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VELOCITY-STACK PROCESSING

Hiz-Yigma iglemi

Ozdogan YILMAZ*

ABSTRACT

A conventional velocity-stack gather consists
of constant-velocity CMP-stacked traces. It emphasiz-
es the energy associated with the events that follow
hyperbolic travel time trajectories in the CMP gather
Amplitudes along a hyperbola on a CMP gather ideal-
ly map onto a point on a velocity-stack gather. Be-
cause a CMP gather only includes a cable-length por-
tion of a hyperbolic travel time trajectory, this map-
ping is not exact. The finite cable length, discrete
sampling along the offset axis and the closeness of
hyperbolic summation paths at near offsets cause
smearing of the stacked amplitude along the velocity
axis. Unless this smearing is removed, inverse map-
ping from velocity space (the plane of stacking ve-
locity versus two-way zero-offset time) back to offset
space (the plane of offset versus two-way travel tirne)
does not reproduce the amplitudes in the original
CMP gather. The gather resulting from the inverse
mapping can be considered as the model CMP gather
that contains only the hyperbolic events from the ac-
tual CMP gather. A least-squares minimization of ‘he
energy contained in the difference between the actaal
CMP gather and the model CMP gather removes
smearing of amplitudes on the velocity-stack gather
and increases velocity resolution. A practical appliza-
tion of this procedure is in separation of multiples
from primaries.

In this paper, a method is described to obtain
proper velocity-stack gathers with reduced amplitude
smearing. The method involves a t2-stretching in the
offset space. This stretching maps reflection ampli-
tudes along hyperbolic moveout curves to those along
parabolic moveout curves. The CMP gather is Fourier
transformed along the stretched axis. Each Fourier
component is then used in the least-squares minimiza-
tion to compute the corresponding Fourier component
of the proper velocity-stack gather. Finally inverse
transforming and unstretching yield the proper veloci-
ty-stack gather which then can be inverse mapped
back to the offset space. During this inverse map-

*

OZET

Geleneksel bir hiz yigma toplulugu sabit hizla
y1igilmis OON (ortak orta nokta) izlerinden olusur.
Soz konusu topluluk, yalnizca OON toplulugundaki hi-
perbolik seyahat zamani egrilerini izleyen olaylarla
ilgili enerjiyi igerir. Bir OON toplulugundaki bir hi-
perbol boyunca yer alan genlikler, ideal olarak bir
hiz-yigma toplulugundaki bir noktay: temsil ederler.
Bir OON toplulugu, bir hiperbolik seyahat zamam
egrisinin ancak bir kablo uzunlugu kadarhik kismim
icerdiginden, bu temsil etme tam dogru degildir. Sinmir-
I1 kablo uzunlugu, agilim ekseni boyunca dmekleme-
deki stireksizlik ve yakin agilimlardski hiperbolik
toplama yollarinin tek olmayisi, hiz exseni boyunca
yigilmis genliklerin sagilmasina neden olmaktadir. Bu
sacilma giderilmedik¢e hiz ortamindan (yigma hizi
dizlemine karsi gidis-doniis sifir a¢im zamani),
agthm ortamina (agihim diizlemine karyn gidig-déniis
seyahat zamani), tersine haritalama iglemi orjinal
OON toplulugundaki genlikleri tam olarak vermez.
Tersine haritalama iglemi neticesi elde edilen toplu-
luk, gergcek OON toplulugunun yalmzca hiperbolik
olaylarimi ihtiva eden model OON toplulugu olarak
distiniilebilir. Gergek OON toplulugu ile model OON
toplulufunun igerdikleri enerji farkinin, en kiigiikk ka-
reler yontemiyle en aza indirilmesi, hiz-yigma toplu-
lugundaki genliklerin sagilmasini giderir ve hiz
aynimhihigini artinr. Bu islem pratikte birincil yansi-
malar tekrarli yansimalardan ayirmada kullanilabilir.

