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Explosion Seismic Observations in Eastern Kyushu, Japan, I,
Shonai-Kushima Profile.
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Abstract

A seismic refraction survey was conducted along a profile from Shonai, Oita Prefecture to
Kushima, Miyazaki Prefecture in Kyushu on December 8, 1994. The total length of this
Shonai-Kushima Profile was about 195km, and three shots of 500kg each were detonated at
both ends and middle of the profile. A total of 195 temporary observation points equipped with
analog or digital recorders were arranged on the profile. Recorded seismic signals suffered
from high attenuation, and signals traveling more than 100 km were very poor. Very clear
later arrivals, presumably reflected waves from deeper part of the crust, are recognized in the
record sections.
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Fig. 1. Map showing positions of shots and temporary observation sites of the

Shonai-Kushima Profile.
sites, respectively.

2. KRBROBME

Cross marks and small dots indicate shots and observation
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Table 1. Shot time, location, and charge size of three explosions on the Shonai-Kushima
Profile.

Shot Time Latitude Longitude  Height Charge
Dec.8.1994

S-1 01:02:00.73 33-09-29.2 131-26-37.4 312m 500kg

S-2 01:11:59.24 32-19-25.8 131-25-45.9  370m 500kg

S-3 01:22:00.13 31-24-07.9 131-20-02.8 31m 500kg
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Table 2. Locations of temporary observation sites and observers.
Station Latitude(N) Longitude(E) H(m) Observers
181 33-09-30.4 131-26-38.9 304 | E.Hane (OYO)
2 THK-1 33-08-45.6 131-26-29.8 463 | A.Yamamoto, S.lto, Y.Zen (Tohoku U.)
3 THK-2 33-08-08.9 131-26-40.5 330
4 THK-3 33-07-32.2 131-26-36.5 370
5 THK-4 33-06-55.0 131-26-34.5 445
6 THK-5 33-06-14.5 131-26-31.1 435
7 THK-6 33-05-38.4 131-26-54.9 445
8 YMG-1 33-04-56.2 131-26-48.3 460 | A.Hasemi, C.Ito, T.Igarashi, S.Hori (Yamagata U.)
9 YMG-2 33-04-27.2 131-26-14.9 540
10 YMG-3 33-03-54.6 131-26-08.5 580
11 YMG-4 33-03-11.4 131-25-41.7 470
12 YMG-5 33-02-31.1 131-25-13.8 440
13 IBR-1 33-01-49.8 131-25-47.0 388 | K Miyashita, *.Shiozawa (Ibaraki U.)
14 IBR-2 33-01-30.2 131-26-09.0 350
15 1BR-3 33-01-02.5 . 131-25-59.0 260
16 ASJ-1 33-00-48.7 131-26-01.9 = 250 | T.Tsutsui, Y.Matsumoto (Kyoto U.)
17 . ASJ-2 33-00-14.4 131-26-43.6 250
18 ASJ-3 32-59-47.7 131-26-02.3 245
19 ASJ4 32-59-19.1  131-27-01.2° 150
20 ASJ-5 32-58-34.3 131-27-204 210
21 ASJ-6 32-57-45.7 131-27-01.2 190
22 ERISW-1 32-57-11.7 131-26-43.9 210 | M.Nakamura, N.Seto, T.lidaka (U.Tokyo)
23 ERISW-2 32-56-40.8 131-27-00.8 230
24 ERISW-3 32-56-09.0 131-26-38.5 240
25 ERISW-4 32-55-31.9 131-26-422 250
26 ERISW-5 32-55-08.6 131-26-455 250 .
27 ERISW-6 32-54-33.8 131-26-42.0 310 | K Sakai, M.Kobayashi (U.Tokyo)
28 ERISW-7 32-54-09.8 131-26-32.0 335
29 ERISW-8 32-53-40.6 131-26-32.8 300
30 ERISW-9 32-53-17.0 131-26-30.1 250
31 ERISW-10 | 32-52-54.4 131-26-10.3 350
32 ERISW-11 | 32-52-25.3 131-26-05.2 370 | M.Nakamura, N.Seto, T.lidaka (U.Tokyo)
33 ERISW-12 | 32-51-43.2 131-26-256 300
34 ERISW-13 | 32-51-16.4 131-26-52.5 445
35 ERISW-14 | 32-50-44.0 131-27-25.1 700
36 ERISW-15 | 32-50-17.0 131-27-46.2 770
37 KYT-01 32-49-04.9 131-27-28.6 1088 | K.ito, S.Omi, A.Obayashi (Kyoto U.)
38 KYT-02 32-48-46.0 131-27-22.8 1005
39 KYT-04 32-48-12.2 131-27-02.4 940
40 KYT-04 32-47-39.6 131-28-26.1 560
41 KYT-05 32-47-20.7 131-27-49.8 545
42 KYT-06 32-46-55.2 131-27-03.4 500
43 KYT-07 32-46-20.3 131-26-125 450
44 KYT-08 32-45-40.0 131-25-49.7 405
45 KYT-09 32-45-04.1 131-25-26.0 390
46 KYT-10 32-44-246 131-25-11.7 345
47 KYT-11 32-43-47.2 131-24-50.0 300
48 KYT-12 32-43-10.9 131-24-275 260
49 KYT-13 32-42-13.3 131-24-14.4 210
50 KYT-14 32-41-35.5 131-24-08.3 210
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Table 2. (Continued)

