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Abstract

At Kujukuri Beach, Chiba, Japan, the Holocene series unconformably overlies the Pleis-
tocene Kazusa Group, which was deposited mainly in the deep sea and contains natural gas
(methane) dissolved in water. These conditions allow gas to emerge from the ground as it moves
upward through faults and sandy layers. In 2007, some tidal pools at Kujukuri Beach became
cloudy white, and water clouding still persists in areas where the tidal pools overlap with meth-
ane gas emissions on the beach at low tide. Water clouding occurs when yellow groundwater in a
strongly reducing state is produced because underground methane gas is discharged through the
beach surface into tidal pools, and comes into contact with the atmosphere or seawater. A survey
conducted in April 2009 confirmed that tidal pools change from being transparent to yellowish
white, then become white, yellowish white, yellow, and yellowish white, and again transparent.
Accordingly, in this study, this phenomenon is analyzed and elucidated using groundwater level
measurements. The rate of discharge of yellow groundwater declined as tide level decreased, and
the water turned white at the lowest tide. As the tide level increased, the water again turned
yellow as yellow groundwater emerged from the bottoms of the tidal pools. Seawater flowed
into the tidal pools as the tide level further increased, causing seawater in the pools to become
yellowish white and transparent.
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Index and locality maps of study area (from Yoshida et al., 2012). (a) Geological map of study area, Chiba

prefecture (modified from Nirei et al., 1987). (b) Comprehensive map of study area in Oamishirasato City. Topo-
graphic maps are from the 1:25,000 Shitengi map published by the Geospatial Information Authority of Japan.
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Fig. 2 Schematic model of relationship between tidal pool and methane gas emerging from Kazusa Group to ground
surface (modified from Yoshida et al., 2012). Black square represents area where color change mechanism oc-

curred as discussed in Figs. 9 and 10.
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Fig. 3 Plan view of monitoring well locations in study
area. (a) Area of gas seepage, dark bluish gray
sand, and yellow groundwater on April 27, 2009.
In (b) May 2010 and (c) 2011 surveys, areas
of gas seepage were not measured and dark
bluish gray sand or yellow groundwater was not
observed.
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Fig. 4 Distributions of monitoring wells shown as cross-sections of the beach face. Locations of section lines are shown
in Fig. 3. High and low tides were recorded at Choshi Fishery Port observatory by the Japan Meteorological

Agency (see Fig. 1).
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Fig. 6 Time series photographs of color change in tidal
pool on the foreshore at ebb tide in Oamishirasa-
to City (April 28, 2009).
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Fig. 7 (a) Time series of groundwater level change at each monitoring well and for each tide level on May 17, 2010. (b)
Time series of hydraulic gradient and difference in water levels from W-10-1 to W-10-13.

Too N— O TIE I 74.0 m QM TH D,
HEE61.0 m OHb i L ) H# 30 cm Fivye N—D
fe (k615 ~64.2m) oM E VM (WK
) ~NTF 232 EF O R IL 8/100 TH - 72

COHOFAFHMAEAEHIZAS (2012) O
RSN TH 5 Z L MR L 72050 A #i P o
WAooz, HLOHIHlEE17-
722010 47 7 F 12 H 53 Ai P % B 8¢ 1278 L7z,
3-2) HIFKMGL

SO M T KA OB RIIZE LB & Ok
T2 b2 K 8a IR L7ze 8512, W-11-1 ~
W-11-3 DAERZIAK LK 8b IR L7ze ZOI
8a, b ZHEHIAIC BM-1 2 & & B3 0> H T K AF
FCTOREZRYT, CORFEOMHEL, F—ML
ANV O E I £0.004 m & T — TKMFTOME
7% 40.001 m & HDHE72 £0.006m THDH, H

