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Abstract

With the multiplication of seismic data being
generated each year for exploration and reservoir
purposes, storage and management of pre-stack and
post stack seismic files are still a challenge for
infrastructure management. Even today, compressed
seismic files make storage and management of large
original volumes highly practical. At the end of the
day, geoscientists and interpreters want to integrate
all available data and, preferably, with the highest
possible fidelity.

This work attempts to present the implications of
compressing seismic files on both pre-stack and post-
stack data analysis. First compressing methodologies
are presented, and then a series of analyses of
compressed volumes using different parameters were
compared with original non compressed data. The
results are discussed with examples.

Introduction

In the Brazil national repository of exploration and
Production Database (BDEP), the collection of data in
December 2010 was about 3.12 petabytes of seismic
data [1].

Presently, there is a increase of data and information
being generated on a daily basis in the geophysical
community from both 2-D and 3-D surveys, which are
designed and recorded for different purposes,
including basin exploration, 4-D reservoir monitoring,
high-resolution 3-D, multi-component seismic (2C,
3C, 4C), etc.

In this digital era, disk space rationalization is
becoming an increasing issue, even though prices per
GB of hard drive [2] are contlnually decreasing, as
shown below. ‘

1981 $300,000
1987 $50,000
1990 $10,000
1994 $1000]
1997 $100)
2000 $10)
2004 $1
2010 $0.10

Pre-stack data tends to be the villain in terms of data
volume and is, thus, often stored on tapes. Despite a
decrease in the hard-drive cost, it seems not yet
practical to store all of the acquired pre-stacked data
on disk. This is not the case for post-stack data that,
after processing, become available to interpret on fast
accessed disks.

Although the post-stack dataset is quite small
compared to pre-stack, it still requires some
compression, as discussed in Spinola et al. 2009.

Regarding post-stack, this work only addresses
connectivity issues when using compressed files and
tries to give more emphasis on another method of
compression and how it works on pre-stack data.

Compression methods

a) The Fidelity Factor Compression

Spinola et al. 2009 addresses compression on post-
stack data using a fidelity factor [3] (FF) that is
expressed by Eq. 1:

(M

Where, 0= is the RMS Error, which is
also called standard deviation, if normal distribution,
68.26%, of the population has less than RMS Error, x
is the measure (signal), xerr is the error, and n is the
number of samples.

The compressed files using FF produces exceedingly
high compression rates (from 5 to 72 times).
Depending on the data, small variations in FF can
produce huge differences in volume size. This
abstract will show that interpreters must be very
careful when applying FF values lower than 99.9%
because phase information is being lost, which may
influence the interpretation of subtle stratigraphic or
structural features (Spinola 2009).
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b) The SeisPEG Compression

The SeisPEG compression algorithm is a lossy
technique, similar to the widely-known JPEG standard
but with adaptations for seismic data. The essence of
JPEG and JPEG-like algorithms, such as SeisPEG, is
that the data is broken into blocks during
compression, and lapped transforms are used to
avoid blocking artifacts. The advantages of a blocked
approach for seismic data include computation
efficiency, more effective handling of poorly-gained
data, and the ability to decompress subsets of the
data.

There are three steps in the SeisPEG compression
process, including:

1. Lapped Orthogonal Transform (LOT): The
purpose of the lapped orthogonal transform
is to pack most of the signal energy into a
minimum number of coefficients.

2. Quantization: This step reduces the number
of unique values that occur in the data in the
transformed domain.

3.  Minimum redundancy coding: This step
represents commonly occurring values in the
transformed data with fewer bits than values
that do not occur commonly.

The LOT is used in SeisPEG instead of the more
commonly-used DCT (Discrete Cosine Transform)
because the LOT better mitigates blocking artifacts
and shows greater coding efficiency. Quantization
essentially consists of scaling data to smaller values
and then rounding to the nearest integer so that fewer
possible discrete values exist in the data, which can,
therefore, be represented with fewer bits. Minimum
redundancy coding is the final step in SeisPEG
compression. It is used to squeeze out redundancies
in the data, which is a perfectly lossless operation.