Station Latitude(N) Longitude(E) H(m) Qbservers

51 KYT-15 32-41-05.7 131-24-29.1 160

52 KYT-16 32-40-24.5 131-24-26.8 160

563 KYT-17 32-39-31.1 131-23-362 120

54 KYT-18 32-38-52.1 131-23-30.6 110

55 KYT-19 32-38-16.7 131-23-35.5 100

56 JMA-1 32-38-04.9 131-23-24.0 110 | M.Abe, M.Honma (JMA)

57 JMA-2 32-37-16.5 131-23-286 200

58 JMA-3 32-36-32.6 131-23-57.5 240

59 JMA-4 32-35-34.2 131-24-16.0 310

60 JMA-5 32-35-19.5 131-24-48.1 310

61 JMA-6 32-34-33.3 131-24-54.9 570

62 JUMA-7 32-33-43.6 131-24-54.8 760

63 KYU-1 32-33-32.2 131-24-26.7 803 | K.Matsushima, T.Takeda, K.Uchida, H.Sadeghi (Kyushu U.)

64 KYU-2 32-33-08.1 131-24-23.6 701

65 KYU-3 32-32-45.5 131-24-11.7 426

66 KYU-4 32-32-20.6 131-24-245 368

67 KYU-5 32-31-51.4 131-24-41.2 298

68 KYU-6 32-31-28.5 131-25-06.6 226

69 KYU-7 32-31-01.3 131-25-382 172

70 KYu-8 32-30-33.0 131-25-53.3 164

71 KYu-8 32-30-15.8 131-26-13.5 161

72 KYU-10 32-29-49.1 131-26-42.0 240

73 KYU-11 32-29-25.1 131-26-34.9 190

74 KYU-12 32-28-51.8 131-26-31.8 236

75 KYU-13 32-28-23.7 131-26-13.7 243

76 KYU-14 32-28-05.9 131-26-26.9 165

77 KYU-15 32-27-38.2 131-26-13.1 83

78 ERI-1 32-27-13.2- 131-25-535 105 | 1.Ogino, S.Sakai (U.Tokyo)

79 ERI-2 32-26-38.1 131-25-239 125

80 ERI-3 32-26-01.7 131-25-21.2 130

81 ERI-4 32-25-20.2 131-25-05.4 150

82 ERI-5 32-24-50.7 131-25-26.6 150

83 ERI-6 32-24-12.8 131-25-40.7 140

84 ERI-7 32-23-41.4 131-23-46.1 390

85 ERI-8 32-23-17.2 131-22-56.9 270

86 ERI-9 32-22-35.1 131-22-25.3 255

87 ERI-10 32-21-58.9 131-22-33.8 230

88 ERI-11 32-21-25.7 131-23-10.4 238

89 ERI-12 32-20-50.7 131-23-21.1 210

90 ERI-13 32-20-09.5 131-24-00.4 210 | T.Yoshii, T.Maeda (U.Tokyo), T.Tanada (H.S.R.l..Kanagawa Pref.)

91 ERI-14 32-19-40.5 131-23-39.8 220

92 S2 32-19-28.0 131-25-46.4 357 |S.Sato(OYO)

93 ERI-15 32-19-16.8 131-22-36.9 230 | T.Yoshii, T.Maeda (U.Tokyo), T.Tanada (H.S.R.l..Kanagawa Pref.)

94 ERI-16 32-18-43.7 131-22-26.6 210

95 ERI-17 32-18-07.8 131-21-43.4 220

96 ERI-18 32-17-25.9 131-22-09.5 220

97 ERI-19 32-16-53.7 131-22-15.0 210

98 ERI-20 32-16-22.0 131-22-17.4 210

99 ERI-21 32-15-43.8 131-23-03.8 160 | Y.Ichinose, T.Yoshihara (U.Tokyo)
100 ERI-22 32-15-08.7 131-23-50.6 150 .
