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Introduction

Users of seismic data today are more interested in the amplitudes of the migrated data than ever before. The
amplitudes of the output seismic gathers are used for distinguishing geologic and reservoir properties as well as for
AVO analysis. The effective use of these technologies depends a great deal on the relative accuracy and stability of
the amplitudes in the migrated gathers. Regardless of how careful we are in preserving the amplitudes within the
migration algorithm, the acquisition geometry of the traces can distort the migrated amplitudes and render
amplitude analysis very risky.

The acquisition pattern of 3D surveys can have a great effect on the resulting amplitudes, especially in land data-
sets. In the ideal situation we would like each offset to be acquired on a regular grid, and for each cdp to contain
all the offset ranges. This of course only happens in synthetic surveys. The distortion created by the acquisition
geometry is called the acquisition footprint. It is the imprint left on the amplitudes by the irregular spacing of the
acquired traces. In this article we discuss technology that significantly reduces the acquisition footprint as well as
research we are doing to make further progress in this area.

Two Problems Not Just One

There really are two dimensions to this problem. The first is that within an offset bin the traces are not acquired at
a uniform density over the survey. This can be compounded by the common practice of merging surveys which
have different acquisition geometries and possible overlap areas. The second problem is that the different offset
bins usually have very different populations. The near offsets may have one tenth the number of traces in them as
the middle offsets. This very large difference in trace population produces corresponding amplitude differences in
the migrated gather. The small population offsets have weak amplitudes in the migrated gather; the large
population offsets have high amplitudes in the migrated gather. Producing useful amplitudes from the migration
requires addressing both of these issues.

Figurel is a trace distribution map of the traces within a single offset bin. The blue areas show holes in the survey
while the brighter white areas show high concentrations of traces in the acquisition. Figure2 is an offset histogram
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Figure 1: Map of input trace locations for offset range 3200 — 4000
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the algorithm. In brief the method creates a set of weights that are applied to the input traces prior to migration.
These weights are calculated by creating a set of polygons surrounding each trace within an offset plane, Figure3.
The trace weights are created proportional to the area of the polygons. Roughly speaking, traces that are closer
together receive lower weights and traces that are further apart get higher weights.
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Figure 3: Polygons used to build weights

Figurel, it is obvious that there is a

significant correlation between the density of the traces and the amplitudes in the migrated event. This is what we
would expect. We then created the input trace weights based on the polygon method, and reran the migration.
Figure5 shows the result displayed in the time slice. We can see from this time slice that weighting of the input
traces produces much more consistent amplitudes in the migrated event. This result is very typical of the results we
see with the polygon weighting technique.

Over the years we have experimented with many attempts to scale the migrated traces after the migration based on
counting the number of contributing samples to an output trace sample. These methods have all failed to produce
desirable results. This is because while is it possible to measure the number of contributing samples to each output
trace sample, it is not then possible to scale them correctly based on the measure count. The magnitude of the
migrated amplitude is very non-linear. The migrated amplitude is affected by a great many factors such as the
velocity model, the antialias filter, the time of the event, the dip of the event, and the signal to noise ratio. So it is
not possible to create a single function based on the number of contributing input samples that will correctly scale
the output samples. The only real solution is to scale the input trace amplitudes to compensate for their irregular
density.
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Figure 4: Time slice of migrated flat event showing acquisition footprint offset range 3200-4000
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Figure 5: Time slice of migrated flat event using polygon weights offset range 3200-4000

Compensating for Population Differences Between Offsets

As we see in the Figure2 histogram the population of traces within offset bins varies a great deal when offsets are
chosen on a regular increment. The histogram shows the typical land distribution, where near and far offsets are
under sampled compared to the middle offsets. This causes the amplitudes of the near and far offsets to be weak
relative to the middle offsets. Figures 6—9 are made by migrating a flat synthetic event with the spatial distribution
typical of Figurel, and the offset population shown in the trace histogram. The AVO signature of the event should
be flat, however in Figure6 we see the usual amplitude distribution, where the near and far offsets are weak, be-
cause of the small number of traces within these offset bins. Figure7 shows the result of using the polygon weights
that were discussed above. As we can see, while the polygon weights make for a more uniform spatial distribution
within an offset plane, they do not compensate for the amplitude differences between offset bins.
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To compensate for the amplitudes between offset planes there are two solutions within Tsunami. The first is to
optionally adjust the polygon weights such that they compensate for the different number of traces within each
offset bin. After all the weights are built for all the offsets, we then go back and scale these weights such that the
sum of the weights for each offset bin are normalized. This compensates for the amplitude weight between the
offset bin. Figure8 shows the result of applying this technique. As we can see the gather now has a more uniform
amplitude distribution. The trade off with this technique is that by raising the amplitude of noisy near offset traces,
the stack section may show more high frequency noise. As with many geophysical processes the benefits must be

