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additional stacking parameters related to first and
second traveltime derivatives
[J geometrical interpretation
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Geometrical interpretation of stacking parameters:
Rnip Ry

//' Wavefield attributes

NP

Emergence direction and curvatures of hypothetical
wavefronts:

» exploding point source

0 normal-incidence-point (NIP) wave
» exploding reflector [J normal wave &
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Normal Wavefront

.
=

Wavefield attributes

W, 0\
RIS el
! ““““‘\“\\\\\\\“

Central Ray NIP Wavefront

[0 slowness vector and curvature matrices! &
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t2(AE,h) = (to+2p;-AE)?
12t (A&TMé AE +hT M, h)

b = $9t/0€

My, = 192t /9h?

Wavefield attributes
tg zero-offset traveltime
h source/receiver offset

A midpoint displacement
M. = 1a%t/9E? ¢ midpoint disp
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Reformulation of traveltime formula Salvador 2005
In terms of kinematic wavefield attributes: % Mann

t2(AE,h) = (to+2p;-AE)?
12t (A&TMé AE +hT M, h)

p: =g (sinacosy,sinasiny)’
0 Wavefield attributes

tg zero-offset traveltime
h source/receiver offset
A midpoint displacement

M = ;=DKpipD'

_ 1 T
M; = L DKyD

=
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Reformulation of traveltime formula
In terms of kinematic wavefield attributes:

t2(AE,h) = (to+2p;-AE)?
12t (A&TMé AE +hT M, h)

Pe =g (sinacosy,sinasiny)’

tg zero-offset traveltime
_ 1 T 0

Mn = 3;DKnipD h  source/receiver offset
A midpoint displacement
Mg = &DKynD" 5 P P

0
a emergence angle of normal ray
v azimuth of normal ray
D transformation ray-centered/global coordinates
Knip  curvature matrix of NIP wavefront

Kn  curvature matrix of normal wavefront
Vo hear-surface velocity
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Smoothed wavefield attributes
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NIP wave tomography

Available so far:
» ZO traveltime/location picks (tg,&)

> slowness vectors p; (to,€) and second derivative
matrices My, (tp,&)
U characterizing NIP wavefronts

> slowness vectors pe (to,€) and second derivative
matrices Mg (to,&)
[ characterizing normal wavefronts

NIP waves provide a simple and evident
imaging condition for inversion!
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NIP wave tomography

(Ts Mhspﬁag)

NIP

Attributes My, and p; at (to,&) locally describe
an emerging NIP wavefront.
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NIP wave tomography

(Ts Mhspﬁag)

NIP

In velocity models consistent with the data,
downward-propagated NIP waves focus at T = 0.
O imaging condition
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NIP wave tomography

Strategy:
» define (simple) initial model of velocity distribution
and reflector segments

» forward-modeling of traveltimes and wavefield
attributes by dynamic ray tracing

» solve nonlinear least-squares problem by local
linearization with Fréchet derivatives

» iterative minimization of misfit between
forward-modeled and picked traveltimes and
attributes

[0 tomographic inversion approach, yields smooth
velocity model consistent with picked data
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(Pax’l’aw
T

LEE)

V(X
(ex, ey) ( ’y’Z) Principle

NIP (x,y,2)
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Data and model components

(Pax’l’aw
T

LEE)

(eve,) v(%,,2)
NIP (x,y,2)

Data:

(T, My, Pgs P, Sx &y

T= to/z

Mp only required for one azimuth ¢: My
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Data and model components

(Pax’l’aw
T

LEE)

(eve,) V(%,,2)
b
NIP (x,,2)
Data: Model:
(T! M¢v p§X1 p§y1 (éX: gy)i (X! Y. Z, €, ey)i’ ijl
T=1y/2 Vi - B-spline coefficients

Mp only required for one azimuth ¢: My
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NIP wave tomography

Further aspects:

» Regularization:
search for the smoothest model consistent with
picked data

Optional constraints:

» velocity gradient preferably along normal rays
» consideration of well log velocities
» consideration of known velocities (e. g. marine case)
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» only few picks required due to information inherent
in wavefield attributes
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NIP wave tomography

Advantages:

» no picking in prestack data required
» no assumptions about reflector continuity

» only few picks required due to information inherent
in wavefield attributes

Limitations:

» smooth velocity model description must be
applicable

» limited lateral variation within stacking aperture due
to second-order approximation
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Data examples

Macrovelocity model from CRS tomography
with corresponding PostSDM of CRS stack

Data and image courtesy Trappe Erdol Erdgas Consulting, TEEC
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X [km]
0 1 1 1 1 1 1 1

45
4.0
3.5
3.0
Data examples

2.5

2.0

True P-wave velocity model [km/s]
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2-D synthetic data example

X [km]
O 1 1 1 1 1 1

CRS stacked section
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40
30
20

10

Data examples

Emergence angle [°] section
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2-D synthetic data example

Prestack depth migration
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Proof of consistency:
CIG location [km]
8 9

| h 1 1 1 1 1 1 I N

Data examples

Prestack depth migration
(selected common-image gathers)
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» generalization of stacking velocity analysis
» automated high-density analysis

» simple, (semi-)automatic extraction of traveltimes
and (smoothed) wavefield attributes in poststack
domain

» various applications of wavefield attributes Conclusions
» tailored inversion method: NIP wave tomography
» entire workflow based on consistent assumptions
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