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ATTENUATION OF SHORT-PERIOD MULTIPLES IN SEISMIC DATA PROCESSING
OF THE JEQUITINHONHA BASIN, BRAZIL

Silmara L.R. Oliveira', Rosangela Corréa Maciel?, Michelangelo G. da Silva' and Milton José Porsani

ABSTRACT. Short-period multiples attenuation is a difficult problem for shallow water marine seismic data processing. In the past few decades many filtering
methods have been developed to solve this problem and to improve the quality of seismic imaging. The Wiener-Levinson predictive deconvolution method is one of the
most useful and well known filter methods used in the seismic data processing flow. It is a statistical approach to reduce redundancy along the time variable seismic
trace, allowing us to both improve the time resolution and also attenuate multiple reflections of the seismic traces. One of the assumptions of the Wiener-Levinson
method is that the seismic wavelet is stationary along the entire seismic trace. However, this is not true for real seismic data and to bypass this limitation the method
is normally applied using fixed time windows, distributed along the seismic trace. The present study tested a new adaptive predictive deconvolution approach for the
attenuation of short-period multiples. The new approach is based on a sliding window of fixed length that is shifted sample by sample along the entire seismic trace.
At each position, a new filter is computed and applied. The implied systems of equations are solved by using a recursive Levinson-type algorithm. The main difference
with respect to the conventional Wiener-Levinson approach is that the filter is updated for each data sample along the trace and no assumption is imposed on the data
outside the considered window. The new adaptive predictive deconvolution approach was tested using a seismic line of the Jequitinhonha Basin acquired by Petrobras.
The results demonstrated that the new approach is very precise for the attenuation of short-period multiples, producing better results than the ones obtained from
the conventional Wiener-Levinson predictive deconvolution approach. The results were obtained with filters of 25 coefficients, predictive distance of 5 samples and
window length equal to 55 samples.
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RESUMO. A atenuacdo de reflexdes maltiplas de curto periodo, presentes nos dados sismicos adquiridos sobre lamina d’agua rasa, representa um grande problema
do processamento de dados sismicos maritimos. Nas Gltimas décadas, vérios métodos de filtragem de dados sismicos tém sido desenvolvidos com o propésito de
atenuar reflexdes mdltiplas e melhorar a qualidade das secdes sismicas. O método de filtragem conhecido como deconvolugdo preditiva de Wiener-Levinson é bastante
utilizado na industria do petréleo. Ele permite melhorar a resolugdo temporal dos dados sismicos e atenuar reflexdes multiplas, podendo ser visto como um método
estatistico que remove a coeréncia temporal dos tragos sismicos. O método de Wiener-Levinson pressup@e que o pulso sismico é estacionrio, fato este que ndo ocorre
nos dados sismicos reais. Para contornar este problema, o método de Wiener-Levinson é normalmente aplicado utilizando-se janelas de tempo fixas, distribuidas ao
longo do tempo de registro. No presente trabalho, empregamos um método de deconvolugdo preditiva adaptativa no qual as janelas de tempo deslizantes sdo deslocadas
amostra a amostra ao longo de todo o trago sismico. Os sistemas de equagdes sdo resolvidos com o algoritmo recursivo tipo-Levinson. Na deconvolugdo de Wiener-
Levinson, com janelas de tempo fixa, os filtros sdo gerados e aplicados dentro de cada janela. Ja na deconvolucdo preditiva adaptativa o algoritmo calcula um novo
filtro a cada posicdo da janela deslizante. Para teste da nova abordagem utilizamos os dados sismicos da Bacia de Jequitinhonha, cedidos pela Petrobras. Os melhores
resultados foram obtidos com filtros de 25 coeficientes, distancia de predigdo igual a 5 amostras e janela mdvel de 55 amostras. Os resultados obtidos com a nova
abordagem demonstram que a deconvolugdo preditiva adaptativa atua com eficécia na atenuagdo de mdltiplas de curto periodo, apresentando resultados melhores que
0s gerados pelo método de deconvolucdo preditiva de Wiener-Levinson.
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INTRODUCTION

The objective of seismic reflection is to obtain seismic images
that best represent the geological structures in the subsurface.
The presence of multiples in the seismic image hinders the inter-
pretation, because they can be misinterpreted as primary events
(Maciel, 2007). In addition to this problem, the data migration
step can be impaired due to the fact that multiples are treated
as primary.

