Points-to-Ponder (Continued from page 21)

Answer: (By Anat Canning and Alex Malkin, Paradigm
Geophysical Ltd.)

L et c bethe normalized offset; c=2h/vwhereh ishalf offset;
t, the Zero-offset vertical time; v isthe velocity (assumed
constant), and T thetravel time at offset c.

Then,

T =V(12 +¢?), (1)
And the stretch factor is defined as:

dT/dt, = t,/V (12 +c?). 2

Asaresult of equation (2), when we apply NMO correction
to seismic data at every point, the waveform gets stretched
asafunction of offset and Time as shown in thefigure bel ow.
Thisleads to lowering of resolution for large value of offset
(c/t, ) and hence also in the stack response. What isworse,
it leadsto false AV O effect as shown in the figure below.

NMO, Stretch and AVO

A way out is to work in the angle domain. It is seen from
equation (2) above and the figure below that

cos0)= 1o/ T

and, therefore,

stretchdT /dt, =cos(6) independent of t,

v

This analysis leads to the development of an un-stretching
algorithm which operates in the angle domain, where the
stretch is stationary. In this domain a single operator can be
used for each trace. The convolutional model will be our
starting point. Using thismodel the seismictrace at zero offset
f(t), isaconvolution of the zero-offset reflectivity tracer (t)
with thewavel et w(t):

fo ) =1, *wt)—L=7 () 7). ©

We assume that after NM O (and stretch), the seismic trace at
angle of incidence [] isgiven by:

O =1,0%w, () —=7 ©) % ©®), @

where is the stretched wavelet and (t) is the reflectivity at
angle &. The objective of the un-stretching algorithm is to
replace with the zero offset wavelet . Sincein angle domain
the stretching is constant and is given by:

dt
cos0

dt, = , (5)

the stretched wavelet is a resampled version of the zero-
offset wavelet :

" (o:w[

JL W(w-cosh) . (6)
cosH

Assuming that the zero offset wavelet w(t) isknown, theun-
stretching algorithm works afollows:

- Convert datafrom offset to reflection angle

> FFT

W)

- Apply the operator (- cos®)

> FFT?

- Convert from angle back to offset.

To obtain a wavelet an automatic wavelet estimation
procedure is applied to the zero offset data. Spectral
balancing and regularization is applied to the operator to
avoid singularities and noise enhancements. An example of
unstretching using the above algorithm is shown below. For
more details, see Removing NMO/migration stretch effects
for improved AVO analysisby Anat Canningand Alex Makin
in Proceedings of Hyderabad2008
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Editor’s remarks: In presence of velocity gradient, the
L] [ ] [ equation (2) gets modified as:

* 1+-- 1‘]'5 i.ﬂ'n-
137

1
"ef dT/dt, =cos(0) +(c/t,)cos(0) dc/dt,

"l-'i': which is no longer independent of t, and also adds to the

3 NMO stretch. In addition to the angle gather approach by
the author, there are other approaches to reducing NMO
ul stretch. See, for instance, “ Stretch-free stacking”, Stewart R.

W Trickett in Proceedings of SEG Abstracts, 2003
RS
! -i\{q - j:::"L'I
r\{'r 4\5 JEF}!.‘
! } LY
1 A1

L1} Ll
stretched angle gather

c T
1 [m[p[L]o]p[E[R m _ [o]rIM[s[B]Y]
B A K o (]
0 1! |[s|e/m|B[L|a|N|c|E| [L]
e EENEEEE Y| T L| |[1[F|P
) o |lo N A A claluls|T|I]|c A
N [c|u]1][r]P] clv|L s L (7] [e] [m]| [R]
2 M) - E S E| [A] [0 1]
Q I o m| m| (a[TiTli|cloli|L] [p| (L] [s]| IT
g c|R[E[W] el [E] [s] [s| (] |[o A[TH]Y
s v E| l&] [I M| M u I
7 c|s|eE|M| |clo|k[r|i|a|i|N|G] [1]| [RIE|A|c|T]A[N|C|E
s [E] [R| [H] M [E] [&] [c] [N] [P L
= N| |E] E] R - s] |8 _|A
3 T (8] clalc|H|E A MmAR|T/H|OIR]
R i R U4 __ [c[o/N[R[A[D] 0| M| |F]
Pl S| R [5) N R| |F|
[clolm]e] [s|HIE[R[R[I]F[F] M ARMOU[S|I Al (L]
| o i A T |T] [A]
[1|s]o[P[L]E[T]H] clalL|i[p[elr] (o] [E] |P]
E| Y R

GEOHORIZONS December 2008/46