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Table 2. (Continued)
Station Latitude(N) Longitude(E) H(m) Observers
101 ERI-23 32-14-45.8 131-23-50.1 120
102 ERI-24 32-14-16.6 131-23-39.5 120
103 ERI-25 32-13-27.2 131-24-40.7 100
104 ERI-26 32-13-00.2 131-23-52.3 280
105 ERI-27 32-12-22.9 131-24-07.9 400
106 ERI-28 32-11-56.7 131-23-43.9 380
107 ERI-29 32-11-22.0 131-23-57.6 240
108 CHB-30 32-:10-48.9 131-23-42.7 190 |T.Asanuma (Chiba U.)
109 CHB-3t 32-10-21.9 131-23-52.9 110
110 CHB-32 32-09-40.9 131-24-03.8 60
111 CHB-33 32-09-00.7 131-23-37.2 20
112 KOB-34 32-08-23.4 131-23-23.9 20 |AKubo, F.Kikuchi (Kobe U.)
113 KOB-35 32-07-56.8 131-22-50.5 80
114 KOB-36 32-07-22.1 131-22-40.0 70
115 KOB-37 32-06-63.5 131-22-32.4 30
116 UTU-38 32-06-35.9 131-22-48.8 50 [M.Suzuki (Utsunomiya U.)
117 KOB-39 32-05-51.9 131-23-34.3 10 |M.Kamei, K.Tadokoro, M.Hayama, E.Yamamoto (Kobe U
118 KOB-40 32-05-15.4 131-23-39.1 10
119 KOB-41 32-04-26.0 131-23-30.5 10
120 KOB-42 32-04-04.1 131-23-12.4 20
121 KOB-43 32-03-25.1 131-23-20.0 20
122 KOB-44 32-02-37.3 131-22-21.9 80
123 KOB-45 32-02-06.5 131-22-17.1 890
124 KOB-46 32-01-39.7 131-21-53.3 - 100
125 NG-01 32-01-12.6 131-21-33.2 95 |F.Yamazaki, M.Yamada (Nagoya U.}, Y.Sasaki (Gifu U.)
126 NG-02 32-00-51.6 131-21-24.2 80
127 NG-03 32-00-17.5 131-21-13.2 35
128 NG-04 31-59-49.6 131-21-26.6 35
129 NG-05 31-59-25.7 131-20-57.9 25
130 NG-06 31-58-57.4 131-20-49.8 15
131 NG-07 31-58-27.1 131-21-03.0 20
132 NG-08 31-57-49.5 131-20-36.7 25
133 'NG-09 31-67-19.4 131-20-28.1 60
134 NG-10 31-56-42.1 131-20-13.6 20
135 NG-11 31-56-08.4 131-20-20.4 13
136 NG-12 31-55-49.4. 131-20-01.8 20
137 NG-13 31-55-25.6 131-19-45.8 18
138 NG-14 31-54-57.3 131-19-49.6 30
139 NG-15 31-54-24.6 131-19-35.3 40
140 NG-16 31-53-57.6 131-18-55.5 120
141 NG-17 31-53-24.3 131-18-51.0 115
142 NG-18 31-52-55.6 131-18-37.3 120
143 NG-19 31-52-26.0 131-18-59.1 100
144 NG-20 31-51-56.7 131-18-54.0 120
145 NG-21 31-51-20.0 131-18-48.6 95
146 NG-22 31-51-05.2 131-18-24.3 110
147 HKD-1 31-50-18.8 131-18-31.7 132 |H.Miyamachi (Kagoshima U.), *.Otsuka (Hokkaido U.)
148 HKD-2 31-49-39.7 131-18-25.6 125
149 HKD-3 31-49-10.1 131-17-42.0 160
150 HKD-4 31-48-35.0 131-18-23.0 205
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Table 2. (Continued)