The short-period multiples are coherent noises that originate
from the reverberation of the seismic energy in a not very thick
layer with strong impedance contrasts.

The attenuation techniques for multiples explore the differ-
ences in the Normal Moveout (NMO) and the periodic features
of such events. The prediction and suppression of short-period
multiples are great challenges to seismic processing since peri-
odicity is not well defined.

The deconvolution method is often employed in seismic pro-
cessing data to compress the pulse and, therefore, improve the
definition of reflections of the recorded data. This technique also
allows removing reverberations and multiple events, thus restor-
ing reflectivity the best way possible. The predictive deconvolu-
tion is a statistical method based on the periodicity of multiples.
However, this method's success is limited to short offsets and
horizontally stratified media, situations where periodicity it is
better observed.

Another limitation of this method is the stationarity of the
process. To solve this problem, some authors (Clarke, 1968; Grif-
fiths etal., 1977) developed the adaptive predictive deconvolution
approach, where in conditions of non-stationarity of the seismic
pulse, the recorded trace is split in windows to make it more sta-
tionary. A specific filter is determined and applied to each window.

This work used the adaptive predictive deconvolution ap-
proach for the attenuation of short-period multiples. Two methods
were tested: (1) Wiener-Levinson Adaptive Predictive Deconvolu-
tion (WLAPD) with fixed windows; and (i) Morf-Porsani Adaptive
Predictive Deconvolution (MPAPD) with sliding windows.

Morf et al. (1977) developed an efficient Levinson type al-
gorithm to solve the Normal Equations (NEs) associated to the
problem of linear prediction (unit prediction distance L = 1),
in which no hypothesis is formulated about the data outside the
considered window. Porsani (1991) extended the Morf algorithm
to arbitrary prediction (L > 1). In these cases, the NEs matrix
does not have the Toeplitz structure any longer and the reverse
filter obtained with the Morf-Porsani algorithm will contribute
only to the data inside the window, unlike the Wiener-Levinson
(WL) filter that considers null amplitudes of trace samples out-
side the window.

GEOLOGY OF THE BASIN

The sedimentary Jequitinhonha Basin is located on the South
Central coast of Bahia, between the 15th and 18th parallels south.
It borders Alto de Olivenca in the Almada Basin to the north, and
the Volcanic Bank of Royal Charlotte and its projection toward
the coast to the south, thus separating it from the Cumuruxatiba
Basin. The Jequitinhonha Basin is located on the south border of
the Sao Francisco Craton. The Basin has an area of approximately
10,000 km?, of which 9,500 km? are submerged (7,000 km? up to
1,000 m water depth and 2,500 km? between 1,000 and 2,000 m
water depth). The basement consists of granitic and gneissic
rocks (Santos et al., 1995).

The stratigraphic framework of the basin is characterized by
the following formations:

1. Native Group — consists of the Mariricu formation with
two distinct members: the Mucuri Member formed by
thick clastic and fluvial-lacustrine fines of Alagoas age,
and the ltainas Member characterized by neoalagoas
gvaporites representing a marine environment of restricted
circulation;

2. Barra Nova Group — consists of two formations. The Sdo
Mateus formation represented by thick clastic deposited
on the deltaic fans and the Regéncia Formation consist-
ing of high and low energy carbonates from the neritic en-
vironment. This group age has been dated as Albian and
Cenomanian;

3. Espirito Santo Group — consists of three formations. The
Rio Doce Formation characterized by coarse sandstones
of the tertiary coastal fans. The Caravelas Formation con-
sists of tertiary neritic carbonates of high and low energy.
The Urucutuca Formation is formed by thick pelites and,
neo-Cretaceous and tertiary sandstones, deposited on the
slope and basins;

4. Barreiras Formation — is the neo-Cenozoic clastic cover-
age of the terrestrial portion.

The Sequences Stratigraphy

Rift Sequences — the K40 sequence corresponds to the lower
part of the Mariricu Formation, of Eoalagoas age. The K50 se-
quence is the transition that closes the Eocretaceous taphrogeny,
represented by evaporites of the Italinas Member.

