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Abstract

High density seismic observation of controlled source seismic experiment is presented. Pur-
poses of the operation are both evaluation of single channeled observation system and investigation
of subsurface structure in the ground deformation source region. The experiment was carried on
October 2006. 208 seismometers and recorders were spread with about 50 m interval across Kuruma-
zaka Pass at b km west of the active crater of Asama Volcano. Instruments were installed at posi-
tions by six persons for three days. 206 stations recorded all five shots successfully. The new sys-
tem provided more efficient operation than that with the conventional system. Obtained seismic
records are of interest because different appearance in later phases is shown between the shot
records in the north and the south sides. It is significant that particular later phases in 2 to 3s of
travel times appear in 2 to 3 km north of the shot S3. LPF process enhances the northern later phase.
It is expected that our observation may provide important constraints for understanding the
structure of Asama Volcano.

Key words: Asama Volcano, Seismic exploration, Seismic array, National Project for Prediction of
Volcanic Eruption
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Fig. 1. The high density seismic array. (a) The array was deployed north-southward across Kuruma-
zaka pass. The array included 208 portable seismic stations with the new system. The upper panel
shows topography with 100 m interval contour and distribution of five shot points which are presented
as star symbols. Heavy box in the upper panel indicates the range of lower panel. The stations in the
array are described as solid circles in the lower panel. Significant landmarks are assigned in both
maps. KRM presents Kurumazaka Pass. The origin of the local coordinate system is 36.41249 N,
138.4663E (WGS84 system). Thick gray lines describe the tops of each dyke which presented by
Murakami (2005). (b) A profile of the seismic array. Altitudes of the stations are plotted versus their

latitudes.
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Fig. 2. The reference station for the positioning dur-
ing daily installations.

Fig. 3. An installation of the station. Light vehicle
was preferable for deploying stations. GPS antenna
was set on the roof of the vehicle and GPS receiver
was running continuously during whole daily ope-
rations in the array.

ocoooooooob. ooooo, oobooooboooo
ooooooooooooooooboopoo.
dddoooooooooooooooooooood
0-000-—LSs8200SD (0D DDO) DDO0O0OO
GS11D (OYO GEOSPACED O 00O0O0OD 45Hz)

oooooooooo. booooooobooobobobooo
O0. 00000 —-DoOoo-—Lsseospobooooon
000 -0 (2006 DO0DODODOODOO. OODO
O000000000O0obOO0oDbDObOOng LS8o00SH
(0D -00, 199 00000, 0O -000D00O0
O000o00o0oooooog, A/DOD0ODO 24bit
0000000000 000ooDOoooOO (Table 2).
ooooooooooooooooooooogoog
ocooooo-—-ooooooooooboooboobooo. oo
ogooooooooooo—-oooo—-oboooboooo
OO0-—-pCOOO0OO-OPCOOOOPCOOOOO
O, OPCODO 100BASEODODODO 10BASEOD —0O —
0oooooooo (Fig. 4. O000—-PCOOOO—
ooooooooo—-oooooboooboo, booo
ooo-oooooooo. oo, bo—-0PpcOon
uSsBOOOO0OO0O0O0OOO0OO0—-00000D000000
OOopoooogd. 04000 -—-0opcOo0O0OusSBOO
oooo-ooooooobooboo, bo—-opconO
oo-oooooooooooooboobooob. obo—-o
oobooooooooo—-pPCOOOO—-0OPCODO
O-00, boo—-DOpCO0OCODOODOOOODOOO -
oooooo. oboooooo—-pCO 10000 —0O
pCO 20000, 10000000000 —-00000O
oooo-0ooooooooo.
ooboogz201g0boo0oboooooooo.
ooooirggpcoboobooooooooooDooDOon
gooo, ooi1oooooooo —-0o, obb—-0oo
o0oooOg, obobobooDoOg. oooobooooo
O—-0O000USBO—O0O0OOODOOODODOPCOOO
oo-oooooooooooooooobooboo,
gooopCOOdOlogoo—-gg, oo—-Q0ooo
ooo, oooooooooobobopbo. oboooo
00900 210000000000, 30080000
ogd.

O00o0o0ooOo (00 130) O00-00000
g-o0bod0oboog. bobooboooooboo-=0o
Ooooo,0o0oooco0oooobooooOo—gd Gps
ooooooooobo o 1Booooobooobooo. o
0-0000 (100 140) DODOO0O0OO0 3000 -0
ggooooo. o-0obobooobo-00b0000
oooo-0oO0ob -oo0ooooboooooooo.
oooooooo—-oobooooboosbobooo, o
oooOoOoo 26000000, OD—-0OOb0bObooo
ooooo-—-oobo11ooooooboooboobobooo, o
gi1oooooooooo—-ooooooooo.



gboooobooooodg

Table 1. Location of the stations. Coordinate system is WGS84.

