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The last few years have seen the emer-
gence of image processing techniques
from special to general purpose use.

For instance, imagery techniques devel-

COHERENCE TIME SLICE FEATURES

Fig. 1

Tnme slice from seismic volume
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Time slice from coherence volume
depicting faults and fractures

Time slice from sharpened coherence
volume shows more fracture detail

y dlil

[

1 beyond

oped for remote sensing studies now find
application in seismic interpretation of 3D
data volumes. These techniques go beyond
the traditional imaging paradigms and are
designed so that the optical and digital
elements of an image complement each
other and help in deciphering or corrobo-
rating subtle features.

The idea is to use such techniques to
establish shapes or appearances of anom-
alous entities seen in the data and then
discuss their geological implications.

Routine acquisition of 3D high quality
seismic data and its eventual interactive
interpretation on workstations has
immensely helped in resolving faults and
stratigraphic features. The understanding
of faults and fractures in petroleum reser-
VOIrs is necessary, beginning from assess-
ment of a prospect to eventual reservoir
management.'

Faults are usually marked on inlines
and cross lines and then combined into
fault surfaces in the 3D volume. Time
slices are often used for detecting and fol-
lowing faults within the 3D seismic vol-
ume, but the interpretation is complicated
_by the fact that time slices can cut

TIME SLICES AT 1524 MS

{a) From all azimuth
coherence volume

through stratigraphic horizons. A way out
of this problem is the use of horizon
slices, which represent an interpreted
horizon surface at some consistent strati-
graphic level and is associated with seis-
mic reflection amplitude of the surface,
Horizon slices however, need a strati-
graphic horizon to be interpreted, which
apart from being time consuming brings
in interpretive bias on the data set.

Coherence technology has provided
interpreters a new way of visualizing
faults and stratigraphic features in 3D seis-
mic data volumes.’ Faults produce low
coherence surfaces during the computa-
tion of 3D coherence. They can be seen in
three dimensions with the aid of visual-
ization software despite there having been
no fault planes previously identified.

One of the most remarkable features of
the coherence cube (trademark) is the
accuracy with which faults and fractures
can be visualized by simply looking at
coherence time slices (Fig. 1).
Conventional amplitudes are useful for
viewing faults that run perpendicular to
strike, but in complex fault zones, faults
running parallel to strike become more
difficult to see. The coherence cube reveals
faults in any orientation, highlighting
both parallel and perpendicular faulting
equally well.

Sharpened coherence cubes run on
restricted azimuth 3D seismic volumes
offer superior imaging of fault patterns in
different orientations. This technique
could be of great help in deciphering sub-
tle faults in the 3D seismic volumes and

Fig. 2
{b] From corresponding sharpened
coherence volume
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be very significant for identifying zones
where productivity is influenced by frac-
tures and faults.

Azimuth-based coherence

Interpretation of faults on vertical seis-
mic sections can be carried out if their
location and throws are discernible.
Smaller faults may have a minute reflector
offset and in most cases appear as an
inconsequential disruption.

Similarly, minor faults are usually not
directly detected but can be detected by
looking for localized amplitude reduc-
tion. Thus while faults with significant
throws are easily marked, small or minor
faults are not so evident on the seismic
data volumes, though indirect evidence
(from well data or geological setting of
the subsurface) does suggest the existence
of faults and fractures in the area.

3D seismic surveys are usually
designed to record a range of azimuths.
Amongst the various reasons for looking
forward to an appreciable range of
azimuths, a prominent one is the desire
to image small faults and locate fracture
systems.

As the orientation of faults and frac-
tures varies within a prospect, during
acquisition of 3D seismic data, it is
intended that these features be illuminat-
ed by some of the traveling waves. Put in
another way, it may be stated as a fact:
aligned vertical faults and fractures cause
azimuthal variations in the seismic prop-
erties.’