Bu makalede, genlik sacgilmalan olmaksizin, uy-
gun hiz-yigma topluluklar1 elde etmek icin etkin bir
yéntem tarumlanmigtir. Yontem agilim ortaminda t2-
gerilmesini gerektirir. Bu gerilme, hiperbolik normal
kayma egrileri boyunca uzanan yansima genliklerini,
parabolik normal kayma egrileri boyurca uzananlara
dénustiirir. OON toplulugunun gerilmis eksen boyunca
Fourier déniigimii alinir. Boylelikle elde edilen her
Fourier bilegeni, gerekli hiz-yigma toplulugunun uy-
gun Fourier bilegenini hesaplamak i¢in en kiigtik kare-
ler yonteminde kullamilir. Sonug olarak ters doniisim
ve gerilmenin kaldinilmas: uygun hiz-yigma toplu-
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ping, multiples, primaries or all of the hyperbolic
events can be modeled. An application of velocity-
stack processing to multiple suppression is demon-
strated with a field data example.

luganu verir. S6z konusu topluluk ise agilim orta-
nurda yeniden haritalanabilir. Bu tersine haritalama
esnasinda, tekrarli yansimalar, birincil yansimalar
veya biitiin hiperbolik olaylar modellenebilirler. Hiz
yigma igleminin tekrarh yansumalara uygulanmas: bir
saha veri drnegiyle gosterilmigtir.

INTRODUCTION

Consider th: synthetic common-midpoint (CMP)
gather in Figure lc. This gather is a composite of the
CMP gather with three primary reflections shown in Fig-
ure la and the CMP gather with one primary and its mul-
tiples shown in Figure 1b. Note that the three primaries
arrive at the same zero-offset times as the multiples,and
the moveout between the primaries and multiples is less
than 100 ms at the far offset (2350 m).

Traces in the composite CMP gather (Figure 1c) are
stacked with a range of constant velocities and the result-
ing stacked traces are displayed side by side, forming the
conventional velocity-stack gather shown in Figure 1d.
The highest stacked amplitudes occur with the actual pri-
mary and multiple velocities. The lower-amplitude hori-
zontal streaks on this velocity-stack gather are due to the
contribution of small offsets, while the large-amplitude
regions are due to the contribution of the full range of
offsets (Sherwood and Poe, 1972).

Let d (h, t) be the data in the offset space (the
plane of offset versus two-way travel time as in Figure
1c) and u (v, T) be the transformed data in the velocity
space (the plane of stacking velocity versus two-way ze-
ro-offset time as in Figure 1d). The mapping from the
offset space to the velocity space is achieved by sum-
ming over offset:

,/2 2, 2
u(v,= ¥ d(h,t =Vt +4h7/v") , (1a)

h

where t is the two-way fravel time, T is the two-way zero-
offset time, h is the half-offset and v is the stacking ve-
locity. The inverse mapping from the velocity space

back to the offset space is achieved by summing over ve-
locity:

d'(h,t) = Z u(v,T =« tz— 4h2/V2). (1b)

Figure 1d was obtained by using equation (la),
where the summation is performed over a finite range of
offsets. At first, it appears that using equation (1b),
where the summation is performed over a finite range of
velocities, the original data d (h,t) in Figure lc can be
reconstructed from the data in Figure 1d. The modeled
CMP gather d'(h, @) using equation (1b) is shown in Fig-
ure 2b. Observe the relative weakening of amplitudes at
far offsets, especially along events with large moveout.
Repeated transformations using equations (la) and (1b)
from the offset space to velocity space (Figure 2c) and

back (Figure 2d) further reduce the amplitudes at far off-
sets. Results of Figure 2 clearly demonstrate that the dis-
crete transforms given by equations (la) and (1b) are not
exact inverses of each other. The discrete summation in
equation (la) over a finite range of offsets causes map-
ping of amplitudes along a hyperbolic event in the offset
space (Figure 1c) to depart from the ideal point in the ve-
locity space and results in smearing of amplitudes along
the velocity axis (Figure 1d). Amplitude smearing means
loss of velocity resolution between two events with little
moveout difference. The velocity resolution is further re-
duced with lack of far-offset data (Figures 2b, ¢).