Station [logger longitude(deg) latitude(deg) Altitude(m) Station|logger longitude(deg) latitude(deg) Altitude(m)
T100 4032 138.46281 36.44718 1430 T032 | 1002 138.47518 36.42163 1826
T099 1102 138.46313  36.44675 1434 T031 1156  138.47580 36.42131 1836
TO098 1101 138.46334  36.44621 1436 T030 1171 138.47574 36.42060 1875
T097 1099 138.46345 36.44566 1441 T029 1172 138.47549 36.42020 1879
T096 1100 138.46402 36.44539 1443 T028 1166  138.47544 36.41970 1880
T095 1024 138.46458  36.44512 1447 T027 | 1167 138.47516 36.41929 1884
T094 1025 138.46497 36.44466 1448 T026 1168  138.47455 36.41941 1893
T093 1022 138.46542 36.44401 1452 T025 1173 138.47404 36.41968 1893
T092 1023 138.46578  36.44340 1457 T024 1169  138.47357 36.41931 1896
T091 1029 138.46595  36.44291 1462 T023 | 1149 138.47342 36.41890 1905
T090 1028 138.46612  36.44298 1466 T022 | 1153 138.47359 36.41848 1902
TO89 1027 138.46601 36.44231 1470 T021 1148  138.47356 36.41798 1906
TO88 1026 138.46593 36.44154 1474 T020 1152 138.47323 36.41756 1910
TO87 1030 138.46582  36.44104 1472 TO19 | 1146  138.47289 36.41716 1912
T086 1031 138.46580  36.44055 1474 TO18 | 1155 138.47274 36.41688 1915
TO85 1096 138.46581 36.44008 1471 TO17 1062 138.47240 36.41650 1920
TO084 1097 138.46575 36.43958 1480 TO16 | 2028 138.47215 36.41610 1923
T083 1098 138.46575  36.43911 1481 TO15 | 1059 138.47243 36.41553 1928
T082 1095 138.46599  36.43883 1485 TO14 | 1060 138.47249 36.41507 1926
TO81 1094 138.46601 36.43829 1483 TO13 1061  138.47224 36.41460 1930
TO80 1093 138.46595 36.43786 1485 TO11 2029  138.47203 36.41373 1940
TO079 1041 138.46615  36.43749 1486 TO10 | 1058 138.47206 36.41328 1941
TO78 1040 138.46675  36.43721 1488 T0O09 | 1054 138.47204 36.41283 1942
TO77 1039 138.46726  36.43703 1492 TOO8 | 1056 138.47213 36.41248 1949
TO76 1038 138.46758 36.43663 1493 TO07 1130  138.47219 36.41184 1948
TO75 1037 138.46752  36.43617 1496 T0O06 | 1131  138.47207 36.41137 1950
T074 1036 138.46787  36.43594 1497 TOO5 | 1134 138.47199 36.41108 1949
TO73 1035 138.46846  36.43583 1503 TO04 | 1124 138.47179 36.41067 1952
TO72 1034 138.46900  36.43557 1508 T003 1132 138.47122 36.41064 1954
TO71 1033 138.46936  36.43527 1518 T002 | 1123 138.47082 36.41064 1956
TO070 3020 138.46996  36.43495 1515 T001 1128 138.47062 36.41032 1958
T069 3018 138.47017  36.43460 1519 T™M09 | 1170 138.46626 36.41242 1919
T068 3019 138.47058 36.43436 1525 TMO8 | 1079  138.46626 36.41249 1919
