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Interpretation and Analysis of Seismic Crosshole Data: Case History

Kim, Jung-Yul, Kim, Yoo-Sung and Hyun, Hye-Ja
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Abstract : Recently crosshole seismic tomography has come to be widely used especially for the civil engineering, be-
cause it can provide more detail information than any other surface method, although the resolution of tomogram will be
inevitably deteriorated to some extent due to the limited wavefield aperture on the nonuniqueness of traveltime inversion.
In addition, our field sites often consist of a high-velocity bed rock overlain by low-velocity rock, sometimes with a con-
trast of more than 45 percent, and furthermore the bed rock is folded. The first arriving waves can be then the refracted
ones that travel along the bed rock surface for some source/receiver distances. Thus, the desirable first arrivals can be easi-
ly misread that cause severe distortion of the resulting tomogram, if it is concerned with (straight ray) traveltime inversion
procedure. In this case, comparision with synthetic data (forward modeling) is a valuable tool in the interpretation process.
Besides, abundant information is contained in the crosshole data. For instance, examination of tube waves can be devoted
to detecting discontinuities within the borehole such as breakouts, faults, fractures or shear zones as well as the end of the
borehole. Specific frequency characteristics of marine silty mud will help discriminate from other soft rocks. The aim of
this paper is to present several strategies to analyze and interpret the crosshole data in order to improve the ability at first
to determine the spatial dimensions of interwell anomalies and furthermore to understand the underground structures. To
this end, our field data are demonstrated. Possibility of misreading the first arrivals was illustrated. Tube waves were in-
vestigated in conjunction with the televiewer images. Use of shot- and receiver gathers was examined to benefit the de-
tectabilities of discontinuities within the borehole.
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Fig. 1. Examples of crosshole seismic data at the survey site Seo-Hae Grand Bridge. Various arrivals are observed. Arrow 1 corresponds
to the waves that travel along the steel casing, arrow 2 to the refracted waves and arrow 3 to the first arrivals used for the traveltime inver-

sion. Left: shot gather 3, right: shot gather 8.
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Fig. 2. EDM acoustic modeling. A simplified numerical model
was established based on the core log data, televiewer rock
strength.
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Fig. 3. FDM acoustic modeling. The refracted- and direct wave arrivals between boreholes are well matched to those of real data in Fig

1. Left: shot gather 3, right: shot gather 8.
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Fig. 4. Geometry of source and receiver array for seismic to-
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tal raypaths in Fig. 9. This strategy may be useful especially for

Fig. 10. Shown are the crosshole data according to the horizon-
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mographic measurement at the survey site Pusan. Horizontal ray-

Fig. 9. Geometry of source and receiver array for seismic to-
paths are depicted between boreholes.
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Fig. 12. Example of crosshole data (shot gather 44). Clearly
seen are the tube waves at three receiver locations. Several V-pat-
terns of tube waves at receiver station 21 indicate that the frac-
ture should be elongated to some extent.

Fig. 13. Shown are the signatures of fractures from televiewer
measurments. From left to right, amplitude image, 3-D caliper
log and arrow plot. Amplitude image was derived from the acous-
tic energy reflected from the borehole wall, 3-D caliper log from
the traveltimes of the reflected waves. Arrow plot gives informa-
tion about dip direction and dip angle.
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Fig. 14. Shown are the televiewer data of receiver borehole. Fig. 15. Geometry of source and receiver array for seismic tomo-
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Fig. 16. Examples of crosshole data (shot gather 17, 19, 21 and 23). Arrow 1 indicates the tube wave conversion point within the source
borehole. Arrow 2 shows the wave arrivals moving equidistantly in time. It was caused by tube waves.
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Fig. 17. Geometry of source and receiver array for seismic to-
mographic measurement at the survey site Yoncheon.
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Fig. 19. Example of crosshole data (shot 8, 10, 12 and 14). The wave arrivals indicated by arrows move equidistantly in time. It was

caused by tube waves.
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Fig. 20. Geometry of source and receiver array for seismic to-
mographic measurement at the survey site Yoncheon.
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Fig. 21. Examples of crosshole data (shot gather 17, 12 and 7).
The arrivals of tube waves move equidistantly in time. It would
seen that the two boreholes are connected by fracture zone.
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