The JPEG and SeisPEG algorithms can be adjusted
to different quality levels, gaining higher accuracy in
exchange for less-effective compression. In SeisPEG,
the approximate amount of distortion to tolerate is
specified during the compression process by the level
of distortion parameter.

Methodology

In this work, we used two different methods for the
compression that was previously discussed. The
original amplitude 3-D SEGY 32-bit seismic dataset

was compressed using a fidelity factor with different
parameters, and the pre-stack data was compressed
using the SeisPEG format with different distortions.
Both algorithms are provided by Landmark. lllustrating
how compression of post-stack seismic data may
impact the quality of seismic attribute, we selected a
connectivity volume to analyze. Connectivity can
illustrate effects on subsurface geological mapping
and the volumetrics of geobodies.

The same idea was applied to pre-stack data.
Therefore, the original pre-stack seismic has
compacted using SeisPEG compression algorithm
with different distortions parameters.

Some tests of compressing and writing seismic data
to disk were performed for post-stack and pre-stack
data using this distortion parameter. Figures 1 and 2
present these different parameters of distortion versus
size in megabytes of original file. Note the similar
shape in pre-stack and post-stack curves using
SeisPEG compression. Also, for comparison, a simple
reduction in the original file converted from 32-bit to
16-bit and 8-bit are plotted.
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Figure 1: Original post-stack file compresses using
SeisPEG.
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Figure 2: Original pre-stack file compressed using
SeisPEG.
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Data Analysis and Discussion

a) Post-stack Data

In order to visualize the impact compression of post-
stack data causes on interpretation, we analyzed the
connectivity attribute, as shown in Figures 3 and 4.
Both Figures display geoanomalies (automatic
volume segmentation using the same parameters -
negative amplitude and volumes greater than 1000
voxels) with color uniquely representing connected
geobodies. The volume of each geobody can be
measured and shows an increase proportional to the
increase in compression rates.

Figure Original seismic data displayed on the ribbon
section: geoanomalies computed from this data are based
on negative amplitude rage (-128 to -50) and volumes
greater than 1,000 voxels. Geobodies in blue, white, blue,

and pink are at the same reflector level.
= —

Figure Seismic data compressed using a fidelity factor
of 10 displayed on the ribbon section: geoanomalies
computed from this data are based on negative amplitude
rage (-128 to -50) and volumes greater than 1,000 voxels.
Note that the geobody in red is one connected volume
instead of three separated volumes, as in Figure 3.

In this case, the three isolated geobodies detected on
the original volume become a single, larger geobody
on the compressed seismic data. The
recommendation here is to reduce compression as
much as possible because the high compression, or
bad clipping, is compromising the interpretation.
Therefore, be careful because small variations in
fidelity factor increase the connectivity of geobodies
substantially.

It is quite clear from previous paper that FF produces
exceedingly high compression rates (from 5 to 72
times). The small variations in FF produce huge
differences in volume size in MB. To visualize the
impact it causes on interpretation, phase volume
differences were studied.

The results from this analysis reveal that care should
be taken when applying FF lower than 99.9 because
phase information is being lost, which may influence
interpretation, especially in subtle stratigraphic or
structural features.

b) Pre-stack Data

To visualize the impact of compression on the pre-
stack data, a series of differences of amplitude versus
offset was computed for compressed and non-
compressed data.

Figures 5-10 show differences between pre-stack
seismic amplitude of compressed and non-
compressed data using SeisPEG of different
distortions. Note the random pattern that the
computed differences of the pre-stack data using
distortions 0.01 and 0.1 displayed in Figures 5 and 6.
For these two cases, the compression set seems to
be acceptable. In Figures 7, 8, and 9, showing
distortions 0.25, 0.5, and 0.75, respectively, is no
more acceptable since computed differences fails to
show a random pattern.

The amplitude spectrum of pre-stack images for
SeisPEG compression using distortions 0.01, 0.1, and
0.5 were computed and compared with non-
compressed data (Figures 10, 11, and 12). For
distortions 0.01 to 0.1, the amplitude spectrum is still
similar, but the low frequencies and the high
frequencies begin to be impacted at distortion values
of 0.1. Highly-significant amplitude spectra differences
can be seen when using a distortion of 0.5

Figure 13 shows amplitude-versus-offset plots for
both compressed and non-compressed data. Note
that the curves look the same when using a small
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SeisPEG distortion parameter, like 0.01 but not
acceptable for 0.25 and 0.75.

