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The purpose of this study is to investigate the possibilities of identifying and detecting underground
cavities using seismic waves recorded by the fixed and mobile stations. During 18 months of field
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work we recorded chemical explosions near the Bongdam station. Seismic stations were installed on the
free surface and underground inside the Sambo mine. The seismograms at the fixed(long-term) seismic
station show abrupt change of polarization characteristics which -can be associated with the appearance
of P-to-S converted phase(PS) at 150 ~ 200 msec after the first P arrival. This result indicates that
converted phases are generated very near to the Bongdam station at a depth of 190m. Shear-wave
splitting phenomena have also been observed. The time delay between fast shear(fS) and slow
shear(sS) waves ranges between 30 and 60 msec(average is 42 msec). However, exact time delay
between the fast and the slow shear waves can not be accurately measured because of the very short
time delay and limitation of sampling rate. Chemical explosion experiments were recorded at stations
along various paths to contrast the seismic response of areas with and without cavities. The
seismograms recorded at the stations installed at cavity areas show an abrupt change of polarization
characteristics but not on the other stations. Seismic waves propagating through the cavity are
characterized by the attenuation of high frequency waves and predominantly low frequency seismic
waves after the § wave arrivals. ‘
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Table 1a. Location of Quarry mines near
Bongdam Stations.

Name of | QUIYY | v\ e Longitude Asimuth Distance Elevation
QMm“’.’"e’ No. ("N (B (9 km (m
Dongehl | 1 126982 3719 1% 26 110
Samchang|| 2 1%%2 3718 190 36 i
Changgok | 3 168 3719 231 41 57
Wonwoo || 4 1% 3719 X2 6B 10
Yonwon 5 12687 3120 299 54 T
Kangwon | 6 12686 3720 263 58 1%
Table 1b. Location of Experiment Stations(first,
second and third expetiment site
are same place ; 37.19 °N, 126,92
UE)
Date Observation Latitude Longitude Azimuth Distance Elevation
steNoe. (N (B (7 (m)  (m
19%6.3 15 1 T 5
First 2 %8 A 1M 26 100
Expetiment 3 1% W6 W 30 54
4 %9 36 B 33 7
5 168 3T A9 30 |
19320 6 1%8 2 A6 38 %
Second 7 166 2 M 37 %
Experiment 8 %M N2 IS 38 B
9 J7L: (A (AR V| 51 %
10 168 317 5% 42 21
1996 420 1 168 N2 % 38 %
Third 12 164 IR M 37 %
Experiment 13 16 X216 36 B
14 1692 306 12 42 p)
15 %0 32 % 42 3
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Fig. 1. Map of the Bongdam area which shows 15 mobile statlons(experiment stations) and
quarry mines. For detdiled explanations, refer to the legends inside box(see Table 1a and

1b).
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(Bataille and Chiu, 1991; Roberts et al, 1989;
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191). a8y B AFdAe 3P #Fe F¢
AAAAL) HA FA&7 A&} Ao HX) PR ¢
Z& TH(noise leve)= A3te] A¢ A @42
Aoz AZED 4@En Zof v 4F9 7
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el sEAtEl Ml QU FFE(overshoot)el] £
3 }gle] F HAite] H& Zo] FAoltHKan-
asewich, 1990). W&t B Q7oA H4de 3
Bete HLste] AUE A9 Yo fIHA-S
WAlsle wWs 2A%F #Hy EAe) FFHSA WE
RS A2 AR 94A +FE A3
AEne] AHE FAY ¢ YAk B2F AHH
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Table 2. Results of Polarization and shear-wave splitfing Analysis of Fixed Observation
Incidence Angle, PsP

 Azimuth, INC.
and PS-Converted Phase, Rg
Shear-wave splitting, REMARK

Existence of Rg-wave or not, S§ :
Shape of Seismic waves(AB-Abnormal shape |

Hose] A4, XEAM AR Zolg %
2kmetn g 38%eA 4027}F Fof M}
veide Rez At e Carbonell and Smi-
thson, 1994). %3 650m 7} FAE e A
23 7)Nkgtzo A TASE FA dAuzE A
d g Fere 98 25 F k1 2 ¥
Fo ZalelA 3oze A#Nr} RESHALR B
I 5 QtHChen et al, 1994). fig2x Hgns 2
dalz] 98 ¥y 249 daas 13 #Sid
A AL 7| 5o £ Fafeld,

Fig2dl+ Hud & o|&43te Hul FAo] 4%
AFHQ) WEle] st HIUAE AWHse £49
A7t deht itk Fig2s B9 A#arh vehg
oA €|z, BR7) Y412, AEE, 583@-%
58 3% ¥ald 93 APdst 2dde
e 4= gt} Fig3& Fig.2e] B4 43 os}d] 33.

=
-

: AZl
: time gap between first P-wave motion
Existence of

N-Normal shape ; EQ.-Earthquake ; MULTI E.-Multiple events.)