TO67 3015 138.47102 36.43397 1528 T™MO07 | 1080 138.46729 36.41217 1922
T066 3017 138.47134  36.43360 1526 T™MO06 | 1082  138.46793 36.41203 1927
T065 3014 138.47167  36.43301 1537 T™MO05 | 1081  138.46849 36.41207 1930
T063 3016 138.47194  36.43188 1542 TMO4 | 1151  138.46917 36.41177 1936
T062 3013 138.47227 36.43142 1545 TMO3 | 1154  138.46911 36.41121 1939
T061 3012 138.47301 36.43145 1554 TMO02 | 1147 138.46982 36.41068 1948
T060 1032 138.47380  36.43177 1561 T™MO1 | 1150  138.46990 36.41005 1954
T059 1190 138.47440  36.43108 1561 TMO00 | 1133  138.47063 36.40990 1962
TO58 1195 138.47534  36.43141 1573 MOO1 | 1127 138.47084 36.40947 1963
TO057 1194 138.47645  36.43098 1572 M002 | 1125 138.47123 36.40913 1967
T056 1186 138.47759  36.43072 1575 M003 | 1008 138.47153 36.40885 1969
T055 1192 138.47900  36.43068 1594 M004 | 1015 138.47165 36.40850 1971
T054 1193 138.47927 36.42995 1597 MO005 | 1021  138.47170 36.40811 1974
T053 1187 138.47976  36.43026 1605 M006 | 1005 138.47175 36.40775 1978
T052 1185 138.48041 36.43026 1604 MO007 | 1001  138.47179 36.40737 1980
T051 1183 138.48074  36.42942 1620 MO008 | 1004 138.47175 36.40701 1987
TO050 1191 138.48107 36.42899 1621 M009 | 1003 138.47148 36.40645 1994
T049 1189 138.48043 36.42877 1626 MO10 | 1007  138.47072 36.40631 1998
T048 1181 138.47911 36.42863 1636 MO11 | 1006 138.47012 36.40628 1999
T047 1184 138.47812  36.42827 1645 MO12 | 1009 138.46968 36.40616 2001
T046 1182 138.47677  36.42820 1656 MO13 | 1090 138.46885 36.40586 2008
T045 1176 138.47560  36.42764 1665 MO14 | 1083 138.46905 36.40549 2008
T044 1179 138.47562 36.42736 1684 MO15 | 1084 138.46961 36.40528 2013
T043 1178 138.47585 36.42706 1703 MO16 | 1085  138.46958 36.40467 2019
T042 1180 138.47534  36.42682 1705 MO17 | 1086 138.46962 36.40407 2016
T041 1177 138.47491  36.42623 1715 MO18 | 1091 138.47031 36.40387 2010
T040 1162 138.47547 36.42568 1737 MO19 | 1088  138.47044 36.40338 1995
TO039 1161 138.47531 36.42520 1743 MO020 | 1087  138.47079 36.40295 1984
TO38 1163 138.47515 36.42491 1747 MO021 | 1092 138.47138 36.40263 1978
T037 1160 138.47560  36.42420 1773 M022 | 1089 138.47199 36.40216 1970
TO036 1157 138.47565 36.42370 1776 M023 | 4009 138.47105 36.40203 1941
TO035 1164 138.47556  36.42327 1779 M024 | 4013 138.47066 36.40158 1908
T034 1165 138.47530  36.42277 1791 MO025 | 4008 138.47169 36.40080 1896
T033 1159 138.47527  36.42227 1775 M026 | 4010 138.47242 36.40050 1891




