Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

ZH MR EEH R XSRS G EERL

S TR BRE BB FIN B

Domain decomposition based integral equation modeling of 3—dimensional topography in frequency domain for
well electromagnetic field

LiJing-He  He Zhan-Xiang  Meng Shu-dJun  Yang Jun  LiWen-Jie Liao Xiao-Qian

5] Fi{% B Citation: Acta Physica Sinica, 68, 140202 (2019)  DOI: 10.7498/aps.68.20190330
TEZL L View online: https://doi.org/10.7498/aps.68.20190330
MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

AR [ 2% 1) St 22 v D e o A S 17 == A PR AR i B (A AU 512
Three—dimensional finite volume simulation of the response of azimuth electromagnetic wave resistivity while drilling in

inhomogeneous anisotropic formation

YIBR2EA. 2016, 65(7): 079101 hitps://doi.org/10.7498/aps.65.079101

= Y HL R T RSO B AR L P S
Three—dimensional numerical simulation of electromagnetic diffusion problem and magnetization effects

PPz 2019, 68(3): 030201  https://doi.org/10.7498/aps.68.20181567

SRR BT e — ARV IS5 FOLH F b 2 5 LR SR P A 1
Composite electromagnetic scattering from a ship located on one—dimensional sea surface with time—domain hybrid method

PB4, 2017, 66(18): 180301  hitps://doi.org/10.7498/aps.66.180301

BT FEL % 7 A e A RO i, R R 4L
Fast particle—in—cell simulation method of calculating the multipactor thresholds of microwave devices based on their frequency—

domain EM field solutions

WIFEAEA. 2016, 65(23): 237901 https://doi.org/10.7498/aps.65.237901

= YR PR I - T R B RN
Three—dimensional adiabatic mode parabolic equation method and its applications

PrPeEdR. 2016, 65(3): 034301 https:/doi.org/10.7498/aps.65.034301

— BT H AR ) =2 S B AR R B (] R RS it )y v
Compressed sensing based fast method of solving the electromagnetic scattering problems for threedimensional conductor targets

YIFI£4. 2018, 67(10): 100201 https://doi.org/10.7498/aps.67.20172543


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190330
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.65.079101
https://doi.org/10.7498/aps.68.20181567
https://doi.org/10.7498/aps.66.180301
https://doi.org/10.7498/aps.65.237901
https://doi.org/10.7498/aps.65.034301
https://doi.org/10.7498/aps.67.20172543

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140202

= YEHb ST AR i 5 B R 3E KIF AR o A R AR
EHPV AREAY EFHED HHED FXAD EAMEY

1) (EERRBE T RS HIREN 220, #EAR 541004)
2) (RN RHECRZ R 525 R R, B 518055)
(2019 4E 3 A 8 HIK#E; 2019 4F 4 A 12 HUEHERR)

5 FL RV A DA — o A 3t o Ay B R AR R 01 T 1 G M TP A2 A M X (VDL el A ) il R IR
AR MR S AR DX JX S 5 P 7 P9 SO0 LA ™ B 2 ) {EL) A L AT = 2 BT P A S AR A
A2 707 B AR SR 35 T DX 23 ) BR 7 Dy R 1 DL Y S JE A3 Sl £ vl 1 2R G W 2, -5 66 Tt o
T RERIA BR 225> . A FRELTTIEAR LL, 3% 7 1k R S e O UL M T ey 17 . 1 S ARLARE A AR AR AR 0 o SN e,
HIE 264 T FARAR B f7 L R S B0 DX I3 70 S 2 5 TR | 3 S5 T e R AR A T A 7 DX, B X457 X
SR SR AT, L Anderson 895 | R E B XU A bh JEE - s e L I AL O R AU M AR A = 4 M P
W0 AR S 5 PR R S W o R T A A 2R 2 2 (R ) Andeerson B R TR | 4 LU A HUR B 9 AL E
KR 0 =Y BRI O RS R AT RS L, R T A SCRA BT B S k. e, ARG T A HUJE X
a7 FEL i s - L0 2% 27 P 0 37 W) 7 )53 R AIE . A SCRIE S 205 SR = 2k T FL 1 il 2 250007 1 §R 531 RS JE B A

KEEIR : XA RS, SHEHIE R, R E g, O

PACS: 02.30.Rz, 02.90.4p, 41.20.Jb, 91.90.+p

1 B F

3 I A GEVR S R L 2 Bh E R2 R Y
IR, AR BN A B0 RIBCRATI R AN &, Rl
AL R IRR . & R o R P BET B R
TR A A Z 00 K B IR SIS T R R ) W
W CRWCR R A EEE . SHMNEN
G SRR ST L, RS T AR

