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Summary

Two dimensional (2D) forward numerical seismic modeling of a complex geology structure was
used to optimize the acquisition parameters, to evaluate processing techniques, and to aid in the
seismic interpretation. Synthetic seismic data were acquired using a numerical model of a fault-fold
structure encountered in northeastern British Columbia. These gathers are used to investigate
which migration algorithms would produce the best images in such complex environments. Pre-
stack depth migration from the topography with the known velocity model was found to give the
optimum migrated image. Acoustic and elastic numerical modeling techniques were used to
simulate waves propagating in the complex medium but only the acoustic results are shown here.

A near vertical structure that was difficult to image was chosen for a comprehensive analysis. This
seismic structural imaging investigated the target locations in the Husky line, Muskwa region. The
line is severely affected by the harsh topography, velocity variations and complex geometry that
cause severe ray bending. Prestack time migration (PreSTM) cannot handle the lateral velocity
variations and the severe ray bending introduced by such complex geometry. It caused
deterioration of the image that poses problems for interpretation. To alleviate this problem, we used
an isotropic Kirchhoff prestack depth migration (PreSDM) (from TESSERAL modeling and migration
software) incorporating the exact velocity model. Traveltimes for the Kirchhoff migrations were
computed using both the first-arrival times as well as maximum-energy arrival times. The maximum
energy arrival times produced a superior image.

Introduction

Information from the well logs and the surface geology were combined to begin constructing the
geological model. The model is fully-balanced in which the areas of layers are preserved. The
balancing and restoration of this model was an important step to test the viability of geological
interpretation of a Husky line, especially for the geometrical validity of interpreted fault and
associated faulted strata, allowing constraints to be placed on interpretation and giving a more
geometrically accurate geologic model.

The first model was created on a set of surfaces derived directly from the seismic interpreted
section; the 2D wavefront propagation contained an excessive number of wavefronts. The total area
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of the wavefronts increased considerably during propagation, leading to a larger number of waves.
A major part of the computation is related to the wavefront propagation in areas where the velocity is
more complex, particularly across interfaces. Therefore, the computation time and disk space
requirements increase dramatically. In order to improve the quality of the model and the speed of
computation, a new velocity field was created using well log information.

Several iterations were made before the final model was built and the velocities and densities of the
formation units inserted. The final model, showing only the P-wave velocities, is shown in Figure 1.
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Figure 1: Balanced full geologic model with the eight target zones are identified by (A-H) showing the complete
lateral extent, scaled one-to-one vertical scale matching the horizontal scale. Drilled wells are superimposed on this
model. This Husky model geometry includes high velocity bodies (in blue and purple) embedded in a lower velocity

The modeling process begins with an analysis of the velocity and the interpreted surfaces in the
target zones (A: Box-fold of Gething Formation B: central syncline of Fernie Formation, C: fault
plane, D: Box-fold of both Golata and Debolt Formations, E: Box-fold of Banff, F: syncline of Debolt,
G: hinge of Debolt, H: shadow zone beneath the fault plane) which for simplicity are shown on the
final model in Figure 1. The complete lateral extent is scaled one-to-one with the vertical scale
matching the horizontal scale. Our initial interest is in the steep box-fold in the areas of D and E in
Figure 1.

This model represents different structural styles that might influence trapping mechanisms and
reservoirs.

Ray Tracing

Normal incident rays were traced from all the horizons to establish the source locations and the
recording time required to record the energy from problem areas. Establishing the source location,
where the normal incident rays reach the surface, ensures a range of offsets will record from the
problem areas.

Seismic lllumination

Wave equation modeling was used in this experiment. From this type of modeling, the amplitudes
of the energy distribution throughout the structure can be estimated. Examples of the energy
distribution from two different source locations are shown in Figure 2. The refraction of energy
produces areas with good and poor illumination through different parts of the subsurface. In a
homogeneous medium, the illumination would appear as expanding circles of different colors.

Monitoring areas with poor illumination contributes to the field design by placing more effort at
different surface locations.
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Figure 2: (a) Good and (b) poor lllumination.

