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Summary

3D seismic survey designers often exhibit strong attach-
ments to particular acquisition patterns. Some prefer
narrow-azimuth data with the long o�sets in the strike
direction. Some prefer long o�sets with azimuths all
around the compass. Some claim that dip shooting with
narrow-azimuth data is best. Others claim that prestack
depth migration will \take care of everything" and
remove the sensitivity to acquisition. There is certainly a
case to be made for each viewpoint. Strike shooting usu-
ally makes CMP processing easier. Wide patch shooting
is often e�cient in rough terrain. Dip shooting presents
the opportunity to undershoot complex lenses that cause
poor illumination of deeper reectors on near o�set data.
We created a synthetic dataset over a complex 3D model
that had variations only in the x,z plane (a 2.5D model).
Enough shots and receivers were recorded to be able to
create a wide variety of acquisition schemes. We have
run several di�erent 3D prestack migration programs on
representative acquisition patterns. Some of the results
have been surprising to us in that the strike oriented
acquisition geometries that have been shown in numer-
ous studies to be superior for CMP based processing
yield inferior images when compared to dip oriented
geometries when both types were subjected to prestack
depth migration. Also, the large areal patches consisting
of widely separated orthogonal source and receiver lines
that are typical of land geometries yielded poor images.
However, large areal densely sampled patches typical of
vertical cable (Krail, 1994) or ocean bottom seismometer
type marine data yielded good images partly because
these geometries lend themselves to economical use of
wave equation based imaging methods such as FX shot
record migration.

Introduction

For CMP-based processing (i.e. NMO, DMO, stack, and
post-stack migration), strike shooting o�ers distinct ad-
vantages over dip shooting in that a much better ve-
locity analysis and often a superior image are obtained
(O'Connell et al., 1993). Does this still hold true with
regard to prestack depth migration? Does the recording
patch shape and orientation have any signi�cant e�ect on
the subsurface image?

The approach taken in this study to answer this ques-
tion was to test the various concepts on known geology
with a distinct strike and dip structure. Therefore, we
constructed a 3D model with complex structure in the
dip direction and unchanging structure in the strike di-
rection. 3D shot records with narrow and wide azimuth

receiver line geometries in both the dip and strike orienta-
tions were generated over this 2.5D model through the use
of 3D �nite-di�erence acoustic modeling code. Prestack
depth migration was performed with Kirchho� methods
using raytrace and eikonal travel time computation ap-
proaches. Prestack depth migration was also performed
with a wave equation based FX method. By comparing
the resulting images conclusions can be drawn regarding
the sensitivity of subsurface imaging to recording geome-
try and to imaging approach.

With a 2.5D model (i.e. one in which the only structural
variation is in the dip direction) seismic records di�er from
each other only with regard to source to receiver o�set and
source position in the dip direction and not with source
position in the strike direction. Thus, all shots generated
in the strike direction for any given dip location are iden-
tical and only one needs to be generated. Therefore, it is
possible to generate a full 3D survey for the cost of only
one source line oriented in the dip direction. If a dense
square receiver patch is recorded for each shot it is possi-
ble to extract a large number of possible �eld geometries
from the survey and analyze each one independently of
the others. The amount of computation involved in this
is still quite signi�cant but required approximately 425
3D shot records rather than the 10000 plus that would
have been required for a true 3D model of this size. This
procedure makes it practical to conduct a study of this
sort in a reasonable amount of time.

Model construction

To construct a 2.5D model it is necessary to create only
one 2D cross section. We decided to incorporate into this
cross section some of the structural types that we know
cause imaging problems. Further, we decided to make one
longer model encompassing these structural types rather
than two or more simpler models. This way we can see
the e�ects of transitions between di�erent regions in the
model and get a better feeling for the overall capability
of any given processing and imaging approach.

The 2D cross section used for the study is shown in Fig-
ure 1. The cross section is 22000 meters wide and 4000
meters deep. The left half of the model is a cross section
through the Carpathian thrust belt from the Straciccina
area of Poland where Amoco acquired a swath seismic sur-
vey in 1996. The right half of the cross section represents
North Sea type salt ridge structures contained in much
lower velocity sediments than are present on the left. The
large variation in impedances across the model results in
large amplitude variations in the data generated. This
places additional burdens on the imaging codes in that
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they must treat amplitudes reasonably well to have any
chance of producing a clear image. This model can be
seen as a high velocity hanging wall unit overlying a lower
velocity sediment package. This situation, with di�erent
structural shapes of course, is often encountered in thrust
terrains and so is of interest to us in our e�orts to develop
more robust 3D seismic methods.

