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ABSTRACT

This paper presents results of a consistent work ow for processing and imaging applied to marine
seismic data. The data set was collected in the Southern Atlantic offshore Brazil. Searching for tech-
nigues to increase the data resolution, fundamental steps of signal processing together with imaging
methods based on the data-driven CRS technology, such as CRS-stack based residual static correction
and pre-stack data enhancement, were applied and proved to be successful. The ®nal aim of the data
processing and imaging sequence was to obtain sections ready to be submitted to geological interpre-
tation. The latter was conducted on the ®nal stacked and CRS time migrated sections. The optained
image panels allow for interpreting discontinuities, thinning, faults, anticlines, plays of horsts and
grabens. Some selected parts of the line needed detail processing to make structures more evident that
where partly hidden by the strong free surface multiples and diffractions.

INTRODUCTION

Recently, Gomes et al. (2007), Heilmann et al. (2007) and Leite et al. (2008) have presented different case
studies where CRS-stack-based imaging work ows have been applied to land datasets in order to obtain a
better structural image of structures relevant for oil exploration. The present work represents an extension
of these efforts to marine data. Main steps of CRS-stack-based seismic imaging were carried out with
results that clearly showed improvement on the continuity of re ection events, enhancement in the signal-
to-noise ratio, and enhancement of free surface multiples. Previous to the CRS processing, several tasks
were performed beginning with the geometry setup, muting of bad shot and receiver ga®itgsng f-k

®ltering, deconvolution, ®eld static correction, and spherical divergence correction. The work ow of the
present work is summarized in Figure 1, where the major steps follow Heilmann (2007).

Complex geological environments often pose severe dif®culties for accurate imaging in time and depth
domains, and even more if combined with complicated near surface conditions. Under such circumstances,
where simple model assumptions may fail, it is of particular importance to extract as much information
as possible directly from the measured data. The Common Re ection Surface (CRS) stack, described
by M ller et al. (1998) and Mann (2002), among others, has become a powerful data-driven method for
improving the zero-offset (ZO) simulation of seismic data. Topography can be directly considered during
the stack process which was irrelevant for the presented marine case. In 2D processing, for every ZO
sample three kinematic wave®eld attributes are obtained as useful by-products of the stacking process
(Hubral, 1999). These attributes have been applied to improve the stack itself, and to support subsequent
processing as described in Duveneck (2004), Gamboa (2003), and Koglin (2005), among others. Using
the CRS attributes for the transformations between time and depth domains, an advanced data-processing
work ow can be established, covering a broad range of seismic re ection imaging issues in a consistent
manner.
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Figure 1: Major steps of the re ection seismic data processing.

DATA

The marine data set used in this case study was acquired by PETROBRAS for petroleum exploration. It is
free for use for academic research, and it was obtained from the Ag!ncia Nacional do Petr"leo, G#s Natural
e Biocombust$veis (ANP) to support academic projects. In this case, the target was basin reevaluation based
on seismic reprocessing with non-commercial software for research purposes. The data set is offered in
the form of non-processed ®eld records, therefore a complete pre-processing stage was necessary that is
partially described in the sequel. In order to provide to the reader a ®rst orientation regarding the main
structural features present in the data at hand an idealized geological section is depicted in Figure 2.
Following the description of Mohriak et al. (2008), the geological sedimentary basins in the continental
shelf of the Brazilian Atlantic are classi®ed as passive. The rifts are directly related to the global tectonics
and the opening of the Atlantic ocean. They are ®lled with sediments starting in the Jurassic with the pres-
ence of diabase intrusions and halogenic tectonics. The structural scenario of these basins features horsts,
grabens, anticlines, synclines, “ower structures, and dip inversions. Transcurrent faulting is considered to

-a000

Figure 2: Selected idealized geological section of the Marine basin (Based information of the ANP site).
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Figure 3: Minimum offset section after pre-processing with automatic gain control applied for display.

have reactivated local features that were developed in the rift stage. The stratigraphic scenario is divided
into depositional sequences that re” ect the geological evolution of the area.

PRE-PROCESSING

One marine line was selected for presentation, and it has the following general survey information: date
of acquisition 1985; direction SE-NW; length 40 km; 1578 shot points; time sampling interval 4 ms; 25m
shot point and receiver station spacing; array guns placed at 8 m depth. The array distributions are from
left to right left-unilateral 0-120.

The pre-processing steps were performed with the free seismic processing package CWP/SU of the
Colorado School of Mines (Cohen and Stockwell, 2005). The SU data format can easily be created from
the original SEGY ®les and directly be used as input for the WIT/CRS codes. Pre-processing consisted of
3 main parts: (1) geometry setting; (2) muting of bad traces; anfl @)df -k ®ltering. The work ow
was organized as an annotated sequence of targetdakefile  with the aim to keep detailed reference
information to ensure the reproducibility of the results to emphasize the dependence of the processing on
several steps with various parameters. Conventional imaging was applied as well at this stage involving the
application of the following techniques: (4) velocity analysis; (5) NMO stacking; (6) migration.

Based on shot and receiver gathers, the original data was analyzed in order to locate noisy shot and
receiver sections and to look for dead or corrupted traces. Finally, all strongly corrupted traces were muted.
A trapezoidal band-pass ®lter was applied with corner frequencies of 8-10-70-80 Hz. Furtherfrdore, a
®lter was used to suppress unwanted events such as water surface waves and critically refracted waves. The
decision for adopting ®lter parameters was based on the visual analysis of the trace gathers, their spectra,
and preliminary stack results that reinforced the importance of the pre-processing. Even though the data is
marine, residual static corrections, described by Koglin (2005) was also applied on the basis of geostatistics
and communication theory to obtain a better event correlation in the presence of vertical misplacement and
source and receiver delays. The Wiener-Hopf predictive error ®ltering and spiking deconvolution was
applied to the data to suppress ocean bottom multiples and to increase the temporal resolution. To show
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Figure 8: Optimized CRS Fresnel super gathers stack.
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Figure 9: Interpreted optimized CRS super gathers stack for geometrical structures.
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Figure 10: CRS Fresnel and super gathers post-time Kirchhoff-type migration section.
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Figure 11: Interpreted optimized CRS super gathers post-time Kirchhoff-type migration for geometrical
structures. The interpreted colored lines in Figure 9 were transported to the CRS Kirchhoff-type migration

of Figure 10.