Wavefront Propagation

Energy from one source location is then tracked through the model. Snapshots of the energy are
created at four millisecond intervals, and the energy arriving at the surface is recorded as a line of
energy in the source record. Four seconds of recorded data will require one thousand snapshots to
be created. Figure 3 shows only three of these snapshots. It is then possible to track the downward
propagating energy to reflection areas that produce poor imaging. The reflected energy can then be
followed to the surface, and then identified on the synthetic source record. Figure 3 shows the
wavefront propagation of a source at location 6000m. Three snapshots at 1250 ms, 1500 ms, and
1750 ms are used to identify the energy reflected from the Debolt Formation.
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a) Snapshot at 1250 ms.
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b) Snapshot at 1500 ms
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c) Snapshot at 1750 ms

Figure 3: Wavefield recorded at times a) at 1250 ms, b) at 1500 ms, and c) at 1750 ms.
The energy at the surface is mapped at these times to the source record in Figure 4.

Energy, reflected from the horizontal portion of the Debolt formation (identified by the black arrow),
can be observed rising toward the surface in a semi-circular shape at the location of the green
arrow.

The wavefront is also just arriving at the box fold portion of the Debolt near the location of the black
arrow. The steep part of this structure is difficult to image, however the upper more rounded portion
is easier to image. In the snapshot at 1500 ms of Figure 3b, the horizontal reflection progresses to
the surface along with the energy from the upper portion of the fold identified by the blue arrow.
Note how this energy tapers off to the left. It is these weak amplitudes that contain the reflection
information of the steeper part of the box fold. In Figure 3c, at a time of 1750 ms, the energy has
arrive at the surface and is mapped to the source record, as identified by the red line in Figure 4.

Figure 4: The source record at location 6000 m. It is composed from 800 wavefield snapshots.

Energy from the Debolt Formation, both from the horizontal reflector and the folded portion, can be
observed on the source record around the time of 1750 ms. The curvilinear nature of this reflection
is due to the rugged surface as observed in the snapshots.

The weak energy from the steeper portion of the fold appears to taper to zero and will not be able to
image the steepest portion. This problem is further emphasized by the illumination diagram in
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Figure 5. Note that refraction is focusing energy to the upper part of the fold, identified by the blue
ellipse, and is weaker in the steeper portion, identified by the red ellipse.
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Figure 5: lllumination diagram for the source record at the location 6000m over lying the geological structure.

Migrations

A prestack Kirchhoff depth migration of the above source record is shown in Figure 6. There is
reasonable reconstruction of the horizontal formations, especially in the presence of the rugged
surface. However, there is an absence of the steeper dips.

Figure 6: Prestack Kirchhoff depth migration of the source record. Energy is missing from the migration.

The algorithm used appears to have a dip limit that prevents the reconstruction of the dipping
energy, even though part of it was recorded.

Complete migrations of the data in this area are shown in Figures 7 and 8. Both are prestack
Kirchhoff depth migrations, but the difference is in defining the traveltimes. They both used wave
propagation to compute the traveltimes, but the first used the first arrival traveltimes, while the
second used the arrival times of the maximum energy. In addition, the data in Figure 8 used longer
offsets and more source locations to the left. It should be noted that the parameter selection of both
migrations could be modified to improve the imaging, especially of the steeper dipping events.

Conclusions

TESSERAL modeling software is a robust tool that helps construct models, creates snapshots of the
energy wavefronts, builds source records, and migrates the data. The software enabled clipping of
the amplitudes displayed in the snapshots that allowed the display and tracking of the weak
reflection energy.
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A procedure was described that helped define acquisition parameters, traced energy from difficult
imaging areas to source records, and then to migrated sections.

2D prestack Kirchhoff depth migration using maximum energy traveltime yielded the best result for
imaging steeper dips.
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Figure 8: Prestack Kirchhoff depth migration using longer offsets and maximum energy traveltimes.

Acknowledgements

We would also like to thank the sponsors of CREWES (Consortium for the Research in Elastic
Wave Exploration Seismology), and the sponsors of FRP (Fold-Fault Research Project) for
supporting this work, and TESSERAL for providing access to the modeling and imaging software
used.

Special thanks to Larry Newport, and David Emery of Husky Energy for providing the Husky data
and for the financial assistance.

Back to Exploration — 2008 CSPG CSEG CWLS Convention 393




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


