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SUMMARY
In seismic imaging, 5D recorded seismic data is migrated to the depth domain, forming a much lower
dimensionality, the extra dimensions being reduced by integration. As a consequence much information is
irretrievably lost, information that could be of use in characterizing with minimal uncertainty the
subsurface geological features. In order to retain the full richness of the collected data in a form which can
be of use in achieving an unambiguous interpretation of the geology of the subsurface, an approach is
presented here that, using migration, maps data from the surface acquisition domain to that of the
physically derived subsurface 7D domain. The gathers thus derived can be considered to be complete
representations of the scattering event and as such can be processed subsequent to migration, to accentuate
any aspect required. We have demonstrated the directionality derived images among many other possible
applications.
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Introduction
Recorded seismic data includes many different wave characteristics, such as primary and multiple
reflections (compressional and mode converted), refractions and head waves, different types of
diffractions, and duplex/corner waves. These are all are masked with coherent and random noise.
Seismic migrations use the recorded data and an approximated background velocity model to back
propagate these wave characteristics into their “true” subsurface locations, and, by applying the
“right” imaging condition criteria, to form the best possible image of the subsurface geological model.
Certainly, there are many challenges in this process. The background velocity model is only a
simplistic realization of the “true” geological model that can include, for example, complex structural
geometries and layer velocities with different orders of anisotropy, absorption and dispersion. An
accurate geological model builder and appropriate wave/ray based modeling are essential for
simulating the wave propagation in such complex models. Additionally, the quality and richness (e.g.,
dense acquisition, wide azimuths and long offsets) of the available recorded seismic data are
obviously main factors in this process, directly affecting the ability to optimally illuminate the
subsurface grid points from all directions. Richer illumination results in higher certainty in the
determination of the background velocity model and an improved image of the subsurface. Finally,
the imaging condition applied to the huge amount of incidence and scattered waves at each subsurface
point is a critical operation that strongly affects the type and class of images obtained.
In seismic imaging, the 5D recorded seismic data is migrated to the depth domain, forming a much
lower dimensionality (common image gathers), where the extra dimensions are reduced by
integration. In this manner much information that could be of use in uniquely characterizing the
subsurface geology features is irretrievably lost. In order to retain the integrity of the collected data in
a form which can be of use in achieving an unambiguous interpretation of the geology of the
subsurface, the input seismic data should be first uniquely mapped into the multi-dimensional (7D)
local angle domain, which includes the vector descriptions of the incident and reflected events at each
subsurface point. Dedicated imaging condition operators can be then applied to this dataset to form
desired classes of final images.
Method
In this abstract we present a novel imaging approach that attempts to confront these geological and
geophysical imaging challenges. It is an extension of our ongoing work on imaging in the local angle
domain (LAD) (e.g., Koren and Ravve, 2011 and important references within). The method comprises
two independent stages:
The first involves ray-based data mapping of the 5D seismic data into a 7D subsurface space-angle
domain. A specially designed point diffractor ray tracing operator is calculated with the aim of
optimally illuminating subsurface directivities and the surface acquisition locations. The permutations
of the individual one-way diffracted rays form a system of ray pairs (incident and scattered) that
enables the decomposition (binning) of the migrated seismic events into a “4D LAD table” at each
subsurface (x,y,z) point. The in situ 4D angles can either include two polar angles for the incidence
wave and two for the scattered waves, or alternatively, two polar angles representing the directivity of
the ray pairs (the sum of the incident and scattered slowness vectors) and two additional angles
representing the opening angle and opening azimuth between the two slowness vectors at the image
points. This type of data is stored as a 5D common image gather (CIG) for each in-line/cross-line
location. These gathers can be poorly or richly illuminated (e.g., Figure 1), depending on the available
seismic data acquisition and the complexity of the subsurface geological model. It is important to note
that this is the most appropriate physical domain for muting artifacts and applying data reconstruction
for the poorly illuminated angles, to complete the in situ multi-dimensional reflectivity (scattering)
distribution. This stage can also be considered as a “localization” approach, where, for a given
background model, all data points within the whole migration aperture dataset are mapped into the
neighborhood (due to the inaccuracy of the background model) of their actual scattered points.
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Practically, this stage involves optimal high-performance computing (HPC) where the main challenge
is to store the huge amounts (7D) of data in a compacted feasible manner.
The second stage involves the proposed directivity driven imaging condition. Firstly, directivity
driven 3D semblance gathers, “specularity gathers” are computed for each 5D gather. The 3D
semblance values are computed for each directivity bin (dip/azimuth), over all depth points, within a
given window. As these gathers are computed along the opening angle/azimuth traces, they indicate
the energetic directions of the actual reflected events. These gathers can then be used to form different
types of weighted stack filters. For example, to enhance structural continuity of the subsurface
reflectors, the specularity values are directly used as weighted stack coefficients. This results in the
generation of high-quality, full-azimuth angle gathers which can considerably enrich the information
and reduce uncertainty in velocity model determination and amplitude inversions. Diffraction imaging
involves first attenuating the high specular energy (e.g., designing a filter which is one minus the
specularity values). To enhance the azimuthally aligned subsurface near vertical planes, an additional
azimuthally dependent 2D semblance gather (filter) should be calculated and used. These azimuthally
dependent semblance values indicate reflections/diffractions (or duplex waves) from near vertical
planes, such as salt flanks, faults and even fracture systems. The important implication here is that one
can generate different types of images without rerunning the heavy computational process of the first
stage. Finally, the different images can be co-rendered to simultaneously visualize the different
geological characteristics.
Examples
The first example is from the Columbus Basin, offshore Trinidad and Tobago courtesy of BG
Trinidad & Tobago.
Figure 1a shows an example of in-line/cross-line images and a unique visualization of a 5D LAD
gather for the intersection location of these images (Figure 1b). The 5D LAD gather is uniquely
visualized in the form of a 3D display, where each of the lateral axes combines two polar angles
(directivity: dip/azimuth and opening angle/azimuth). It provides a comprehensive understanding of
the available in situ angle domain illumination. Figure 1c shows an example of a 3D opening
angle/azimuth gather (in 2D display) computed from the 5D gather by integrating over the directivity
angles. Figure 4d shows a 3D directional gather computed from the 5D gather by integrating over the
opening angles and azimuths.

a
b
c
Figure 1 An example of a 5D gather and its opening angle and directional gathers.

d

The results for the processed volume are shown below. On the right (Figure 2b) a specularity
enhanced depth slice (1980m) shows the significant clarity of the reflectors achieved by enhancing the
specular events. On the left (Figure 2a), a diffraction enhanced depth slice shows a significant
additional amount of high-resolution details.
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Figure 2 Examples of specular energy enhancements (right) and diffraction imaging (left).
The second example is from the unconventional Eagle Ford shale play. The first set of figures shows
different depth slices of the specularly enhanced images and the second set shows the same slices
where the diffraction energy is enhanced (Figures 3 and 4).

Figure 3 Examples of specular energy enhancements.
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Figure 4 Examples of diffraction energy enhancements.
In the second example, significant additional geological detail has become evident.
Conclusions
The approach presented here is one that considers the migration process as a mapping from the
surface acquisition domain to that of the physically derived subsurface 7D domain. These gathers can
be considered complete representations of the scattering event, and as such can be processed
subsequent to migration to accentuate any aspect required. Here we have demonstrated directionality
derived imaging. Many other applications are possible.
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