Event No. Date = Time AZI.  INC. (ﬁi’) Re $S REMARK
1 9582  11:30:00 26082 4534 — O O N
2 9582 123023 25687 4165 250 O O AB
3 9582 124309 26526 479 — O X AB
4 0583 174528 24889 %78 — O X AB
5 684 162055 26832 4495 — O O AB
6 9584. 164314 20898 4439 — O — AB
7 %584, 180345 6608 2608 150 O — AB
8 584, 181241 191.10 46,81 — O — AB
9 9585 12:0240 25406 4539 210 O O AB
10 9587 130954 27966 5145 — @) - AB
11 9587 134756 25067 5357 — O - AB
12 9587 1546:37 26517 4747 - O — MUTI E.
13 9588 112848 26925 4166 — O O AB
14 9597. 10:37:41 30288 4083 200 O Q N
15 9597 120049 35629  40.77 — O O AB
16 9597. 1312:39 309013 4188 150 X O N
17 95913 162052 29504 4294 180 O O N
18 95919. 090227 29325  47.80 150 O O N
19 95919. 160058 29770 4485 250 O — N
20 95019 16:10:12 23299 8410 200 X - N
21 05927. 11926:01 28090 3473 150 O Q N
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Fig. 2. Result of polairzation analysis of fixed station dota. These figures show abrupt change of
polarization characteristics of observed dafa. This abrupt change of  polarization
characteristics implies converted phase coming in after 250ms from P first arrival,

() Rectilinearity window : The variance of rectiinearity In fime domain.

(b) Azimuth window : The variance of azimuth in fime domain.

(¢) Incidence angle window : The variance of apparent Incidence angle in time domain.

(d) Plancrity window : The variance of pinarity in fime domain.

(&) 3-component energy window : The variace of apparent incidence angle in time
domain. 3-component energy means summation of absolute value: of 3-cormponent
amplitude.
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Fig. 3. This figure shows particle motion of observed data taken from the fixed station. This
figure shows converted phase’s particle motions and shear-wave splitting hodograms. A
window shows P-wave porficle motion and B window shows PS converted phases
particle motion and last C window shows S-wave particle motion. S and sS indicate fast
and slow shear waves.
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250 m Axe] oloA st LA E Ao
A= e, BF AP B4 do|E Aay
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(Smith, 1970; Jordan and Frazer, 1975; Snoke et
al, 1977, Kayal, 1986). 23 £ 479 Z$ A
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Aol A FFox frydta, EAdE #asi)
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21 gl=d olRAL R|Fhe] AFH FE 93
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Tl 7]0gttn Aot AF FAAe
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al, 1991; Shih and Meyer, 1990; Coutant, 1996; Li
et al, 1994, Shepherd, 1990; Wang and Sun,
1990; Blenkinsop, 1990; Savage et al, 1990;
Queen and Rizer, 1990).

Fig4ol& Hutel 9 48 2@ 98l
AA g B4 ¢)% F(moving window) EAlo] Ut
ERglct o714 whE Yool =9 FPoie M2 A
WaEA #HF4) =@SA Frh FigdolAs w
€ Hdel =3 gnko) A7t zolr}t 27 ¢ W)
Zol WE fnie =@ Fule) Wxl @Ro] muk
A 2x A E45A

Crampin(1984)8) €+ ZAwe] gsle) ZR7] ¢
Alztel W (260" )9 7|82 FHA e
o] dojut dute) 2E o] dojub: Ao
2 2987 "o B4oA ALyt W 3
HSH =¥ HakSs)ehe] AZke] 2ol 30-60
msec AL2A ThE A7 ABBoE ot 2 g

Table 3. Results of Polarization and shear-wave splitting
Analysis of Explosion Bxperiment ; AZL ¢ Azimu-
th, INC. : incidence Angle, PsP : .fime gap
beiween P-wave first armival and PS-Converted
Phase, LF @ Existence of Low-frequency Sefsmic
wave, 55 Bxistence of Shearwave splitting,
REMARK : Canvities Area or None Cavities Areq,

frperiment 71 NC. B P IF s REmARK
1-1 31413 888 — O — None
1-2 10728 1193 20 O O  None
1-3 1940 7420 250 QO — None
1-4 19153 4798 180 O x Cavities
1-5 21153 5891 250 (O —  Cavities
1-6 20018 1128 — (O x None
2-1 11310 6269 300 (O —  Cavities
2-2 B89 B2 300 O O Cavities
2 -3 34489 4083 ? O —  Cavities
2-4 843 4583 7 O - None
2 -5 11015 5593 7 X — None
3-1 6010 188 280 (O ?  Cavities
J -2 12042 8244 ? X — None
3-3 20298 397 — X None
3-4 32471 7443 600 (O -  Cavities
3-5 1784 7378 — X — None
3-6 2833 80 400 O — Cavities
3-7 15823 327 — X X None
3-8 16001 7113 ? X - None
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Fig. 4. This figure shows particle motion of fixed station observed data using moving
window. Moving window rmove 4 fimes during 1 sec(each moving window length is 0.25
sec). And this figure dlso includes faster and slower wave marked by dashed-ine and

solid-line, respectively.
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Results of polairzation analysis of mobile station data, These figures show abrupt
change of polarizafion characteristics of observed data. This abrupt change of
polarization characteristics implies converted phase coming in affer 250ms from P first
arrival. The explanations of (@), (©), (c). (d) and {e) are the same as Fig, 2.
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Fig. & Polarization directions(dashed-ine) of the first armiving shear-wave of the mobie
stations and fixed stations. These figures are not corrected based on expected
event-to-station azimuth. And polarization direction(solicHine) of the first arriving P-wave
of the mobile stailon.

Fig. 7. The analog seismogram shows rock-burst phenomena observed freguently in the mine
cavity. These phenomena accompany with crack generation.
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