Flgure 5 Left pre-stack data W|thout compression,
middle distortion 0.01 and on the right differences.

t=igure 6: Left pre-stack data without compression,
mlddle dlstortlon 0.1 and on the right differences.

Flgure 7 Left pre- stack data W|thout compression,
middle distortion 0.25 and on the right differences.

Flgure 8 Lef't pre-stack data W|thout compression,

middle distortion 0.5 and on the right differences.

Flgure 9 Left pre stack data without compressmn
middle distortion 0.75 and on the right differences.
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Figure 10: Comparison of amplitude spectrum of

pre-stack data: non-compressed data with SeisPEG
distortion 0.01.
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Figure 11: Comparison of amplitude spectrum of
pre-stack data: non-compressed data with SeisPEG
distortion 0.1. Note Ilow and high-frequency
distortions.

01: Pre JS 45 ]
02: Pre JS SP 0.5 40 ]
354

204

25 4

201

154

104

B

Fr’eQuer’t(v (Hz)

Amplitude (dB relative to 1.0)

T Use Subset?

,E! H $¢ Remove || $¢ clear H 4 crose |
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Figure 13: Amplitude-versus-offset at interpreted pre-stack horizon close to 2,400 ms (class 3 type anomaly). Note
AVO shape curves blue, green orange and red (top panels) and pre-stack data original and compressed using
SeisPEG distortions 0.01, 0.25 and 0.75 (respectively from left to right). Note the AVO shape curves blue and green
looks the same (non compressed and compressed using distortions 0.01). Same color map was used for pre-stack
data. Solid red on pres-stack section highlights same negative threshold values of AVO obtained from cross-plotted
polygon .

Conclusions

References
Clearly, compressing 32-bit seismic data saves a lot
of disk space. There are benefits from the data
management point of view; however, over
compression can effect interpretation, as
demonstrated by the connectivity of geobody
differences at FF values less that 99.9%.

Spinola, M., Silva, C. H. , Silva B., 2009 Issues in
Seismic Data Compression and Attribute Calculations
for Interpretation. Presented in Brazilian Geophysical
Society held in Salvador, Brazil, August 24-28.

SeisSpace® Tools Reference, 2010 ~ SeisPEG

An analysis of this dataset has shown that Compression Test . Houston, EUA

compressing the pre-stack seismic data can be very
helpful in reducing data sizes. However, increasing
compression factors beyond 0.01 to 0.1 leads to
distortions on amplitude spectrum and loss of
information, which will also impact the interpretation.
The amplitude-versus-offset are very similar for small
distortion parameters (0.01) and may not significantly
impact the AVO analysis if applied at these low levels.

The Department of Energy, US Federal Government,
2007. Teapot Dome Seismic Dataset Rocky
Mountain OQilfield Testing Center, Teapot Dome,
Natrona County, Wyoming, EUA

[1] http://www.anp.gov.br/?id=600

[2]http://notebooks.com/2011/03/09/hard-drive-prices-
over-time-price-per-gb-from-1981-t0-2010/ (accessed
03-20-11)

Acknowledgments

We would like to acknowledge Halliburton for granting
permission to publish this work, Larry Fink from .
Halliburton Landmark Graphics, RMOTC and the U.S. [L?)] Zromela()'<®SR§fer§nlge tM?:nual tSHmmary of
Department of Energy as the data source as well as andmark's seismic Lata Formats

Statoil for providing the pre-stack training data.


http://www.anp.gov.br/?id=600
http://notebooks.com/2011/03/09/hard-drive-prices-over-time-price-per-gb-from-1981-to-2010/
http://notebooks.com/2011/03/09/hard-drive-prices-over-time-price-per-gb-from-1981-to-2010/

	Márcio Spínola, Raphael Melo, Carlos Henrique, HALLIBURTON LANDMARK  
	Juan Soldo, PETROBRAS 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