To reduce the amplitude smearing on conventional
velocity-stack gathers, Thorson and Claerbout (1985)
proposed a least-squares formulation of the problem.
Consider equation (1b) in matrix notation:

d'=1Luy, @)

I cell u (v, T) in equation (2) a proper velocity-stack
gather, whereby hyperbolas in offset space are represent-
ed by points in velocity space, to distinguish from the
conventional velocity-stack gather with amplitude smear-
ing. L is the matrix operator that maps each point in
u (v, 1) onto a hyperbola in d'(h,t), the modeled

CMP gather. The purpose is to find a u (v, 1) such that
the difference e (h,t) between the actual CMP gather
d(b,t) and the model CMP gather d' (h,t) is mini-
muin in a least-squares sense. Using the matrix motation
and equation (2), e (h,t) is defined as:

e=d-L u 3

The minimum error e (h,t) associated with the least-
squares solution u (v, 1) should be interpreted as being
the CMP gather that contains only the nonhyperbolic
eveats, such as random or linear noise, that may be
present in the original CMP gather d (h , 1).

The least-squares solution for u (v, ) normally re-
quires computing the inverse of the matrix LTL (T is for
transpose), which may have dimensions of 60,000 x
60,000 for a typical field data case. Inverting such a
large matrix is quite impractical.

A practical approach to solving equation (3) is giv-
en by Hampson (1986). First, the imput CMP gather is
NMO corrected; thereby resulting moveouts of the events
with originally hyperbolic moveouts are approximately
parabolic. Second, the NMO-corrected gather is Fourier
transformed in the time direction. Thus, equation (3) can



4

offset(km)

velocity(km/s)
3

2

TTTTTT T

T TTT

T

T T T Iy TTITTTIrrroTT

.
et

T

+ HH
}HHHIHIIII!II

s
T
e ‘l\nnnnn,..’u’.u......y

RS
i

FTTTTTIITHY

i
1l
!
I

148

5595555558

G
LARNY

<

[RARE!
T

T
A

RERRRRRARRRAN

RRARARERARNRRRERRRARRERARARERRDE

|
il
i
i

RARARERRN
i

i

!

——, e
Y&’ o=
AR =3

il
L
»’;‘ f

ol
Ll
!
,) i Vb
’IHH‘H!’\
Clririty)e
o
]

Velocity - Stack Processing

R O
PRI

!

[RESSRSRNENE

AN

W
XS (;;ﬁ?lhmv?:

W
W

)
i
|

)
N

I

s

2))
o S
i Eﬁf

Lef

i e a4
= bl -~ o e -
Sl a0 /7~ g :
— NP Mot < g r-
I S w7~ S
N PR, ¥0~nuiog: il w =
Y/ ot e ¥-~asi s o o
Ny, P euento ¥ Sl b
7SS et~ N~ pi =
PA A3 e
7 S i ol S

[$3H]

WU

- I S
— i
] PR i
— P
- N iy
PSS Sl S S——
z - T
— il —

/

(a)
1. (a) A synthetic CMP gather with there primary reflections; (b) a synthetic CMP gather with one primary reflection (arrival time at 0.2 s at zero-offset

Fig.

trace) and its maitiples; (c) composite CMP gather containing the primaries and multiples in (a) and (b); (d) the conventional velocity-stack gather derived

from the composite CMP gather using equation (1a). Note the amplitude smearing along the velocity axis.

1. (a) Ug yansima igeren bir sentetik OON toplulugu; (b) tek bir yansima (gelis zamam sifir agihmli izde 0.2 sn) ve onun tekrarli yansimalarim igeren bir

. Sekil

sentetik OON toplulugu; (c) (a) ve (b)'deki OON topluluklarinin birlestirilmesiyle olugan OON toplulugu; (d) (la) esitligi kullanilarak (c)'deki OON toplu-

lugundan elde edilmis klasik hiz

Hiz ekseni boyunca genlik sagilmasi1 gézlenmektedir.
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Velocity - Stack Processing 7

be rewritten for each frequency component, independent-
ly. For a typical field data case, the new form of the com-
plex matrix L may have dimensions of 60 x 60, which is
much easier to handle than the L matrix as defined origi-
nally in equation (3). Hampson (1986, 1987) applied his
technique for multiple suppression and signal enhance-
ment by random noise suppression.

