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ABSTRACT

Seismic depth imaging algorithms are usually designed gpate seismic data recorded
on a flat surface. However, real seismic data are not alwaywded in this way but on
topographic surfaces. If seismic imaging algorithms fasisec data acquired from flat sur-
faces are simply applied to migration of topographic setstaita, the resulting images may
be totally wrong. To address the topography problem, we rsform irregular seismic
data to a flat datum and use depth imaging algorithms for #aird data to image them.
This will add some extra cost due to transforming topograplaita to their flat-datum ver-
sions. A direct and preferred way of doing this is to modifgaithms for topographic
seismic data imaging, without any data conversion or datgmin this paper, we describe
a method that adapts the Gabor imaging algorithm to a dirggthdmigration for seismic
data recorded on a topographic surface.

INTRODUCTION

Since seismic data are not always recorded on flat surfaep#) dhigration algorithms
that can handle topographic seismic data are needed. Q@ftemary imaging methods
(for flat-datum data) can be used to image topographic datagxira considerations need
to be taken to make flat-datum imaging algorithms work forogmaphic data. One of
these methods is to transform recorded topographic datafled datum level above the
highest source or receiver positions; then flat-datum imggilgorithms can be applied
to get correct topographic images (e.g., Bevc, 1997; Bgaatel Lynn, 1992). In other
methods, we can modify the ordinary depth migration alhonsg and use direct wavefield
extrapolations from topographic surfaces, where recsiagd sources sit, with careful
arrangements of seismic data at depths (e.g., Reshef,.1991)

The Gabor imaging theory for flat datum migration is desaibve(Ma and Margrave,
2005). To improve the efficiency, adaptive partitioningalthms (Grossman et al., 2002;
Ma and Margrave, 2007a) have been developed. Runtime of éfGmaging method
has been substantially reduced by using adaptive paitigoalgorithms and spatial re-
sampling theory (Margrave et al., 2006; Ma and Margrave,7B)0 To make the Gabor
imaging algorithm more flexible, we bring this method to wdok seismic shot records
from topographic surfaces. We introduce a method, whichapxiates recorded seismic
data (wavefields) directly from receiver and source posgialong an irregular recording
surface using the Gabor imaging algorithms. The applicatiothe Gabor imaging algo-
rithms in topographic migration is related to Reshef (19919 Margrave and Yao (2000).

In the following sections, we describe the Gabor topographigration method using
the Model 94 datasets (Gray and Marfurt, 1995), synthetias#ds designed for testing
topographic migration algorithms.
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WAVEFIELD EXTRAPOLATION FROM TOPOGRAPHY

The Gabor imaging algorithm for flat-datum seismic data inigdated as (Ma and
Margrave, 2006)

U(x, 2+ Az, w) ~ /zp kg, 2z, w) ( kx,Az) exp (—ik,x)dk,
]GZ U
1)

wherew is temporal frequency, is transverse wavenumbet(k,, z, w) is the wavefield
in depthz, wavefield extrapolatorl’; extrapolates)(k,, z,w) to a new depthy + Az (Az
is called the step size) and is defined as

A

W; = exp (ik;Az) . (2)

The wavefield extrapolation using equation 1 is performepartitions(2;; S; is known as
the split-step Fourier (Stoffa et al., 1990) correctiorflin

In recursive depth marching schemes, the key role is playeddéowavefield extrapola-
tor m which drives the wavefield from depth to depth. An inspetbbformula 2 shows
that ¥, is closely related to the depth step sixe. If Az = 0, W, = exp(0) = 1. This
relation can be used to specify where the wavefield shouldxtrapolated in the Gabor
imaging method for topographic seismic data.

We set the starting point from a flat datum above all sourcelsraceivers. As a re-
sult, there is a band of area (top flat, bottom rugged alonggmphy) between the flat
datum and the topography, where no physical waves are exgpéezpropagate. The seis-
mic wavefields (shot records) should only be extrapolated tive depth marching reaches
the topographic surface where data (shot records) arededofThis is also true for point
sources modelled at various source positions. To specigrevto extrapolate, we relate the
extrapolatodV; to Az. i.e.; when extrapolation is not needed, weAet= 0, and\W; = 1,
meaning no phase-shift will be applied. Otherwide, # 0, phase-shift will be performed
accordingly using equation 1.