TARALOFEPME S I AF% 3 1B L 72,
BRI X 5 &, BHORKT @O
% 11:12 (T.P. —1.07 m ; BM-1 25D HED
#51E —5.55m) TH o 72o 11:51 ~12:40 2
BB W-11-1 ~ W-11-3 ® it F K 1X, BM-1
PHDWFETRT & —4.797 ~ —4.799 m (T.P.
—0.32m) THY, WIFKMVOEINEPoT,
12:45 % ¥ 2 EH2 bR 4 12 W-11-1 ~ W-11-3
O FARMAEALIZ LD S, 12:45 DRI HEH
2H HEWH (W-11-1) OHTFKRMEADRICE
WZEnn, N—OFEE ) MIIH D HT KL
M2 S@WWE D OHNFEND Z L broiz, &
512, WERIREEISPE 9 #a N IR o b 5 B 1 g
DOBNHDIF D AN EAbA o7z (M 8b)o
W-11-4 O T AR 1E W-11-8 DT AR L D
LOoRICEL, WM FV IV LBEMICH LT

— 507 —



_ - 080
E W-11-4 (a)
T 4000 Jo40
S -4500\ -0 2
= % W11 S
S R Fig. 8b —————eme= W11 =
® ) W-11-3 2040
S 5000 Zd .
3 3
[J) ]
q>) \// 1T
S -5.500 —
] 44120
[a'
6.000
6:00 9:00 12:00 15:00 18:00
4660
g (b). 420
I W-11-1 "
@ ]
g 4720 2
= >
S 3
2 W-11-2 -
< W-11-3 El
& -4.780
2
2
]
&
1035
4840430 12:00 1330 15:00
0.090
— c)— 37100
. (©
©n
[
3 0.600 55[_
e — 2100 §
£ =
= 8}
£ E
g 0300 — 17100 =
= ]
9_) =
£
a
0.000
1030 12:00 1330 15:00

Time
M8 (a) 20114E5 7 19 HO M FAM DR RFIZAL. (b) BRI TE 2N — D FARMORRFIZAL. (¢) BIH
W-11-1 & W-11-3 % & 3R & 72 H T AR 75 & A L o g R 51 28 1E.
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Fig. 9 Model of groundwater flow around tide pool on the sand beach. Lengths of ag, bh, df, and ce are 3 m. Lengths of
ad, bc, gf, and he are 1 m. Lengths of ab, dc, fe, and gh are 0.25 m.
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Fig. 10 Schematic model showing mechanism of color
change of tidal pool. (a) high tide, (b) as tide level de-
creases from high to low, (c) at maximum low tide, (d)
as tide begins to increase from maximum low tide, (e)
as tide level increases, and (f) when tidal pool is under
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4% 1 HBNIFOM TR (200944 A 28 1).
Appendix 1 Groundwater level data of each monitoring well on April 28, 2009.

