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Study of Seismic Data Processing Method for Tunnel Detection
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Traveltime tomogram is generally used for interpretation of seismic tunnel data. In the field data, the first arrival
traveltime is less dispersive with increasing source-receiver seperation compared to theoretical model data. So the
result of calculation can be serious despite of small errors such as traveltime picking. In this study, amplitude

method and error tomogram method are tried to overcome these problems. This method will help the interpretation
of the data from the underground tunnel.
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Fig. 1. The cavity is located in the model as a rectangle in
the model.

h

ZFTFA GG A 2EFAE 238 AF
mebi REALS] At @A 2JolE Kol AL
L, 2FFAY] S gFF R HAEsha A4
349E A=t Fig 20 FAIE Az o] oAl 7
TBOE ZFFAE W] f3taine) o3 gge] =
POl thate] FAe AEIEoH, Peak 1 XA
i Azt 71 ol8REF ke ARE BYS A
BEATHEA1-$-,2001).

ntsael Fojset Zxp 244

FAEHE ol83le FX|AK UM H=} 714
% v5de] 7] € 4L Atade] g £ 9%
< PAH, At og Fulgel 3Py Aloldl= TR
22 #AT AELct

A

<A (1)

A7 Vel &

f:Fae

P

T: 571

FEAHEH AAS Al s AgAle] 7
3ol whe} M} Ak ol A AARE A grid
dispersion) ©|2}3L $ict. sHEde] =) wls) Az} 7+
Aol & Zpolle At A7t AZI2R half-power
g F 100 W9 Axe] EAshe Aol ok
3, 1982).

34.

22 428440 |

+8,088e408

~2.428e+10

- : ; :
Tine 0.009 G.017 {.026

Fig. 2. The classification of first arrival time on seismic
trace.



EEEAE 919 29 s #% 97 635

HtAtmte| ®A

FRAEHE o83 28 vAMRIME 993
AR o3 WRrF BYSE R ol
7t itk £ AelMe AR wAkErt AEsel 2 2
g8 & Sltke 2444 2E Al 2 FAzA
(sponge boundary conditionyS A SIHT} Fig 3-(a)s
24 AAYEE RYREE sm WA SIHS we A
3} Fdolm, Fig. 3-bye 74 AARGS Zd=5E
10m A st Zde] AAHNAM Y wAlE 713
o2 AANISE 2 5 Ak

FAl ERO9| 0|

A Engey] e O diddo] IAef e A
TR A7 of7] WEef Ame] EA lojr
B Aol autant. AA t} 9 FEE 47
S8l SAN0Z AT ASah, FAARZE T
o} A E SY F U= A 2ZE(geophone) -2 3t
o|=2 & (hydrophone)ye AME-3ITE FHZ7kA] 9 ‘ﬂ"‘é-ﬂr
Eradele] QiMoo R e 2E5A Iibda Zgt
3 gabgo] ATk, 1998).

266

250

368

fmiseq)

350

468

450

500

550

660

850

00

759

866
56 W6 158 208 280 300 366 400

(a) Enlarged by 5m around boundry
(reflection wave)

3 1674c-817

I8
r 1o 15837017
150

4.3511e-17

FAl iy

N BEnaes /\1 Alole] ebdm A7k
ARZRE Agte] EETEE A7Asket ARETH
olgl /3 o]%s}oq R o:]:rr.oﬂ Ne AETo] o
Hol) $:A17)9} 21718 Fatsled ehAdslel take &
THsle olgsld A& Wi &5 GAs vHe
T8huat gk

Fig. 4 ol ka8 2lo] Cake AZE w32
Yo zvE a7l EEFE S5 o] AR Ul
Ao AuEro] A (slownessyE Szt 3P F417190
Ao} AR He] =@ b

re J

bi= [ Sdr @

o] FH b= AR CFE WE 59 FY(projection)
o] Ht}. &, F9L FHNARE W tIEr 5o A
AROE FAHET
Fig. 4 oA} 7o} tddol S N9 24= ol
A g aolxe] kAR HAFRCE HolE WiEt 5t
I 7} Ao £ IRk 7HEbE 4 2y
TR o] AR £ k.

100

150

208

258

300

359

406

450

509

608

650

we

750

809
50 108 150 280 256 300 350 408

(b) Enlarged by 10m around boundary
(No reflection wave)

Fig. 3. Wave propapatian of the tunnel model enlarged by 5m(a) and 10m(b) around boundaries.



636 Al .

=

AN

cell j slo\grjless

Fig. 4. Cell and typical raypath for the tomographic inversion.
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Table 1. The geometry of the sources and receivers.
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Fig. 5. The location map of the tunnel and boreholes. (1 :
220 scale).
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Fig. 6. Theoretical tunnel model.
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Fig. 7. Velocity tomogram by ART inversion method for
theoretical tunnel model.
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Fig. 8. Relationship between the first arrival time and
source-receiver separation in T4-T2 survey when first
arrival time was computed theoretically.
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Fig. 9. Relationship between the first arrival time and
source-receiver separation in T4-T2 survey when first
arrival time was calculated from the real data.
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Fig. 10. Velocity tomogram by ART inversion method of
T4-T2 data.
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Fig. 14. Amplitude tomogram when 72 numbers of receivers
are used.
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Fig. 15. Amplitude tomogram when 60 numbers of receivers
are used.
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Table 2. Result of travel time and amplitude simulation when tunnel is moved by 1m, 3m, 5Sm interval in theoretical model.

Distace of tunnel movement

Traveltime method

Amplitude method

1m (10, 20)
3m (13, 19)
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(12, 19)
(12, 22)
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Fig. 16. Amplitude tomogram when 40 numbers of receivers
are used.
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Fig. 17. Amplitude tomogram when 20 numbers of receivers
are used.
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Fig. 21. Error tomogram of T2-T4 data when tunnel is
located under earth.
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Fig. 22. Respective error tomograms of two or three
sources combination when tunnel is located under earth.
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