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ConclusionConclusion

P Wave Curvature provides P Wave Curvature provides 
identification of fracture orientation identification of fracture orientation 
as well as 9as well as 9--C shear wave dataC shear wave data
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Colorado School of Colorado School of 
Mines, 1988Mines, 1988
Silo FieldSilo Field--fractured fractured 
chalkchalk
Shear wave Shear wave 
vibrators/geophonesvibrators/geophones
P Wave survey as wellP Wave survey as well
VVfastfast and Vslow give 
fracture orientation
High anisotropy 
indicates good 
production

Lewis et al, 1991
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VuillermozVuillermoz, 1991,Three, 1991,Three--dimensional dimensional 
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Wynn and Stewart, 2003

•May be computed at 
any azimuth about a 
point P
•Computed normal to 
tangent plane
•Principal Curvatures are 
kmax and kmin (k1 and k2)
•Gaussian and Shape 
Attribute
•Additional curvatures

•Dip (kd)
•Strike (ks)
•Most Positive (kpos)
•Most Negative (kneg)

Gaussian Curvature
kg = kmax * kmin

P

kmax

kmin

kd

ks

Curvature 3DCurvature 3D
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K min
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Extension fractures
are parallel to azimuth 
of minimum curvature.
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““SurfaceSurface”” Based CurvatureBased Curvature

Quadratic Surface
y = ax2 + by2 + cxy + dx + ey + f

Z5

a = (Z1 + Z3 + Z4 + Z6 + Z7 + Z9) _ (Z2 + Z5 + Z8)
12δx2                                              6δx2

b = (Z1 + Z2 + Z3 + Z7 + Z8 + Z9) _ (Z4 + Z5 + Z6)
12δx2 6δx2

c = (Z3 + Z7 – Z1 –Z9)
4δx2

d = (Z3 + Z6 + Z9 – Z1 – Z4 – Z7)
6δx

e = (Z3 + Z6 + Z9 – Z1 – Z4 – Z7)
6δx

At point Z5, coefficients are 
functions of the surrounding Z 
values

Z6

Z1

Curvatures, e.g. Gaussian Kg, 
are functions of the coefficients
Kg = ___4ab – c2___

(1 + d2 + e2)2 After Roberts, 2001

Our Method
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Volume Method Dip ScanVolume Method Dip Scan
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33--D Surface DefinitionD Surface Definition

Best fit in 3x3 traces by n samples sub-volume 
gives Dip and Dip Azimuth
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InterpretationInterpretation
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ConclusionConclusion

P Wave Curvature provides P Wave Curvature provides 
identification of fracture orientation identification of fracture orientation 
as well as 9as well as 9--C shear wave dataC shear wave data

Shear Waves?  Shear Waves?  Shear Waves?  Shear Waves?  We We 
dondon’’t need no t need no stinkinstinkin’’ Shear Waves!Shear Waves!
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