Station Latitude(N) Longitude(E) H(m) Observers
151 HKD-56 31-47-49.6 131-18-19.4 275
152 HKD-6 31-47-35.2 .131-18-421 325
153 HKD-7 3146-55.9 131-19-14.4 450
154 HKD-8 31-46-24.4 131-20-07.0 375
155 HKD-9 31-45-46.7 131-19-44.1 250
156 HKD-10 31-45-05.4 131-20-05.2 210
157 HKD-11 31-44-359 131-20-42.8 200
158 HKD-12 31-44-04.9 131-20-06.3 167
159 HKD-13 31-43-36.2 131-19-574 170
160 HKD-14 31-43-05.2 131-19-41.7 149
161 HKD-15 31-42-33.5 131-19-40.8 99
162 HKD-16 31-42-03.8 131-20-44.9 85
163 HKD-17 31-41-33.7 131-21-18.0 70
164 HKD-18 31-41-18.6 131-22-06.4 120 | T.Moriya, O.Ozel (Hokkaido U.)
165 HKD-19 31-40-47.5 131-22-26.4 60
166 HKD-20 31-40-19.5 131-22-08.8 40
167 HKD-21 31-39-50.8 131-22-04.6 30
168 HKD-22 31-39-26.3 131-21-39.9 180
169 HKD-23 31-38-46.2 131-21-21.9 28
170 HKD-24 31-38-08.3 131-21-17.8 30
171 HKD-25 31-37-41.0 131-21-22.2 20
172 HKD-26 31-37-15.5 131-21-58.7 25
173 HKD-27 31-36-37.9 131-21-55.0 30
174 HKD-28 31-36-08.8 131-22-27.1 30
175 HKD-29 31-35-15.8 - 131-21-57.9 30
176 HKD-30 31-34-36.3 131-22-18.9 57
177 HKD-31 31-33-58.0 131-22-06.9 12
178 HKD-32 31-33-27.3 131-22-26.6 15
179 HKD-33 31-32-46.0 131-22-16.2 30
180 TOK-01 31-32-26.4 131-22-20.1 20 | S.lizuka, H.Baba, T.Kawai, Y.Uchida, K.Murase, F.Kanto (Tokai U.)
181 TOK-02 31-31-44.2 131-21-58.6 19
182 TOK-03 31-30-52.0 131-21-55.4 44
183 TOK-04 31-29-57.3 131-22-14.5 25
184 TOK-05 31-28-29.0 131-21-40.7 60
185 TOK-06 31-28-34.4 131-21-34.5 41
186 TOK-07 31-28-12.2 131-21-06.6 10
187 TOK-08 31-27-31.7 131-21-06.2 15
188 TOK-09 31-26-58.3 131-21-36.7 62
189 TOK-10 31-26-36.5 131-22-15.3 36
190 TOK-11 31-25-53.4 131-22-22.0 75
191 TOK-12 31-25-33.5 131-21-57.8 212
192 TOK-13 31-25-33.9 131-21-10.1 60
193 TOK-14 31-24-44.0 131-20-38.6 27 ,
194 TOK-15 31-24-07.5 131-20-25.3 20
185 8-3 31-24-06.5 131-20-04.0 29 | K.Hayashi (OYO)
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Fig. 2. Travel-time diagrams near the three shot points. The observations were made ‘
to determine seismic velocities near the ground surface. :
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Fig. 3-a. A record section of shot S-1.
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A record section of shot S-3. Time axis is reduced by a velocity of 6.0 km/s.