The shot records, consisting of seismic traces, are redaldag the surface at different
altitudes. When we extrapolate seismic wavefields from ldéptdepth, they are added
in according to altitudes where they are recorded. i.esnsig signals stored in these
traces start to be extrapolated according to their altsudtated to receiver positions along
topography.

Az across the 2D profile is created as a 2D table (see Figure 1defimed as
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0 above topography,
Az =< z,2, € (0,h) along topography, (3)
h below topography.

whereh is the full depth step size. Definition &z in equation 3 indicates extrapolations
carried on in depths.
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FIG. 1. A 2D section of extrapolation step sizes for topographic imaging. (a) the full section, (b)
zoomed-in on the upper left of the section. In (b), the small coloured boxes along the topographic
surface indicates the z; defined by equation 3. In (a), these z; boxes are not discernible.

GABOR IMAGING WITH TOPOGRAPHY MODEL 94
Velocity M odel 94

Model 94 (Gray and Marfurt, 1995) synthetic seismic datseé used to test depth
migration algorithms for topography. The velocity modelsisown in Figure 2, which
simulates the complex Canadian Foothills overthrust stires. The model dimensions are
from left to right, O to 25 km and depth from 0 to 10 km. We can gex this model not
only has very rapidly varying topography on the surface, &ab has complex velocity
structures beneath, which makes it quite challenging fptidenigration algorithms.

Model 94 Dataset

The seismic datasets for Model 94 were created using 2D filifiterence modelling
codes (Gray and Marfurt, 1995). There are 278 shots, witrasiagdpnterval of 90 m. The
first shot position is at 0 m; there are 240 receivers in the dingl the last shot spreads.
Spreads roll in and out from the left to the right and the maxinmumber of receivers in
a shot record is 480. Trace length is 2000 with time samplmegrval of 4 ms. Receiver
interval is 15 m. The full extrapolation step size in the igattdirection ish = 10 m.

The frequency band of the wavelet is obtained by analyzirgpasieismic traces from
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Model 94 Velocity
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FIG. 2. Model 94 Velocity Model

the Model 94 datasets. We use an Ormsby wavelet with frequiends of [0 10 30 50]
Hz. Figure 3 shows the spectra of a few traces selected frerddtasets.

Figure 4 (a) shows the first shot record on the left side, watlree point atr = 0 m.
Figure 4 (b) shows another shot record from the middle part.

Figures 5 (a) and (b) show the receiver elevations and the edbgations along the
topographic surface.

Imaging Exampleswith Model 94

Figure 6 (a) shows the imaging using the first shot record. 8vesee the topography
is clearly shown in the image. Also, the first migrated sectshows a little structure
illuminated by the first shot. However, we see that there isagkish (high amplitude)
area in the shallow part. This is possibly caused by evaneseaking during the spatial
resampling of wavefields in frequency bands when extrapgjan the shallow part near
the topographic surface. This is open for further research.

Figure 6 (b) shows the stacked imaging of the first 47 shotatigms. In this picture,
we can see that some features of layers in the deeper partighobwiously.

If we add in more shot migrations, we can see in Figure 6 (c) thare and more
structure comes into the picture. Another improvement & the structure shown before
is becoming more resolved.
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FIG. 3. The spectra of selected traces from Model 94 synthetic datasets.
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FIG. 4. Two shot records from Model 94 synthetic datasets. (a) The first shot record, (b) the 47th
shot record.
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FIG. 5. Shot and receiver positions on the topography surface in Model 94. (a) Shot positions, (b)
receiver positions.
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FIG. 6. Shot migrations from the Gabor imaging algorithms for topography seismic datasets of
Model 94. (a) Migration of the first shot record, (b) migration of the first 47 shot records, (c) migration
of the first 81 shot records, (d) the reflectivity image of Model 94.
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Figure 6 (d) is the reflectivity image of Model 94. Comparitg tpartially imaged
Model 94 with the reflectivity image, we can see that the Gabmaging algorithm has
obtained correct images of Model 94 though only partiallpetowhich means that this
topographic imaging method works, but not perfectly.

CONCLUSIONS

The Gabor imaging method for 2D depth migration has been maate efficient and
flexible since it was developed within the CREWES projecteéc¢h stage, the performance
of the Gabor imaging method was improved not only in imagiogliy but also imaging
speed. Thisimaging method has been made to work for topbgragismic data migration.
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