. Elevation Relative eleva- Depth of W.L. ' Elevation Relative eleva- Depth of W.L.
Time tion of W.L. from from top of well Time tion of W.L. from from top of well
of W.L. of W.L.
(JST) (T.P. (m)} BM-1 (m). (m). (JST) (T.P. (m)) BM-1 (m). (m).
Error: £0.007 m  Error: £0.001 m Error: £0.007 m Error: £0.001 m
W-09-1 W-09-4
11:02 —0.51 —4.991 0.137 10:57 0.01 —4.475 0.185
11:26 —0.52 —4.995 0.141 11:24 -0.01 —4.485 0.195
11:39 —0.52 —5.002 0.148 11:41 —0.01 —4.494 0.204
12:20 —0.52 —4.995 0.141 12:18 —0.02 —4.500 0.210
12:44 —0.51 —4.994 0.140 12:47 —0.03 —4.509 0.219
13:12 —0.51 —4.992 0.138 13:09 —0.03 —4.511 0.221
13:42 -0.51 —4.989 0.135 13:35 —0.04 —4.518 0.228
14:00 —0.51 —4.986 0.132 13:54 —0.04 —4.515 0.225
14:03 —0.50 —4.983 0.129 13:57 —0.03 —4.514 0.224
14:20 —0.50 —4.980 0.126 14:07 —0.04 —4.516 0.226
14:23 -0.49 —4.969 0.115 14:16 —0.03 —4.512 0.222
W-09-2 14:34 —0.03 —4.505 0.215
11:00 -0.41 —4.886 0.137 14:49 —0.02 —4.497 0.207
11:26 —0.41 —4.891 0.142 14:55 —0.02 —4.495 0.205
11:40 -0.42 —4.901 0.152 15:07 0.00 —4.480 0.190
12:20 —0.41 —4.893 0.144 15:11 0.01 —4.475 0.185
12:46 —0.41 —4.894 0.145 15:18 0.01 —4.474 0.184
13:11 -0.41 —4.893 0.144 15:23 0.01 —4.468 0.178
13:29 -0.41 —4.893 0.144 15:41 0.04 —4.442 0.152
13:43 —0.42 —4.897 0.148 15:52 0.08 —4.403 0.113
13:59 -0.41 —4.893 0.144 W-09-5
14:04 -0.41 —4.891 0.142 10:53 0.13 —4.355 1.627
14:19 -0.41 —4.888 0.139 11:23 0.12 —4.363 1.635
14:25 -0.41 —4.887 0.138 11:42 0.11 —4.375 1.647
14:31 —0.37 —4.854 0.105 12:17 0.10 —4.383 1.655
14:52 —0.34 —4.820 0.071 12:49 0.09 —4.393 1.665
W-09-3 13:08 0.08 —4.398 1.670
10:59 —0.17 —4.648 0.177 13:37 0.08 —4.403 1.675
11:25 —0.18 —4.661 0.190 13:56 0.08 —4.398 1.670
11:41 -0.19 —4.671 0.200 14:08 0.07 —4.406 1.678
12:19 -0.19 —4.674 0.203 14:14 0.08 —4.405 1.677
12:47 —0.20 —4.681 0.210 14:36 0.08 —4.396 1.668
13:10 —0.20 —4.680 0.209 14:48 0.08 —4.396 1.668
13:33 -0.21 —4.685 0.214 14:56 0.09 —4.393 1.665
13:53 —0.20 —4.684 0.213 15:10 0.10 —4.383 1.655
13:58 —0.20 —4.682 0.211 15:19 0.10 —4.378 1.650
14:05 —0.20 —4.681 0.210 15:40 0.12 —4.360 1.632
14:18 —0.20 —4.679 0.208 15:54 0.14 —4.340 1.612
14:32 -0.19 —4.666 0.195 16:07 0.15 —4.328 1.600
14:50 —0.18 —4.657 0.186 16:16 0.19 —4.293 1.565
14:54 —0.17 —4.654 0.183 16:30 0.28 —4.200 1.472
15:06 -0.14 —4.621 0.150 17:04 0.31 —4.168 1.440
15:12 -0.14 —4.620 0.149
15:17 -0.14 —4.620 0.149
15:24 —0.13 —4.609 0.138
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Appendix 1 (continued).

. Elevation Relative eleva- Depth of W.L. ' Elevation Relative eleva- Depth of W.L.
Time tion of W.L. from from top of well Time tion of W.L. from from top of well
of W.L. of W.L.
(JST) {TP. (m); BM-1 (m). (m). (JST) (TP. (m)} BM-L (m). (m).
o Error: £0.007 m  Error: £0.001 m o Error: £0.007 m Error: £0.001 m
W-09-6 W-09-7

10:51 0.33 —4.147 1.353 10:49 0.55 —3.934 1.299
11:21 0.32 —4.159 1.365 11:21 0.53 —3.949 1.314
11:44 0.31 -4.170 1.376 11:45 0.52 —3.962 1.327
12:16 0.30 —4.180 1.386 12:15 0.49 —3.989 1.354
12:50 0.29 —4.192 1.398 13:06 0.48 —3.997 1.362
13:07 0.29 —4.194 1.400 13:40 0.47 —4.009 1.374
13:38 0.28 —4.204 1.410 14:13 0.46 —4.020 1.385
14:10 0.27 —4.212 1.418 14:38 0.45 —4.029 1.394
14:37 0.27 —4.214 1.420 14:46 0.45 —4.031 1.396
14:47 0.27 —4.214 1.420 14:59 0.45 —4.034 1.399
14:58 0.26 —4.216 1.422 15:08 0.44 —4.036 1.401
15:09 0.27 —4.214 1.420 15:21 0.44 —4.039 1.404
15:20 0.26 —4.216 1.422 15:38 0.44 —4.044 1.409
15:39 0.27 —4.213 1.419 15:56 0.43 —4.048 1.413
15:55 0.27 —4.208 1.414 16:05 0.43 —4.049 1414
16:06 0.28 —4.199 1.405 16:20 0.43 —4.049 1.414
16:19 0.29 —4.189 1.395 16:40 0.43 —4.046 1.411
17:01 0.38 —4.096 1.302 16:59 0.44 —4.041 1.406