‘Fig. 3-c.
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Table 3. Travel-time data of three shots. ‘Dist’ indicates shot distance in km and ‘Time’
indicates travel times of the first arrivals. Ranks A, B, C, and L indicate “very good”,
“good”, “fairly good” and “later arrivals”, respectively. A plus or minus mark attached
to a rank means that the direction of movement of the first arrival is upward or
downward.
S-1 s-2 S3
Station Dist Time Dist Time Dist Time
1 81 0.05 9256  16.42 C+ 195.01
2 THK-1 136  0.46 A+ 91.18 1626 B+ 193.62
3 THK-2 247 072 A+ 90.05 16.03 B+ 192.50
4 THK-3 360  1.04 A+ 8892 1598 B+ 191.37
5 THK-4 475 138 A+ 87.77 190.22
6 THK-5 600  1.63 A+ 8652  16.36 C+ 188.97
7 THK-6 712 168 B+ 8542 1527 C+ 187.90
8 YMG-1 841  1.87 A+ 8412  14.98 B+ 186.59
9 YMG-2 9.32 203 A+ 8321  14.76 B- 185.65
10 YMG-3 1033  2.19 A+ 8221 1454 C+ 184.64
11 YMG-4 11.73 80.87 183.27
12 YMG-5 13.06 263 A+ 7964 1414 A+ | 18200
13 IBR-1 1421 283 B+ 78.36  13.98 B+ 180.77
14 IBR-2 14.77 77.76 180.20
15 IBR-3 1564  3.04 B+ 76.90  13.68 B+ 179.33
16 ASJ-1 16.06  3.07 B+ 76.48  13.61 C+ 178.91
17 ASJ-2 17.09 © 339L 75.44 1365 B+ 177.92
18 ASJ3 17.94 74.60 ) 177.03
19 ASJ-4 18.80  3.61 B+ 7374 1319 C+ 176.24
20 ASJ-5 2020 392B+ 7238 12.90 C+ 174.90
21 ASJ-6 2168  4.13C+ 7087 1276 B+ 173.37
22 ERISW-1 2272 60.81  12.50 A+ 172.30
23 ERISW-2 2368  4.33C+ 68.87 1225 C+ 171.38
24 ERISW-3 2465 468B+ 67.88  12.13 A+ 170.36
25 ERISW-4 2579  4.82B+ 6674 1196 A+ | 16923
26 ERISW-5 2651  4.97 B+ 66.02  11.83 A+ 168.52
27 ERISW-6 2758 511 C+ 6495  11.66 A+ 167.44
28 ERISW-7 2832  5.25A+ 6420 1153 A+ 166.69
29 ERISW-8 2022 543C+ 6330  11.60 C+ 165.79
30 ERISW-9 2995  555B+ 6257  11.30 A+ 165.06
31 ERISW-10 3065 563C+ 6187  11.14 A+ 164.34
32 ERISW-11 3155  575C+ 6097  11.01 A+ 163.43
33 ERISW-12 3284  6.06 C+ 5068  10.79 A+ 16217
34 ERISW-13 3366  6.12C+ 5888  10.69 A+ 161.39
35 ERISW-14 3468  6.50 C+ 5791  10.73 B+ 160.46
36 ERISW-15 3554  6.46 B+ 5741  10.40 B+ 159.67
37 KYT-01 37.74 54.86 157.42
38 KYT-02 3831  7.05C+ 54.28 9.95 A+ 156.83
39 KYT-04 3934  7.19C+ 53.21 9.80 A+ 156.75
40 KYT-04 4044  7.25B+ 52.34 9.70 A+ 154.92
41 KYT-05 4097  7.45C+ 51.69 9.53 A+ 154.26
42 KYT-06 4171 7.62C+ 50.84 942 A+ | 15339
43 KYT-07 4279 49.73 152,22
44 KYT-08 4404 807 C+ 48.49 8.99 B+ 150.95
45 KYT-09 45.17 47.38 8.87 B- 149.81
46 KYT-10 4640  8.50 C+ 46.17 8.74 A+ 148,57
47 KYT-11 4758 868 C+ 45.04 8.43 A+ 147.39
48 KYT-12 4873  8.90C+ 43.94 8.26 A+ 146.24
49 KYT-13 5053  9.15C+ 4219 8.03 A+ 144.46
50 KYT-14 5170  9.33C+ 41.04 7.81 A+ 143.29
— 134 —
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Table 3. (Continued)

