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s N Abstract In this paper with the help of the linear slip theory
different physical parameters such as fracture density aspect ratio
are equivalent to stiffness matrix of orthorhombic medium to
establish forward model of two sets upright orthorhombic fractures.
through high—precision staggered grid high-erder finite difference

, which is optimized by the least squares method to simulate the
propagation process of in this medium. The simulation results show
that the anisotropy of the medium is directly related to the physical
properties of fractures forward wave field and common shot point
gathers display that compared to the original staggered grid least

; ; ; squares method can be used to suppress the numerical dispersion
; phenomena improve simulation accuracy significantly the effect is
more prominent when the wavelet frequency is high or the velocity of

P631 model is low.
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Table 3 Finite difference coefficient of staggered grid based on least squares method
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medium ( Tsvankin 2001)

0.9
0.8
0.7

—o—exact —— M=3 —e—;ﬁ\

(@) |—M=2 = M=4 — M=
02 04 06 08 10 12 14 16

1.0
0.9

0.7

L —o—exact —— M=3 —— A=5
by |>—M=2 = M4 ~ M=6

02 04 06 08 10 12 14 16

3
Fig.3 Dispersion change with frequency of different

orders before and after optimization

1.05

1.00

0.95+

0.90+

0.85F —s—exact —— p=0.7— p=1.1
——b=0.5 = 5=0.9—+p=1.2

080=55—"04 06 08 10 12 14 16

4 b
Fig.4 Dispersion change with frequency of 10"

orders difference of different b values

GCLEETS fiA% 2 km
[ [

UREAT)

U xoy

Fig.7 Optimization effects staggered grid of 10" difference in

space domain forward modeling wave field in uniform medium

GCLEETS fiA% 2 km
| [

<

U xoy

Fig.8 Optimization effects staggered grid of 4™ difference in

space domain forward modeling wave field in uniform medium



2019 34(1) : (www. progeophys. cn)

73

ke E]E/km ) ke EIE/km 5 ﬁ%ﬁlﬁ/km

s HE/km
s HE/km

U_xoy U_xoz U_yoz
w8 Ff/km fRFLEE /km
1 1

V_xoy V_xo0z V_yoz
i #2 R /km s a/km
1 1

s HE/km
s HE/km

U_xoy U xoz U yoz
fR#8 Fh/km
1

V_xoy V_xo0z V_yoz

W_xoz W_yoz

Fig.6 Optimized staggered grid of 10" difference in space domain forward modeling wave field in uniform medium



74 www. progeophys. cn 2019 34(1)

tgEE/km fRFeEE/km fFe B /km
1 1 1 2

I\

|

UREAT)

IR LE/km

U xoy U xoz

9 11
500 ms
Fig.9 Optimization effects staggered grid of 6" difference in Fig. 11 Optimization effects staggered grid of 8" difference
space domain forward modeling wave field in uniform medium in space domain 500 ms forward modeling wave field

in uniform medium

U xoz

ke %E/km

\NL—

oA

2

10 I
500 ms i J/’/ ~ N
TT— T
Fig. 10 Optimization effects staggered grid of 6" difference e Tt 78 Wi 78
in space domain 500 ms forward modeling wave field 12

. i &
i dorin fediim Fig. 12 Schematic of inhomogeneous model

{RAEFE/km

13

Fig. 13 Common shot point gathers of block mode before and after optimization



2019 34(1)

(www. progeophys. cn) 75

RS BE/km FF8 IR km
0 1 0 1 2

PALET

Ca U_xoy '

2= U_xoy ]

14 500 ms
Fig. 14 500 ms wave filed of block mode before

and after optimization

fR#e Fh/km (A% EE/km
0 1 2 0 1 2

AHD

16 500 ms
Fig. 16 500 ms wave filed of diagonal mode

before and after optimization

ﬁfz%ﬁ/km

RALHT

15
Fig. 15 Common shot point gathers of diagonal mode before and after optimization

FRATHS /s

HRALAT ' itsE

17
Fig.17 Common shot point gathers of hemisphere

mode before and after optimization

fR#e Fh/km
0 1 P
1 Z= \1‘\\\

18 500 ms
Fig. 18 500 ms wave filed of hemisphere mode before

and after optimization




76 www. progeophys. cn 2019 34(1)

4 B=kh/2

(18)
b b
3.2
0. 06
2000 m x 2000 m x 2000 m
Ims 10m 40 Hz
e fe iS5 250 ms
Fig. 19  Common shot point gathers of step mode 5 6
before and after optimization
0 ﬁ%%ﬁ/km ) U xo0y x0z 7
7 40 Hz
8. 9 35Hz 4
6 250 ms
8 9
10 11
500 ms
3.3
20 500 ms
Fig.20 500 ms wave filed of step mode before 12
and after optimization . .
2000 m x2000 m x2000 m 1 ms
3 10 m 35 Hz
(CSP)
3.1 13 20 z
500 ms  xoy x0z .
P S P P
i S S
1B = Y.t (B)/B (18)
m=1
1 1
2
: 4
3
3 B=Fkh/2
(18) M

4.6.8.10 12. . PML



2019 34(1)
(www
. progeophys.
ys. cn) 71

N
+
M‘E

|
XY Z
%8@ :87'Xr w9

oo Pt Tt
O ay P o S =

w9 5z a7 +v +0

L 9T, 9y, o
E,b w9y aT
; . > vy _ 9Ty v, _87',
o ox e )

I:l 81;1 0 at Jdz D«‘ =Y +1}'1 +v
op 2 9 O _dr
Lhr x Par T ey AR

L, om B

o Cn e B0y O,

%a o o e B}j P -

) ¢ gy T =T :