gooo o

Table 1. (Continue)

Station [logger longitude(deg) latitude(deg) Altitude(m) Station{logger longitude(deg) latitude(deg) Altitude(m)
MO027 4004 138.47316  36.40043 1890 MO091 | 1119  138.46339 36.37701 1314
MO028 4011 138.47321  36.39964 1879 M092 | 1117 138.46337 36.37670 1308
MO029 4012 138.47257  36.39915 1871 MO093 | 1076  138.46324 36.37632 1296
MO030 4005 138.47257  36.39915 1869 M094 | 1075 138.46331 36.37560 1291
MO031 4006 138.47187  36.39808 1857 M095 | 1074 138.46305 36.37497 1283
M032 4007 138.47166  36.39762 1851 MO096 | 1073  138.46251 36.37423 1276
M033 3002 138.47158  36.39740 1848 MO097 | 3011  138.46207 36.37376 1262
M034 3001 138.47146  36.39700 1843 MO098 | 1077 138.46152 36.37322 1253
MO035 1051 138.47150  36.39633 1835
MO036 3003 138.47150  36.39621 1834
MO037 3006 138.47147  36.39554 1826
M038 3005 138.47193  36.39491 1816
M039 3009 138.47196  36.39459 1799
M040 3004 138.47099  36.39486 1791
MO041 3007 138.46906  36.39574 1770
M042 3008 138.46828  36.39545 1763
MO043 1049 138.46745  36.39530 1756
M044 1045 138.46737  36.39465 1744
M045 1046 138.46797  36.39442 1731
M046 1044 138.46866  36.39401 1723
M047 1043 138.46756  36.39331 1702
M048 1042 138.46714  36.39301 1675
M049 1047 138.46704  36.39249 1669
MO050 1048 138.46688  36.39216 1656
MO051 1052 138.46665  36.39173 1657
M052 1050 138.46650  36.39135 1653
M053 1139 138.46645  36.39034 1622
M054 1135 138.46553  36.39049 1607
MO055 1140 138.46626  36.38967 1602
M056 1145 138.46546  36.38931 1578
MO057 1136 138.46620  36.38868 1562
MO058 1144 138.46526  36.38862 1554
M059 1141 138.46575  36.38824 1542
MO060 1143 138.46540  36.38770 1543
MO061 1137 138.46635  36.38771 1559
MO062 1138 138.46653  36.38724 1531
M063 1070 138.46647  36.38683 1528
M064 1069 138.46643  36.38639 1525
MO065 1078 138.46637  36.38597 1515
M066 1065 138.46605  36.38511 1506
MO067 1066 138.46521  36.38440 1492
MO068 1072 138.46521  36.38511 1490
MO069 1063 138.46410  36.38522 1483
MO070 1067 138.462563  36.38487 1467
MO71 1071 138.46291  36.38441 1475
MO072 1064 138.46332  36.38402 1454
MO073 1110 138.46273  36.38351 1444
MO074 1112 138.46207  36.38356 1435
MO075 1111 138.46206  36.38310 1439
MO076 1107 138.46197  36.38260 1430
MO77 2027 138.46190  36.38179 1423
MO078 1108 138.46222  36.38139 1416
MO079 1106 138.462564  36.38114 1420
MO080 1105 138.46291  36.38068 1406
MO81 1104 138.46310  36.38007 1405
MO082 1103 138.46296  36.37965 1391
MO083 1113 138.46259  36.37925 1389
M084 1118 138.46226  36.37851 1381
MO085 1114 138.46256  36.37825 1364
MO086 1120 138.46292  36.37797 1358
MO087 1122 138.46413  36.37849 1361
MO088 1116 138.46395  36.37812 1347
MO089 1115 138.46376  36.37775 1336
MO090 1121 138.46357  36.37738 1325




Table 2. Comparison of the new system LS
8200SD with the conventional system LS8000
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SH (After Kurashimo et al., 2006; Morita and

Hamaguchi, 1996).

LS8200SD

A/D Resolution (bits) 24
Capacity (bytes) 128M
Sampling frequencies (Hz) 125, 250, 500, 1000
Maximum channels 1

GS11D (fo=4.5Hz)
4 X UM-1 drycells
1.5kg (All included)

Recommended sensors
Power supply
Weight (kg)

1,2,5,10,20,25,40,50,100,

4 X UM-2 drycells

16
20M

200,250,500,1000
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Fig. 4. A schematic illustration of preparation and
programming operation upon the loggers. (a) A
new system, LS8200SD (After Kurashimo et al.,
2006). Simultaneous operations upon multiple log-
gers are available. (b) A conventional system, LS
8000SH. Only single operations are available upon
a logger.
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Fig. 5. Shot records with 20s length. (a) S1, (b) S2, (c) S3, (d) S4, (e) S5. Each traces are normalized with
its maximum and variable area display is applied. Horizontal axis denotes distance from the north-
most station, T100, in kilometers and vertical axis denotes travel time in seconds.
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(b) S3 North
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(a) S3 South

w0
2
"
3]
— (=]
0 25 o =]
T T - =
e =}
B O
- = B e M
£ o
\\\\\ = -
e i jan s
\wm e i . -
RIS =)
s S
TGS b=
- —
g 8
-+
« g
[
= o
“““““““““ 3 0
N o)
= 4
ST
2 o =
= o 9 ?
E=E] ]
t SR
Q= o
25 <=
=l o
5 E o
o B o
+~ —
=)
3 5
o
s 2
~ B o~
e ]
n K
32 3
ﬁ %
w ° Fo
L
—
S <
[ = m
o )
2]
e o g
R R S e [SING) o
Fogiatr s >
ol e — [ A e
m o
5
e BRI
9 S =]
o £ o
= T
£ 32 @ . ~ S @D o < I S
37 = ed m o — — — — o =] o o o
-] s A O A AL SO A o <
Ne A s == 9]
: , s s (s) awn |aaea |
g B2
E 2]

Distance (km)

Vertical axis is travel time in seconds. Trends are separated away in the farther part than the point

Fig. 7. Travel time curve of the first arrival for the shot S3 in Table 3. Horizontal axis is shot distance.
2.5km.
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(a) 2Hz LPF (b) 8Hz LPF

4 2 0. & 0.

