£A6K F6M
2024 %11 A

MBRART ALK

COMPUTING TECHNIQUES FOR GEOPHYSICAL AND GEOCHEMICAL EXPLORATION

Vol. 46 No. 6
Nov. 2024

NEHS: 1001-1749(2024)06-0725-10

ETEZEBBRZINRIMBSHEIE = FEHEZRMU

SESL i
?%ﬁ%l s ij N’Jl 7% %1 7%%%3&275‘] %%Hg’]‘i%@}(l

(1 A T RF WIREN 5EEHARKHKFHEELR T, RH  610059;
2. PEMNRAFET FEAP AP, A 610041)

W OE: ERERMN EY FE HEH RALHIZFAR T AL KB EAERKERNERT
BRI A £ ALK ERK GLAR AR, B E A EARG AR A BRI, B Ak A,
AAELPERAERRE, EIRMR. B E SRS E RIMNSREE BT iSRS L
HRAFIRA AR, EXATE LRGBS RBEEORAEL. AL — RPN ZgEA R A
ZHLEAR BB R RS — I N REE AT EUAAE A R M R B R B AT R
WA EIRBR , BN TR 5 8 E B R R ERE XN BF e He 25 RALIIZ F AR
BB KRR P AR — R TR, EEREA T RALARTHARERG R E TR
TR AT, AT TR T = e (R AR A, 238 )5 4B FUIRIE . RUR 45 B A 2

WA T R EE INE ABRACEEZ AR A TR EFEHRITERY R ERSF

KGR : Smad; HEARMEER; ZfBRY,; AR = gniE

FESES: P631. 322 XEkbRERE: A
0 5|5

I S S ST K R I, 1l T 2 B 2 A A R
(IR » K35 T K DL T 22— B i 18 Y
KE G RIIUAZ: 22 il R R
R 74 T AR 4 J B LR £ 0 0 i HE H )
A MM TP . BEH A R AR A g B 1
s AT AR A AR — B A B X
RN TR A A A 7 2 4 IR R AR o s+
7 D MR ) o v o T B L AT IR T
iy B T 188 3 0 2K » AT S L AT 35 5o 05 i
SRR o A R 9 e e R 2 (R S SR A
AL X PRAPER T L N R AR A 7 22 A T B 3L
e I o 2 P2 WL B 30k A 1 4 v s P P B ARk

WeAs B 8. 2023-09-15
EeRA. BRAAMFALEEAR (11930112)

DOI:10. 3969/j. issn. 1001-1749. 2024. 06. 11

I8 & % FH B8 X high density electrical
method . {Hfz 5 %25 B F PR 1 92 B2 R4 1
A B DA E AR 2808 B multi-electrode resistivity
survey, 80 A H A b 5T T bk 20 24k i
HP R v 2 R P RH R B AP R AR AR L B AR 1AL
S ERE AR I v T B D B R R 22 1 o
BRI RS R =M AR O 2R R & LR
T s JRE PR BHL AR 2 Y S A B T Y 4R v AR OR R
ANE L T 7R R L BH Rk R R Ry K SO IR
THREAEYRE R TR PN EET
B SEATORAE BT Hb T R I 9 DA A 4
LIS TR0 N F R

B 2 g 2 5 L B 95 1 o A 2 2293
PR B IRAAED Y SR
BH K72 BB 00 S e b b o (AR 25 44, 5 Rk e —

F—AEH. FAE999 ),k A, £BRNF B EDHIRA A AL E-mail: 2454982760@qqg. com,
AL AR1983—), B, WL, 8442, £ 2R F ok IR R A A HFA , E-mail: mg-s1983827@163. com,



726 WIRAIE T E AR 46 %
AR nd Bk L R R R BEL R 1 1 JL Al 2 B R W2 . LAYS U 8 TE FR I Ry 451 4 X6k AS ) ol 4

REAZ S et 1 RBELS 7 (U IRBE AR 25 (R 1) 12
FORZN IR 5y 32 B R A SIS A2 AR
Bt 22 2 A LA A ) S W 7 T e L o )2 D0 2
AR T P A X = e R B R
AR T ORI BEAS EOULR N T S5
MR B g e L% S ) AR A
S5 T A DL R A B AR Sl A R A ERT g5y
(19 = 4 S 38 A5 L BE 6 nT 5 1) 4 07 35 e T O 119
BT L FICHR I  E RH E JRe /N R 2 AR
A B SEAF G SR U B0 5 B AR ey 2 A
b ST IR 578 ek SRS B X A5 38 B I 7 T L T A
USRI RT3 ST B A RIORS I T A5 210 119
SR 15 B SRR 5 R B S R T = 4
1o TR P BEL A PRI 1 R A RS DU K I

1 2 3 4 5
6 7 8 9 10
. I S S >
11 127 18 ™14 15
X > X,
16, 17 1 19 ™20
x . > x
21 22 23 24 25
. . > o

4+ current electrode

(a) I s BEHHE AR 1 R 1

UL 3t S5 235 Ry S 7t ri SR L R A A FIR G T 3 0
/N TR B RS A5 R 1A O ORI R
RS S U T XS T PRI T AR
BB BT T BN FHRCR .