Passive Margin Sequences — the beginning of the marine
sedimentation is characterized by the neritic clastics and carbon-
ates of the Barra Nova Group, of albo-Cenomanian age, persist-
ing up to the Coniacian, forming the K60 and K80 sequences.
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The oceanic conditions deepened starting from the Senonian,
and the sequences K90-T30 (Santonian-Oligocene), T40-T50
(Qligocene-Miocene) and T60 (Pliocene-Holocene) were rec-
ognized. These sedimentary packages deposited initially under
transgressive conditions, and from the beginning of Eocene, a
regressive system consisting of alluvial fans, carbonate shelf,
slope and basin, settled.

According to Chagas (2003), the stratigraphic architecture of
the wider and younger Aptian/Eoalbian Rift is similar to that of
an extended basin. This pattern may reflect an unusual heat con-
tribution, that begun during the Barremian, caused by the dome
formed, whose volcanic rocks extruded only in the south neigh-
borhood of the basin during the Paleocene and Eocene.

ADAPTIVE PREDICTIVE DECONVOLUTION (APD)

Conventional deconvolution assumes a stationary process; there-
fore, limiting the nature of the variation of the seismic pulse that
occurs during the propagation in the subsurface. The adaptive
deconvolution is a tool that overcomes this limitation, since the
seismic trace can be split in time windows. Each window is ap-
proximately stationary, to which a specific filter is determined
and applied.

The filter coefficients are determined using an adaptive algo-
rithm that updates the filter for each point of the seismic trace as
to minimize the error associated to deconvolution result.

It is required to estimate the initial window size for the filter
to work. Thus, a sliding window with samples is defined and the
filter with the coefficients is updated at each window position.

For L = 3 and n = 3, the matrix becomes

Wiener-Levinson Adaptive Predictive Deconvolution
(WLAPD)

The predictive filtering is described by the discreet convolution
formulaand is represented as a linear prediction (Robinson, 1980)
as follows,
Typr = Z$t—k+1ﬁk (1)
k=1
where
e 7.y is the signal predicted over time, from the linear
combination of the values x, . . ., Tt—n+1;
e L isthe prediction distance;

e hy is the prediction filter.
The term e, 1, is the prediction error in the ¢ + L sample,

representing the difference between the reading and the calculated
sample, given by

€44 L = Tgi[ — Te4L (2)

The error operator with L prediction distance is represented
as follows,

1,0,0,...,0, —a1, —Gsa, ..., —Gn .
N—_——
(L—1 zeros)
where the [n] non-null coefficients of the filter act on the seis-

mic trace, ¢, at past times, preserving the L samples related to
primary reflections.
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Observe in matrix (3) that

e; = Tj, for 7=0,1,2,

thus, the L samples of the trace that referring to the primaries
are preserved.
The quadratic form corresponding to the prediction error

vector is
Q=> ¢ (4)
t

The coefficients of the prediction error operator should be
calculated so as the quadratic error is minimized. Minimizing the
quadratic error and expanding the Normal Equations (NEs), we

obtain,
[ To T1 Tn—1 -|
1 To .
1
Tn—1 1 To
(%)
—5L1 TL
—as TL4+1
X ) =
—an TL4n—1

Matrix (5) has banding in relation to the main diagonal and
is known as band-structure autocorrelation Toeplitz matrix whose
coefficients represent an estimate of the autocorrelation (r; =
>, zpxk—j) of the seismic pulse.

The conventional WL deconvolution method estimates the in-
verse filter based on the Least Square Method (LSM), which re-
sults in the system of NEs shown in (5). For a filter with [n]
coefficients, this system can be resolved through the Levinson
Recursion (LR). This method assumes that the seismic pulse is
of minimum phase; since the inverse filter obtained as a so-
lution of NEs is always of minimum phase. Therefore, its use
with real data does not always meet the assumptions implied on
the method.

