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Motivation

ey -

http://imgkid. com/sedimentaryrck-l.sh_tl --
How does the seismic wave behave in the presence of thin
(compared to wavelength) layering and/or fractures?
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Elastic moduli of layered anisotropic media

Schoenberg and Muir, 1989:

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\ MANN Assumptions:

""""" 1. Thickness of individual layer is
1 smaller then a wavelength
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(Schoenberg and Muir, 1989)

2. Stationarity
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Elastic moduli of layered anisotropic media
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Valid for arbitrary anisotropy
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Does not assume periodicity of the layers

Effective media symmetry order is equal to the

lowest symmetry order of the individual layers




Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT

Can effective (averaged) orthorhombic stiffness matrix be represented
by some azimuthally rotated orthorhombic stiffness matrix?

’p CAZ
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Monoclinic Orthorhombic + azimuth
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Effective anisotropic media: ORT-az + ORT

Approach |

Can effective (averaged) orthorhombic stiffness matrix be represented
by some azimuthally rotated orthorhombic stiffness matrix?

EAY _ A pcORT(p p1
AM-LEAY pp-T _ GORT
( cos? @' sin®¢* 0 0 0 —sin 2&5*\
sin? ¢* cos? ¢* 0 0 0 sin 2¢*
" 0 0 1 0 0 0
b= EiC S 0 0 0 cosg* sing® 0
0 0 0 —sing* coso” 0
sin 2¢* sin 2¢* *
K T g U 0 0 COS 20 /




Effective anisotropic media: ORT-az + ORT
Approach |

Can effective (averaged) orthorhombic stiffness matrix be represented
by some azimuthally rotated orthorhombic stiffness matrix?

- AV -~ ORT
C =MIC T|M!
L~ AV - ORT
M1CT Mt =C

C:'u 6:112 C:'13 0 0 Cm\ Ciy Cio Ci3 0 0 0 \
Cip O Co3 0 0 Cig Cip Cy Co3 0 0 0
Cig Co3 C33 0 0 Cy| _ |CizCyCs3 0 0 0
0 0 0 044 045 0 0 0 0 044 0 0
O C: Cr: O 0 0 0 0 GCs5 O
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C16, C26, C36, Cas — 0




Effective anisotropic media: ORT-az + ORT

Chg, Cog, Cs6, Cy5 — 0

Cis, Cas, C36, Cas = F(cbo, ¢*)

¢ - effective azimuth

1 2 2 A2 A2
o |CI(9") + Cou(6") + Cinl6") + C(6")| = £(6")
33 .
f(¢*) = min f(9)
o€|0;m/2]
Vg | Veo ‘ P ‘ D) ‘ 5 ‘,?.(U | (2) |(gtzj | ,T(ZJ ‘ 53) ‘ n(l] ‘ n(z; ‘ n(a;
35[16 [1.0]025]0.15| 0.1 [0.15] 0.1 | 0.05 | 0.05 | 0.08 | 0.04 | 0.02
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT

Vio | Vso ‘ P ‘ 1) ‘ 5 h-(l) | c(2) |5(2J | ~(2) ‘ 5(3) ‘ ) ‘ n2 ‘ n®)
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT

Layer | Vio | Vao | p | €® | 60 | 7@ | €@ | 5@ | 4@ | 5@ | 5@ | y@ | 5@
I 351 1.6 11.0]025 1015 0.1 | 0.15 | 0.1 0.0510.05]0.081]0.04]0.02
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Effective anisotropic media: ORT-az + ORT
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Effective anisotropic media: ORT-az + ORT

Approach I

Cowin S.C., Mehrabadi M.M., 1987
“On the identification of material symmetry for anisotropic elastic materials”
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Effective anisotropic media: ORT-az + ORT

Dilatational stiffness tensor:

€11%C12%C13 €16%C26%C35 C15+Cr5tC3g
Cijkk €15%C€25%C35 C12%C52%C o3 C14%C24%C34
| C15%C25%C35 €14%C247C34 C13%C€23%C33
Voight stiffness tensor:
C11%C55%C45 C16%C257%ys €157%4s*C35
Cikkj = €16%C26% %5 C22%C44% 65 C24%C34%Cs5
| 15746435 €24%%34% %55 €33%%44% %55




Effective anisotropic media: ORT-az + ORT

Cirkj = Q1A1Q1_1

Voight stiffness tensor Number of distinct eigenvalues can
[> be used to deduce number of
—1
C;,jjkk — QQA_QQQ symmetry pIanes

Dilatational stiffness tensor

[> Q = {€}, €5, €3} - transformation matrix
Cijr = Q;y Q jj’QkA:’Qu’C;a’ iK'
Q, = Qy (pure orthorhombic)

Q, # Q, (monoclinic)




Effective anisotropic media: ORT-az + ORT

;»AA] = Q1A Qll Q, 75 Q, (monoclinic)

Voight stiffness tensor [>
—1
Cijrr = QaArQ;
Dilatational stiffness tensor

cosp; —siney 0

Q; = | sing] cosg; 0
0 0 1

cos @5 —sin@s 0 [?> ?

