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Tunnel and Site Investigations Using Seismic Tomography
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1. INTRODUCTION

Geotomography, which reconstructs underground
structure, is very important task in recent geophy-
sical and geotechnical investigations. In this study,
two complex structures such as tunnel and hazar-
dous waste repository site were shown to calculate
geotomography.

Tunnel detection is greatly required in resources
engineering and underground storage house, buil-
ding. Cross-borehole seismic field data and theore-
tical model data were used to calculate geotomog-
raphy.

Yucca Mountain geological section was used for
theoretical modelling to apply this calculating me-
thod. This area is a candidate of hazardous waste
repository site in U.S.A. Cross-borehole and VSP
method were used in theoretical data aquisition.

* Received December 8, 1994

1) Full member, Prof, Kangwon National University
2) Ph.D, Seoul National University

3) Prof, Seoul National University

250

2. TUNNEL DETECTION

A target tunnel in the Idaho Mines located from
40 km west from Golden in Colorado State in the
US.A. This field data were obtained by the US.
Army and were processed by our research group.
Next, another attempt was tried to get better field
data. The result of field data processing was com-
pared with that of theoretical data (Suh, 1993). Tu-
nnel penetrates section BC and DE and advances
to the north direction (Fig. 1). The spacings of bore-
hole A and C, B and C, C and E were 75 ft, 34
ft and 52 ft, respectively. Data of each two boreho-
les were calculated. Fig. 2 shows the calculated
geotomography of B and C boreholes field data.
C and D boreholes geotomography and D and E
boreholes geotomography were shown in Fig. 3 and
4. In these geotomography, tunnel was shown in
the vicinity of actual tunnel position but shape of
tunnel was deformed compared with the actual tun-
nel (Suh, 1993). The basic theory of geotomography
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Fig. 1. Plan view of tunnel and borehole locations.

Fig. 2. Geotomography of B and C boreholes field
data. The velocity (m/sec) of colorbar have
to be multiplied by 1000 to those numbers.

was derived in previous paper (Suh, 1993) and the
flowchart of calculating computer program was
shown in Fig. 5.

Theoretical model was calculated to compare
with the result of field data. The size of borehole
B and C model was 34 ft in x-direction, 102 ft in
z-direction. The distance and depth of boreholes
in theoretical model were the same as those of field
condition (Fig. 2).

The number of sources and receivers were 49
and 101, respectively. The mesh size of model was
1 ft and the number of meshes were 34 in x-direc-
tion and 102 in z-direction. The velocity of mother
rock was supposed to 13,000 ft/sec and those of
tunnel were 3,300 ft/sec (Fig. 6) assuming that tun-
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Fig. 3. Geotomography of C and D boreholes.

Fig. 4. Geotomography of D and E boreholes field
data.

nel was filled with water and 1,300 ft/sec (Fig. 7)
assuming that tunnel was filled with air.
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Fig. 5. The flow chart of computer program.

Fig. 6. Theoretical geotomography assuming that
tunnel was filled with water.

To check the variety of tomography changing cal-
culating iteration number, 4 times (1, 5, 10, 15) ite-
rations were processed. The number of meshes
were 34 in x-direction and 102 z-direction. The nu-
mber of sources and receivers were 50, respecti-
vely. The velocity of mother rock was supposed
to 10,000 ft/sec and that of tunnel was 3,300 ft/sec.
The calculated results were shown in Fig. 8~11.
When calculation was processed in 10 and 15 itera-
tion number, large variety was not shown in calcu-
lated tomography (Fig. 10, 11). But it was 1 and
5 iteration number, large variety was shown in cal-
culated geotomography (Fig. 8, 9).

Fig. 7. Theoretical geotomography assuming that
tunnel was filled with air.

Fig. 8. Theoretical geotomography (lteration num-
ber=1).

3. SITE INVESTIGATION

Above method was applied to investigate hazar-
dous waste repository site. Theoretical modelling
processed for the geological cross-section of the Yu-
cca Mountain (Scott, 1984) was shown in Fig. 12.
For the above geological structures a modelling ex-
periment was proceeded with 24 sources at surface
and 113 receivers in boreholes by Jaramillo (1993).
The VSP (Vertical Seismic Profile) method was



Fig. 9. Theoretical geotomography (lteration num-
ber=5).

Fig. 10. Theoretical geotomography (lteration num-
ber=10).

used to measure the seismic traveltime and the
image method was applied to interpret the experi-
mental data. For a model of variable velocity laye-
red structure, plexiglass and lexan of which veloci-
ties were 7.756 ft/sec and 5.205 ft/sec, respectively
were used.

Before data processing of complicated structures,
preliminary simple fault model was conducted (Fig.
13). Sources were located at surface and receivers
were located at 45 m point in vertically. Plexiglass
and lexan were used for different layer velocities.

Bl zapgzh 253

Fig. 11. Theoretical geotomography (lteration num-
ber=15).
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Fig. 12. Physical elastic Yucca Mt. model {Jaramillo,
1993). This model is based on Yucca Mt.
by Scott (1984).
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Fig. 13. Simple fault physical elastic model.
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Fig. 14. The image method result of fault model {by
Jaramillo).

Fig. 15. The image method result of Yucca Mt. mo-
del (by Jaramillo).

The image method result of fault model proces-
sing experimental data by Jaramillo was shown in
Fig. 14. The fault was shown clearly but thick lines
at the edges, too. The image method result of Yucca
Mountain processed by Jaramillo was shown in Fig.
15. Different layers could be classified by thick li-
nes but it was very difficult to interpret for non-
professionalist.

Theoretical geotomography was calculated in this
simple model. Cross-borehole and VSP method
(Fig. 16) were attempted in theoretical data aquisi-
tion.

The mesh size of model was 1 inch and the num-
ber of meshes were 45 in x-direction and 45 in
z-direction. In cross-borehole method, 22 sources
were arrayed every 2 inches in one borehole and
44 receivers were arrayed every 1 inch in another
borehole. In VSP method, 22 sources were arrayed
every 2 inches at surface and 22 receivers every
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Fig. 16. Cross-borehole method and Vertical Seis-
mic Profile (VSP) method.

2 inches in one borehole, 44 receivers every 1 inch
in another borehole.

The theoretical result of combination of VSP me-
thod and cross-borehole method was shown in Fig.
17 and fault was found at the result very clearly.

The theoretical calculation for Yucca Mountain
modelling was conducted. Theoretical model size
was 1/1000 of actual length of geological cross-sec-
tion. Cross-borehole and VSP method were adapted
to calculate the left part of geological section in
Fig. 12. The model length of x- and z-direction was
50 ft. P wave velocities of layers were the same
as those of experimental model. Mesh size of model
was 1 ftX1 ft and the number of mesh in x- and
z-direction was 50. 24 sources were arrayed every
2 ft at surface in and one borehole respectively.
and 49 receivers were arrayed every 1 ft in another
borehole. The geotomography of Yucca Mountain
model was shown in Fig. 18 and was very similar
with the actual geological cross-section.



Fig. 17. Geotomography of simple fault model.
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Fig. 18. Geotomography of Yucca Mt. geological
cross-section model data.

4. CONCLUSION

1) A field data aquisition of exact first arrival
time and plenty data is critical to get a better geo-
tomography. And geophones have strong points in
accuracy but have weak points in economy compa-
red with hydrophone.
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2) In tunnel and site investigations, it is recom-
mended to perform both of VSP and cross-borehole
method to get high resolution. And geotomography
method is simple for non-professionals to interpret
complex geological structures
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