Fig. 8. Filtered shot records. (a) 2Hz LPF, (b) 8Hz LPF. (a) is preferable to detect later phases. Vertical
axis is travel time in seconds. Horizontal axis denotes distance from the north-most station, T100, in
kilometers. The shot records contain certain information of the seismic reflection structure in the
pressure source region.



gboooobooooodg

Table 3. First arrival times. All shots were carried on 13 Oct. 2006.

S1(s) S2 (s) S3 (s) S4 (s) S5 (s)
Station u/d u/d u/d u/d
02:02 02:07 02:12 02:17 02:22

T 100 2.328 u 1.946 u 1.857 u 4523 u 5.094
T 099 2.364 u 1.953 u 1.832 u 4512 u 5.034
T 098 2.409 u 1.947 u 1.840 u 4.383 u 5.044
T 097 2.409 u 1.929 u 1.820 u 4501 u 4.999
T 096 2.364 u 1.943 u 1.798 u 4.462 u 5.019
T 095 2.458 u 1.938 u 1.764 u 4387 u 5.003
T 094 2.456 u 1.922 u 1.756 u 4.456 u 4.994
T 093 2.643 u 1.954 u 1.767 u 4.408 u 4.954
T 092 2.550 u 1.9490 u 1.730 u 4.427 u 4.973
T 091 2.679 u 1.954 u 1.715 u 4502 u 4.999
T 090 2.693 u 1.895 u 1.715 u 4.498 u 4.982
T 089 2.621 u 1.907 u 1.709 u 4.498 u 4.928
T 088 2.717 u 1.900 u 1.717 u 4.435 u 4.902
T 087 2.727 u 1.897 u 1.692 u 4475 u 4.924
T 086 2.750 u 1.857 u 1.664 u 4.323 u 4.924
T 085 2.637 u 1.836 u 1.653 u 4.345 u 4.916
T 084 2.629 u 1.842 u 1.622 u 4.322 u 4.888
T 083 2.596 u 1.823 u 1.615 u 4344 u 4.851
T 082 2.786 u 1.826 u 1.615 u 4.253 u 4.821
T 081 2.814 u 1.816 u 1.565 u 4281 u 4.810
T 080 2.811 u 1.803 u 1.574 u 4.172 u 4.807
T 079 2.731 u 1.803 u 1.543 u 4203 u 4.804
T 078 2.673 u 1.798 u 1.552 u 4.223 u 4.841
T 077 2.676 u 1.803 u 1.550 u 4221 u 4.838
T 076 2.675 u 1.794 u 1.547 u 4.177 u 4.832
T 075 2.767 u 1.784 u 1.536 u 4.252 u 4.812
T 074 2.758 u 1.812 u 1.545 u 4210 u 4.797
T 073 2.739 u 1.779 u 1.556 u 4216 u 4.819
T 072 2.923 u 1.805 u 1.526 u 4.179 u 4.831
T 071 2.679 u 1.899 u 1.510 u 4.197 u 4.752
T 070 2.811 u 1.826 u 1.551 u 4.216 u 4.866
T 069 2972 u 1.802 u 1.528 u 4.191 u 4.849
T 068 2.778 u 1.786 u 1.528 u 4.118 u 4.854
T 067 2.988 u 1.843 u 1.524 u 4.180 u 4.861
T 066 2.995 u 1.797 u 1.529 u 4.113 u 4.865
T 065 3.024 u 1.834 u 1.524 u 4.372 u 4.847
T 064 - X - X - X - X -

T 063 3.029 u 1.831 u 1.493 u 4.110 u 4.851
T 062 3.058 u 1.808 u 1.473 u 4391 u 4.828
T 061 3.054 u 1.848 u 1.491 u 4.402 u 4.833
T 060 3.083 u 1.911 u 1.544 u 4.302 u 4.817
T 059 3.114 u 1.886 u 1.511 u 4211 u 4.911
T 058 3.085 u 1.947 u 1.551 u 4.408 u 4.900
T 057 3.116 u 1.956 u 1.563 u 4.196 u 4.919
T 056 3.136  u 1.975 u 1.568 u 4.052 u 4.907
T 055 3.157 u 2.012 u 1.605 u 4.035 u 4.954
T 054 3.090 u 2.010 u 1.552 u 4.007 u 4.932
T 053 3.098 u 2.023 u 1.584 u 3.932 u 4.914
T 052 3.164 u 2.016 u 1.577 u 4.005 u 4.907
T 051 3.211 u 2.037 u 1.576 u 3.986 u 4.916
T 050 3.022 u 2.060 u 1.578 u 3.943 u 4.933
T 049 3.066 u 2.042 u 1.550 u 3.997 u 4.883
T 048 3.239 u 2.010 u 1.555 u 4.139 u 4.913
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Table 3. (Continue)

