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Abstract In borehole seismic, wavefield separation is an important issue which has great
influence on data imaging. For both VSP and cross-well seismic data, the reflection time-distance
curves are approximately straight lines. According to this characteristic, a modified linear Radon
transform is presented in this paper for upgoing and downgoing wavefield separation in borehole
seismic. On the basis of the frequency-domain linear Radon transform, this method is
implemented by introducing a new variable A so as to make the transform operator independent of
the frequency, which avoids the calculation of different transform operators for each frequency
component, large computational cost is decreased. Besides, in order to further improve the
accuracy of wavefield separation, we introduce the sophisticated high-resolution Radon transform

to deal with the least squares problem corresponding to this method in this paper. With the
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application of this method, significant improvement in accuracy and computational efficiency can

be obtained in upgoing and downgoing wavefield separation for borehole seismic data. What's

more, according to the particularity of the distribution of upgoing and downgoing wavefield in -

domain, wavefield separation can be easily performed by simple filter operators. Examples from

synthetic data and real borehole seismic data (both VSP data and cross-well seismic data) proved

that this method is feasible and valid.
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Fig. 1 Synthetic data and its modified linear Radon transform result
(a) Synthetic data; (b) »f domain high-resolution linear Radon transform result; (¢) r-p domain high-resolution linear Radon transfrom
result. The events in x-f domain act along radial lines passing through the origin in figure (b), while they show focus points in z-p domain

in figure (c).
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Fig. 2 Comparation of wavefield separation results with different methods

Upgoing wavefield obtained by (a) f-% filtering, (b) high-resolution linear Radon transform, (c¢) method in this paper, and

downgoing wavefield obtained by (d) f~% filtering, (e) high-resolution linear Radon transform, (f) method in this paper.
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Fig. 3 Wavefield separation results of VSP real data

(a) Real VSP shot gather; (b) A-f domain linear Radon transform result;

(c) Separated upgoing wavefield; (d) Separated downgoing wavefield.
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Fig.4 Wavefield separation results of cross-well real data
(a) Real cross-well shot gather after direct wave removing; (b) A-f domain linear Radon transform result;

(c¢) Separated upgoing wavefield; (d) Separated downgoing wavefield.
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