S-1 S-2 S-3
Station Dist Time Dist Time Dist Time

51 KYT-15 52.58 9.70 C+ 40.09 7.67 A+ 142.39
52 KYT-16 53.85 9.63 C- 38.82 7.49 A+ 141.12
53 KYT-17 55.59 37.28 7.22 A+ 139.42
54 KYT-18 56.80 © 10.22 C+ 36.10 6.96 B+ 138.22 -
55 KYT-18 57.87 35.00 137.13
56 JMA-1 58.26 3467 6.78 A+ 136.76
57 JMA-2 59.73 33.17 135.27
58 JMA-3 61.03 11.12C+ 31.75 6.28 A+ 133.95 2458 C+
59 JMA-4 6279 1116 C+ 29.92 5.95 A+ 132.18 2435 C+
60 JMA-5 6320 11.57C+ 29.41 5.86 A+ 131.77 24.30 B-
61 JMA-6 64.61 11.71 C+ 27.98 5.64 A+ 130.36 24.01 B+
62 JMA-7 66.14 11.95C+ 26.45 5.38 A+ 12883 2387 C+
63 KYu-1 6653 11.92C+ 26.15 5.38 A+ 12844 23.80 C+
64 KYU-2 67.27 1220 C+ 25.42 5.24 A+ 127.70 23.62 C+
65 KYU-3 6799 12.28 C+ 24.75 5.06 A+ 126.98 23.45 C+
66 KYU-4 6873 1242 C+ 23.96 4.92 A+ 126.24
67 KYU-5 69.61 12.56 C+ 23.03 4.76 A+ 125.36
68 KYU-6 . 70.29 . 12.75C+ 22.28 4.59 A+ 12470 . 23.24 C-
69 KYU-7 - 71.11 12.78 C+ 21.42 4.42 A+ 12392 23.18C+
70 Kyu-8 7197 1295C- 20.55 4.24 A+ 123.08 23.05C+
71 KYU-9 7249 .13.00 B+ 20.03 4.12 A+ 12259 22.90 C-
72 KYU-10 73.31 19.26 121.83
73 KYU-11 7405 13.29 B+ 18.50 3.83 A+ 121.08 22,65 C-
74 KYU-12 75.08 13.43 C+ 17.47 3.63 A+ 120.05 22.56 C+
75 KYU-13 7595 13.58 C+ 16.58 3.48 A+ 119.15
76 KYU-14 . 7649 13.70 C+ 16.06 3.34 A+ 11863 2232 C+
77 KYU-15 '77.35 1390 C+ 15.18 3.16 A+ 117.75 2222 C+
78 ER!-1 ‘7812  14.03 B+ 14.40 3.04 A+ 116.94
79 ERI-2 - 7922 1424 C+ 13.33 2.83 A+ 115.81
80 ERI-3 80.34 14.40 C+ 12.21 2.62 A+ 11468 2149 C+
81 ERI4 8163 14.68C- 10.97 2.35 A+ 113.38
82 ERI-S 8253 14.86C- 10.02 2.15 A+ 11251 2148 1L
83 ERI-6 83.68 8.84 111.38
84 ERI-7 8476 1528 C+ 8.47 1.83 A+ 11021 20.99 C+
85 ERI-8 85.58 8.39 1.81 A+ 109.41
86 ERI-9 8693 15.62 C+ 7.84 1.66 A+ 108.08 20.62 C+
87 ERI-10 88.02 6.89 1.45 A+ 106.97 20.52 C-
88 ERI-11 88.98 5.49 1.18 A+ 105.99
89 ERI-12 90.04 16.05 C+ 4.60 0.97 A+ 104.93 19.62 C+
90 ERI-13 91.26 16.27C- 3.07 0.68 A+ 103.72  19.53.C-
91 ERI-14 92.17 16.78 C- 333 0.71 A+ 10280 19.10 C-
92 82 9245 16.45C- 0.07 102.65
93 ERI-15 9300 16.99L 4.95 0.98 A+ 10199 1940 C-
94 ERI-16 9404 16.65C- 5.37 1.05 A+ 100.96
95 ERI-17 9522 16.98 C+ 6.78 1.32 A+ 99.82 1849 C+
96 ERI-18 9646 17.30C+ - 6.76 1.28 A+ 9855 1849 C+
97 ERK19 9744 1748 C+ 7.24 1.40 A+ 97.56 18.66 C+
98 ERI-20 98.41 17.82C+ 7.86 1.50 A+ 96.59 18.31 C+
99 ERI-21 99.50 8.05 95.47