. . * . *
Q2= | sing; cosg; 0 Browayes et al., 2004
0 0 1




Effective anisotropic media: ORT-az + ORT

Layer || Vo | Veo | p | €® | 60 | 40 | €@ | 5@ | 4@ | 6@ | y@ | @ | p®
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Effective anisotropic media: ORT-az + ORT

Intermediate conclusions:

- The problem of nearest medium approximation is of
interest in many geophysical applications, where
assuming a particular type of symmetry is often
necessary to sufficiently reduce computational
complexity to allow practical solutions (den Boer,
2014; Bachrach et al., 2015).

- Two approaches are proposed to address this
problem in upscaling context, however, they produce
different output.




Effective anisotropic media: VTl + ORT

(Cin(1=0x)  Cim(1 - dy) Cizp(1 — On) 0 0 0\
Ciap(1 —dn)  Cipp— ‘SN% Cuap (1 N (SN&_?E) 0 : 0
CORT* - Cl?b(l — (SN) Clgb (J. i 'fSN E:i‘:z) (jq';b — (')‘N E:f:t U U 0
B 0 0 0 Caap 0 0
0 0 0 0 Cup(l—6v) 0
\ 0 0 0 0 0 Cow(1 — 81) )
Cijb - background VTl medium parameters

On,Oy,0y - fracture weaknesses (Schoenberg and Helbig, 1997)
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Effective anisotropic media: VTl + ORT

(Cip(1—6x)  Cim(l - 6n) Cuzs(1 — On) 0 0 0 \
Ciap(1 —dn) Ci1p — On Ef*‘ Cigp (l — 0N ¢ ”*‘) 0 0 0
GORT" _ | Ci(1—6v) Cu (1-0xE2)  Cip—dngit 0 0 0
B 0 0 0 Cuap 0 0
0 0 0 0 Cus(l—6y) 0
\ 0 0 0 0 0 Cow(1 — 81) )
Cijb - background VTI medium parameters

On,Oy,0y - fracture weaknesses (Schoenberg and Helbig, 1997)

09 June Loucen, 2015 27



Effective anisotropic media: VTl + ORT

Following Bakulin et al. (2000):

€b, 0b, Vo, ON, Oy, 0 K 1

P |

Vpo = Vpo, = 5Vro, (1 — )0 (1 - 28)°,
5(1) 1 | )
Vnmo = Vnmob _ EVPO;,(I — a)SN(l — 28) ;

_ |
Vn(gl)o - Vnmob — EVPO;,(I — a)(4861/ + (1 _482)51\():

) =g, — &,

1?) =&, — 8,4+ 2g(1— o)(8y — gby),

_ V.
%) =2¢(1—a)(8y — gdy), S|
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Effective anisotropic media: VTl + ORT

Following the approach of Bakulin et al. (2000),
fracture parameters can be estimated (not resolvable if
ORT/VTI ratio in the composite is unknown):

52— 50 4 @ — )

1 —a)oy =
" 29(1 — g)

1 1—2q : (< (- 5N
a6 = *((A_m)_(&ﬂ_yﬁﬂ o
S ﬂl—m[ g 7 Oy
- )b =" 4 (1 — a5
(1-a) H—Z‘FQ( — )0y




Effective anisotropic media: VTl + ORT

What if the logged interval is known to have fractures?
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Effective anisotropic media: VTl + ORT
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Effective anisotropic media: VTl + ORT

Following Bakulin

et al. (2000):

og = oy = 0.2
on =0 -wet
oy = 0.5 -dry
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Conclusions

Effective media behavior is studied for different types
of constituent media:

- ORT-az + ORT

- VTI + ORT (vertically fractured VTI)
Two approaches towards approximation of ORT-az +
ORT composite with an effective ORT-az medium are
shown
Linearized expressions for anisotropy parameters for
VTI + ORT composite are derived
Demonstrated how fractures can be included in well-
logging data
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