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Abstract: In order to overcome the limitations of anisotropic elastic wave equa-
tions modeling, this paper studied anisotropic pseudo-acoustic wave modeling by
using staggered-grid finite-difference method. Starting from two different ideas.,
i.e., Hooke’ s law and qP-qSV dispersion relation for VTI media, two first-

order pseudo-acoustic wave equations in two forms for VTI media are given.

» HETE EFEHRBEIES (41204086, 41374122) . B ZE & H A5 & BRI (863) 81 (2011AA060301) FlI
IR A SRR 54 (ZR2013DLO12) Bk 4 % 1)y,
KRB 2014-07-24 W W . 2015-03-22 YL R & R,
+ BINEE e mail: sendel2345@163. com



439 W BRAF - S 45 1 S PR S — I 0UR B AR IE R U R AR 649

Meanwhile, a new VTI first-order stress-velocity equations is derived through
introducing the pseudo-velocity components of the wavefields, and then they are
generalized to TTI media through the rotated coordinate system. Then the stag-
gered-gird high-order finite-difference forms of the first-order pseudo-acoustic
wave equations and the corresponding PML boundary condition are deduced.
Finally. the inherent qSV-wave artifact generating mechanism and suppression
method are discussed briefly. Numerical results show that the three first-order
pseudo-acoustic wave equations are equivalent in kinematics and dynamics.
Compared with anisotropic elastic wave modeling, they can save computational
memory and enhance the efficiency. Anisotropic factor can affect the travel-time
and amplitude of the reflection wave so we cannot ignore them in subsequent
processing, inversion and interpretation. The reverse-time migration results of
VTI-HESS model also validate the method proposed in this paper.

Key words: anisotropic media; first-order pseudo-acoustic wave; PML boundary

condition; staggered-grid; modeling; qSV-wave artifact
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Fig. 2 Comparison of wavefield snapshots (=400 ms)
(a) Wavefield of vertical stress component modeled by elastic wave equation in VTI media; (b) Wavefield ¢ modeled
by equation (2); (c¢) Wavefield p modeled by equation (6); (d) Wavefield p modeled by equation (7)
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Fig. 3 Wavefield snapshots with PML boundary condition
(a) qP wave, t=600 ms; (b) qSV wave, t=2000 ms
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Fig. 4 Wavefield snapshots comparison of anisotropic pseudo-acoustic

wave modeling without and with source box (=400 ms)
(a) VTI media (without source box); (b) VTI media (with source box); (¢) TTI media (without
source box, §=45°); (d) TTI media (with source box, §=45")
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Fig. 6 Comparison of single shot seismic records

(a, d) Shot records modeled by equation (2); (b, e) Shot records modeled by equation (6); (c, {) Shot records
modeled by equation (7); (g) Shot records modeled by TTI pseudo-acoustic wave equation; (h) Shot records

modeled by VTI elastic wave equation; (i) Shot records modeled by isotropic acoustic wave equation.

Figs. (a)—(c¢) are results without source box, and Figs. (d)—({) are results with source box
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Fig. 7 Comparison of single trace seismic signals
Fig. (a) is single trace signals comparison of near offset (distance=1200 m) extracted from Figs. 6a, b, c;
Fig. (b) and (c) are single trace signals comparison of near offset (distance=1200 m) and far offset
(distance=200 m) extracted from Figs. 6d, e, {; Figs. (d) and (e) are single trace signals comparison
between near offset (distance=1200 m) and far offset (distance=200 m) extracted from Figs. 6f, h;
Figs. (f) and (g) are single trace signals comparison between near offset (distance=1200 m)

and far offset (distance=200 m) extracted from Figs. 6f, g, i
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Table 1 Computational efficiency comparison of the several wave equations

Ty N SFH AR ] /s
VTT —Bir 407 ik )5 8 (2) dp/dx, dq/dz, du/dx, Iw/dz 72
VTT — B 48l 3 05 #2 (6) Ap/dx, Ip/dz, du/dx, Ik/Iz, Iw/dz, IL/I= 105
VTT — B 8075 3 5 72 (D) dp/dx.s dp/dz. dq/dx, Iq/dz. dJu,/dxs Jw,/dz 103
25 T [7) 1 7 gy A Ap/dxs Ap/dzs du/dxs Iw/dz 70
VTT 3 0y 72 70 /A7y AT0e /3% s ITpe /X s T /D2y IV, /Ixs U, /s 130

dv./dxs dv./dz

4.3 VTI 4} it HESS & 8!

it — B EAS SO I W ER . B e AR S VTT — B #0075 i 5 At 1 8 A 40 07 0%
33 HESS BT Y & A= IE % o SR )5 0 L BEAT 300 i A2 115, HESS SR R K/ A
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SR Z AR o 0 A% 1 [R] A P I 300 I A% O TR AR ORI O R BE A A T =
A5 10 S P A5 Y DX 38k (BT ) 5 1 AT VT 9 St 4807 52 396 IF i B 75732k D) 6 408 E 6 b 221 ) b
A 1] S PR T R BE BUAR BT . A IET 9 R 2148 5 A T R DX
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Fig. 8 2D VTI HESS model and its anisotropic parameters
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Fig. 9 Reverse-time migration sections for isotropic (a) and anisotropic (b) media
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