As events on the NMO-corrected CMP gather deviate
from the ideal parabolic form, there can be degradation in
the ability to map those events into the velocity space
(Hampson, 1986). Moreover, stretch muting that is nor-
mally required after NMO correction can significantly re-
move the far-offset data. In this paper, I modify Hamp-
son's technique to circumvent the parabolic approxima-
tion. Specifically, in the present approach, a t2
stretching of the time axis replaces the NMO correction
of the CMP gather. This stretching converts all the hy-
perbolic events in the original CMP gather to exact para-
bolas. 1 also use the singular-value decomposition (SVD)
technique to avoid computing the direct inverse of L' L.
In the next section, this procedure is described and its ap-
plication to multiple suppression is demonstrated with a
field data example.

DESCRIPTION OF THE METHOD

Start with the synthetic CMP gather shown in Fig-
ure lc. Events on this gather have hyperbolic travel
times defined by:

1?2 = 12 + 4h*/v2, Cy

Apply stretching in the time direction by setting t' = t?
and T =12 Equation (4) then takes the form:

t'' = T + 4h?/v2, 63}

2 2
S ] 2 2

d@4hy /vy iwdh’ /v
. 1/vq

S22 ) 9
ol @4halvy iw4hy /v
e 2/v2

2 2 .
J@4h /vy RICLS AP

In the stretched coordinates, equations (la) and 1b) be-
come:

uv,T) =2 dt,t = T +4h?/v?), (6a)
h

and

dt,t) = 2u(v,T = t—4h2/v2) (6b)
v

Figure 3a shows the stretched CMP gather; note the
hyperbolas in Figure lc are replaced with parabolas. Ac-
tually, the t-transformation causes cornpression on data
before 1 s and stretching on data after | s. (A nice prop-
erty of the parabolic moveout is that it is invariant along
the t2-axis.) The sampling rate along the t2-axis was set
equal to (tmax)z/r_l_, where n is the number of samples

along the t-axis. There can be a potential problem of ali-
asing near t = 0; however, this problera should not be a
concern when dealing with field data. Applying parabolic
moveout and stacking over a range of constant velocities
(Equation 6a), we get the stretched velocity-stack gather
shown in Figure 3b. Compare with Figure 1d and note
that both velocity-stack gathers have amplitude smearing
along the velocity axis. Qur goal here is to eliminate
this smearing and enhance the velocity resolution.

By Fourier transforming equation (6b) with respect
to t', we get:

io' ahv’
d'(h,o) =3, u(v,o')e

v

' Q)

where @' is the Fourier dual ol t'. Equantion (7) can be
written in matrix form as equation (2) for each compo-

nent of d' (h, ®') and u (v, ®'), where L now is a complex
matrix:

i '4h2 2
exo) l/vp

i '4h2/ 2
el(o 2 Vp

1 '4h2 2
(:1(.0 m/vp
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a)

{
yigma toplulugu; (d) t2-gerilmesi kaldirildiktan sonra (c)'deki hiz-yigma toplulugu. Uygun hiz-y1gma toplulugundaki (d) yansuna ve tekrarh yansimalarin

time-squared; (b) ‘the conventional velocity-stack gather derived from the CMP gather in (a) using equation (6a); (c) the proper velocity-stack gather using
the SYD procedure described in the text; (d) the same velocity-stack gather as in (c) after undoing the L2-stretching. Note the distinct separation of primar-
ies from multiples on the proper velocity-stack gather (d) compared to the amplitude smearing on the conventional velocity-stack gather in Figure 1d.

3. {(a) t?-gerilmesinden sonra Sekil 1c'deki OON topluiugu. Hiporbollerin parabollere ve diigey eksenin seyahat zamaninin karesine doniigtiigii
gdzlenmektedir; (b) (6a) esitlii kullanilarak (a)'dan elde edilen klasik hiz-yifma toplulugu; (c) metinde agiklanan SVD yéntemiyle elde edilmis uygun hiz-
birbirlerinden ayrilmasi, Sekil (1d)'deki klasik hiz-yigma kesitinde gozlenen genlik saciimasiyla karsilagtinldigmda acikga gorilmektedir.