W.L.: water level.
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Appendix 2 Groundwater level data of each monitoring well on May 17, 2010.

Elevation Relative eleva- Depth of W.L. Elevation Relative eleva- Depth of W.L.
Time tion of W.L. from from top of well Time tion of W.L. from from top of well
of W.L. of W.L.
(JST) (TP, (m)) BM-1 (m). (m). (JST) (TP. (m)} BM-1 (m). (m).
o Error: £0.006 m  Error: £0.001 m o Error: £0.006 m Error: £0.001 m
W-10-1 W-10-5
11:32 —0.75 —5.233 0.780 11:37 —0.57 —5.048 1.136
11:50 -0.74 —5.224 0.771 11:53 —0.58 —5.062 1.150
12:10 —0.78 —5.259 0.806 12:14 —0.60 —5.078 1.166
12:33 —0.79 —5.268 0.815 12:36 -0.61 —5.092 1.180
12:51 —0.77 —5.252 0.799 12:55 —-0.61 —5.090 1.178
13:26 —0.73 —5.213 0.760 13:28 —0.59 —5.068 1.156
14:09 —0.72 —5.199 0.746 14:11 —0.48 —4.956 1.044
14:18 —0.73 —5.205 0.752 14:21 —0.47 —4.954 1.042
14:32 —0.69 —5.172 0.719 14:34 —0.48 —4.956 1.044
14:46 —0.64 —5.117 0.664 14:49 —0.46 —4.937 1.025
W-10-2 15:02 —0.43 —4.914 1.002
11:33 —0.68 —5.155 0.555 15:13 —0.43 —4.912 1.000
11:51 —0.69 —5.166 0.566 15:26 -0.41 —4.892 0.980
12:11 -0.71 —5.185 0.585 15:40 —0.38 —4.855 0.943
12:34 —0.73 —5.213 0.613 15:50 —0.34 —4.822 0.910
12:52 —0.72 —5.200 0.600 15:56 —0.35 —4.832 0.920
13:26 —0.67 —5.150 0.550 16:01 —0.33 —4.812 0.900
14:09 —0.63 —5.109 0.509 16:06 -0.31 —4.792 0.880
14:18 —0.62 —5.102 0.502 16:10 —0.29 —4.772 0.860
14:32 —0.61 —5.090 0.490 16:14 —0.29 —4.765 0.853
14:46 —0.59 —5.071 0.471 16:20 —0.25 —4.732 0.820
15:00 —0.55 —5.032 0.432 16:26 —0.22 —4.699 0.787
15:11 —0.54 —5.022 0.422 16:35 —0.19 —4.665 0.753
15:37 —0.45 —4.931 0.331 W-10-6
W-10-3 11:38 —0.54 —5.019 1.115
11:34 —0.63 —5.113 0.641 11:54 —0.55 —5.033 1.129
11:52 —0.65 —5.127 0.655 12:15 —0.57 —5.048 1.144
12:12 —0.66 —5.141 0.669 12:36 —0.58 —5.062 1.158
12:34 —0.68 —5.162 0.690 12:56 —0.58 —5.059 1.155
12:53 —0.67 —5.152 0.680 13:28 —0.56 —5.043 1.139
13:27 —0.64 —5.124 0.652 14:11 —-0.50 —4.984 1.080
14:10 —0.56 —5.042 0.570 14:21 —0.45 —4.932 1.028
14:19 —0.55 —5.031 0.559 14:35 —0.46 —4.936 1.032
14:33 —0.54 —5.019 0.547 14:49 —0.44 -4.916 1.012
14:47 —0.53 —5.013 0.541 15:03 —0.40 —4.884 0.980
15:01 —0.51 —4.992 0.520 15:14 —0.40 —4.875 0.971
15:12 —0.51 —4.987 0.515 15:26 —-0.38 —4.858 0.954
15:38 -0.44 —4.917 0.445 15:40 —0.36 —4.836 0.932
W-10-4 15:51 —0.34 —4.817 0.913
11:34 —0.60 —5.075 0.607 15:56 —0.35 —4.829 0.925
11:53 —0.61 —5.092 0.624 16:02 —0.32 —4.804 0.900
12:13 —0.63 —5.105 0.637 16:07 —0.30 —4.782 0.878
12:53 —0.64 —5.118 0.650 16:11 —0.28 —4.756 0.852
13:27 —0.62 —5.095 0.627 16:15 —0.27 —4.752 0.848
14:10 —0.54 —5.022 0.554 16:21 —0.26 —4.742 0.838
14:19 —0.50 —4.983 0.515 16:27 -0.21 —4.693 0.789
14:34 —0.50 —4.979 0.511 16:35 -0.18 —4.661 0.757
14:48 —0.49 —4.968 0.500
15:02 —0.47 —4.949 0.481
15:13 —0.47 —4.948 0.480
15:48 —0.36 —4.840 0.372
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Appendix 2 (continued).

