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Abstract With the steady development of energy and resource exploration, the data processing
and interpretation of seismic surveys in rugged mountains, plateaus and basins and other is facing
serious challenges. Reverse time migration is one of the most accurate migration methods, which
can image the crust and upper mantle structure with high precision. Seismic wavefield extrapolation is
the core part of this approach. Because the conventional wavefield extrapolation method is based
on the flattening-surface assumption, it often brings loss of precision when dealing with the
seismic data acquired in mountainous areas with large topographic relief. To solve this problem,
we introduce a parametric method for dealing with the irregular boundary without loss of

accuracy: a flattening scheme based on the boundary conforming grid. We study the topography-
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dependent wave equation, apply the zero-lag normalized cross-correlation imaging condition, and

implement the reverse time migration of the elastic wavefield under the irregular surface

conditions. First, the standard industrial Marmousi and SEG/Salt models are modified to adapt to

undulating surface cases to verify the presented reverse time migration method based on the

flattening scheme. Next, we make numerical tests on the Marmousi and SEG/Salt models to

show the feasibility of the reverse time migration method based on the boundary conforming grid

under the flattening irregular topography. The results indicate that this method can deal with

seismic data collected from different types of irregular surfaces, exhibiting a good prospect in the

seismic exploration.
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FHOG AR - T TEA% 1 A2 b7 AR AR | o I i ) i
S T URER R 5 B B & (Douma et al.
2010; Fletcher et al. , 2006; Guitton et al. , 2007;
Yoon et al. , 2004). S FRixX SR 4 09 T 40, 8
A LA 2ok i B T %) A 3RS S 1 0 DB Ak 3 o
AR R . A SCRe 3L 38 437 8 38 ¢ 58 12 A A5 05 T
BR AR 2 A b AR B9 R A5 (Guitton et al.
2007).

4 BE IR

3 A = A E 0 R ok B TR AR S AR b 3R R 0
T B J A5 5 36 (0 S5k R e o . R 1 S — A
T AFOF T B = )2 AR M SR AR L M SR A T AT
Py AR (B 2) 5 B 2 30k B 3 5% 8 3 o s v 1Y
SRAEYIA) A Bt Marmousi #&5Y , IR H 2, A= 78
FAE AR Marmousi £ (& 5) s #R1 3 #4 4 T #h 3k
AR R AT (1] 7).
4.1 =ZEERER

B 6. R T B EAS SC v % R AR Hb 3R 0 A4 BE
I3 BTV T — A R B AR =288 ik 2 By
. BERIR SF R 10 km X5 km, #2258 4K 5K 0. 4 km,
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F 1A T HUT 45 )2 09 TS 8. RS T R A
AR S i B AR 1k 1 22 3 PR R R
1 ERINNESH
Table 1 Parameters of Model 1

vp(m s 1) vg(m s~ 1) olkg e m™ %)
1 3500 2000 2150
1 4100 2400 2330
1 4800 2800 2540

FEATRF 1001 X501 fity I 44% pog A% Xof A5 Y 3 47 5
B R K =1 ms. f KIBUIT R N T=
5.5 s [ 3 S A5 AU A O A 16 A ) 23 s R R IR AL
THLE  FHh 10 Hz B8R KE TR . DL SE M A #E (10 4
DA% e — MDA B 33 101 M.

Xof i M B D A% 815 45 2R IR AT % i B 8 Ab
B I0HE 101 6 A AR &5 3 & A5 B e 2 1 JUIR 45
FECE 4, A UL A o0 A% <7 £k SR Mg T 1Y 36 I s 7%
J5 ¥ T S Hb Ak P M 2 RN MR AT AR AR B I AL,
Mo T BT SR I T
4.2 Marmousi &%

FATR Tk 7 B #5 #E Marmousi £ 8 i 47 2k
LB TS R i A R GE AR 19 Marmousi

0

-1

z/km
)

x/km
B2 BERL LB PO AR R
Fig. 2 P-wave velocity of Model 1
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HLZR R 15 Hz 0500 1 KRR, S 3k 77 H, M a] iR
50 m.

