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Inversion Problem

Pre-stack reflection | Aki-Richards

1 (1, J, p)

AVO data approximations

Inverse problem: to estimated Physical properties
(I:P-impedance, J:S-impedance, p:density)

Physical property:
* Imaging subsurface structure
* Directly detecting changes in the subsurface
* An aid in the interpretation of seismic reflection data

Compressional data » PP inversion

Converted P-Sv data » PS inversion

— ]OINT INVErsion

Compressional data
Converted data



Methodology

AkKi-Richards Data = CCP gather
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Workflow: Joint inversion

PP data PS data Background Vp, Vs, p

in time in time in depth
Conversion
to depth
PP data PS data Raytracing

in depth in depth

- damped SVD
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Inverse problem

Least-squares method Gm =d
minimizing the prediction error

lll-posed: a small change in data will cause the large
change in solution.

3-parameter linear inversion: ill-posed problem
» Nonlinearity of the problem
» Limited data acquisition aperture

Singular Value Decomposition, SVD
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SVD analysis

L argest singular value
Smallest singular value

Condition number =

A matrix is well-posed when its condition number is not
far from 1 (Jin et al., 2000).

Damped SVD

-1 _ 2, 27 v17/T
Gg =VA(A"+e1)7U Damping factor = £ percent of the

largest singular value

e? = Damping factor

Small damping factor is desired,
with large € the model parameter will not be resolved correctly

Model parameter resolution matrix: R = G{;lG
t -1 -1 _ -1
m< = Gg d = (Gg G )m  Perfect resolution: Gg G =[7



seconds

AVO Inversion testing
SYNGRAM, CREWES software

SYNGRAM P-P and P-8 synthetic seismogram facility SYNGRAM P-P and P-S synthetic seismogram facility
Logs: WELL P-P gather with NMO removed Logs: WELL P-S gather with NMO removed
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Condition number

Sarameter PP inversion only PS inversion only, for J and p Sparameter joint inversion
2 T T T 600 1.5 T T T 20 T T
% T— y. Fistsguarvalia U
il
(2 -
Condtion nurber
= e = I ]
g ——— 40 g g L Fis snqulrvlue 1 g g15 k|
HIE 1 E o2 £
; i :
- 4 h -
% 300§ % § L: T Second snguer vlie N
M R P
) 2000 @00 400 0
il i 03 f0 i
03 f0
0 -
A0
Seoond sihouar valie
| 0 F\/Mal&ehm 0 Thid sigr vle
T srgua v ‘ A | ‘ | ' "\,-‘-—w“_,_w

1%0 1450 1Al 1450 1l 1%00 1450 1500 1650 1630 400 1450 1500 1650 1600
Depth (meters Depth (meters) Depth (meters)
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Depth (meters)

Joint inversion, 10% damping

Joint inversion with damping factor = %10
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Depth (meters)

Joint inversion vs. PP Iinversion

Joint inversion vs. PP inversion, %10 damping factor
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Depth (meters)

Joint inversion vs. PS Inversion
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Study area: Cygnet 9-34 in Red
Deer, Alberta

P-sonic S-sonic Density
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Survey geometry

VP 0
Well 501 V1 VP2 VP3 VP4 N
| 100m 450 m 191 m 244
® *x K*x *x Kk *x T
g —
256 m
% P &S shot point || 30m
v P shot point :
---------- Receiver line
@ 9-34 well _
(Courtesy of Richardson, 2003)‘|”

Source: Compressional vibroseis, with sweep 8-250 HZ

AVO inversion input: deconvolved upgoing wavefield

Ardley coal seams are laterally continues
with no lateral variation (Beaton, 2003)

CCP gather = Common shot gather 14



Depth (meters)
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Joint inversion, offset 3
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Resolution matrix

Row 1

Row 2

P-impedance

S-impedance
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Density relation for Red Deer area
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| estimate

I: P- Impedance from the AVO inversion of walkaway VSP data
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J estimate

J: S- Impedance from the AVO inversion of walkaway VSP data
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Density estimate

Density estimate from the AVO inversion of walkaway VSP data
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Conclusions

A favorable density estimate is obtained from linear
AVO inversion.

A good compressional impedance estimate can be
obtained from the AVO inversion of PP data.

Good shear impedance and density can be
obtained from the AVO inversion of converted data.

Converted waves data provides information on
density not obtainable from compressional data.

Red Deer case study

The shear wave velocity contributes more to
Improving the density estimate.

Possible discontinuity in coal properties at the
lateral distance between 95-125 m to the well.
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