T A L BEL R A Al R A S RO AR X a2 |

B R S RO R, T RCA T R SR PR B EE Y
FBEZ . XL R R DT IR, RS IR
WS KA BT 2 b i R R e K e A
A9 8 BV T, ol 7 T R 32 MACRBCHRE 1O) £5 TR L A2
%, BEFFTE TR, T2 H RIS 145

DOI: 10.7498/aps.68.20190330

[ S B A MR 1. ] Pl s (R A R DI 5 A T
Bl E ok S B A S T R E TR
PR T rp R S, TR HARZ S i %
AR s TR T Fp RO B, i T e
g, B LA AR S R AR S LT AR S B
0k, AT AT 50 e i 1 L 2.

TESZRA T (AR HBIE ) FoL RS 1E AR 7
I, BETARS LS | JC RIS K B @ N RIS A
BROCHE IT I i BB 7 2 2 i 9 20 15—, R
FHATBR 223 1) R JRA: AT BRAA AR ) I J 5 2
I LRGBS IR AN B o 7 R A
FUSZ AR BT | FEL R I 0L 75 A P ALk B D B AR | 3%
2R Gl SRR, X R R Bt
HURERANITT &, S0 D7 Rk w5 e g el 25 AL
TE A YRR S A0S 1 o ), XA G BT s T

* ER HRFIERS (HEES: 41604097) FEEAMEE TR 2RI G 3128 9% (LS 002401003503) %% B9 LS

+ EfEVEE . E-mail: lijinghe7513@163.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

140202-1


http://doi.org/10.7498/aps.68.20190330
mailto:lijinghe7513@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140202

—WOR B B4E 55 08 AR 5 B IE BN AT 2 )R
s (8] BT, SR ARRG B2 5, AHAS T3 I BA O/
% 4 B I FL R R I R, 7 = 4RI g
L X B Sy B g 18],

UG TR T BREEEAE S RO R i R R HL G )
B AR o Loy A L3, (BB R AR o
TR LUK Ao R o A 3L B Ay PRIE A 3 [l R 5
Yot B 22 T AR TR) A8, Tiberi 25 131 45 HS i AT ok o0
TIE 35 R R 15 R 3 5 B2 1%, Nie 55 ISR A%
T PR R AR FEL I8 46 3 T i ol 0 - PR R B 5540
Chobanyan 4§ 17 $& H 007 B 3 [ i ) SCAAR -1
BRI RE. HAE, EWNAMT R I B AR AT
H AT 8358 i s e o (R I8 T AR IRAR D UL, %6
AR BRI R, [ NS ZECR IR
P50 KA R R R A3 O R T R AT BN, % AR
ZRAGE AN 1 ) 43308 H SR TN A% 7 vk LA AR B A
FEBUERAUZE . (HHIE B TR MEAS B A I ST 2t
TE RIS 25kt EARAA, 10 S ) B0
eaiia e NI

M, Zhdanov 55 U7 38 HY 5L T 70 BRI SR
AT G T R, SR A o R B A AE — 4K
ROEEEL ek 5 4 ROREE 2 B AR AR i e i
AL, H SR FH RN 7S TR P A% 0 o HLR 2% Tt
TEASAR ), B B An A AR BR TR AK.
A BRI R AR RSS2 N Y T
PRINAS B2 38 W AR T WA, AT 0 52 2 i K
R BARA, FLBERE A& R 5 SR N O A,
{H R 3 R o8 KA g 1181 R 43 J7 72 X 8l O
fif I 3 A —FhER B fA LG 22 U H prfig
B 77, HAE TRE | 3l TR AT A0 T Tl EL A A
SR, E TR RS DA AR ] A R )
FNZERE, A5 X0 a7 R IR RT3 2 2% H AR e
T AREAT — i 1) Jmy PR 0

25 b, A G B E AN S Ak
CHUE TR KR, (BN T 22 U5 2200 2 - fa) fL 4
s, I A RS B IE SRR, A5 H I i 1y
X - 18T HL 1 37 S 0 2 i R AR 1 A o7 P A T
Ji i, AT ST 0 1) S AR AR A ey
FEJT . A ST RIS sk ik im0
Jof 55 H T e 15 SR R RTRE, 5 1A D003 i BRI e X
SR IX SR A B BN R, 45 G e il i > g b
Bk, JF R IR S I AR 5T, SEELRR MU
IR ZAift 2 (R A 8 Il 7 R R e 07 1 T 285 b