S1 (s) S2 (s) S3 (s) S4 (s) S5 (s)
Station u/
02:02 02:07 02:12 02:17 02:22
T 047 3.232 u 1.994 u 1.507 u 4.039 u 4.907 u
T 046 3.224 u 1.950 u 1.497 u 4.022 u 4.899 u
T 045 3.217 u 1.923 u 1.425 u 4.090 u 4.878 u
T 044 3.219 u 1.908 u 1.431 u 4.031 u 4.877 u
T 043 3.327 u 1.938 u 1.433 u 3.964 u 4.893 u
T 042 3.237 u 1.892 u 1.408 u 4.045 u 4.870 u
T 041 3.252 u 1.901 u 1.376  u 3.989 u 4.843 u
T 040 3.332 u 1.891 u 1.396 u 4.038 u 4787 u
T 039 3.337 u 1.868 u 1.358 u 4.033 u 4794 u
T 038 3.281 u 1.868 u 1.341 u 3.990 u 4812 u
T 037 3.356 u 1.884 u 1.349 u 3.997 u 4813 u
T 036 3.299 u 1.881 u 1.317 u 3.975 u 4.689 u
T 035 3.358 u 1.899 u 1.315 u 3.981 u 4.821 u
T 034 3.388 u 1.877 u 1.314 u 3.961 u 4.822 u
T 033 3.336  u 1.885 u 1.273 u 3.975 u 4.809 u
T 032 3.365 u 1.902 u 1.261 u 3.981 u 4794 u
T 031 3.383 u 1.890 u 1.274 u 3.950 u 4616 u
T 030 3.410 u 1.887 u 1.254 u 3.904 u 4.807 u
T 029 3.398 u 1.845 u 1.223 u 3.954 u 4777 u
T 028 3.420 u 1.785 u 1.219 u 4.106 u 4794 u
T 027 3.412 u 1.863 u 1.189 u 3.964 u 4756 u
T 026 3.396 u 1.850 u 1.181 u 3.983 u 4778 u
T 025 3.393 u 1.873 u 1.203 u 3.948 u 4777 u
T 024 3.405 u 1.845 u 1.185 u 4.016 u 4771 u
T 023 3.436 u 1.880 u 1.177 u 3.946 u 4,702 u
T 022 3.412 u 1.839 u 1.149 u 4.112 u 4711 u
T 021 3.430 u 1.859 u 1.150 u 3.942 u 4,674 u
T 020 3.414 u 1.829 u - X 4.227 u - X
T 019 3.410 u 1.812 u 1.097 u 3.942 u 4630 u
T 018 3.413 u 1.784 u 1.066 u 4.254 u - X
T 017 3.406 u 1.782 u 1.034 u 4.098 u 4615 u
T 016 3.423 u 1.792 u 1.041 u 4.096 u 4698 u
T 015 3.447 u 1.804 u 1.028 u 4.058 u 4591 u
T 014 3.431 u 1.781 u 1.012 u 4.067 u 4570 u
T 013 3.445 u 1.790 u 0.992 u 4.067 u 4,643 u
T 012 - X - X - X - X - X
T 011 3.465 u 1.785 u 0.970 u 4.060 u 4.659 u
T 010 3.463 u 1.781 u 0.949 u 4.058 u 4521 u
T 009 3.472 u 1.782 u 0.948 u 4141 u 4559 u
T 008 3.475 u 1.793 u 0.943 u 4.144 u 4554 u
T 007 3.488 u 1.794 u 0.934 u 4.168 u 4,626 u
T 006 3.486 u 1.784 u 0.925 u 4.163 u 4621 u
T 005 3.497 u 1.792 u 0.926 u 4.145 u 4,620 u
T 004 3.479 u 1.782 u 0.924 u 4.115 u 4.492 u
T 003 3.501 u 1.802 u 0.906 u 4.163 u 4.605 u
T 002 3.429 u 1.799 u 0.891 u 4.087 u 4593 u
T 001 3.530 u 1.789 u 0.897 u 4.277 u 4610 u
TM 09 3.416 u 1.627 u 0.674 u 4.259 u 4536 u
TM 08 3.427 u 1.664 u 0.717 u 4199 u 4304 u
T™ 07 3.449 u 1.680 u 0.725 u 4.296 u 4.261 u
T™ 06 3.461 u 1.716 u 0.760 u 4.281 u 4.275 u
T™ 05 3.458 u 1.725 u 0.793 u 4.023 u 4.324 u
T™ 04 3.473 u 1.741 u 0.815 u 4177 u 4576 u
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Table 3. (Continue)