Vector @ minimizes the error in Equation (5). And as a func-
tion of the elements of this vector, it is possible to get the expres-
sion of the total sum of the minimized errors: E, ,,

min{Q} =E,, =19 — Z TL+kGk (6)
k=1

The expanded NEs are obtained by combining the expres-
sions (5) and (6). To simplify the vector @, we adopt:

—aj =aj,j=1,2,...,n

To TL TL+1 TL4+n—1
TL To r1 Tn—1
TL+1 r1 To
1
L TL4n—1 Tn-1 s 1 To i
(7)
1 Eqon
al 0
X =

an 0

The WL sliding windows refer to windows of fixed time length
set on the interval x, ..., z¢yr, iMposing that the data are
equal to zero outside the considered interval, that is, z, = 0
fort > k > t + L. Inthis case, for each window position,
the NEs system associated with the prediction filter is a Toeplitz
matrix that can be resolved with the LR.

Forawindow defined inthe interval z, . . ., ¢+ 1., the auto-
correlation is estimated and the WL inverse filter of n coefficients
is calculated through the LR, and, thus, the filter for the K + L
position is obtained.

Morf-Porsani Adaptive Predictive Deconvolution
(MPAPD)

Morf et al. (1977) developed an efficient Levinson-type algorithm
to solve the NEs associated to the linear prediction problem, in
which no hypothesis is made concerning the data outside the
considered window. In this case, the NEs matrix is not a Toeplitz
matrix any longer, and the inverse filter with the Morf algorithm
takes into account only the data inside the window.

The direct prediction operator obtained, through the linear
combination of past values, predicts the next point with the lowest
error (Montenegro, 1996) and, in terms of Least Square Method
(LSM), the prediction error is,

1
€an = Tpt1 [ ‘| (8)
where, [1 af,] is the direct prediction error operator (PEO) and,
Tn ‘e )
Tp—1 . e X1
9
Tm—1 Tm—n—1

is the matrix corresponding to the entry signal, ., with length m.
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The expanded NEs are,

. 1 Ean
Tpt1 Tntl

=C,
a,n 0,

(10)

Qnp

1 p—
an |

It is known that ey, ,, is the error vector associated with re-
verse PEQ, then

by
€hn = Tn+1 [ 1 ‘| (11)
Similarly,
b, b, 0y,
Thi1 $n+1:| l I N I B, (12)

From (10) and (12), itis observed that C,,, = Cb,, and that
their elements are a function of the number of coefficients (n)
of the prediction error operator. Thus, making C,, = Cq,n =
Cy,n, it is possible to represent equations (10) and (12) in a sin-

gle matrix,
I
an 1|

The Morf algorithm solves the two equations shown in (13).

The predictive adaptive Morf deconvolution uses sliding
windows that preserve data amplitude for the given time interval,
similar to the adaptive WL windows. However, the data outside
the window are not assumed to be null.

Using the principles of the Morph algorithm, Porsani (1991)
developed an adaptive algorithm that updates the window pre-
diction filter to be solution of the next window using arbitrary
prediction (L > 1). This algorithm associates the algebraic
relations of the NEs matrix with the subsequent windows, allow-
ing the attenuation of short-period multiple reflection events.

The adaptive algorithm solves efficiently and exactly the NEs
for each position of the sliding window over time, contrary to
the NEs with Toeplitz structure that are resolved through the
LR, where the prediction error operator is not the exact solution
of the NEs.

Ea,n 0n

C
" On Eb,n

(13)

APPLICATION AND RESULTS
The deconvolution methods were tested in the 214-0266 seismic
line acquired in the Jequitinhonha Basin, available at the CPGG-
UFBA database. The parameters, number of cogfficients (V) and
distance of prediction (L) used in the deconvolution methods
were N = 25 and L = 5 samples, respectively.

The following steps were used to process the data:
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Preprocessing

Bandpass Filtering

Organization in Common Offset Families
Adaptive Deconvolution

Organization in Common Mid Point Families
e Velocity analysis

e NMO Correction + mute

e Stacking

Application of the WLAPD

The data were organized in Common Mid Point (CMP) families to
apply the WL adaptive deconvolution. Figure 1 shows the division
of the traces of CMP in four windows fixed in time.