weighed against the limitations.

32600 8400 12,200 4599 7,594 11,304
| 1 | 1 | |
1,827 1,827 1,827 1,827 1,827 1,827
| 1 | 1 | |
400 400 400 400 400 400
Figure 8: Migrated gather with weights Figure 9: Migrated gather with balanced
applied and with weights normalized offset bins

The second method is to design the output offset increments such that each offset bin will have the same number of
input traces in it. This of course means that the output offset bins will not have a uniform increment. Figurel0
shows the offset values when the input traces are divided into twenty uniform offset bins. As expected the near and
far offsets have larger increments between bins, while the middle offsets have smaller increments. This balancing
of the number of input traces naturally balances the amplitudes on the output migrated gathers. As we can see from
Figure9, the amplitudes of the event are now very uniform across the gather. In situations where this technique can
be applied the best results can be achieved.



Table of Offzets For Balancing Trace Population

Offzet Mumber of Traces Offzet Mumber of Traces
1047 389922 7554 400212
2540 400415 8138 400157
3334 400460 8716 400216
3893 389827 8318 400635
4589 4004146 2951 329480
5135 389905 10613 400270
5647 40074% 11314 200267
6141 308455 12036 401582
6620 402327 12826 400154
095 400014 18561 A00406

Figure 10: Table of offsets to created balanced offset bins

Conclusions

We have shown that it is possible to compensate for amplitude variations caused by acquisition geometries by
using a combination of techniques. It is possible to compensate for the spatial distribution of the traces within an
offset bin by applying weights to the input traces that compensate for the trace density. It is possible to compen-
sate for amplitude variations between offset bins by either adjusting the calculated weights to normalize the
weights between offset bins, or by creating offset bins that have the same number of input traces in them. By using
a combination of these methods the acquisition footprint can be greatly reduced.

In all cases the users should run a series of tests on target lines to confirm that the processes are producing the
desired benefit. In some cases, where the distribution densities vary to the extreme, the results may not be as good
as those shown in this article. It’s also possible than when balancing the input trace population, that the nearest
output offset will be increased more than desirable. This can happen when the near trace offsets are particularly
under sampled. The Tsunami log will print the calculated offsets when it computes the irregular offset spacing.
Tsunami also offers the option for the user to input a list of offsets which can be manually determined. In this way
virtually any offset increment can be achieved.

Limitations and Future Research

We are continuing to do research to mitigate the effects of acquisition geometry. The current polygon method
takes only the trace location into account. So it is basically a first order solution. As we can see from Figures 4 and
5, it is achieving a significant improvement. However the method does not take into account the azimuth of the
traces, the velocity model, or the time/depth of the event that is modeled. So while the current methods achieve a
significant improvement in producing useful amplitudes, we think there is some room for improvement. We are in
the process of completing research that will allow us to more accurately model the input trace weights. Using an
inversion process, and the migration operator, it should be possible to more accurately adjust the input trace
weights such that the image in Figure5 becomes even smoother. The weights will also be able to be slightly
modified as a function of time/depth to model the changes in the impulse response as a function of time/depth. As
we move deeper into the migrated section more mixing between the input traces takes place, and therefore the trace
weights should be adjusted accordingly. We expect to have an update to this article in the first quarter that will
demonstrate this new technology.

Reference
Reducing 3-D acquisition footprint for 3-D DMO and 3-D prestack migration

Anat Canning and Gerald Gardner,
Geophysics Vol 63, No 4, July-Aug 1998, pp 1178-1183




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