3. (a) The CMP gather of Figure 1c after t 2-streciching; note the hyperbolas (Figure 1c) are replaced with parabolas, and the vertical axis is in units of travel

Fig.
Sekil



Velocity - Stack Processing 9

Here, m is the number of offsets and p is the number of
velocities. Note that the elements of the L matrix oaly
depend on the geometry of the input CMP gather.

The least-squares procedure can now be reformulated
using the new definitions of d', u and L (equation 8) in
equation (3), where d (h, ® ') is the actual CMP gather
and e (h, @"') is the error in the transform domain. The
constrained least-squares solution u (v , ®') then is
(Lines and Treitel, 1984):
u= (LTL+pI)yt LT, G
where the asterisk denotes complex conjugate and P is
Marquardt's damping factor.

Normally, this constrained solution would require
computing the inverse of (LTL + B I). We can avoid the
matrix inversion by singular value decomposition (SYD)
of the complex matrix L (equation 8). This procedure fac-

tors L into a product of three matrices (Lines and Treitel,
1984):

L=UAVT (10)

By using this factorized form of the matrix L, the con-
strained solution given by equation (9) takes the form:

u=V[(r2+BI)'A]UT 4 (11)
where
Ay
Ay 4B 0O
@+pD) ' = 7;2 -
Ay +P (12)

, 2
p *B

and A, are the positive square-roots of the eigenvalues 7L’”’i

of LTL. Recall that the damping factor is a scalar that

prevents the solution (equation 11) from becoming unsta-
ble.

We now summarize the method:
(1) Start with a CMP gather, d (h, t) (Figure 1c).
(2) Apply the t2-stretching, d (h , t ' = t2) (Figure 3a).
(3) Fourier transform in the t'-direction, d (h , ®").
(4) For a specific value of 6 ':
(a) set up the L matrix (equation 8) based on the
geometry of the CMP gather.
(b) set up the d vector by transposing the data set
dt, o).
(c) Apply SVD on L (equation 10), and compute U,
A, and VT* hence UT* and V.

(d) Specify a value for B and set up the diagonal
matrix of equation (12). For field data, a value
of 1 % of the largest eigenvalue-squared, Klz,

often yields adequate results.
(e) Finally, solve for u (equation 11).

(f) Repeat (4) for al ® "' values and accumulate the
results inu (v, ®').

(5) Inverse Fourier transform to get u (v , ") (Figure
3c).

(6) Undo the t2-stretching to get u (v , ®") ; this is the
desired result, namely the proper velocity-stack
gather (Figure 3d).

(7) If desired, perform inverse mapping back to offset
space to get the model CMP gather (equation 1b). At
this stage, all or part of the velocity-stack gather
that contains primaries or mulitiples can be included
in the modeling defined by equation (1b). (An appli-
cation of this step for multiple suppression is dem-
onstrated in the next section.)

Compare the proper velocity-stack gather (Figure
3d) with the conventional velocity-stack gather (Figure
1d). Note the significant reduction of amplitude smearing
and enhancement of velocity resolution in the proper ve-
locity-stack gather. In particular, multiples and primaries
are now clearly distinguishable. Nevertheless, note the
frequency distortion of the wavelet, especially in the
shallowest event, primarily due to stretching (step 2) and
unstretching (step 6).

Using the proper velocity-stack gather (Figure 4a)
in equation (1b), the CMP gather can be faithfully recon-
structed (Figure 4b). Repeated application of the SVD
procedure outlined above always reproduces the CMP
gather (Figures 4c, d), with the exception of frequency
distortion at the very early times. (Compare the panels in
Figure 4 with those in Figure 2.)

Consider the field data example in Figure 5a. This
deep-water CMP gather contains little random noise, but
strong multiples below 3.5 s. The conventional velocity-
stack gather (Figure 5b) shows the familiar amplitude
smearing, whereas the proper velocity-stack gather
(Figure 5c¢) shows better focusing of amplitudes. The re-
constructed CMP gather (Figure 5d) contains all the hy-
perbolic events present in the original CMP gather
(Figure 5a) and excludes noise. The amplitudes on the re-

constructed CMP gather appear to be faithfully restored to
their original values.

