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Time-Lapse Crosswell Seismic Study to Evaluate the Underground Cavity Filling
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Abstract : Time-lapse crosswell seismic data, recorded before and after the cavity filling, showed that the filling increased
the velocity at a known cavity zone in an old mine site in Inchon area. The seismic response depicted on the tomogram
and in conjunction with the geologic data from drillings imply that the size of the cavity may be either small or filled by
debris. In this study, I attempted to evaluate the filling effect by analyzing velocity measured from the time-lapse to-
mograms. The data acquired by a downhole airgun and 24-channel hydrophone system revealed that there exists measur-
able amounts of source statics. I presented a methodology to estimate the source statics. The procedure for this method is:
1) examine the source firing-time for each source, and remove the effect of irregular firing time, and 2) estimate the resi-
dual statics caused by inaccurate source positioning. This proposed multi-step inversion may reduce high frequency num-
erical noise and enhance the resolution at the zone of interest. The multi-step inversion with different starting models suc-
cessfully shows the subtle velocity changes at the small cavity zone. The inversion procedure is: 1) conduct an inversion
using regular sized cells, and generate an image of gross velocity structure by applying a 2-D median filter on the resulting
tomogram, and 2) construct the starting velocity model by modifying the final velocity model from the first phase. The
model was modified so that the zone of interest consists of small-sized grids. The final velocity model developed from the
baseline survey was as a starting velocity model on the monitor inversion. Since we expected a velocity change only in the

cavity zone, in the monitor inversion, we can significantly reduce the number of model parameters by fixing the model out-
side the cavity zone equal to the baseline model.
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Fig. 1. Schematic diagram showing the source and receiver po
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Fig. 2. Common receiver gather recorded at 30 m. a) raw data, b) after firing-time correction, and c) after residual
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