S1 (s) S2 (s) S3 (s) S4 (s) S5 (s)
Station u/
02:02 02:07 02:12 02:17 02:22
™ 03 3.491 u 1.747 u 0.822 u 4.273 u 4.732 u
™ 02 3.497 u 1.761 u 0.859 u 4.219 u 4506 u
™ 01 3.520 u 1.773 u 0.877 u 4.244 u 4.593 u
™ 00 3.526 u 1.779  u 0.905 u 4.157 u 4.586 u
M 001 3.547 u 1.784 u 0.950 u 4.275 u 4.608 u
M 002 3.535 u 1.798 u 0.968 u 4,176 u 4611 u
M 003 3.549 u 1.831 u 0.998 u 3.805 u 4.278 u
M 004 3.562 u 1.819 u 1.006 u 3.800 u 4.351 u
M 005 3.578 u 1.819 u 1.022 u 3.800 u 4.419 u
M 006 3.541 u 1.825 u 1.036 u 3.819 u 4.347 u
M 007 3.534 u 1.844 u 1.075 u 3.807 u 4.465 u
M 008 3.560 u 1.820 u 1.0561 u 3.831 u 4.311 u
M 009 3.551 u 1.826 u 1.088 u 3.986 u 4.459 u
M 010 3.546 u 1.789 u 1.081 u 3.816 u 4.297 u
M 011 3.541 u 1.777 u 1.065 u 3.819 u 4.299 u
M 012 3.551 u 1.772 u 1.063 u 3.819 u 4.343 u
M 013 3.425 u 1.769 u 1.069 u 4.000 u 4.386 u
M 014 3.243 u 1.768 u 1.088 u 3.927 u 4.222 u
M 015 3.524 u 1.811 u 1.091 u 3.918 u 4.269 u
M 016 3.524 u 1.794 u 1.125 u 4,117 u 4.204 u
M 017 3.567 u 1.796 u 1.134 u 4.269 u 4.436 u
M 018 3.476 u 1.816 u 1.170 u 4012 u 4.372 u
M 019 3.501 u 1.804 u 1.179 u 3.992 u 4.353 u
M 020 3.579 u 1.836 u 1.223 u 3.982 u 4510 u
M 021 3.592 u 1.842 u 1.237 u 4,004 u 4512 u
M 022 3.411 u 1.876 u 1.257 u 3.974 u 4521 u
M 023 3.554 u 1.837 u 1.248 u 3.933 u 4.454 u
M 024 3.548 u 1.826 u 1.243 u 3.938 u 4.418 u
M 025 3.585 u 1.834 u 1.296 u 3.953 u 4.434 u
M 026 3.568 u 1.839 u 1.277 u 3.939 u 4.412 u
M 027 3.577 u 1.860 u 1.297 u 3.904 u 4.379 u
M 028 3.588 u 1.866 u 1.319 u 3.877 u 4.374 u
M 029 3.611 u 1.882 u 1.326  u 3.965 u 4.407 u
M 030 3.641 u 1.879 u 1.357 u 4077 u 4408 u
M 031 3.627 u 1.881 u 1.372 u 4.077 u 4.377 u
M 032 - X 1.943 u 1.408 u - X 4.428 u
M 033 3.577 u 1.883 u 1.387 u 3.966 u 4.388 u
M 034 3.503 u 1.898 u 1.408 u 3.988 u 4.299 u
M 035 3.674 u 1.925 u 1.425 u 4,113 u 4.187 u
M 036 3.645 u 1.898 u 1.429 u 3.992 u 4.318 u
M 037 3.647 u 1.928 u 1.465 u 3.939 u 4.298 u
M 038 3.677 u 1.919 u 1.475 u 4.015 u 4.286 u
M 039 3.693 u 1.982 u 1.520 u 4036 u 4.342 u
M 040 3.675 u 1.940 u 1.475 u 4.023 u 4.232 u
M 041 3.750 u 1.888 u 1.451 u 4.084 u 4.289 u
M 042 3.783 u 1.872 u 1.442 u 4.078 u 4.228 u
M 043 3.753 u 1.854 u 1.433 u 4.079 u 4.216 u
M 044 3.688 u 1.857 u 1.460 u 4.006 u 4.194 u
M 045 3.758 u 1.839 u 1.435 u 3.987 u 4.158 u
M 046 3.641 u 1.897 u 1.471 u 4.039 u 4.157 u
M 047 3.762 u 1.849 u 1.478 u 3.988 u 4.041 u
M 048 3.726  u 1.883 u 1.520 u 4.043 u 4.114 u
M 049 3.668 u 1.878 u 1.525 u 4.037 u 4.224 u
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Table 3. (Continue)