APPLICATION TO MULTIPLE SUPPRESSION

I now demonstrate an application of velocity-stack
processing to multiple suppression. Consider the syn-
thetic CMP gather in Figure 1c and the proper velocity-
stack gather (Figure 3d) estimated from it. Using the en-
tire velocity-stack gather in the summation in equation
(1b), we get the fully reconstructed CMP gather shown in
Figure 6a. Aside from the loss of high-frequency energy
at early times, this modeled CMP gather is a close ap-
proximation to the original CMP gather (Figure 1c). In-
stead of including the entire velocity-stack gather (Figure
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4. (a) The same velocity-stack gather as in Figure 3d; (b) the CMP gather reconstructed from the proper velocity-stack gather in (a) using equation (1b); (c)
proper velocity-stack gather derived from the CMP gather in (b) using the SVD procedure described in the text; (d) CMP gather reconstructed from (c) us-
ing cquation (1b). Note the accurate rcconstruction of the CMP gather (b) from the proper velocity-stack gather (aj compared Lo the reduction of far-offsel
amplitudes on the CMP gather in Figure 2b reconstructed from the conventional velocity-stack gather in Figure 2a.

. {a) (3d)'deki lz-yigma toplulugu; (b) (a)'daki uygun hiz-yifma toplulugundan {1b) esgitlifi kullamlarak tekrar eide edilmis OON topiuiugu; (c) (b)'deki OON
toplulugundan SVD yéntemiyle elde edilen uygun hiz-yigma toplulugu; (d) 1b esitligi kullamlarak (c)den tekrar elde edilmis OON toplulugu. Uygun hz-
y1gma toplulugundan (a) elde edilen OON toplulugunun (b) dogrulugu, $ekil 2a'daki klasik hiz-yigma toplulugundan elde edilmis OON toplulugunda (2b)

uzak agilimlardaki genlik kaybi ile kargilagtinildifinda gozlenmekiedir.
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Fig. 5. (a) A deep-water CMP gather with strong multiples; (b) the conventional velocity-stack gather; (c) the proper
velocity-stack gather; (d) the CMP gather reconstructed from (c). Compare with (a) and note the preservation of
amplitudes along hyperbolic events. (Data courtesy Norwegian Petroleum Directorate.)

Sekil 5.

(a) Kuvvetli tekrarh yansimalar iceren derin deniz OON toplulugu; (b) klasik hiz-yigma toplulugu; (c) uygun

hiz-y1gma toplulugu; (d) uygun hiz-yigma toplulugindan tekrar elde edilen OON toplulugu. (a) ile kargilagti-
nldifinda hiperboller boyunca genliklerin korunduu gériilmektedir (Veri Norveg Petrol Direktorliigiine aittir).

3d) in the summation in equation (1b), only multiples
(Figure 6b) or only primaries (Figure 6¢) can be recvn-
structed by simply imposing a suitable pass corridor over
the velocity-stack gather. Compare the modeled multi-
ples-only and primaries-only CMP gathers (Figures 6d, c)
with the actual CMP gathers shown in Figures 1b, a, re-
spectively. (The modeled shallow primary in Figure 6¢
corresponds to the primary in Figure 1b). It appears that,
although insignificant, the multiples-only gather (Figure
6b) contains some residual primary energy, and the pri-

maries-only gather (Figure 6c) contains some residual
multiple energy. In practice, it may sorietimes be desira-
ble to model the multiples and subtract the result from
the actual CMP gather (Hampson, 1986). One reason for
this is the necessity to retain in CMP data some of the
nonhyperbolic energy, such as diffractions. In the
present example, Figure 6d shows the clifference between
Figures 1c and 6b. When compared with Figure 6c, the

subtraction result (Figure 6d) shows slight differences in
the early times.