SR R VR 300 BR OB 2 1 I — b B A DG USR5
PEHEAT W 78 AR S TE AR ST 2547 32 M 3 hir 30 8 I
DA i e i e AR 5 B Iin 1 AR 45 SR an &l 6 i
7. B BRI, Marmousi B8 FORG AI 459 15 3 T R
IR 5 Marmousi B8R A7 &8 5 A/ 9H 1 1) 23 (8]
TEA& 500 B 8 T AU,

4.3 HEER

BT Tl A b 5k AR, /AT T EA
AL AR M (1 Eh AR W 7 TR R A AU
P ik AR, A S A AR RS U R R B AR E

K FH TR %5 B 5k 1290 X 300 14 T 4% 19 4% %of 1% £k
Fr SR A T A% 0 43 o IAS ] BE 5 o 338 B ) 2P G
Hr=0.5 ms, g KIEU I E N T="5.0 s, I A&
THLFE . 15 Hz EM0 R KEIR IR E FE R 75 m, 3t

B3 BT 1 e U A 1 A Ak 7 B R
Fig. 3 Sketch for body fitted gridding of Model 1

Bl 4 PRI B S 1 101 M B AR 1 36 i O % AN 15 45
() KPS M RARAEH5 (b) T 140 5 B IR 45 .

Fig. 4 Reverse time migration results of Model 1

(a) Horizontal component image; (b) Vertical component image.
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Fig. 5 P-wave velocity of Marmousi model
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Fig. 6 Reverse time migration results of Marmousi model

(a) Horizontal component image; (b) Vertical component image.
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Fig. 8 Reverse time migration results of Salt model

(a) Horizontal component image; (b) Vertical component image.

6 4Eit

B X8 1L b b 75 450 4% B Rk A B g v A ) A R
AR b 2 T RE FRAT DA T 1 o A A5 750 2 B A i) il I
SR 45 1) [ A Joit v 5 T A5 56 10 08 3 R A T O
Y4, K T 5 HB A O 1 1 I B i B8 A
J5 . TE b R 0 R A R P R AR E M H e E
HE 3R HAF & AR % R 3R B TR A I 5 43 SR 1
FTE R . = 2R ) 35 5 i RS AR 45 SR U0 UE T
T T AL 7 SR W B i 3 I A% 1% Tk 1 14 e
J3. BRIl A0 bk v 98 5 5] 4 it Marmousi Al
b PSR o L i A B EL A U /2 AR 9 Marmousi
SR P A T J 1 R AR Ml 3 T AT A% b 5 R R 35 15
s B B A 50 » 45 SR O o 1 b P B T A R R L 3%
A2 7 0T RS AR Hb 3% b 7R WERHA R A A 3 L T R
ROME AT BRAE L 1L 0 B A AT 2k b 3R b X R
b R E AR,

MR EFJLAERF & L IRREE iR

(LB 5 L AR A5 1 28 A8 b 0 A8 6

i A ) 4 3 SR FH — il 2 T s F 51 2 R 9
B L A T 25 T LR UE 4% 2k A 1E 58 TR e
A A% 5 2 ] 1 P A A B R T AN 2 3 2ok — A
AT B ) I S pR R R S ST CFE TN I AP 2 [, 20085
INEEEZE, 2009; X — U, 2012). A B0 M4 ) k5
M5 s 2B R AR AR vk B0 B oy R
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axy — 2R, +vx, + T (x,P +2.Q) =0, (A3)

&g — 2By + vy, T (y,P + Q) =0, (AD)
Hipoa=a/+ysv=a,F v f= 2,0, + 3.3
J=zy,—2y, P,QMIEX (Thomas and Middlecoff,
1980) Ay
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P = ¢(g.r) /() + 32, (A5

Q= ¢(q.r/’+ ), (A6)
Hrp ih BB g (HA
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) x=xz(q.r) A AT LA E 4 B R
AT LIPSV P -3

(2) AAHRAZ 1Y) B2 7 4K
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D5 1223 1 P 00 I8 e 1 DX 15— — e
5 I

x=x(qg,r), == 2(q,r). (A9)

H BB L A
9, = q.0,tro.. (A10)
9. = q.0, T 1.0, (A1D)

XH q, 2R oq(x.2)/0x s qe 1. 1. HIEE SLAZEML,
X e S B 0l 4 S 80 (Appels and Petersson, 20095
Lan and Zhang, 2011a). A KT SEHFEESHZ
[] F 5 2R

:iz :7i1‘ r —7LZ r :i‘r
q.x ] re g J re 1y ] g T= ] g

(A12)
Hr, J = 22, — 2z, [EREEM R BIE LS
F R AD A AT AL L BE T B AR 8 3 Rl /Y
T3 2Ok, DLk S ] <7 182 XY iz 3 07 FE I &
B 5505 | E R PRI (Thompson et al. , 1985).
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