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« Assumption of single set of fractures
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Fracture connectivity?
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Fracture connectivity can reduce the velocity anisotropy of seismic waves.
(Rubino et al., GJI, 2017, 210, 223-227)

How is reflection coefficient influenced by connected fractures?
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Objective

 PP-and PS-wave reflection coefficients in rocks containing

Interconnected fractures

« Azimuthal AVO Inversion for interconnected fracture indicators



'+ Theory and method: PP- and PS-wave reflection coefficients

An effective model of two orthogonal fractures in
an isotropic background Cii~=M [1 —on1 — (1 — 29)2 5N2‘ ,
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An interface separating an isotropic medium and

a medium with two orthogonal fractures

|sotropic medium

The effective medium
with two orthogonal fractures

RPP (97 ¢) — RIS% (9) + %’rlg (97 ¢) )

Rps (6, ¢) =Rp5g (0) + RES (6, 9)

'+ Theory and method: PP- and PS-wave reflection coefficients

Isotropic part

. Ap AM A

Rpp (0) = Ap (0) 0 an (0) M +ay (0) 0
Ap Ap
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Anisotropic part
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't Theory and method: PP- and PS-wave reflection coefficients

Assumptions for simplifying two sets of fracture
weaknesses

1) The same infilling fluids

ON1 = Ki=Kpn =K
K 1 f f1 f2
39 (1 - 7Tg(l— M)J(cl

16¢e4 2) The approxiamtely equal aspect ratio
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't Theory and method: PP- and PS-wave reflection coefficients

—one set —---two sets

—one set -—-—-two sets
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'+ Theory and method: Bayesian MCMC inversion approach

Input datasets:

Differences in azimuthal reflection
coefficients variation with incidence angle

ARpp (0,01, 0r) =Pn (0,01, dr) Ono
+ Pr (0, ¢1, 1) 612,
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+ Q1 (0, 91, ) d12,

Workflow

Input initial model x;
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'+ Theory and method: Bayesian MCMC inversion approach

Posterior PDF

N
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Curves of two fracture density
and water saturation

Calculated fracture weaknesses 20
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Noisy synthetic seismic data
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Numerical examples
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All results
— True value
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—LS inversion
—Final result
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Numerical examples
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Real datasets
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¥ Numerical examples
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¥ Numerical examples

o1 = 170° Po = 25°
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Conclusions

We derive linearized PP- and PS-wave reflection coefficients in terms of two sets of
fracture weaknesses to model how fracture connectivity affects reflection coefficients;

We establish an inversion approach combining LS algorithm and Bayesian MCMC
method to estimate fracture weaknesses from azimuthal seismic amplitudes;

Tests on noisy synthetic data and real data reveal that the proposed approach is
stable and robust and can provide the possibility to determine how fractures distribute
and whether fractures are connected.
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