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Topics

Aspirational workflow
—Google philosophy -- model based data reduction & Bayesian estimation

New rock physics model (double critical for binary mixture)
Relationship to cwave seismic reflectivity -- value of cwave

Relationship to geomechanics -- the payoft
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Inspiration

Why vp-vs more robust than rho-vp or rho-vs?

Statistical seismic attribute hunt for unconventionals
—Young’'s modulus, shear modulus, Poisson ratio, density
—density from converted wave (PS) seismic seemed key

Critical point theory from statistical physics
—Work by DeMartini et al. 2006

Principle components approach of Saleh et al., SEG 1998
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Quantitative Interpretation (Ql) workflow‘fb‘f
unconventionals

near surface velocity model

multi-component

... : microseismic analysis
seismic imaging

velocity model

c-wave SSI| w/
registration & uncertainty

observed +
uncertainty

near, far, PS stacks

wavelet
horizong +

velocity mpdel

markers

verification

wavelet *

c-wave inversion
(model based)

predicted +
uncertainty

stress and
stratigraphy

geomech simulation

geomech
parameters

petrophysics (effective
media)
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Rock physics for unconventionals

| = geometry; e.g., ductile fraction, sorting! f,

( = composition; e.g., compaction, diagenesis ! 1" exp(" E/FEp)

R(O) = full PP stack e static joint friction
SNR ~ O(1%) > 0dB for ! ,,, = 30 * (dynamic-static) friction

R(l) = “full” PS stack
SNR ~ O(#2) > 8dB

R(Z) = “grad” PP stack, AVO
SNR!O (03) > 25dB
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Rock physics is 2D
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New rock physics, links geophysics to geomechanics
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Double critical rock physics model

fundamental regressed form:
Vp = Ayp+ Byl + Cpp = #y,
l=A +B vy + C " £#
Vs = Ays + Bys Vp £ 1ys

double critical form (critical exponents) using ! ! "! ¢ +(1 " ")l

= 1.1 =1 224

to more explicitly see the critical scaling (two order parameters, from binary mixture)

!N<"C"_")m 5“’. ¢C¢_¢ : ¢c ! 42 m !l 2

ductile coordination number , Ng! ne
: — — capture fraction =
brittle coordination number Ne¢

= 36% for uncompacted sandstones (small & large grains)
= 92% for compacted unconventional (ductile & brittle grains)

unconventionals range from organic rich shale, to
siltstone, to marl, to sandstone, to limestone iON



Cwave seismic reflection coefficient approximation

small contrast (Born approximation), expanded in small angle for convenience (not needed)
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SVD analysis

make two SVDs:

My =U 5 V¢ Y1V, Ma Mgp

so that weighted stacks are given by:
(RO\ stack weightings PC of RP

E; !tR U] 2V¢2<d!)
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Structure of the SVD
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Relationship of geology to cwave geophysics

too small to show
an (4)
I:QPP
~(9)
RPS
¢
I

cwave (PS) is needed to predict fracturing, and is better than AVO !!
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Geomechanical connection to microseismic

courtesy LLNL
efracture interaction
ofluid flow within fractures
edynamic friction of fractures courtesy LLNL
ofracture tip propagation *microseismic generation
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Value of adding cwave and microseismic to

estimation of fracability !
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“Google” search results:

1. microseismic & cwave (98%)

2. cwave (50%)
3. AVO (30%)

4. conventional seismic (25%)

5. geology alone (5%)
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