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Objective

Inversion of prestack PP amplitudes
(different incident angles and azimuths)
for fracture orientation and fracture density.

Fracture orientation: direction of fracture planes
Fracture density: number of fractures in unit area
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VTI (vertical transverse isotropy)

e Horizontal isotropic planes

' e Vertical symmetry axis
< e 5 parameters to describe
j/- .
— the medium (a, B, €, 6, V)
] o = P-vetical velocity
X, [ = S-vertical velocity

£ - Vi (fast) — Vi (slow)
Vi (slow)

_ Vg(fast) -Vg(slow)
V= V¢ (slow)

Dominates the small angle 55 (Aiz+ Ass)® — (Ag3 — Ass)
wave propagation - 2A33(Agz — Ass)




HTI (horizontal transverse isotropy)
Simple model to describe vertical fractures

W e Vertical isotropic plane

O\ e Horizontal symmetry axis

| e (a, B, €, 8, y) to describe
the medium

o = P-vetical velocity
NN [ = S-vertical velocity

E = VPx _VPz
(Shear-wave Ve,
sPllttmg parameter) s Y- Vex = Vs .qywavein (X,, X3) plane
directly related to Vs,
fracture density S = (Aia+ As)” — (Ags — Asg)

2 Ag3(Agz — Ass)



Determining elastic constants of phenolic layer
(2010 work)

Phenolic layer = HTI

~ * Transmission shot gathers
f on single layer

& ° Traveltime inversion
. | e True (g, 6, V)
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AVAZ inversion for (¢, 6, V)

(2011 work)
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* Acquisition coordinate system W
along fracture system iy || il »

* Large offset data i ?
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Amplitude corrections

Water-plexiglas interface

- Spherical Zoeppritz
1 ==== picked amp
=== Geometrical Speading
Total-motion + Spreading
1 ==== Directivity + Total-motion + Spreading

 Geometrical spreading

* Free-surface

* Transmission loss

* emergence angle

e Source-receiver directivity
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Phenolic top reflector

corrected amplitudes
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HTI: PP reflection coefficient
(Riiger, 1997)
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O : incident angle
¢: angle between source-receiver azimuth
and fracture symmetry axis

* Independent
determination of (o, B, p)
* Inversion for (e, 6, y)




AVAZ inversion
Successful inversion results for (g, 6, y)
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Fracture symmetry axis not known

X, = : fracture system

= : JCquisition coordinate
¢ : source-receiver azimuth
&, : fracture symmetry direction
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HTI: PP reflection coefficient
Small incident angle (6<35°)
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Estimate fracture orientation
Jenner (2001)
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W11, W22, W33:
function of ¢,




Test on physical model data, AVAZ inversion
¢, =30°

¢d,: fracture symmetry axis azimuth

Estimate ¢, 28.7°



Testing different fracture orientations

¢,: fracture symmetry axis azimuth

oo, | |5 Lo e [ | o 0w o

Estimate ¢, 1.25° 3.7° 8.7° 18.7° 28.7° 38.7° 48.7° 58.7° 68.7° 78.7° 88.7°



Estimate fracture density

y : directly related to fracture density

Knowing the fracture orientation,

do the AVAZ inversion of large offset data
for (g,0,v).
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AVAZ inversion of large offset data
for (g, 6, y)
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Favourable results compared to those
obtained previously by traveltime inversion



Conclusions

Ruger equation for HTI, PP reflection coefficient,
can be used in an inversion but fracture
orientation must be known.

Jenner’s method reformulates to allow a linear
inversion to determine fracture orientation.

Implementation on physical model data gives
results consistent with these theories.

Fracture density can be estimated from AVAZ
inversion of large-offset data after determining
fracture orientation.
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