S1(s) S2 (s) S3 (s) S4 (s) S5 (s)
Station u/d u/d u/d u/d u/d
02:02 02:07 02:12 02:17 02:22
M 050 3.769 u 1.892 u 1.520 u 4.049 u 4.224 u
M 051 3.823 u 1.886 u 1.546 u 4,122 u 4,180 u
M 052 3.795 u 1.902 u 1.576 u 4.115 u 4.156 u
M 053 3.433 u 1.907 u 1.584 u 4.059 u 3.986 u
M 054 3.787 u 1.883 u 1.554 u 4,114 u 3.963 u
M 055 3.619 u 1.922 u 1.604 u 4.065 u 3.956 u
M 056 3.820 u 1.886 u 1.592 u 4.094 u 4.039 u
M 057 3.777 u 1.861 u 1.626 u 4,106 u 3.960 u
M 058 3.787 u 1.898 u 1.633 u 4.124 u 3.933 u
M 059 3.782 u 1.920 u 1.627 u 4.084 u 3.954 u
M 060 3.724 u 1.932 u 1.653 u 4,114 u 3.960 u
M 061 3.650 u 1.932 u 1.637 u 4,104 u 3.947 u
M 062 3.588 u 1.927 u 1.657 u 4,104 u 3.955 u
M 063 3.864 u 1.962 u 1.676 u 4.162 u 3.902 u
M 064 4,164 u 1.911 wu 1.624 u 4.122 u 3.866 u
M 065 3.184 u 1.979 u 1.706 u 4.063 u 3.775 u
M 066 3.916 u 1.982 u 1.693 u 3.999 u 3.969 u
M 067 4,405 u 2.012 u 1.757 u 4.024 u 3.978 u
M 068 4.077 u 1.970 u 1.721 u 3.982 u 3.962 u
M 069 3.886 u 1.952 u 1.724 u 4.065 u 3.945 u
M 070 4,172 u 1.917 u 1.727 u 4.103 u 3.916 u
M 071 4.076 u 1.922 u 1.755 u 4.086 u 3.897 u
M 072 4.012 u 1.959 u 1.758 u 3.959 u 3.789 u
M 073 3.961 u 1.928 u 1.792 u 4.245 u 3.791 u
M 074 3.949 u 1.946 u 1.791 u 4.231 u 3.886 u
M 075 3.896 u 1.951 u 1.784 u 4.228 u 3.742 u
M 076 4,137 u 1.943 u 1.802 u 4,185 u 3.825 u
M 077 4,132 u 1.949 u 1.830 u 4,120 u 3.687 u
M 078 4.147 u 1.957 u 1.835 u 4,250 u 3.830 u
M 079 3.990 u 1.964 u 1.847 u 4.187 u 3.823 u
M 080 4,378 u 1.985 u 1.869 u 4.226 u 3.824 u
M 081 4.036 u 2.022 u 1.883 u 4.212 u 3.788 u
M 082 4.222 u 2.021 u 1.885 u 4.015 u 3.759 u
M 083 4.077 u 1.964 u 1.927 u 4.293 u 3.754 u
M 084 4.113 u 1.929 u 1.959 u 4.248 u 3.745 u
M 085 4,345 u 1.977 u 1.931 u 4,181 u 3.729 u
M 086 4.285 u 2.0056 u 1.935 u 4.028 u 3.719 u
M 087 4.349 u 2.084 u 1.872 u 4,199 u 3.721 u
M 088 4,374 u 2.131 u 1.890 u 4.175 u 3.702 u
M 089 4.212 u 2.088 u 1.889 u 4214 u 3.676 u
M 090 - X 2.150 u 1.929 u - u 3.666 u
M 091 4.073 u 2.115 u 1.926 u 4,138 u 3.674 u
M 092 - X 2.113 u 1.934 u 4.248 u 3.686 u
M 093 - X 2.097 u 1.963 u 4,432 u 3.663 u
M 094 - X 2277 u 2.001 u - X 3.663 u
M 095 - X - X - X - X 3.701 u
M 096 4.166 u 2.308 u 2.014 u 4.338 u 3.612 u
M 097 4,484 u 2.150 u 2.056 u 4,354 u 3.595 u
M 098 4.481 u 2.284 u 2.066 u 4.218 u 3.557 u
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