1 2 TR P B AR 5 A e

1o JRE P BHL AR 3 2 DN BT HL B Rk i ok
(1 SR HARE T e B v vk - ot 1 BRI ik
AR R A B sk, A 3l B B IE IR T
W B A LA 22 S e R AN T A
FFEE L I Y 23 A RS BRI F AR A F) 25 8] 23 A
BT A s SRR A A 1 RTR

! 2 : : :

e i

2 of
X X

X potential electrode

(b) 38 Xk iy 2

1 BmFHZgHEELENETTX

Fig. 1 Two methods of 3-D multi-electrode resistivity survey measurement

L1 STEERBEREIERERFRE

TEHL UL L BH AR5 B BRI o MR B 3t AR 1 T
ARz ) oA B HE L B/ NS SR DU S R
RT3 AR BB . 7T R A
AT O B A SR A ™ = 2 55 N a0
AT A ST BL . SEBR L T A BUR A ST 4%
[i) S P ) TE 38 2 2R AT 7 B _E s i B i 3 50
AN OL . FE BT A A FROGEE AT BR
ZE.

A BROCIE AN R 227005 1 PR T IR JE A 2R A
(1 X 38030 0 9 A7 BRAS IR AT AL AR A . IR A X 5
b5 T B RAS (4 DX A7 PR 22 70 2 AR R0
& B A SE 1) PR BRI » A% FP A R
BOP A— I A AR LSO A IE 3045 B fe ¢
fift R AT  RIUR R 2E . A BRI A I
(ISR 4 B A PR AR REA TR A XL RETR 2P 2
AR X SO S A U AR R B A ML ER YY)

MU W5k B A BRZE L2 A IROCIE S
B —L8 X B R E AR T IR A BRZE 2k
L11 ARESE

HIHIA BR 22 05 64T IE A ABLNT 7 S 22
SRAR DX IR AL » 2 RS TCLR /N i n] AT B — A

S5 D FE AR AR S s AR T S R R
M — — A F
KGR
ﬁﬁr{ﬂ%ﬁ}A]A[(;r):f(IJrh})l—f(lr) D
Emﬁﬁ\Ai‘(j):]‘"(I)*}{(r*h) )
h h
oy flat)—ra—5
;:Iq)u\%%AfAif): 2 - 2 (3)
KR



6 FARE F A THE AL ME XGRS IREE = LA Z 6 54 727

B dfe) [ 1, &f@
St =) +h =g =g h = 4)
,
/xx—h>:yxx>——‘v(x)+— n di;fl+~-<@
KR
jYx+h%—fuf40:ﬂhdzg)+
d? & fa)
3 .o
S'h/ ot (6)
Sy
Af(r) 1 Af Gt —Af(@)
/
Hif Al 2253 A Ar (7)
_ 1 f(:r—ﬂ—h)*f(x)7]"(1)*}"(1‘*/1)
—M( i i )(8)
Hut 24y
AN f(x) fx+h)—2f()+fx—h)
= : (9
Ax h
1
—BRE
fGa+th) —fa—h)=
‘ , df@ 2, df)
2f oo bRt = (10)
— ek AT B 22 43 TR G 2548 SRR AR I

DU ] s 8 LS T 2 R 0 T

B2 =Z%midsrEH
Fig. 2 Schematic diagram of a 3-D mesh
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Fig. 4 Inversions of different devices in the 3-D model 1
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Three-dimensional numerical simulation and case analysis of deep leakage channel

based on multi-electrode resistivity method

LI Chunting' , MIN Gang', LIU Kang', SHU Rongbo®, SI Fuhao', SUN Yigin'

(1. Key Laboratory of Earth Exploration and Information Technology of Ministry of Education,
Chengdu University of Technology. Chengdu 610059, China;
2. Institute of Multipurpose Ultilization of Mineral Resources, Chengdu 610041, China)

Abstract: The leakage channels existing in the fields of reservoir dams, tailings reservoirs, and in-situ leaching of rare
earth minerals will cause dam failure of reservoir dams and tailings reservoirs, soil erosion, and mountain collapse of rare earth
mines, seriously endangering peoples life safety and destroying the environment. In these severe situations, the construction of
ecological civilization is imminent. In engineering, multi-electrode resistivity method has a good recognition effect on faults,
dam leakage passages, coal mine goaf, etc. In this paper, a series of three-dimensional models are established for this type of
leakage channel, combined with the geological conditions, and the numerical simulation and inversion of the two-pole, three-
pole, dipole-dipole, Wenner and Wenner-Slunber devices are carried out to analyze the exploration effect of different devices on
the leakage channel. This has particular guiding significance for detecting leakage channels in reservoir dams., tailings reser-
voirs, and in-situ leaching of rare earth mines using three-dimensional high-density resistivity methods. In the actual case, the
advanced data processing technology is used to complete the processing and interpretation of the measured data with high quali-
ty, and the underground three-dimensional resistivity structure model of the work area is established. After the later drilling
verification, the inversion results effectively identify the leakage channel, boulder, and weathering layer residue, which pro-
vides an essential reference for the regular operation and environmental protection of the work area.

Keywords: leakage channel; multi-electrode resistivity method; three-dimensional model; numerical simulation;

three-dimensional imaging





