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should be small enough so that the shallowest important
reflection of interest must reaches just below the first breaks,
which in turn minimize the stretch effect and provide sufficient
stacking fold in the zone of interest. Further, far trace offset
must be in the range of offsets necessary for AVO (A range of
offsets are needed where the angle of reflection from the target
are sufficient to show the expected AVO effect. Narrow azimuth
surveys have a better offset distribution for studying AVO
effects). These factors are considered for computing far trace
offset.

! Velocity analysis criteria:

The far trace offset should be large enough to
generate adequate move-out at deepest target.
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! NMO Stretch criteria:

NMO stretch is defined as a frequency distortion
that occurs due to the normal move-out correction.  It should
not be more than 10 % at acquisition level.
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!  Suppression of multiples:

Far trace offset must be selected in such a way that
the multiples are avoided.
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!  Depth of investigation:

X
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can be up to 90% of the maximum depth of
interest.  Beyond this offset NMO stretch exceeds 10% limit.
It is also a thumb rule for fixing of far trace offset.

OBJECTIVE

Survey design depends on so many different input
parameters and constraints that it has become quite an art.
Laying out lines of sources and receivers must be done with
an eye toward the expected results. A solid understanding of
the required geophysical parameters must be in place prior to
embarking on a 3-D design project. Some rules of thumb and
guidelines are essential to help one through the maze of
different parameters that need to be considered.

Pre-planning deals with optimization of field and
recording parameters and selection of field geometry. A cost-
effective seismic survey design will be chosen after a detailed
study of existing seismic inputs. Far offset requirement, group
interval, foldage, spatial and vertical resolution (sampling rate)
and other parameters are determined by empirical formulae.
Fresnel zone and muting considerations are also important
factors, hence due importance has been given in calculating
various field parameters.

PARAMETERIZATION

The following field parameters are to be optimized on
the basis of spatial & vertical resolution, target depths and
ground electronics available with the acquisition team.

Far-Trace Offset

The maximum far trace offset required, depends upon
the depth of the deeper target to be imaged.  It should provide
reasonable move-out for better velocity analysis and adequate
multiple suppression.  It must be small enough to avoid wide-
angle reflection and mode conversion of primary waves.  It
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! Extension of dipping reflector:

The recorded offset should be large enough to
measure far offset as a function of dip (θ).

Reflections from any structural dipping layer are
recorded at later offset.
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Where,
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target horizon
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θ = Dip of the formation

Equation (1) is based on the criteria that for a good
velocity estimate, the dominant period of the event from the
deepest reflector should be equated to the move-out of the
corresponding event.  Equation (2) is based on the criteria of
10% NMO stretch for reflection event at the target horizon.
Equation (3) is based on the criteria of multiple attenuation
and provides differential move-out equal to T

max 
between

primary and multiple.

Near-Trace Offset

The following criteria are to be considered for
deciding near trace offset:

! Near trace offset should be as short as possible.
! Near trace offset should not exceed the depth of

shallowest zone of interest
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Where,
T

s
  =  two-way time for shallowest reflector

V
s
  =  RMS velocity at the shallowest reflector

Bin Size

In a paper presented at the 2nd Conference &
Exposition on Petroleum Geophysics SPG-98, Chennai,
Mr.G.S.Chaturvedi points out that the relative improvement

of ratio between 2D S/N and 3D S/N is a function of three
parameters – the dip, frequency & velocity for a given bin
dimension. For a given site (dip, frequency & velocity), the
relative (2D Vs 3D) S/N ratio depends on the bin size.

Group interval

The group interval should be chosen to give
adequate spatial sampling taking into consideration dip,
velocity and frequency of target horizon.

The group interval is calculated from the following
formulae:

! Fresnel Zone Criteria:
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! Spatial aliasing Criteria:
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Where,
V

p
= average velocity at target horizon,
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= maximum frequency up to target horizon, (60Hz),
q = dip of the target reflector, 100
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= velocity of the shallow horizon,
T

s
= two-way time for shallow horizon,
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= predominant frequency of shallowest reflector (60 Hz)

Equation (8) is based on the Fresnel zone criteria
which states that group interval should be chosen in such a
way that four CDP points be included per Fresnel zone which
will make the reflector well sampled. Equation (9) is based on
spatial aliasing criteria.

