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A Study on the Detection of Small Cavity Located in the Hard Rock
by Crosswell Seismic Survey
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Abstract : For the dectection of small cavity in the hard rock, we investigated the feasibility of crosswell travel-time
tomography and Kirchhoff migration technique. In travel-time tomography, first arrival anomaly caused by small cavity
was investigated by numerical modeling based on the knowledge of actual field information. First arrival delay was very
small (<0.125 msec) and detectable receiver offset range was limited to 4m with respect to 1% normalized first arrival
anomaly. As a consequence, it was turned out that carefully designed survey array with both sufficient narrow spatial
spacing and temporal (<0.03125 msec) sampling were required for small cavity detection. Also, crosswell Kirchhoff
migration technique was investigated with both numerical and real data. Stack section obtained by numerical data shows
the good cavity image. In crosswell seismic data, various unwanted seismic events such as direct wave and various mode
converted waves were also recorded. To remove these noises and to enhance the diffraction signal, combination of median
and bandpass filtering was applied and prestack and stacked migration images were created. From this, we viewed the
crosswell migration technique as one of the adoptable method for small cavity detection.

Keywords : small cavity, travel-time tomography. Kirchhoff migration, median filter
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Fig. 1. Data acquisition geometry for the detection of small cavity.
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Fig. 2. First arrival plot by ray tracing method (Qin, 1992). First arrivals are calculated with void cavity (size of 2m X 2m) model and homo-
geneous model respectively.

Background velocity is set to 4600 m/sec.

(a) First arriva anomaly plot by subtraction. (b) First arrival anomaly plot by normalization.
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Fig. 3. Comparison of first arrival with theoretical (a) and raw data (b). Tomogram by travel-time tomography (Shin er al., 2002) with picked
data of (b) is also displayed (c).
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Fig. 4. Acoustic synthetic seismogram and migration image. Shot and receiver interval is set to 3m and 0.2m respectively.
(a) Synthetic common shot gather with shot location 70m. (b) Partial migration image by common shot gather. (c) Stacked migration image
with 17 shot gathers.
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Fig. 5. Comparison of synthetic and raw common shot gather. Void cavity (2m x 2m) is located at depth of 80m.
(a) Elastic synthetic seismnogram with background velocity 4600 m/sec. (b) Raw data.
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Fig, 6. Data processing steps for the extraction of diffracted P signal.
(a) Common receiver gather. Receiver depth is 90m. (b) Elimination of tube waves by median filtering. (c) Suppression of direct P waves by
median filtering.
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