Elevation Relative eleva- Depth of W.L. Elevation Relative eleva- Depth of W.L.
Time tion of W.L. from from top of well Time tion of W.L. from from top of well
of W.L. of W.L.
(JST) (TP, (m)) BM-1 (m). (m). (JST) (TP. (m)} BM1 (m). (m).
o Error: £0.006 m  Error: £0.001 m o Error: £0.006 m Error: £0.001 m
W-10-7 W-10-9
11:39 —0.51 —4.988 1.165 11:41 —0.44 —4.915 1.120
11:55 —0.52 —4.998 1.175 11:57 -0.44 —4.924 1.129
12:15 —0.53 —5.014 1.191 12:17 —0.46 —4.940 1.145
12:37 —0.55 —5.027 1.204 12:38 —0.47 —4.952 1.157
12:57 —0.55 —5.028 1.205 12:58 —0.47 —4.952 1.157
13:29 —0.53 —5.012 1.189 13:30 —0.46 —4.943 1.148
14:12 —0.48 —4.961 1.138 14:13 —0.42 —4.895 1.100
14:22 —0.44 —4.922 1.099 14:22 —0.40 —4.875 1.080
14:35 —0.44 —4.918 1.095 14:36 —0.39 —4.867 1.072
14:50 —0.42 —4.898 1.075 14:52 —0.37 —4.848 1.053
15:03 —0.36 —4.835 1.012 15:04 —0.29 —4.770 0.975
15:14 —0.36 —4.841 1.018 15:15 -0.31 —4.793 0.998
15:27 —0.35 —4.826 1.003 15:28 —0.29 —4.765 0.970
15:41 -0.33 —4.809 0.986 15:42 —0.27 —4.751 0.956
15:51 —0.30 —4.783 0.960 15:52 —0.26 —4.740 0.945
15:57 —0.32 —4.798 0.975 15:58 —0.27 —4.751 0.956
16:02 —-0.30 —4.783 0.960 16:04 —0.26 —4.738 0.943
16:07 —0.29 —4.769 0.946 16:08 —0.25 —4.733 0.938
16:11 -0.27 —4.753 0.930 16:12 -0.25 —4.727 0.932
16:15 —0.25 —4.732 0.909 16:16 —0.22 —4.703 0.908
16:22 —0.24 —4.715 0.892 16:22 —0.20 —4.684 0.889
16:28 —0.20 —4.678 0.855 16:29 —0.18 —4.660 0.865
16:36 —0.17 —4.653 0.830 16:32 —0.16 —4.637 0.842
W-10-8 W-10-10

