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Introduction

Prestack time migratiohasbeen accepted by the industryastandad 3D seismic processing
practice. This has lead to improved imaging in many areas and flitg tbiuse 3D seismic data for
AVO, prestack inversion, and other advanced prospecting methods. Refinemafitsasincluding
diving rays andhe incormration d anisotropic parameterbave provided further improvements in time
imaging. Despite theseariovations, time migration is inherentlgcapable ofproperly handling even
subtle lateral \elocity variations, limiting its effectiveness for accurate imagilmgcertain cases,nty
prestack depth migratiosan yield the level of accuracy needed to extract the valuable information
containedwithin the seismic data

Prestack depth migration has been used extensively to resolve imaging problems in areas where
strang lateralvelocity contrasts are caused by salt bodies or complex strucamlaby. However, the
method has beenundert i | i zed in areas of | ower structur al
the limitations of time imaging can be less obviodhe combimtion of highresolution gridded
tomography and prestack depth migration can resolve the local velocity contrasts that distort subtle
structural esponss and compromise seismic attributéd/e illustrate the uplift provided by depth
imagingusing synthetic andield data

Synthetic examples

The first example we show uses Model 94 by Gray et al.(1995). Three figures are shown: the
velocity field (Fig. 1); the prestack depth migratidRig. 2), and the prestack time migrati¢fig. 3). The
seisnic sectionsare eachhe output from a prestack Kirchhoff migration using the exact model velocities.
The depth migration section shows a good image with nearly all the interfaces represented at the correct
depth, and only local distortions in areas ofexte complexity. In contrast, the time migration shows
significant migration artifacts, structural and phase distortion, and event degradation.

Gray, S. H. and Marfurt, K. J. [1995] Migration from topography:
Improving the near-surface image. Can. J. Expl. Geophysics, 31, 18-24.

Figure 1 Model 94 Velocity model

Figure 2. Prestactepthmigration Figure 3 Prestactime migration



The next examplases the Hess VTl modéls beforethree figures are shown: the velocity field (Y

the prestack time migration (Fi§), and the prestack depth migratif-ig. 6). As expected, the time

migration is significantly degraded relativett® depth migrationOf particular interest are the lateral
positioning errors, phase errors, and event disco

Figure4: HessVTI anisotropic model

Figure5: Prestack time migratiofin time) Figure6: Prestack depth migratidin depth)

Tomography

The previousynthetic exampldighlights the benefits oflepth migration compared with time
migrationwhenthe velocity field is knowrmexactly In the field data case, only thmavel times ar&nown;
both the velocity fieldand reflecbr depths are unknowiThis is a familiar problerthat, for decades, has
atempted to baddressed usingyperboliccurvefitting methods Since pestack depth migration handle
lateralvelocity variations properly, is important to develop a more exact velocity model. This can be
done using griddedell tomography.

Griddedcel tomography is a robust, 3D rpased inversion method ustedrefinevelocity
modelsfor depthimaging Residual traveltime errorepicked fromdepth migrated commeimage
point (CIP) gathersand 3D ray tracings usedo definean updated velocity natel. The accuracy of
griddedtomographyis alsoimprovedwhena 3D dip fieldis usedin the inversion process. After each
tomography loop a new dip field is calculat&diccessivéteratiors drive the solution t@ more highly
resolved and more robusgtlocity updateFor most land data, CIP gathers are generated for multiple
azimuths.The CIP evens pickedfrom the different azimuths are combineddreatea single velocity
updateyielding moreaccuratelyresolveal localvelocity heterogeneitieginally, gridded tomography
differs fromtheolder, layerstripping approache that each update is globabt just for the deeper
layers Figures9-12illustrate the evolution of the migration velocity fieldingthis process.

Field dataexamples

There aranany documented cases where prestack depth migration has been used to resolve
imaging issues in salt provinces and complex thrust regifimestollowing exampléFigs. 7 and8)
shows the enhancement provided by depth imaging in the Canadian Thrust Belt.



Figure7: Time migration(in time)

The next example comes from South Texas. In this case, the shallow part of the section contains
low to moderate dips. Deeper in the section, rotatati Iflocks generate a more complex velocity field
andt he Afault shadowo ef f ec Thewdrkiawtfosthidpmjedt stapel aith t he i
three loops of isotropic tomographyext, well ties were used to estimatertical transverse isapy
(VTI) parameters. Incorporation of thaisotropic parametetsd several benefits: the imaging depths
beame closer to theerticaldepths at the wellshe image gathemsereflatter, andtherewasan
improvement in the image qualityigures9-12 show the evolution of the migratievelocity field. Also
shown (Fig.13) is a perspective view highlighting the conformability of the final velocity field with the
geology.The prestack time migration (Figd)lis compared to thinal prestack depth migran (Fig. 15)
to illustratethe upgrade in image quality.

Figurel0O: Velocities after tomography 1.

Figure9: Initial velocity model

Figure 11: Velocities after tomography 2. Figurel2 Velocities after tomography 5.



Figurel3: Perspective view, tomraphy 5.

Figurel4: Prestackiime migration(in pseudedepth) Figurel5: Prestack depth migratiofin depth)

In anexamplefrom the Eastern \$. where structural relief is lovg shallow velocity anomaly
generates apparent faults deeper in the time sgligri6). This is complicated bigs proximity toa
dissolution featuref interest. The depth migratigRrig. 17) generated an image where the apparent faults
have beemargely reducedandwherethedislution featurds preserved. In adddn to improved image
integrity below the shallow anomaly, tieds improvement in the quality of the lowamplitude events
between the major markers.

Figure B: Eastern U.S. Timeiigration(in time) Figure I7: Eastern U.S. Deptimigration(in depth)



