 147.

TRA, DL XBRAL, 55t — - 197 48 H 1 S5 AR A

Wl R AFE ST [ T ] SRR ST H R ,2014,36(6) 641 — 648.

Zhang J, Wang X C, Deng X H, et al. Borehole TEM response

characteristics of the borehole-side plate-like conductor [ J]. Com-

puting Techniques for Geophysical and Geochemical Explotation,

2014, 36(6) : 641 —648.

W% JBIGELL KA 55 — R I vh s vl i S RO T R [ ]

YIRS 1R, 2014 ,38(4) ;855 — 859.

Yang Y, Deng X H, Zhang J, et al. Aborehole TEM anomaly in-

version method [ J]. Geophysical and Geochemical Exploration,

2014, 38(4) : 855 —859.

REZ’S,%’S%‘ BPRASF B TR — T IR T = 40 1
FFIEA T[] bR A ,2017,32(3) £ 1273 - 1278.

Wu JJ, Li X, Zhi Q Q, et al. Analysis of three component TEM

response characteristic of electric source dill hole TEM [ J]. Pro-

gress in Geophysics, 2017,32(3) . 1273 —1278.

R, WY M —J R H 1 ) 17 AR TR B A A [T ]

BRI AR ,2012,55(3) 1046 — 1053.

Meng Q X, Pan H P.Numerical simulation analysis of surface-hole

TEM responses [ J ]. Chinese Journal of Geophysics, 2012, 55

(3) :1046 — 1053.



14 AR A IR R A X —JF TEM Wi B RFAE - 197 -

[13] Oristaglio M L, Homanng C W. Diffusion of electromagnetic fields B[ J] AR T Bk ,2005,25( 1) 114 - 18.
into a two-dimensional Earth: A finite-difference approach [J]. Ruan B Y. Digital filter method of evaluating electromagnetic field
Geophysics, 1984, 49(7) . 870 — 894. from a vertical magnetic dipole above the homogeneous earth[ J].
[14] EHid, FRAA (58 T8 . EAE i i 1 B i e o Hr [ ] Journal of Guilin University of Technology, 2005, 25(1). 14 —
BRI BZEH ,2002,45(2) :275 —284. 18.
Yan S, Chen M S, Fu J M. Direct time-dimain numerical analysis [16] F222 BrAR s Gk 2.5 i R 22 A IETE MU IS [ D] . K 1D
oftransient electromagnetic fields [ J]. Chinese Journal of Geophys- Rg KA, 2013,
ics, 2002, 45(2): 275 —284. Xin H C. Research on transient electromagnetic 2.5-D FDTD for-
[15] BE & 58 250 7K - Hb b 90 3R e A VR e 3 B g D A ward modeling[ D]. Changsha; Central South University, 2013.

TEM response characteristics of borehole in goaves of old coal mines

ZHANG Jian-Zhi', HU Fu-Hang®, LIU Hai-Xiao', XING Guo-Zhang’
(1.Research Institute of Coal Geophysical Exploration, China National Administration of Coal Geology, Zhuozhou 072750, China;2.Zhejiang Huadong
Construction Engineering Co. , Lid. ,Hangzhou 310014, China;3.Beijing Institute of Geological & Prospecting Engineering ,Beijing 100048, China)

Abstract; The transient electromagnetic (TEM) method is widely used in coalfield hydrogeological exploration and goaf investigation in
China. However, due to the characteristics of the method itself, the vertical resolution of the ground device is low, and thus it is impos-
sible to realize the fine detection of goaves. In a goaf exploration project of a coal mine in Shanxi Province, a simple goaf model of coal
measure strata was established according to the study on cores and logging curves, as well as previous experience of electrical explora-
tion. Based on this, numerical simulation was conducted for the ground TEM response of goaves with and without water in a homogene-
ous half-space and the ground-well TEM response of three-dimensional horizontal thin plates. As confirmed by the characteristics of the
ground and ground-well TEM response of goaves in some practical cases, the ground-well TEM has high vertical resolution, which pro-
vides an idea for fine exploration of goaves.

Key words: ground-well TEM; Goaf; Numerical simulation; resolution
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