However, during processing of the
seismic data, “stacking” typically stacks all
azimuths so that the azimuthal variation
of moveout and amplitude get obliterated.
It is therefore logical to expect that
azimuth dependent stack would be a use-
ful tool for seismic interpreters.

Sudhakar, et al.* have developed a
methodology that is aimed at detection of
faults and fractures by examining restrict-
ed azimuth seismic volumes through the
eyes of coherence.

Example from western Canada

The technique presented here was
applied to a 3D seismic land data set from
western Canada.

Coherence cube was run on the con-
ventionally processed seismic volume, and
Fig. 2 shows a time slice from therein at
1,524 ms, which represents the
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Precambrian level. Faults are seen on the
slice in different orientations.

First the conventional standard process-
ing sequence (Fig. 3) was applied to the
3D data volumes. Then, after application
of surface consistent statics and zero phase
deconvolution to the CDP gathers, the 3D
seismic volume was binned into four dif-
ferent azimuth volumes according to the
direction between source and receiver but
within 45° of dominant fault strike. The
range of azimuths fixed for each volume
is 0-45°, 45-90°, 90-135° and 135-180°.

Thereafter, processing was carried out
independently for each of the four vol-
umes. This included spatially de-aliasing
dip moveout (DMO), velocity analysis,
and stacking.
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In the spatially de-aliasing DMO algo-
rithm used instead of summing a DMO
response to the nearest bin center, the
trace is weighted and summed to the four
bin centers which are the corners of the
smallest rectangle containing the response
trace.’ The weighting is determined by
distance from the response trace to the
bin center.

Coherence cubes were run on the dif-
ferent azimuth volumes using the modi-
fied eigen decomposition algorithm, a 5-
sample eigen operator and spatial radius
equal to a bin length. Fig. 4 shows a slice
at 1,524 ms from each of the restricted
azimuth volumes. Evidently, the accentua-
tion of faults is different on each display
and this fault detail is more pronounced
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than what is seen on the all azimuth slice the fault-parallel and fault-perpendicular

in Fig. 2. volumes need to be analyzed for accurate

An important observation is that fault interpretation.
despite significantly lower fold of the
restricted azimuth volumes, superior
imaging is seen in the fracture-perpendic-
ular direction. This result is intuitive to
standard practices and suggests that both  and edge enhancement operators was

Sharpened coherence cubes
A new algorithm that combines the

Fig. 4

applied to the 3D seis-
mic data. The output is
a 3D cube of sharp-
ened coherence coeffi-
cients. Fig. 2b depicts
a sharpened coherence
slice and may be com-
pared with the corre-
sponding coherence
slice. Evidently, the
fracture detail is clear-
er and the faults look
crisper.

Apart from a
straightforward com-
putation of sharpened
coherence cube, it is
possible to impart a
feeble directional bias
during the sharpening
process, which tends
to accentuate the fault
or fracture lineations.
This can be done by
choosing a spatial
aperture in terms of
the number of sam-
ples in different direc-
tions, i.e., inline,
crossline, and diagonal
direction or also a
cube, which would
include samples in all
these directions. This
choice can have an
important bearing on
the direction of fault-
ing that needs
enhancement. For
example, if the faults
figure in an oblique
direction in the 3D
volume, a diagonal
spatial operator serves
to show berter align-
ment in that direction.
Fig. 5 depicts the cor-
responding set of
slices (at 1,524 ms)
from the sharpened

coherence volumes with directional bias.
Evidently, faults can be tracked easily on
such displays and their mapping could be
done conveniently and accurately,

It may be noticed how much more
pronounced the fault/fracture detail is.
eigen decomposition of covariant matrices Such displays could be very important for
mapping of faults. 4
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Let your 3D seismic data speak to you. Do not strain it
beyond its limit' - Alistar Brown

Before you begin the interpretation process,
examine your 3D volume through the eyes of
coherence. Its amazing how clearly the subsurface
features stand out.
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