11:40 —0.48 —4.955 1.130 11:42 —0.38 —4.857 1.127
11:56 —0.48 —4.963 1.138 11:58 —0.39 —4.866 1.136
12:16 —0.50 —4.980 1.155 12:17 —0.40 —4.879 1.149
12:37 —0.51 —4.992 1.167 12:38 —0.41 —4.892 1.162
12:57 -0.51 —4.994 1.169 12:59 —0.42 —4.896 1.166
13:29 —0.50 —4.982 1.157 13:30 —0.41 —4.889 1.159
14:12 —0.45 —4.925 1.100 14:14 —-0.37 —4.851 1.121
14:22 —0.42 —4.903 1.078 14:23 —0.36 —4.835 1.105
14:36 -0.41 —4.893 1.068 14:37 -0.35 —4.825 1.095
14:50 —0.40 —4.875 1.050 14:52 —0.33 —4.809 1.079
15:04 —0.32 —4.798 0.973 15:05 —0.29 —4.768 1.038
15:15 —0.34 —4.817 0.992 15:16 -0.29 —4.768 1.038
15:27 —0.32 —4.795 0.970 15:28 —0.28 —4.759 1.029
15:41 —-0.30 —4.779 0.954 15:42 —0.26 —4.740 1.010
15:52 —0.28 —4.761 0.936 15:52 —0.24 —4.720 0.990
15:57 —0.30 —4.775 0.950 15:59 —0.25 —4.732 1.002
16:03 —0.29 —4.769 0.944 16:04 —0.24 —-4.721 0.991
16:08 —0.27 —4.752 0.927 16:08 —0.24 —4.721 0.991
16:12 —0.26 —4.737 0.912 16:13 -0.21 —4.692 0.962
16:15 —0.23 —4.708 0.883 16:16 -0.21 —4.693 0.963
16:22 -0.22 —4.702 0.877 16:23 —0.20 —4.675 0.945
16:28 —-0.20 —4.681 0.856 16:30 —-0.18 —4.655 0.925
16:36 —0.16 —4.635 0.810 16:37 —0.16 —4.637 0.907
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Appendix 2 (continued).