L, FEAI 2 51 Walkaround WL £ 4t 52 81—
2 % Sk H R TE BTG AT, 2T
RS AR FR AL T R AR

2 HEER
2.1 FMoHE

e ER I R G SR g i i By A
LR SRR 1T S5 O %) S DX 3 ) DA 1 43
St b, S0 SEAR ) RE ) PT  UR FRE — AEAACRR
3T, SR FRG e AU LA R i H bR X S8
WL BRI FRAH . = 4R 7 R E AR
[B) R %) 55 JoT A 34 20 2 23 () A Bi oK 1 2 AR oA
Jo S DX ) — A4 b T AT 4 U5 R 0 A7 A 4L ) R
HYFE AL, BIDR b A B IR A — Ik 7, TR FLRG
Gt X S 2 AN E AR PR S8 rRL R 3.

% [ Z )7\ Walkaround #bJ: B 525 WL &R &2
(1), 55 n 2979 5540 B ] R iz s A
Y 5

E,(r) = E,(r) + E},(r), (1)
HA B, (r) s BY, Ei(r) BERAN TR AL,
ES (r) NSRBI r= a2 + 2 + 22 =4
A5 BN LIS R U R

E(r) = /D G(r,r") - J(r")dr, (2)

D R ST AR S 43 X3, Gr, ') R =48
SIZARAN B IZIIERAE ARG EL, T () AN

v T, v
v
v v TZ
v v
v
v v
T W T x

Receivers
Q
o
q

(]
(o
=
o)

Q

-+

i

Planarly layered medium

z

P 1 BT AR = 2 st T o 7 W R e R A (R
BRI

Fig. 1. Sketch of 3D (three-dimensional) SBEM (surface to
borehole electromagnetic) measurement system using IE

(integral equation) without topography.
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Fig. 2. Sketch of domain decomposition in profile.
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Fig. 3. Sketch of domain decomposition and observation
system: (a) 3D SBEM; (b) reference model; (c) background
model; (d) oil and gas model.
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Fig. 5. Sketch of 3D valley terrain with surface electromag-

netic. T, denotes transmitter and R, is receiver.
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netic field between IE and BIE.
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Fig. 8. Sketch of 3D valley terrain with multi-azimuth SBEM.
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Abstract

As an efficient geophysical exploration technology, well electromagnetic method is particularly applicable to
oil and gas exploration in China's complex terrain areas (deserts, mountains, etc.). A serious influence of
topographic relief area on the electromagnetic response of well is inevitable but challenging. To the best of our
knowledge, there is no literature on modeling the electromagnetic response of three-dimensional (3D)
topography with well electromagnetic method. Based on the domain decomposition, an integral equation
method is presented to simulate the electromagnetic response of 3D topography in frequency domain via the
well electromagnetic method. Compared with the finite difference and finite element method based on partial
differential equation, this method is very efficient in simulating topographic response without huge computation
or truncation boundary error accumulation or special boundary condition requirements. Firstly, an induction
coefficient is defined according to the topographic relief situation. Then the computational domain consisting of
the target body, background medium and 3D topography is divided into reference model, background medium
and the distribution of target body medium area. According to the characteristics of each sub-region, Anderson
algorithm is an analytic solution based on Gaussian filtering, which is used to provide the primary field from
the excited sources in surface. And then, the stable double conjugate gradient-fast Fourier transform is
incorporated into integral equation algorithm to obtain the fast 3D terrain shaft frequency domain
electromagnetic responses. By comparing the calculation results using the new algorithm presented in this paper
with the analytical solutions of Anderson algorithm for half-space model with surface electromagnetic method,
the precision and the efficiency of this new algorithm are demonstrated. And the ability to model the
electromagnetic responses of 3D topography is shown by comparing with the published results of 3D boundary
integral equation. Thus, the high accuracy and high efficiency of the new algorithm presented in this paper are
validated. Finally, the influence of 3D valley topography on electromagnetic field response of surface to borehole
electromagnetic (SBEM) observation system is presented and analyzed. It is observed that the response of
SBEM is seriously disturbed by the field of 3D valley topography which is necessarily removed. The research
results presented in this paper are of significance for guiding the identification and correction of electromagnetic
topographic effect from 3D SBEM.
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