Yilmaz

T

1l
Al
i
[

{

|

i
I}

;

Em——— ———f—= i e
ST S ——
S = e
— — S - e
i — S -—t= e e
R . S—— Y ——— .
—f =] e o Al s

T
|
|
il
|
/
|
o
N
{

ot

|
|
f
I

- —~ o TR

(c)

L83

Pl

\
e —=
oo e =

L]

J
ILEARREA
"

I — |0 s ——F ==
S el Sy S S S e

S [ o e i . Py e
— — T“\’(I,\D/KPHHH:( N o= W\D T
b S Su ST R ¢~ wttes T S
- S AvAS TR ey
S—— . G N W S st g Dl
s S S o 7 o ey ¥ —=f=z -
T = g P o Py f S I
—_— U Segs g g PR 7 gt i S
o = A A TR .
e M S PR 7 g R tes Yy e st~ e
il et SR s w (= 7
e Sl St e B0 Of S ,ﬂ =S
SO S g = NS
-t — Tr\ e P [ e il ¥ =2
— — —_ —— -~ 1 -
— g S RGP i ey Ta
— —_ - L P s -
— e B Een e _—T T . Zas
— [ S — S — AT T ~ >
— — — — — - N — -
e il Rt g s e ol
— —_ — — T -~ g
e e e st s s Y o Jl R
— P S S PR S v e e
Souin i S S S A T
—= il s B e S g
- I S— ! S — =
T —-f— —— = - B, o
e SR

offset(km)

—Z= N 7t iy (R S Yo b Ninien Rl ot

F— == s (A(W St S, WH‘ AR Lot S Wu = W
R T e S i e, e St
i R e | e o SR . (o S
it — A ) % Y, P N
S— — e ey ] 7 S !\t wiu wo
S — S gy Vi N aiay 7 g Emsenier
4 == «ﬁ &ﬁ o, e

—— 7+ =% ! o TR TR = ==
F— 1+ — yum @ K.& 7 rwf“u =& g— — —
A — —— gy ¥, k| @ Rt i = — — It
e I Sh— X T s — =
oo —cbe % Y G S ——— — =

S N PR B r \ P g — S
=+ = b ﬁ y = . k- =
- —op——= <A & & o e e, — — e a
S PR A A e e o
i Sl el S—— Ty ¥, —y 4 — — —— e S e S ==
] s e et =ty “%({Mu Vi —— e s i P S s
e e = e
e e e S e 4 % e 1 o

——— 1+ — - — el ", e e i — -

e e i g e v'ﬁﬂ'.u y O e — =

e — { y N S S—— (U E——_ i
—— 3 - = JH“«M .v...n"ﬁ ) X %fi\’l = e
SR — UQQ“. Ty S ~ ——t =
——+ - = a"ﬂ; i A T - 7 =
— mry Mmf‘\‘rwll \xitﬂ\\u”“% A‘Q,‘rum A 4 Vyb)‘Wm/ (b&%\/ll = -

gather in Figure lc using (a) the entire velocity-stack gather in Figure 3d; (b) allowing only the multiple energy; (c) allowing

(d) subtraction of (b) from Figure 1c.

of the CMP
ic'deki OON topluiugunun tekrar elde edilmesi.

only the primary energy;
6. (a) 3d'deki biitin huz y1fma toplulugu; (b) sadece tekrarli yansima enerjisi; (c) sadece yansima enerjisi; (d) Sekil lc'den (b)'nin ¢ikartilmasi; kullanilarak

6. Reconstruction

Fig.
Sekil
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7. (a) A shallow-water CMP gather; (b) full reconstruction from the proper velocity-stack gather; (c) multiples-only reconstruction; (d) difference between (a)

and (c). (Data courtesy Abu Dhabi National Oil Company.)
7. (a) Bir s1g deniz OON toplulugu; (b) uygun hiz-yigma toplulugundan tam olarak tekrar eldesi; (c) tekrarh yansimalanin tekrar eldesi; (d) (a) ile (¢)

arasindaki fark (Veri Abu Dhabi Milli Petrol Sirketine aittir).
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14 Yiimaz

A field data example with short-period interbed mul-
tiples is shown in Figure 7. The velocity spectra comput-
ed from the original CMP gather (Figure 7a) and the gath-
er with multiples removed (Figure 7d) are shown in Figure
8. Detailed portions of CMP stacked sections with and
without velocity-stack processing for multiple suppres-
sion are shown in Figure 9. An important observation in
Figure 9a is the apparent lateral continuity due to the
multiples. This coatinuity is replaced, in Figure 9b, with

fearures that are perhaps geologically more detailed and
plausible. Note the presence of a subtle structural closure
at 1.5 s in Figure 9b; this feature is completely disguised
amongst the multiples in Figure 9a. Unfortunately, be-
cause of unavailability of sonic-log information, no defi-
nite assessment can be made about the details in the CMP
stacked section processed for multiple suppression
(Figure 9b).

velocity(km/s) velocity(km/s)
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Fig. 8. Velocity spectra associated with (a) the CMP gather in Figure 7a; (b) the CMP gather in Figure 7d.