Elevation Relative eleva- Depth of W.L. Elevation Relative eleva- Depth of W.L.
Time tion of W.L. from from top of well Time tion of W.L. from from top of well
of W.L. of W.L.
(JST) {TP. (m)} BM-1 (m). (m). (JST) (TP. (m)} BM1 (m). (m).
o Error: £0.006 m  Error: £0.001 m o Error: £0.006 m Error: £0.001 m
W-10-11 13:25 —0.05 —4.531 0.943
11:43 —0.28 —4.758 1.072 13:32 —0.06 —4.535 0.947
11:59 —0.28 —4.758 1.072 14:16 —0.05 —4.531 0.943
12:18 —0.29 —4.765 1.079 14:25 —0.05 —4.530 0.942
12:39 —0.30 —-4.775 1.089 14:39 —0.05 —4.528 0.940
13:00 —0.30 —4.783 1.097 14:54 —0.04 —4.517 0.929
13:31 -0.30 —4.782 1.096 15:07 —0.03 —4.511 0.923
14:15 -0.28 —4.761 1.075 15:19 —0.03 —4.511 0.923
14:24 —0.27 —4.752 1.066 15:30 —0.03 —4.509 0.921
14:38 —0.26 —4.743 1.057 15:44 —0.02 —4.498 0.910
14:53 —0.26 —4.735 1.049 15:55 —0.02 —4.500 0.912
15:05 -0.25 —4.733 1.047 16:00 —0.02 —4.498 0.910
15:12 -0.25 —4.732 1.046 16:18 —0.01 —4.487 0.899
15:29 —0.25 —4.732 1.046 16:54 0.10 —4.383 0.795
15:42 -0.25 —4.728 1.042 17:11 0.15 —4.333 0.745
15:53 —0.24 —4.717 1.031 18:03 0.20 —4.278 0.690
15:59 —0.24 —4.724 1.038 18:27 0.22 —4.260 0.672
16:17 -0.21 —4.685 0.999
16:30 —0.16 —4.642 0.956 A
16:53 ~0.08 _4.560 0.874 ' Elevation Relatlve eleva- Depth of W.L.
17:12 —0.03 _4511 0.895 Time of WL tion of W.L. from from top of well
18:01 0.13 ~4.346 0.660 UST) (pp. () BM-L (). ().
! : ’ : o Error: £0.013 m  Error: £0.011 m
W-10-12
11:44 —0.13 —4.611 1.180 W-10-14
12:00 —0.14 —4.616 1.185 9:00 0.57 —-3.91 0.80
12:19 -0.14 —4.623 1.192 9:30 0.55 -3.93 0.81
12:40 —0.15 —4.634 1.203 10:00 0.54 —3.94 0.83
13:01 —0.16 —4.640 1.209 10:30 0.53 -3.95 0.84
13:32 —0.16 —4.641 1.210 11:00 0.52 —3.96 0.85
14:15 -0.14 —4.622 1.191 11:30 0.51 -3.97 0.86
14:24 -0.14 —4.622 1.191 12:00 0.50 —3.98 0.87
14:38 -0.14 —-4.619 1.188 12:30 0.48 —4.01 0.89
14:53 —0.13 —4.609 1.178 13:00 0.46 —4.02 0.90
15:06 —0.12 —4.599 1.168 13:30 0.46 —4.02 0.91
15:18 —0.12 —4.598 1.167 14:00 0.45 —4.03 0.92
15:30 —0.12 —4.596 1.165 14:30 0.44 —4.05 0.93
15:43 -0.11 —4.586 1.155 15:00 0.42 —4.06 0.95
15:54 —-0.10 —4.584 1.153 15:30 0.41 —4.07 0.96
16:00 -0.11 —4.586 1.155 16:00 0.39 —4.09 0.98
16:18 —0.08 —4.561 1.130 16:30 0.37 —4.11 0.99
16:54 —0.01 —4.491 1.060 17:00 0.36 —4.12 1.00
17:12 0.00 —4.480 1.049 17:30 0.37 —4.11 1.00
18:02 0.14 —4.341 0.910 18:00 0.37 -4.11 1.00
18:28 0.20 —4.276 0.845 18:30 0.44 —4.05 0.93
W-10-13 19:00 0.45 —4.03 0.92
12:01 —0.04 —4.521 0.933 19:30 0.47 —4.01 0.90
12:20 —0.04 —4.516 0.928 20:00 0.49 -3.99 0.88
12:41 —0.04 —4.523 0.935 20:30 0.51 -3.97 0.86
13:01 —0.05 —4.529 0.941 21:00 0.52 —3.96 0.85

W.L.: water level.
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Appendix 3 Groundwater level data of each monitoring well on May 19, 2011.

Relative eleva- Depth of W.L. Relative eleva- Depth of W.L.

