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OUTLINE

* Low-frequency properties of layered medium

* ORT medium and parameterization

* BCH series for ORT

* Eigenvalues, multipliers and frequency dependent velocities
* Interpretation of dispersion in terms of ORT parameters

* Conclusions



Low-frequency properties of the medium

»Zero- and infinite-frequency limits
»Given frequency w=w. (non-physical medium)
» Low-frequency approximation




ORT: stiffness coefficient matrix

/011 Cp O3 )
Crp O3
C— C33
Cyy
Css
\ Ce6 )

(Cl.j) N (VPO,VSO, E,E,, 51, 52, 53, Vi 7/2) Tsvankin, 1997



System matrix for ORT
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—— P — — P> —=
Cs3 Cs3 Cs3 —P —P P
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Upscaling (replacement of Schoenberg-Muir)

A=(A)

1 ¢ ¢ B; B,B B
Bl=<—> Bz=<*> B3:<A> G =B, +2, &, =B~ B +-22, &, =2
Cs3 €3 C33 1 1 B,
1 1 B: B 1
B,=(—), B,={—), B, =(c 4 Cp=By+—, Cjy=—2, 3 =—
4 < C44> 5 < Css> s =(Css) 2= H TR T Ty
2 2 ] 1
C C.C ~ ~
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Zero-frequency limit



The BCH series

A(@)=F, +(ioH)F, +(ioH) F,+...

|

Zero-frequency limit

Roganov and Stovas, 2012



The BCH series

F,=aA +(1-a)A,,
I
F, :Ea(l—a)[Az,Al],

1

F, :Ea(l—a){(l—a)[Az,[AZ,AIH+a[A1,[A1,A2H},

[X,y] is a commuting operator
a is a volume fraction Roganov and Stovas, 2012



The BCH series

(A, A= M,N, -M N, 0
2o 0 N.M,-NM, )’
0 M,M N, -M,M,N
A,[A,A]=2£ 2 | 2 21})
A A A N,M,N, -N,M,N, 0

AL [ALA]] =2 0 MM.N,-MMN,
N.M,N, -N,M,N, 0

Roganov and Stovas, 2012



m, —m
Am=2—2—1

Weak contrast my +m,

Am, =m_ ,—m

al

Isotropic background
Weak contrast in elastic and anisotropy parameters

1
0 M e~y (1-273) p, (1-275 ) p, o b p
A, :£N OO] No=—| (1=225) 1 2o (1-4(1-273) PIv3y — P3V3, ) —pPiP2V5e (3475 ) M, =-| p, piz 0
0”50
0 (1-273) p, —puPiP2Vso (3-475 ) po (1= i, —4(1-277 ) p3v3, - 1
’ povéo
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A, =A, +AA+A’A,

Matrix series with respect to contrast



Weak contrast

F,= A, —(1-2a)AA +A’A +0(2)

F=(1-a)a[AAA ],

=L a)a{-(-20)[ A, [ar, A ]+ A0 [ar A,



Weak contrast

~

A (a)) — I{0 + I{1 + I{2 Matrix series with respect to contrast

R,=A

0 0°

»a(l-a)(1-2a)

Rl:—(1—2a)AA+ia)Ha(l—a)[AA,AO]—(ia)H) .

[, [a4.4,]]

R, = A’A+(iwH ) “(16_“) [AA[AALA,]].

No second-order contrasts in dispersion terms!



Characteristic equation (eigenvalues)

det[A(a))—qI] =0

q° +a4(a))q4 +a2(a))q2 +a, (a))zO



Characteristic equation (eigenvalues)

g =q,+o Hd +0(2,0)

2a° (1—05)2
dj = 3

(0)-1y,,(0) (0 (0
¢k g AA(AO—qj I)AA(pj



Characteristic equation (P-eigenvalues)

— w90
Kp =V, @p
T
(Pg)) = ((Pg)l):(Pg)z)) (Pg)l) = (_po (1 - 2(1712 +p; )Véo)aplapz)
\l’g)) :( Sooz):(l)g)l)) (Pg)z) = (qga_zqgﬂpovéo»_2qu2po"§o)

kp ==2pPyq 530)



Slowness surface d
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® ® P wave (down, up)
® o S1wave (down, up)

el¢(pl P2 ,a)) ¢ (pl ¥ %) 9(0:0) =0 ® ¢ S2wave (down: up)

Multipliers
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dependent phase velocity
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Wave mode selection

Trial series for dispersion coefficient:

d, =ay) +ay) p} +a) p} +ay) p +d pl p; +ai) py +0(2)

Three solutions for a« that give the wave mode selection.
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Quadratic form

(Ap,AS,,Avg,Av,), my, = (Ap,AS,,Avg + Ay, —Ay,,Av, ),
(Ap,Avg,Av,,AS,,Ag,),  my, =(Ap,Avg+ Ay, —Ay,,Av,,AS,,A¢,),
(Ap,Avg,Av,,AS,, Ay, — Ay,,AS, +2As,).
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Conclusions

* We derive the low frequency approximation for waves propagating in
multi-layered orthorhombic model.

* The weak-contrast approximation is introduced.

* We show that the stop-bands are the result of interaction of different
wave modes (P, S1 and S2).

* The stop-bands are illustrated by multipliers.

* By defining the low-frequency effective anisotropic parameters, we
perform the sensitivity analysis for intrinsic anisotropy parameters.



