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ABSTRACT

The process of prestack migration using equivalent offset and common scatter point
gathers wasnitially based on input data converted to a horizontal datum (Bancroft et
al. 1994). Thishort paper demonstrates how the procesg beadapted for rugged
topography, anallow the prestacknigration to be from surface. Equivalent offset
gathers were created fomadeldata setwith a singlescatter point in theubsurface.

The results indicate that ttegorithmworks for bothpositive and negative datum
shifts, although large shiftaaymovedata of a single input trace over a wide range of
offsets. An Alberta Foothillsdata set was prestaakigrated usingthe rugged
topography method. The initial results show excellent imaging of subsurface structure.

INTRODUCTION

Equivalent offset migration

Equivalent offset prestack migration (Bancroft 1994 a,b) creates an intermediate
step in theKirchhoff process by creating a gather frahthe input traces foeach
output trace.The input traces that are gathered fgiveenoutputlocation are sorted
by an offset that idased on the distances of tmatter point from the source and
receiver locations. The collection of input traces is referred to as the cosoatter
point (CSP) gather, andssnmilar infunction to the commomid point (CMP) gather.

Both aredefinedfor anoutputlocation, and both contain input tradbat are sorted
with offset. There is ntime shifting ofthe inputsamples when thegre sortednto
the CSP gathers.

When the CSP gathers have been formed, each CSP galiebescaled and
filtered, or processed similarly to CMP gathers. Conventional algorithms such as noise
and multiple removal, or velocity analysisjay also be used on the CSP gathers.
Velocity analysigperformed on the CSP gatheill contain a more accuratelocity
discrimination tharthose derived from CMP gathers. Tingproved discrimination
results from usingnly one CSP gather, thegh fold inthe offsetins withinthe CSP
gather, and offsets that ameuch larger thaithe source-receiver offset. Noise and
multiples inthe CSP gather noapply tothe final prestack migration offsets, and not
the offsets of CMP gathers in conventional processing.

Processing datum and the surface elevation

It has been recognized for a lotme that migration and normal moveout (NMO)
should be performed on tinagatawith a processing datum as closethat actual
surface as possible. Time migration adO assume that offsefata arenyperbolic
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with offset. Consider Figure 1 which shows the one-way travel times for rays from the
surface to a common reflector point (or a possible scatter point).

or
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Fig. 1. One-way raypaths defining a hyperbola for NMO or time migration.

The geologicastructure inFigure 1 is assumed allotive use of the RM8elocity
Vims at the scatter point, tpermit thesimplification of linearaypaths for NMO and
time migrations. Scaling of time allows plottitige time responce on theame figure.
The one-way travel timir each ray iplottedbelow the surface location. The travel
timesT form a hyperbola for both NMO and time migration, according to

— (1)

rms

where x is the surface location of the ray relativnéocenter point, an, is the zero

offset travel time . Whethe offset x becomes largelative tothe depth, th&, term

defines the asymptotes for the hyperbola. The asymptotes are shown as dashed lines in
Figure 1, and they intersect at the surfa€ais intersectiorpoint at the surface is a

basic assumptiofor NMO andtime migration, and requirdbe processing datum to

be at or near the surface. Elevation atiter static correctionmay violate this
condition (Profeta 1994) arldad to difficulties in evaluating velociti@sd sections

that are not optimally focused.

Rugged topography

Rugged topography is aignificant challenge tgrocessing as the asymptotic
assumption is violated. Consider Figure 2a which stieavs a combination of depth
cross section with a lower elevation on the right, and a one-way time sectiodmeith
zerodefined atthe higher elevation. Rays frothe left are at anigher elevation and
have a deeper recorditigne shown orthe darker portion on the deepwsmperbola.
Rays from the right have a shortay path and correspondingdiorter travetime as
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indicated by theshallower hyperbola. Figure 2b illustratbe effect ofconventional
processing using vertical elevatigorrections and shows an increasdirne ts to
accommodate the elevatiatifferences. The diffractioportion on theleft (and
corresponding thin line on the right) are at the approptiaefor correct NMO or
migration. The right side however shothe misfit of the shifted hyperbola and its
corresponding asymptote (dashed), so that no NM®@ignation will be able to focus
its energy.

AR )

b)

Fig. 2 . Raypath hyperbolas with elevation change, with a) showing the formation of two
hyperbola from the same scatter point, and b) the hyperbolas after vertical static shifting.

The datunmay be aonstant elevation, or allowed vary smoothly(or float), by
filtering the input elevations with a spatial filter of a few spread lengths. This process is
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adequate whethe elevatiordifferences tothe datum are less thanfeav station
intervals. When the changes in elevation rateh larger, distortion occurs in the
processed datand prestack migratiorsse required. Data processed tfhoating
datum should use a wave equation datuming techiiiggreyhill 1979 andl984) to
convert the floating datum to a horizontal datum for migration.