Time Elevation tion of W.L. from from top of well Time Elevation tion of W.L. from from top of well
of W.L. of W.L.
(JST) IT.P. (m)} BM-1 (m). (m). (JST) (T.P. (m)} BM-1 (m). (m).
-F- Error: £0.006 m Error: £0.001 m - m Error: £0.006 m Error: +£0.001 m
W-11-1 W-11-3
1151 —0.32 —4.797 0.780 11:52  —0.32 ~4.799 0.760
12:04  —0.31 —4.787 0.770 12:05  —0.32 —4.799 0.760
1219  —0.31 —4.792 0.775 12:21  —0.32 —4.796 0.757
12:40  —0.32 ~4.796 0.779 12:41  —0.32 —4.800 0.761
12:53  —0.29 —4.772 0.755 12:55  —0.31 —4.791 0.752
13:04  —0.30 ~4.783 0.766 13:05  —0.31 —4.794 0.755
1312 —0.30 —4.784 0.767 13:13  -0.31 —4.794 0.755
13:18  —0.30 —4.779 0.762 1319  —0.31 —4.792 0.753
1320 —0.30 —4.777 0.760 1321 -0.31 ~4.793 0.754
13:26  —0.29 —4.769 0.752 13:27  —0.31 —4.791 0.752
13:28  —0.29 ~4.768 0.751 13:29 —0.31 —4.791 0.752
13:33  —0.29 —4.767 0.750 13:3¢  -0.31 ~4.790 0.751
13:34  —0.29 —4.766 0.749 13141  —0.31 —4.789 0.750
13:40  —0.28 —4.762 0.745 1345  -0.31 —4.788 0.749
1345  —0.28 —4.760 0.743 13:50 —0.31 —4.787 0.748
13:49  —0.28 —4.757 0.740 1353  —0.31 —4.787 0.748
1352 —0.27 —4.752 0.735 13:55  —0.31 ~4.786 0.747
13:54  —0.27 —4.748 0.731 13557 —0.30 —4.781 0.742
13:56  —0.26 ~4.739 0.722 13:59  —0.30 —4.780 0.741
13:58  —0.25 —4.734 0.717 14:01  —0.30 —4.779 0.740
14:00  —0.25 —4.729 0.712 14:03  —0.30 —4.779 0.740
14:02  -0.25 ~4.729 0.712 14:05  —0.30 —4.779 0.740
14:04  —0.25 —4.729 0.712 14:07  —0.30 —4.778 0.739
14:06  -0.25 ~4.726 0.709 14:09  —0.30 —4.777 0.738
14:08  —0.24 —4.719 0.702 14:11  —0.30 —4.775 0.736
14:10 —0.24 ~4.716 0.699
14:14 —0.22 —4.700 0.683 Elevation Relative eleva- Depth of W.L.
W-11-2 Time of W.IL tion of W.L. from from top of well
11:52 —-0.32 —4.798 0.795 (JST) (T.P. (m)) BM-1 (m). (m).
12:04  —0.31 —4.791 0.788 L Error: £0.013 m  Error: £0.011 m
12:20 —0.32 —4.797 0.794 —
12:41  —0.32 —4.798 0.795 -11-
12:53 ~0.31 ~4.786 0.783 6:00 0.69 —3.79 0.68
13:05  —0.31 —4.788 0.785 6:30 0.68 —3.80 0.69
13:12 ~0.31 ~4.785 0.782 7:00 0.67 —3.81 0.70
13:19 -0.31 —4.788 0.785 7:30 0.65 —3.83 0.72
13:20 ~0.31 ~4.786 0.783 8:00 0.63 —3.85 0.74
13:26 ~0.30 ~4.783 0.780 8:30 0.61 —3.87 0.76
13:29  —0.30 —4.781 0.778 9:00 0.59 —3.89 0.78
13:33 ~0.30 —4.781 0.778 9:30 0.58 —3.90 0.79
13:35  —0.30 —4.778 0.775 10:00 0.56 —3.92 0.81
13:41 ~0.30 —4.776 0.773 10:30 0.55 —3.93 0.82
1345 —0.30 776 0.773 11:00 0.54 ~3.94 0.83
13:50 —0.29 —4.774 0.771 11:30 0.53 —3.95 0.84
13:53 ~0.29 —4.772 0.769 12:00 0.52 —3.96 0.85
1355  —0.29 ~4.768 0.765 12:30 0.51 —3.97 0.86
13:57 ~0.28 —4.764 0.761 13:00 0.49 —3.99 0.88
1389  —0.98 _A762 Py 13:30 0.49 ~4.00 0.88
14:00  —0.28 —4.761 0.758 14:00 0.48 —4.00 0.89
14:03 ~0.28 —4.760 0.757 14:30 0.47 —4.01 0.90
14:04  -0.28 —4.759 0.756 15:00 0.46 —4.02 0.91
14:06  —0.28 —4.756 0.753 15:30 0.45 —4.03 0.92
1409  —0.98 4788 0.752 16:00 0.45 ~4.03 0.92
14:11 —0.27 —4.753 0.750 16:30 0.45 —4.03 0.91
17:00 0.46 ~4.02 0.90
17:30 0.48 —4.00 0.89
18:00 0.50 -3.98 0.87

W.L.: water level.



