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Introduction

AVAZ is more obvious at 
large offset
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Introduction

NMO stretching and muting

(Yilmaz, 2001)
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Theory and method: Vp in HTI media

P-wave velocity expressed in terms of anisotropic parameters

(Ruger, 1996)

P-wave velocity expressed in terms of fracture weaknesses
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Theory and method: Rpp in HTI media

PP-wave reflection coefficient from the solution of Zoeppritz equations

(Ikelle and Amundsen, 2018)

PP-wave reflection coefficient and EI in HTI media
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Theory and method

0 10 20 30 40 50
-0.5

0

0.5

0 10 20 30 40 50
-0.5

0

0.5

0 10 20 30 40 50
-0.5

0

0.5

0 10 20 30 40 50
-0.5

0

0.5

Comparison
between results
of P-wave 
reflection
coefficient



8

Theory and method: Bayesian Inversion for EI

The convolution model with NMO operator

wavelet NMO 
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Theory and method: Bayesian Inversion for Fracture Indicators

Input data: difference in azimuthal EI
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Numerical examples: synthetic
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Numerical examples: synthetic

0 0.45 0.9

800

850

900

950

1000

1050

1100

1150

1200
0 0.3 0.6

800

850

900

950

1000

1050

1100

1150

1200

Empirical relationships
between fracture weaknesses
and clay volume



12

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 0

0.2

0.4

0.6

0.8

1



13

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4

800 900 1000 1100 1200

800

850

900

950

1000

1050

1100

1150

1200 -1

0

1
10-4



14

Numerical examples: synthetic
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Numerical examples: synthetic
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Numerical examples: synthetic
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Numerical examples: Real data
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Numerical examples: Real data
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Numerical examples: Real data
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Conclusions

• We introduce a NMO operator to re-express the convolution model to generate 
seismic gathers without NMO correction based on the new derived Rpp and EI;

• We propose an inversion approach and workflow of employing azimuthal seismic 
gathers without NMO correction to estimate fracture weaknesses, which combines 
features of VVAZ and AVAZ;

• Tests on synthetic and real datasets confirm the robustness of the proposed 
inversion approach, and reliable fracture weaknesses can be obtained for the 
identification of potential fractured reservoirs.
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Thank you 


