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Schoenberg and Muir Theory
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G=G+s+ G (Schoenberg, (1989)
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properties background properties

Criteria: (i). Backus averaging criteria
(ii). Linear slip conditions or imperfectly bounded interface.
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Schoenberg and Muir Theory
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Periodically fractured ﬁ Homogeneous
heterogeneous ] anisotropic
isotropic elastic Schoenberg & Muir equivalent
model model

Cyy = (Cym) 1
Cry = {CrnCyn~ " )Cun
Crr = (Crr) — (CynCan 'Cnr) + Cry (CymCur)
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Shear wave birefringence
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* Shear-wave splits into fast S1 and slow S2 modes

* Shear wave splitting effects: Sinusoidal event seen on radial dataset;
Mode separation and polarity reversal seen on transverse component.
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Theory. WOrkﬂOW

Vertically fractured .
: Homogeneous equivalent
heterogeneous elastic model.

(Isotropic host + fracture) model Schoenl:zerfi (1289)
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modeling
Band —Pass filtering
ZXYtoZRT '
Create azimuthal-
offset dataset

Interpretation Compare
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Theory. Workflow: Seismic Acquisition

Heterogeneous elastic Homogeneous equivalent
0- model model
Laverl Vp =3500,Vs = 2140, same
1- y p = 2200
. B Vp, = 4438,
Isotropic Vp, = 4700, Vso = 2746
1.4 Vs, = 3980, e = 2401,
HTI p, = 2500 P ’
e =.0034,
HTI Layer Vp, = 4210, e
2. b ¥ =.0607,
Vs,= 2430, 52 — — 0545
p, = 2300 -
Laver3 Vp =5000,Vs = 3300, same
* y p = 2900
Acquisition
. . . e 3D-3C acquisition WAZ . ;
=== Fracture strike direction a Explosive P source.
 Orthogonal design * 40m source & receiver depth

« Finite difference * Source frequency is 15hz
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Theory. Constant azimuth radial scans and constant offset azimuthal scans
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Theory. Method. Result: Analytical results from Ruger approx. -TOP OF HTI
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Theory. Method. ldentifying typical PP, PPpp, PS and PPps
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Theory. Method. Example: Vertical dataset
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Elastic modeling
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Theory. Method. Example: Vertical component dataset
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Theory. Method. Example: Radial component dataset

Elastic modeling
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Theory. Method. Example: Radial component dataset

Equivalent modeling
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Theory. Method. Example: Transverse component dataset

Elastic modeling
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Theory. Method. Example: Transverse component dataset

Equivalent modeling
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Theory. Method. Example: Constant-azimuth Radial Scans

Z (tr,p) Z (tr,p)
elastic modeling equivalent modeling

45° 60° 90" 1359 1359 150°

PP |(

Interbed
PPps

ts'CREWES WWW.Crewes.org e




Theory. Method. Example: Constant-azimuth Radial Scans

R(trp) R(tr.p)
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Theory. Method. Example: Constant-azimuth Radial Scans
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Theory. Method. Example: Constant-offset azimuthal scans
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Theory. Method. Example : Constant-offset azimuthal scans
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viethod. Example : Constant-offset azimuthal scans
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Theory. Method. Example: Offset-Azimuth analysis: Top of HTI
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Theory. Method. Example: Offset-Azimuth analysis: Top of HTI
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Theory. Method. Example: Offset-Azimuth analysis: Top of HTI

PS PS
elastic equivalent
) modeling (trans) , modeling (trans)

|

A\ !

]

offset (km)

0 180 0 180 360
azimuth (@)

A'L =44 UNIVERSITY OF CALGARY
“t'CREWES Www.crewes.org B i or s




Theory. Method. Example: AVAZ analysis, top of HTI
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Theory. Method. Example: AVAZ analysis elliptical fitting , top of HTI
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Theory. Method. Example: AVAZ analysis elliptical fitting , top of HTI
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Theory. Method. Example: interval TVAZ analysis, top-base of HTI
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Theory. Method. Example: interval TVAZ analysis, top-base of HTI
— =4 = r=1 r=1.6
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Theory. Method. Example. Conclusion

« We have demonstrated and compared numerical datasets from elastic and equivalent
models.

* We also carried out PP- and PS- AVO, AVAZ and interval TVAZ analysis from elastic and
equivalent modeling and compared the P-wave modeling results P-wave results with Ruger
modeling.

* We see that the moveout signature and arrival times of the primary PP and PS- events are the
same for both models, however the equivalent modeling produce other stronger multimodes.

* We can infer that the quality of P-wave AVO/AVAZ analysis from the analytical Ruger modeling
is closer to the elastic modeling than to the finite-difference equivalent modeling.

* Also, the quality of the PS converted AVAZ result for both models was very good. However,
the quality of the P-wave modeling is noisier in the equivalent model
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Theory. Method. Example. Conclusion

* We have also seen that the finite difference elastic modeling generates less noisier
multiples and multimodes than the equivalent modeling.

* We can agree that heterogeneous medium produce attenuated multiples and
multimodes events because of irregular scattering and layer filtering effect.

* We can conclude that in some circumstances modeling using heterogeneous elastic
models might be of higher processing and imaging value than with equivalent media.

* Detailed analysis of the distorted long offset P-wave primary reflections will be objects of
further study.
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Theo 'Y-Schoenberg and Muir (1989)

Carcione (2012)
St trai paper on
ress-strain Or; Numerical test on
relation of Ti
T the Schoenberg
individual layers .
and Muir theory
of a layered
medium ey

or; and er arethein-plane or tangential stress and strain
oy and ey; arethe cross-plane or normal stress and strain

Crri, Cnni, Cryiand Cyp; are 3 x 3 stiffness submatrices denoting stiffness of individual layer

The long-wavelength equivalent Crr Crn
homogeneous medium have average —
stiffness Crn Cnn
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Theo 'Y-Schoenberg and Muir (1989)

Stress-strain
relation of Orj
individual layers
of a layered
medium

The long-wavelength equivalent homogeneous medium

have average stiffness

The new stress strain relation for homogeneous equivalent
medium

E'NN = (Cyn) _1,1 B
Cry = (CrnCyn " )Chp,» ) -
Crr = (Crr) — (CynCyn~ Cn1) + Cryn (CynCnr),

s CREWES

Carcione (2012)
paper on
Numerical test on
the Schoenberg
and Muir theory
eNi
Crr Cry
TN
(o) = Crrer + Cry{ey)
_-I- -
oy = Cry er+ Cyyley)
where (C) = ¥V . H,C;

=] UNIVERSITY OF CALGARY

wWww.crewes.org

NSERC
CRSNG

w FACULTY OF SCIENCE
Department of Geoscience




Theo 'Y-Schoenberg and Muir (1989)

Average stiffness and fracture
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