100 ERI-22 100.52 8.47 94.46
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Table 3. (Continued)
S-1 S-2 S3
Station Dist Time Dist Time Dist Time

101 ERI-23 101.23 9.14 1.74 A+ 93.75 17.84 C+
102 ERI-24 10214 18.27 C+ 10.08 1.88 A+ 9284 1770 C+
103 ERI-25 103.60 18.20 C+ 11.18 2.16 A+ 9143 17.85C+
104 ERI-26 104.48  18.48 C+ 12.24 234 A+ 90.51 17.85C+
105 ERI-27 10561 18.74 C+ 13.28 2.59 A+ 89.39  17.40°C+
106 ERI-28 10647 19.12C+ 14.23 2.65 A+ 88.51 17.30 C+
107 ERI-29 10749 1917 C+ 15.17 2.84 A+ 8750 = 16.83 C+
108 CHB-30 108.53 19.11 C+ 16.24 3.03 A+ 86.46 16.65 C+
109 CHB-31 109.35 17.01 3.18 A+ 85.65

110 CHB-32 110.60 18.21 3.43 A+ 84.41 16.81 C-
111 CHB-33 111.86 19.55 3.69 B+ 83.12 ° 15.96 C+
“112 KOB-34 113.03 20.74 3.96 B+ 81.95

113 KOB-35 113.89 21.71 4.16 A+ 81.08

114 KOB-36 114.97 22.81 4.38 A+ 80.00

115 KOB-37 115.86 23.72 4.52 A+ 79.11

116 UTU-38 116.38 24.16 4.67 A+ 78.59

117 KOB-39 117.68 25.30 4.96 C+ 77.32

118 KOB-40 118.79 26.40 529 L 76.21

119 KOB-41" 120.32 27.94 5.53 B+ 7467

120 KOB-42 121.02 | 2867 5.64 A+ 73.97

121 KOB-43 122.21 29.83 5.93 A+ 7278

122 KOB-44 123.75 31.52 6.17 B+ 71.22

123 KOB-45 124.71 3247 70.26

124 KOB-46 12557 33.40 6.50 B+ 69.41

125 NG-01 126.43 34.31 68.56

126 NG-02 127.09 34.99 6.77 B+ 67.90

127 NG-03 128.16 36.08 6.98 C+ 66.84

128 NG-04 128.99 36.86 7.06 C+ 66.00

129 NG-05 129.78 37.72 7.25 B+ 65.24

130 NG-06 130.66 38.62 7.40 C+ 64.36

131 NG-07 131.57 39.47 7.58 A+ 63.44

132 NG-08 132.77 40.74 7.86 A+ 62.27

133 NG-09 133.71 4169  7.95B+ 61.34

134 NG-10 134.88 42.89 8.08 C+ 60.18 1243 C+
135 NG-11 135.91 43.88 8.22 C+ 59.15 1219 C+
136 NG-12 136.53 44.55 8.37 B+ 58.56  12.05 C-
137 NG-13 137.29 45.35 8.52 B+ 57.83 11.80 B+
138 NG-14 138.15 46.18 8.69 A+ 5696 11.70 B+
139 NG-15 139.18 47.25 8.89 B+ 5595  11.50 B+
140 NG-16 140.10 48.28 9.05 A+ 55.15 11.37 A+
141 NG-17 141.13 49.31 9.22 B+ 5412 11.16 B+
142 NG-18 142.04 50.25 9.41 B+ 53.26 11.01 B+
143 NG-19 142.90 61.02 9.61 A+ 5232  10.86 B+
144 NG-20 143,81 §1.93 9.75 A+ 5143  10.64 A+
145 NG-21 134.95 53.06 9.97 B+ 50.30  10.40 B+
146 NG-22 145.46 5364  10.13 A+ 4988  10.36 B+
147 HKD-1 146.87 5500  10.66 C+ 48.44