Figure 5(b) shows the good results that were obtained using
the parameters described above. This figure shows that the re-
verberations seen throughout the CMP, especially in the shorter
offsets, were attenuated. The events are better defined and com-
pressed in (b) than in (a).

Figure 2 shows the preliminary stacked seismic section
without the filtering of multiples. In the shallow water region, the
figure shows that the reflections are masked by short-period mul-
tiples, making it difficult to distinguish accurately the reflections
of interest.

The velocity analysis is performed again after applying the
WL filter, and the end result is shown in Figure 3. The compar-
ison of the stacked section with the preliminary section shows
a great attenuation of short-period multiples, and consequent
enhancement of the reflections of interest.

Application of the MPAPD

The Morf-Porsani adaptive predictive deconvolution was applied
to the data organized in common offset families and the decon-
volution was performed in different size windows as shown in
Figure 4. There are two windows of deconvolution to each trace,
J@y,t=1,...,11and Jp,. The window J;y is the initial de-
convolution window; the value of the number of samples of this
window varies for each trace along. Due to this variation, eleven
coordinates corresponding to the trace and number of samples
were chosen to interpolate these values for all traces of the panel
allowing the initial window to vary. The value of .J,,, window
does not vary, however, for the system to be stable, the window
has to be greater than (2 x N') + 2, where IV is the number of
coefficients of the filter. The window .J,,, is mobile and it will be
displaced sample by sample along the trace to obtain a filter for
gach window position.
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Figure 1—Windows in time J(;),7 = 1, 2, 3,4, used in WLAPD application.
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Figure 2 — Preliminary stacked seismic section.
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Figure 3 — Stacked section after applying the WLAPD.
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Figure 4 — Schematics showing the relationship between the initial deconvolu-
tion window Jy;y,4 = 1,..., 11and the mobile window Jy, .

The filtering of multiples was effective enough with the
method of Morf-Porsani adaptive deconvolution. The short-
period multiples related with the reverberation of the seismic
wave in the shallow water region were attenuated satisfactorily,
despite some assumptions of the deconvolution method regard-
ing the suppression of multiples.
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Figure 5(c) illustrates the application of the MPAPD in CMP.
The good attenuation of the reverberations present in the data can
be seen when compared to the original CMP (Fig. 5(a)).

Figure 6 illustrates the stacked seismic section obtained
by applying the Morf-Porsani adaptive predictive deconvolution.
The result is better than that obtained by the WL method. Some
events are better defined than previously, while the multiples were
better suppressed. Reflectors of interest are observed approxi-
mately after 1.0 s, which could not be seen before the filtering.
The reflector at 0.5 s became clearer and it is possible to observe
better its continuity. There was also a visible improvement of the
image in the region of faults.

The parameters used were defined to improve the image
in the shallow water region, which has short-period multiples
with features distinct than the multiples present in the break of
slope. Therefore, in the deeper water region, the section lost
some quality.

CONCLUSIONS

The predictive adaptive deconvolution methods are a good tool
to attenuate short-period multiples.

The WL deconvolution method with 4 fixed windows yielded
good results. The window size should be carefully defined due
to the method’s premise that the pulse is stationary, and the size
chosen attended the method requirements.
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Figure 5 — CMP 298 section (a) original, (b) after applying the WLAPD, and (c) after applying the MPAPD.
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Figure 6 — Stacked section after applying the MPAPD.

The choice of number of filter coefficients and the mobile
window length used in the Morf-Porsani adaptive deconvolution
influences the quality of the results obtained. The smaller the filter
and the window, the less effective is the algorithm. The best re-
sults were obtained for 25 and 5 samples, respectively. These val-
ues used in the method of Morf-Porsani adaptive deconvolution
were able to suppress and attenuate the short-period multiples ef-

ficiently, enhancing the primary reflections, and enabling an even
better interpretation of the obtained seismic-stratigraphic section.

The deconvolution method is already used in the industry
of seismic data processing. Therefore, the technique of adaptive
predictive deconvolution can be further explored to improve the
existing methods, and become of great value to improve the sub-
surface images.
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