The process used to �ne tune this model consisted of
building a model, generating an exploding reector data
set, and then doing a post-stack depth migration with the
exact velocity model using both Kirchho� and FX meth-
ods. The idea was to make sure the model was complex
enough so that the travel time methods used for Kirchho�
migration caused imaging problems but simple enough so
that all parts of the model were capable of being imaged.
There would be no point in making a model that was
simple enough so that all methods worked well nor so dif-
�cult that all methods failed. Therefore, this process was
continued until we deemed the model to be su�ciently
complex.

3D survey generation

The model cross section of Figure 1 was used to produce
a 3D model with unchanging properties in the strike di-
rection. A single shot line oriented in the dip direction
and consisting of 425 shots with a 50 meter shot inter-
val was generated. For each shot a receiver patch was
recorded that was 12800 meters long in the dip direction
with a group interval of 25 meters and 23040 meters long
in the strike direction with a group interval of 40 meters.
The receiver patch was centered about the shot. Finite-
di�erence acoustic modeling code was used to produce the
data. Therefore, all orders of multiples are present as well
as all specular reection and di�raction events.

Using the property that for a 2.5D model and a given dip
position any number of shots in the strike direction can
be obtained from just one one shot at that dip position,
four full 3D surveys with the following geometries were
produced.

Marine-type dip acquisition. There were four paral-
lel cables oriented in the dip direction that were
spaced 40 meters apart. Each cable had a group
interval of 25 meters and 257 channels. The mini-
mum o�set was 0 meters. The shot interval was 50
meters. The sail lines were 80 meters apart.

Marine-type strike acquisition. There were four par-
allel cables oriented in the strike direction that were
spaced 25 meters apart. Each cable had a group in-
terval of 40 meters and 241 channels. The minimum
o�set was 0 meters. The shot interval was 80 meters.
The sail lines were 50 meters apart.

Land-type wide patch acquisition. There were 33
parallel receiver spreads oriented in the dip direction
that were spaced 400 meters apart. Each spread had

a group interval of 25 meters and 513 channels. The
shot lines were oriented in the strike direction and
were 400 meters apart. The shot interval was 40
meters.

Marine-type wide patch acquisition. There was an
areal receiver patch centered about each shot that
was 12800 meters square with a group interval in
both the dip and strike directions of 25 meters.
There were 13 shot lines oriented in the dip direc-
tion with 22 shots per line and a shot interval of
1000 meters. The 13 shot lines were 1000 meters
apart.

Migration results

The �rst three surveys are most easily prestack depth mi-
grated using Kirchho� methods. The vertical cable type
survey is most easily migrated with an FX shot record
method. For the Kirchho� approaches di�erent travel-
time computation methods can be compared in addition
to comparing the di�erent acquisition geometries.

In Figure 2 we show the Kirchho� prestack depth migra-
tion of the marine type dip oriented survey using trav-
eltimes computed with a raytrace traveltime solver. An
eikonal traveltime solver (Fowler, 1994; Schneider, Jr.,
1995) produced inferior results. Figure 3 shows the Kirch-
ho� prestack depth migration of the marine type strike
oriented survey also using raytraced traveltimes. It ap-
pears that the very large di�erence seen on the left half
of the model is largely due to multiples that are much
better attenuated with the dip oriented survey than with
the strike oriented one.

Another surprising result (at least to us) was the rather
poor image obtained by the land type wide patch acquisi-
tion geometry. These results are shown in Figure 4, where
again Kirchho� prestack depth migration was applied us-
ing raytrace traveltimes. It should be noted that in all
these Kirchho� migrations using raytrace traveltimes, the
same traveltime maps were used. Thus, the di�erences in
the images are all due to geometry e�ects.

The FX migration of the vertical cable marine type survey
is shown in Figure 5. In our opinion this is easily the best
result of all and indicates the advantages in using wave
equation based methods for imaging instead of Kirchho�
approaches. This FX method can also be applied to the
�rst three survey types but at signi�cantly higher cost
than the Kirchho� approaches.

Conclusions

Substantial di�erences in image quality obtained using
the same migration algorithm on data with di�erent ac-
quisition styles can be caused by several factors. The
image of the strike oriented surveys might su�er from
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multiple energy that is more coherent in the strike di-
rection than in the dip direction. In real world practice
the problem may not be as severe as in a 2.5D synthetic,
but probably merits further study. Dip shooting did not
image the salt anks as well as strike shooting which con-
�rms previous industry rules of thumb; however, despite
extremely complicated traveltime �elds, dip shooting was
better at imaging beneath complex overburden than strike
shooting. The land geometry su�ered from insu�cient il-
lumination in the shallow part of the section.

Substantial di�erences in image quality of the same ac-
quisition style but di�erent migration algorithm seem to
be directly related to the underlying wave propagation
model. Acquisition patterns that make full wave�eld ex-
trapolation methods cost e�ective may result in improved
imaging of complex structure.
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Fig. 1: Dip direction cross section through 2.5D velocity model.
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