Line spacing

3D seismic data acquisition is of in-fill nature. Line
spacing is synonymous to group interval in the orthogonal
direction. Group interval determines spatial resolution in dip
direction while in strike direction it is the line spacing.  The
line spacing should also be chosen to give adequate spatial
sampling in cross-line direction, taking into consideration the
dip, velocity and maximum frequency at the target horizon of
interest.

Multiplicity

One of the data processing steps which improve S/N
ratio is CMP stacking. Being a summation technique it improves
quality of the data by attenuating random noise which is
incoherent and uncorrelated. This is mostly true for ambient
noise which affects the signal quality more in the later part of
a seismic section.
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Most often, 3D seismic survey does not need the
same degree of CMP coverage as 2D survey due to the fact
that seismic migration improves the quality of 3D data
significantly. In the CMP stack process, whether 2D or 3D,
the zero offset traces after NMO or DMO corrections are
summed up. In this process S/N ratio is improved which is a
function of  no of CMP traces in a gather or bin. As dip
increases the requirement of 3D multiplicity increases and it
may be more than 2D multiplicity for larger dips
(G.S.Chaturvedi, 1998).

Migration Apron

Any 3-D survey has to be covered over a larger area
than the given final migrated sub-surface area. If the
diffractions from a feature are not recorded properly in space,
the scattered point will not be imaged correctly. To record
diffraction from a feature or dipping bed, area should be
extended in the up dip direction so that after migration depth
points remain in the project area.

Different portions of the reflector are effective for
the different frequency components, which together make up
the seismic waveform. This determines the Fresnel zone, which
establishes the spatial resolving power with which lateral
changes in interface properties can be resolved. The Fresnel
zones radius increases with decreasing frequency. Thus the
extension of given 3-D area depends both on the Migration
aperture and the Fresnel zone, whichever is larger.

Migration aperture

Migration aperture depends on the depth of the
target, the average velocity to the target and the dip of the
reflection event. To properly migrate data within the zone of
interest, the seismic line must be extended at a horizontal
distance ‘X’ beyond the desired subsurface point.

X
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Fresnel Distance

This is calculated to find the minimum distance y, by
which the survey area has to be extended at the boundaries
to ensure adequate migration of the lowest frequencies of the
prospect. This depends on the reflection time, average
velocity and the lowest frequency of interest.
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Ramp

Ramp is the additional area surveyed in the prospect
in order to get a full fold coverage of the subsurface vertically
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below the survey area. This is necessary to give room for full
foldage build-up in all the directions. Too big a ramp gives
useless additional traces for processing, thereby increasing
the turnaround time and making handling of data inconvenient.

Selection of 3D Geometry

Acquisition of high quality 3-D data depends upon
survey geometry.  The quality of imaged result should satisfy
the user requirements while at the same time, total shots and
active channels per shot should be optimum. Hence, a smart
design of the acquisition geometry becomes very important.
3-D geometry simulation play a vital role in 3-D data acquisition
and depends upon  the available seismic input with the party,
logistics in the area, bin size, foldage requirement and budget
allocation for the survey.  A cost-effective seismic survey
design is decided by working out different 3D geometries.

Since orthogonal geometry gives better stack
response due to irregular offset sampling in case of low fold
3D data, it is the most preferred in 3D seismic data acquisition.

CONCLUSION

Every survey must be planned according to some
strategy, or else it will become an uncoordinated muddle. The
mere acquisition of data does not guarantee the success of
the survey. Any misappropriation in selection of field
parameters will result in additional work load for the processor
thereby increasing the turnaround time and cost of the
procedure to an alarming extent. Further the very purpose of
acquiring data will not be properly served if optimization is
not done properly.
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