Prestack migration by the Kirchhoff method allows the ray pathsthreraource to
scatter point and the scatter pointrexzeiver to be considered independently. The
migration travel timeare calculated from the surface elevatidihis process requires
the computation of RMSelocities for agiven scatter point that ardifferent for the
source and receiver positions. Thesdocities may becomputed from the RMS
velocity at the datum of the scatter point, and adjusted to the appropriate source and
receiver elevation using interval velocities.

The equivalent offset method of migratimay also be performed from surface by
computing theequivalent offset at a datuset for each CSP gather. Tdwuivalent
offset is found by equating the trawehes tothe scatter poirfrom a zero offset
source and receiver on the datum with diniginal source-receiver travel times, as
illustrated in figure 3.

Surface

Datum

Scatter point

Figure 3. Ray paths, offsets, and travel times for computing the equivalent offset with
rugged topography.

The total travetimesfor theoriginal raypaths are computed from equation (2)ng
the appropriate offsetéi{andh;), the zero offsetime for the sourcdy + t, the zero
offset timefor the receiveil, + t,, and appropriate velocities ftre source/ss and
receiveVe. defined from the surface, i.e.
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Fo .k
T= [(T“s) srs(T+t)|:| §T0+tr) WD (2

where t and { are the vertical travel times from source and receiver to the datum. The
equivalent offsel, is computed on the datum with velocdity by solving,

|:| 2
T=2007 + h, O (3)

giving
h=Vi(B)5, - - 4)

IMPLEMENTATION OF RUGGED TOPOGRAPHY EQUIVALENT OFFSET
MIGRATION

The implementation of equivalent offset method withged topographical data as
described above assunmeaso statics.Realdata provides aadditional challenge by
includingstatics to account for velocity variations in the near sutfeateare not part
of themigration velocity model. It is assumed that these staticsreglgible wave
field effect on the data. A number of approaches may be taken to include these statics.

The first method of including statics is to use regularbcessed data and back out
the statics attributed to elevation correction. The itqagemaythen be assumed to
be recorded from surface with near surface corrections applied.

An alternate method is to is to modleé near surface with some method, such as
first breaks, and to add the computede statics to the trace. Aimilar method
adjusts the elevation of the source or receiver to accommodate the differetini@avel
due to near surface effects.

EXAMPLES

A model of a singlescatter point in a constant velocityediumwas created teest
the ability of the algorithm to handle simpldatum shifts. Figure 4 is a perspective
view of aportion of Cheop®yramid,theimpulseresponse of a single scatter point in
the space otmp distanc€MP, half source-receiver offset h, and time t. Synthetic
shot records of thepike response were createddajculatingthe travelimes from
the source to the scatter point to tikeeeiver usinghe doublesquare-root equation
(see paper #23). Each trace contains only one non-zero sample at the caculated
time. More complex subsurface models cancbeated bynodelling a series aflosely
spaced scatter pointsncluding spherical divergencand obliquity effects, and
convolving the trace with a suitable source signature.
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CMP

Figure 4. Perspective view of Cheops pyramid for a single scatter point.

The modeldata set consists of 6461 traces whammples maputthe surface of a
full CheopsPyramid 1000m on each side andegonds deep. Each input trace in the
migrationaperture willmap into eacloutput CSRyathers. The scatter point is located
at a depth of 600m inmediumwith constant velocity of 1200 msFigure 5 contains
6 CSP gathers thdlustrate thehyperbolicmoveout of thesamples nce mapped into
the equivalent offsetrace locationsFigure 5c is the CSP gather from surface at an
elevation of Om and velocity 1200°nFigure 5a is the CSP gather from a da0®m
below surface, while Figure 5e is from a datum 200m above surface,both at 7200 ms
Note the change in the shape of byperbola required bthe datunshift and the
excellent focusing aothe input tracsamplesHowever, movement to a lower datum
(below surface) pushes deaavay fromthe near offsets Figure 5b and 5f are CSP
gathers collected from the lower ahigher datums at a surface location 2away
from the true CSP locatiofrigure 5d is the CSP gathers at surface for a velocity of
1100 m&. These CSP gathers show poorer focusing of the hyperbola as expected.

Rugged topographyequivalent offsetprestack migration waspplied to the
processing of a 2-D data set from #iberta Foothills. Thelata set was the focus of
a recent workshop at the SEG in Houst@Gonventional processing was applied to
determine surface consistent refraction and reflection statics. Near surface weathering
statics were applied, with the resthiat the tracesan be considered te on the
surface over dayer equivalent tahe replacement velibg to the base of weathering.
Equivalent offset gathers were created at a dd¢wel of 1600m.Two iterations of
velocities were picked fromsemblances angercentage velocity stacks. Tlieal
prestack migrated section is shown in Figure 6.
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Figure 6: Rugged topography prestack migration of Alberta Foothills 2-D data set

CONCLUSIONS

The equivalent offset method pfestack migratiormay be simplyadapted to
migrate rugged topographies from surface. The methodvakmsties computed for
each source and receiver, and computesethevalent offset athe datum of the
scatter point location.
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