T gz T ST F T T,
1‘ a x xx TXX +
Epy ZCZQL or,, _ v, 97, i

O ay ot _c‘zab ;= -

[br, w, o7, X Pgr v =T, T, T
D372033—Z or. _ v, o1, -
] 0z o By aTE:c”%

P, T =TTl

7” a ' Z zz +TZZ
0ot :044% dTch %y (Al)
O . y ot Moy T =7+,

T }Z

w9, ar
[PTe _, 9% 97
Oo ~ Sax o —e e o=
o oy Te = TetT
oprs, o, om
e

x ot 66 5 T 7'; +7,
%}:(t +7l) = (2 2 d
0 +d (m)A) (1_ X(Z)N)l’*(l )
ST (=3)0 %]
_ X
E Q2 +d,(n) A1) (1_d1(n)Az )

z At 2 ;(t_il +£ 87‘
] t+7): \ 2] p T]
0 ariemml (-5 |
e 22 (4] 4%

+7)=(2 ; ‘ p 62]
g YO { - (n) At
i Ar) y :

oL M » P\ T
D)v t+7) = 2 2 p Tx}]
. Q+d (DA -2
O A y t) 2 )”{(t_i o
F(+2) -7 ]
. 2] C+d(n -2 y

()A) (-2

0. At 2 v)r(t—f A8 97 )
ET);(H?): 2 ' (Té] |
0 Gramw| (-5 (S
g, At 2 Y}Z(t_7)+£%
I:lz t+7) = 2 d 2 p . ]
c Q@ +d,(m)A) (1‘ 2,
o o

) ( P 83’]

_ 2
Q@ +dz(n)Az)[



,.
+
N‘E

&

_ 2
T +d (n)Ar) [

~
+

=

78 www. progeophys. cn 2019 34(1)
S (s I CRP S0 Lt (s R
R (s G
)il )]
Eﬂ’( =2 el (-5 (3 e ]
%i’(”ét) eEzrom] | (e o A Gy R =
7 2) i (175 (3] e e
Eﬁz(‘ ) CETR oo | (e (O ey R o 9
e e
O e el e O
Ry R Cery oo | L L Gy R
QTL(”Azl)Z(zwxz(n)m) (-5 5 v
ETL(HA;) o] | (e o () R =
i (+3) (
g
() (

N‘E

_ 2
T+ d,(n) Ar) [

References

Bakulin A Grechka V  Tsvankin L. 2000. Estimation of fracture
parameters from reflection seismic data—Part2 2 Fractured models with

. Geophysics 65(6) - 18031817.

Berenger J P. 1994. A perfectly matched layer for the absorption of

orthorhombic symmetry J

electromagnetic waves J . Journal of Computational Physics 114
(2) : 185200.

Crampin S. 1987. Geological and industrial implications of extensive—
dilatancy anisotropy J . Nature 328: 491-496.

Dong LG MaZT CaolZ et al 2000. A staggered-grid high-erder
difference method of one-order elastic wave equation J . Chinese
Journal of Geophysics (in Chinese) 43(3): 411-419.

He Y. 2008. High-Order Finite-Difference Forward Modeling of Elastic—
Wave in Orthorhombic Anisotropic Media (in Chinese)
thesis . Dongying: China University of Petroleum (East China).

Master”’ s

Hudson J A. 1981. Wave speeds and attenuation of elastic waves in
material containing cracks J . Geophysical Journal of the Royal
Astronomical Society 64(1): 133450.

Liang K. 2009. The study on propagation feature and forward modeling of

\S]
~— ~—
=
5=
—_
~
| |
N
<
~—
+
S
EN
>
=
—_—

seismic wave in TI media (in Chinese) Ph. D. thesis . China
University of Petroleum (East China).

Liu Y. 2013. Globally optimal finite-difference schemes based on least

Geophysics 78(4) : 113432.

Postma G. 1995. Sea-evel-elated architectural trends in coarse-grained
delta complexes ] . Sedimentary Geology 1995 98(1-4):3-2.

Qin H X. 2015. The study on forward modeling and inversion based on

squares J .

the anisotropic theory of seismic fracture media (in Chinese)  Ph.
D. thesis . China University of Petroleum (East China).

Schoenberg M Sayers C M. 1995. Seismic anisotropy of fractured rock

J . Geophysics 60(1): 204-221.

Sun C Y. 2007. Theory and Methods of Seismic Waves M . Dongying:
China University of Petroleum Press (in Chinese) .

Thomsen L. 1995. Elastic anisotropy due to aligned cracks in porous
rockl J . Geophysics Prospecting 43(6) : 805-829.

Tsvankin I. 2001. Seismic signatures and analysis of reflection data in
anisotropic media M . Elsevier Science.

Virieux J. 1986. P-SV wave propagation in heterogeneous media:

Geophysics 51 (4):

Velocity-stress finite-difference method J .

889-901.
Wu G C. 2006. Seismic Waves Propagation and Imaging in Anisotropic
Medium M . Dongying: China University of Petroleum Press (in



79

2019 34(1) : (www. progeophys. cn)
Chinese) . . 2008.
Wu G C Qin H X 2014. Rotated staggering grid forward modeling in ) ( )
fractured medium J . Acta Seismolagica Sinica (in Chinese) 36 2009, TI
(6) : 10754088.
Yang L. Yan HY Liu H. 2014. Elastic wave modeling with staggered— - ( )
grid finite-difference based on least squares C . CPS/SEG Beijing . 2015.
2014 International Geophysical Conference & Exposition 556-559. ( )
. 2007. M .
. 2006.

. 2000.
I 43(3) : 411-419.

. 2014,
36(6) : 1075-1088.