Sekil

8. (a) Sekil 7a'daki OON topluluguna ait; (b; Sekil 7d'deki OON topluluguna ait; iz spektrumlan.
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9. Detailed portions of (a) CMP stacked sections associated with the CMP gather in Figure 7a with short-period multiples; (b) CMP stacked section associat-
ed with the CMP gather in Figure 7d with velocity-stack processing for multiple suppression. Note the apparent lateral continuity caused by the short-
period multiples in (a); this false continuity is removed in (b), thereby uncovering a probable subtle structural feature at 1.5 s below midpoint A. (Data
courtesy Abu Dhabi Natonal Oil Company.)

Sekil 9, (a) Sekil 7a'daki OON toplulugu ile ilgili kisa tekrarlanmalar iceren yifma kesitinin; (b) Sekil 7d'deki OON roplulugu ile ilgili tekrarly yansimalan

s6éniimlemeye yonelik veri iglenmesiyle elde edilmig yigma kesitinin; ayrintili sunumu. Kisa peryotlu tekrarlanan yan51malar (a)' da gbzlenen ve gercek ol-

mayan bir devamlihfa neden olmakta, (b)'de ise bu gériiniim ortadan kalkmakta, dolayisiyla A noktasinin altinda 1.5 saniyede, kiiglik, olas1 bir yapisal

ozellik gozlenebilmektedir.

Fig.
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CONCLUSIONS

A method was presented to estimate proper veloci-
ty-stack gathers without amplitude smearing seen in con-
ventional velocity-stack gathers. The method involves
t2-stretching of the CMP data in the offset space, fol-
lowed by Fourier transforming along the stretched axis.
Each Fourier component then is used in a least-squares
minimization to compute the corresponding Fourier com-
ponent of the velocity-stack gather.

Removal of amplitude smearing increases velocity
resolution, thus allowing better separation of primaries
from multiples. This advantage can be put to use to sup-
press multiples by inverse mapping only the primaries
from the velocity space back to the offset space. In prac-
tice, however, it may be desirable to inverse map the
multiples and subtract the resulting multiples-only CMP
gather from the original CMP gather to yield the primar-
ies-only CMP gather. This CMP gather would retain non-
hyperbolic components of the data that may be of inter-
est.

A velocity-stack gather emphasizes the energy as-
sociated with the events that follow hyperbolic travel
time trajectories in a CMP gather. Reflections with non-
hyperbolic moveouts, such as those associated with com-
plex structures, are not to velocity space, properly. Ran-
dom noise uncorrelated from trace to trace and coherent
noise with linear moveout on a CMP gather are excluded
from the mapping to velocity space; hence, the model
CMP gather obtained from the inverse mapping should be
free of such noise.

In the least-squares inversion scheme used here, a
critical parameter is Marquardt's damping factor B. Choice
of this factor depends on the noise content of the data
For most field data cases, a value of 1 % seems to be a
good choice.

Other practical parameters are the velocity range
and velocity inczement used in constructing velocity-
stack gathers. The velocity range should span the veloci-
ties associated with primary and multiple reflections. A
good practice for the choice of velocity increment is such
that the number of traces in velocity space is set equal to
the number of traces in offset space.

Yiimaz

Application of velocity-stack processing to multi-
ple suppression was demonstrated with a field data exam-
ple with short-period multiples. Unfortunately, no sonic-
log information was available to assess to what extent
the uncovered features are geologically plausible. Nev-
ertheless, the velocity spectrum of the data after velocity-
stack processing clearly indicates removal of a large
amount of multiple energy. Moreover, the CMP stacked
section after multiple suppression shows evidence of a
subtle structural closure and some details that may have
geological significance and are not at all visible on the
conventional CMP stacked section.
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