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The Seismic Wave Equation and Simulation in Dual-phase
Anisotropic Media with Arbitrary Fracture Azimuth
YANG Jiajia, HE Bingshou
(Key Lab of Submarine Geosciences and Prospecting Techniques, Ministry of Education,

Ocean University of China,Qingdao,Shandong 266100, China)

Abstract; Based on the high-frequency limit of BISQ equation, this paper derived the dual-phase HTI media elastic
wave equation that could be used in the arbitrary fracture azimuth angle and deduced the high-order finite difference
scheme of the wave equation in the space of staggered-grid and the corresponding perfectly matched layer (PML)
absorbing boundary conditions,realizing the simulation of seismic wave field for that kind of media. The simulation
results showed that the method could accurately simulate the seismic wave propagation in the dual-phase HTI media
and could get accurate snapshots and synthetic records. Additionally, the conclusion by analysis was that in the dual-
phase anisotropic media, the propagation of elastic wave still showed the anisotropic feature and the porosity, the
coefficient of viscosity and the density of solid-liquid coupling could mainly affect the amplitude and the morphology
of slow longitudinal wave.

Key words: dual-phase anisotropic media; finite difference method; elastic wave field; perfectly matched layer
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Tab.1 The physical property parameters of the model
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1 26.4 6.11 15.6 4.38 6. 84 2.65 12.402 0.89 2.25 0.0 0.10 4.0 1.25 0.450  0.400
2 26.4 6.11 15.6 4.38 6. 84 2.65 12.402  0.89 2.25 0.001 0.10 4.0 1.25 0.450  0.400
3 26.4 6.11 15.6 4. 38 6. 84 2.65 12.402 0.89 2.25 0.0 0.35 4.0 1.25 0.450  0.400
4 26.4 6.11 15.6 4.38 6. 84 2.65 12.402  0.89 2.25 0.0 0.10 4.0 1.25 0.083  0.400
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Fig. 3 The wave field snapshots of x component when 1 =0.5 s,¢9=90°



WX 5 %305 %90

.‘—‘4* B ARIZE MR 201146 A Jun. 2011
FiR )5
x/m x/m
0 500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000

qP 1%

50 i 500
1000 1000
£ 1500 £ 1500

N N
2000 2000
2500 2500
3000 3000

(a) Ffifaoe (b) Fhif30°
x/m x/m

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

50 500

z/m
o
wn
f=
=

z/m
—
W
&
[

2000 . 2000

2500 2500

(e) Jrfifheo° (d> Fif90°

E4 500 ms AEAFMUARE x SERBRFZREE

Fig. 4 The wave field snapshots of x component when ¢ =0.5 s with arbitrary azimuth angle

o P 5 1 =0 A N R IC ST W 5 6 A Oy A i R OR B AR AL S, o Jr i A 2 Ar AR Pl
WA qS e [ Al 385 AT RT L o P2 RO 5 5 (8 AR R 30 L =St B REFE ORI M R T % s U7 L A 90° T
x o3 A = e Al SR I B B R T SR 5 qS R =X B L Ty 0 U R B M R AT SR B
RSB E SRR AL I B J7 57 A 5 R 18 G0 RE A% i O

5 #ig

ANTR 77 £ B SO HTT A BB BE i HTT A Bis 5 (9 05 (245 1) S PR AR AR VB 70 R4 25 . SR BL
XU A B 5 B SO PR AL D 15 B HLAZ 2% o AL RE DR il 28 0O [ J00HS 7 %5 2 3% o 1 0 032 i )
2 LB E TR 7 28 K50 e 18 0 D 1) S B2 R 5 4 B 2 B R B A D I B R AR . O o A R e Ak
707 4% [ S P S R 0 8 T S Ay D O° T 907 IR s v 735t e IO B 3 7% 90 S sl R A0 S s . X 5 15
HTT S B P SR ) o fl AR SCER 8 1 BUR 1k 22 2 BUAE A8 GA T 10 » 7 52 P 0L 00 mb L~ 0L A 1 1 G0 306
A S R AT 5 T A I TR % f) S5 P R UURH P F R A 382 1) 52 W) T



il Journal of Shandong University of Science and Technology
AE & LI I Az A HTT A a4 3k K ok oy 42 BRI AL ‘47

TRACENO 0
I 46 91 136 181 226 271 316 361 406 431 496 541 586 631 676 721 766 8]1 836 900

(@) Jriifho°
TRACENO 0
46" 91 136 181 226 271 316 361 406 451 496 541 586 631 676 721 766 811 836 900

qP 13

qS 1k

qS2

qP2i%

(b> T fm30°

RACEN
l:lr AFGE 91 11‘36 1i|§1 2%6 27[1 316 361 4(|)6 4§|)1 4?6 54*1 5§6 631 676 7%1 76|6 8|11 85[6 9([)0

o
e,
N
=)
S

|

(c) Hifooee

BS5 AEANARE_LE=S2aRICxXE

Fig. 5 Two dimensional three components fluid seismograms with different azimuth angle
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