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Imaging Fractures by using VSP Data on Geothermal Site
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Abstract: Attention has been focused on geothermal energy as an alternative energy because it is continuously operable
without external supply. Most of geothermal anomalies in Korea are related to deep circulation of groundwater through
a fracture system in granite area. Therefore it is very important to understand the distribution of the fracture system which
is the main channel of ground water. In this research, we constructed the velocity models with a fracture system and
the layered sediments, respectively, and generated synthetic data sets with them to verify the presented vertical seismic
profiling (VSP) preprocessing scheme. We compared the results from conventional VSP preprocessing flow to those from
VSP preprocessing flow considering fracture system. We noticed that the preprocessing flow considering fracture system
retains more sufficient signal including down-going wave than conventional preprocessing. In addition, we applied 3D
VSP prestack phase screen migration to the preprocessed reversed VSP (RVSP) data from Seokmo Island so that we
were able to image fracture structure of the geothermal site in Seokmo Island.
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Fig. 1. (a) A velocity model including three horizontal layers for VSP survey. (b) A synthetic shot gather from the velocity model in Fig. 1a.
(c) A velocity model including fractures for VSP survey. (d) A synthetic shot gather from the velocity model in Fig. lc.
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Table 1. Parameters used in numerical modeling.

Number of shots 100 (x =370 m ~ 865 m, z =5 m)

Shot interval 5m
Number of receivers 80 (x =350 m, z=5m ~ 400 m)
Receiver interval Sm
Source wavelet 100 Hz Ricker wavelet
Record length 0.5 sec
Sampling interval 2 ms
Number of samples per trace 251
Depth (m) Depth (m)
5 100 200 300 400 200 360
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Fig. 2. VSP synthetic shot gathers after removing all downgoing
waves by applying f—k filter to raw shot gathers (a) in Fig. 1b and
(b) in Fig. 1d.
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Fig. 3. (a) A migrated section after removing all downgoing waves
from the synthetic data with 3-layered velocity model. (b) A
migrated section after removing all downgoing waves from the
synthetic data with the velocity model including fractures. The
dashed lines show real location of fracture set A.
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Fig. 4. (2) A synthetic shot gather afier removing all downgoing
waves. (b) A synthetic shot gather after removing only direct wave
with the preprocessing flow considering fracture.
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Fig. 5. (2) A migrated section after removing all downgoing waves.
(b) A migrated section after removing only direct wave.
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Fig. 7. (a) A common receiver gather acquired in Seokmo Island. (b) A common receiver gather after removing all downgoing waves and
tube waves. (c) A common receiver gather after removing only direct wave and tube waves.
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(b)

Fig. 8. (a) 3D fence migrated images by using 3D VSP prestack
phase screen migration. The green line indicates the borehole YG-
04. Tmages between 1.3 and the well along the cross line. (b) Inline
= 170; The red dashed circles are interpreted as reflection events
from the horizontal reflectors and the blue dashed circles are
interpreted as reflection events from the fractures.
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