148" HKD-2 148.08 5621 10.79 C+ 47.24

149 HKD-3 149.09 57.34 10.86 C+ 46.41 9.68 B+
150 HKD-4 150.07 58.17 45.26 9.60 B+
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Table 3. (Continued)

-1 S-2 S-3
Station Dist Time Dist Time Dist Time
151 HKD-5 151.47 5956  11.39C+ 43.87 9.33 B+
152 HKD-6 151.86 59.89 43.39 '
153 HKD-7 153.00 60.93  11.60 B- 4215 8.99 A+
154 HKD-8 153.87 61.67 41.16 8.84 B-
155 HKD-9 155.07 62.91 11.90 B- 40.00 8.61 B-
156 HKD-10 156.31 64.08 12.12C- 38.73 8.35 B-
157 HKD-11 157.15 64.86 1227 B- 37.83 8.20 B-
158 HKD-12 158.16 65.93 1247 B- 36.86 8.01 B-
159 HKD-13 159.06 66.83  12.66 C- 35.98 7.83 B-
160 HKD-14 160.04 67.84 1282 8B- 35.03 7.66 B-
161 HKD-15 161.02 68.81 12.96 C- 34.05 7.48 B-
162 HKD-16 161.82 69.50 33.15
163 HKD-17 162.70 70.33 1343 B+ 32.27 7.25 B-
164 HKD-18 163.11 7068  13.42C+ 31.91 7.13 A+
165 HKD-19 164.04 7159 1370 C- 31.01
166 HKD-20 164.92 7249 1376 C- 30.11 6.79 A+
167 HKD-21 165.81 7338  13.90 C+ 29.22 6.66 A+
168 HKD-22 166.59 7418 1414 C+ 28.40 6.58 A+
169 HKD-23 167.85 7546 - 1440 C+ 27.13 6.26 A+
170 HKD-24 169.02 76.63 25.96 6.01 B+
171 HKD-25 169.86 77.45 2513
172 HKD-26 170.60 78.16 2445
173 HKD-27 171.76 7932 1496 C+ 23.29 5.47 B+
174 HKD-28 172.62 80.15 22.53 5.36 C+
175 HKD-29 174.28 81.84 16.58 C- 20.79 4.91 A+
176 HKD-30 175.47 83.01 19.68 4.72 A+
177 HKD-31 176.67 84.21 18.47 4.45 B+
178 HKD-32 177.59 85.12 17.64 4.26 B+
179 HKD-33 178.87 86.40  16.36 C- 16.34 4.00 A+
., 180 TOK-01 179.47 87.00 15.77 3.85 A+
181 TOK-02 180.79 88.33 14.38 3.53 A+
182 TOK-03 182.40 89.94 16.90 C+ 1279
183 TOK-04 184.06 91.59 11.31 2.80 A+
184 TOK-05 184.97 9252 17.34C+ 10.22 2.58 A+
185 TOK-06 186.66 94.21 8.56 2.28 A+
186 TOK-07 187.37 94.95 .n 2.00 A+
187 TOK-08 188.62 96.19 6.50 1.72 A+
188 TOK-09 189.61 97.16  18.29 C- 5.80 1.65 A+
189 TOK-10 190.24 97.77 5.76 1.72 A+
190 - TOK-11 191.56 99.08 4.9 1.50 A+
191 TOK-12 192.20 99.73 4.02 1.22 A+
192 TOK-13 192.24 99.80 3.19 0.94 A+
193 TOK-14 193.81 101.40 1.46 0.54 A+
194 TOK-15 194.95 102.54 0.59 0.39 A+
195 §-3 195.01 102.62 0.05
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Fig. 4. Travel-time diagrams of the first arrivals for three shots. Time axis is reduced
by a velocity of 6.0km/s. Accuracy of the travel-time reading is indicated by the size
of the circle, namely, ranks A, B, and C are indicated by large, medium-size and small
circles respectively.
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