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i Theory

General stress-strain relationship in attenuating
media

0;j(t)=Cijgi (t) * €k (L)
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Cijri(t) = Mij | 1 — 7
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I Isotropic attenuation

Anisotropic attenuation

H(t)

Anelasticity tensor for VTl media using Tl approximation
(Vs=0)
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(Bland, 1960, Alkhalifah, 2000, and Duveneck et al., 2008)
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Y Theory

Isotropic attenuation

F(t)

M1 Myp Miz\ ) Lo\ .t '
co) =M, M, Ms, (1‘2 f=1(1—ﬁ)e r‘”)H(t)
Miz Mj3 Ms3

Viscoacoustic wave equation in VTI

media

= X Vfast
oy = My1F * (0yuy + 0yuy) + My3F * 0,u, C=011 = 0y
oy = My3F * (axux + ayuy) + M3 F x 0,u, Oy=033
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Anisotropic attenuation

— &  Associated to horizontal propagation

0  Associated to moveout

—Vp  Relaxed vertical velocity

~T111 = Tp ——— Associated tog
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%s Application of constant-Q method
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%y VTl wave equation in anisotropy attenuation media

Anisotropic attenuation

My Fp(t) My1Fp(t) MisF(t) 1 L
C(t) =| M1 Fp(t) My1Fp(t) MisF(t) |, Fn(t) = ZZ <1 — —> Gl H(t); m=hnv
MysF(t)  MysF(t)  MssFy(t) =1

Viscoacoustic wave equation in VTI media:
Oy = Mlth * (axux + ayuy) + M13Fn * azuz

Oy = M13Fn * (axux + ayuy) + M33Fv * azuz
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0roy = M1q [1 7 (1 - T_h>] (axux +0 uy)+ M;3 [1 (1 - %)] (azuz)'l'% [=1(My1 1y + My37y)

el
droy = My3 [1 T T l= 1( )] (0 Uy + ayuy)"' M33 [1 (1 - %)] (azuz)"'% 1=1(My37y + My317v)



Yy Dependency of attenuation with angle and stability
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Yy Dependency of attenuation with angle and stability
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“ty* Dependency of the estimated Q with azimuth and tilt angles
0
0 Velocty Model Isotropic attenuation (VTI) 90
0.5 Q=150
1
E‘I.S
: 2
g

N
3

w

o
o

2
Distance (km)

Anisotropic attenuation (TTI)
Q, = 80,Q, =50, Q,,= 40
6 =35,¢p=50

90

180°

‘.._.-‘.‘- -”75.'

Zhu and Tsvankin, 2006

11



A

“ty* Anisotropic viscoacoustic BP model

Velocity model (m/s)
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‘A{? Anisotropic viscoacoustic BP model
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“ts* Anisotropic viscoacoustic BP model

Traces at an offset of 1.2 km
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Comparison of the amplitude spectrum
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‘A{? Anisotropic viscoacoustic BP model
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“ts* Anisotropic viscoacoustic BP model
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“ts* Anisotropic viscoacoustic BP model
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s Comparison of the amplitude spectrum

Traces at an offset of 3.1 km
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Conclusions

 We have developed a derivation of a system of equations for acoustic waves in
a medium with transverse isotropy (TI) in velocity and attenuation.

o Attenuation anisotropy is introduced in the wave equation based on the
constant-Q model.

« Comparison with analytical solutions, and modeling examples, demonstrates
that our modeling approach is capable of capturing TI effects In intrinsic
attenuation.

 The proposed method is useful for seismic modeling, imaging, and inversion,
and our future research aims toward its application on the analysis of real
seismic data.
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