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Changes in groundwater levels, groundwater pressures and discharge rates a
day after the 2011 Off the Pacific Coast of Tohoku Earthquake (M9.0)
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Abstract: The 2011 off the Pacific Coast of Tohoku earthquake (M 9.0) occurred on March 11, 2011. At
many of groundwater observatories of Geological Survey of Japan, AIST in Tokai, Kinki and Shikoku,
changes in groundwater levels, groundwater pressures or groundwater discharge rates were observed
associated with the earthquake. Most of the changes a day after the earthquake were drops and they were
consistent with the static coseismic strain changes due to the fault slip of the earthquake. On the other
hand, some of them were rises and they were not consistent with the static strain changes. These
observed rises suggest that the rises by causes except for the static coseismic strain changes are larger

than drops by the static coseismic strain changes.
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Table 1. The screen depths of the observation wells, the groundwater changes a day after the earthquake and the
static coseismic strain changes due to the fault slip of the earthquake.
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[mm] or

[m] 1 [L/min] [1e-6]
1-1 FE 1 DTET 136 175 -968  0.17
1-2 FE Fl2 DTE2 80 114 -528  0.17
2 A HKW 130 147 104.9 017
3 KELA OMR 130 146 146 017
4-1 FRISH AKZ1 620 779 HIES 358 0.15
4-2 RE65H AKZ6 584 620 BHES 1109  0.15
5 IFE EDY EEESSm 288.1 0.19
6 WE17453# 174 ERESS.Tm 760  0.19
7-1 FREER FL1 KNG 309 320 -328.1 0.21
7-2 FBRER fl2 KNG2 224 235 -926.5 0.21
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16-3 LmmRk 73 TYS3 27 32 06 018
17-1 s RE HKSi 429 439 -689  0.16
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24 AHEEREA NGR 402 446 -7.8 0.07
25 XEF TNN 447 464 -298  0.09
26 sthE IKD 540 561 834  0.10
27 L2 ING 700 823 -313  0.10
28 2 TKZ 188 210 KE -1130  0.10
29 BN HRB 630 650 -183.3 0.08
30 [icps SED 210 225 KE -16.1 0.07
31-1 ZE Fl1 YST1 254 265 KE 109.2 0.09
31-2 ZE 72 YST2 144 150 JKIE -189.1 0.09
31-3 ZE 73 YST3 144 150 JKIE -139 009
32 ZEit YSK 132 137 KE -112.7 0.09
33 & P9 K FF BND 419 430 KIE -2.4 0.06
34 HE% oDG RE392m 403.2 0.04
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35-2 ERE 2 ANO2 198 209 JKE -354.8 0.12
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38-1 REFPkIE L1 Icut 523 533 -25.1 0.06
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Table 1. Continue.
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HAHES SARBEHAUAEZ 2—F AL—TRE  FE BIEIEE [Faﬁ'e]0)§1t ik
mmJ or

[m] JE1 [L/min] [1e—6]
38-3 REFPRES FL3 ICU3 13 19 -26.3 0.06
39-2 HiIAE F.2 HGM2 181 192 KE 150.2 0.05
39-3 HIAAXE 7.3 HGM3 24 30 -39.6 0.05
40-1 BAEE A1 KST1 509 520 -201.9 0.04
40-2 BARERE fl2 KST2 133 144 -68.3 0.04
40-3 BAERE 73 KST3 20 31 -99.6 0.04
41-1 frIEERE FL1 ANK1 489 516 KE 148.6 0.05
41-2 fIERE fl2 ANK2 90 101 -121.2 0.05
41-3 P REF 7.3 ANK3 16 22 -252.1 0.05
42-1 ERIR L1 MUR1 408 418 -38 0.03
42-2 EFIR L2 MUR2 130 141 -0.9 0.03
42-3 EFIR FL3 MUR3 20 31 -1.6 0.03
43-1 BHAESL T KOCt 486 507 -879 0.04
43-2 BHAEL Fl2 KOC2 169 174 -795 0.04
43-3 BHAEL 73 KOC3 21 25 -198.2 0.04
44-1 ABKS 1 SSK1 356 372 KE 476 0.03
44-2 ABRS Fl2 SSK2 91 102 -248.3 0.03
44-3 ABKS 73 SSK3 16 22 -225.9 0.03
45-1 WILEIFE Fl1 MAT1 512 529 12.6 0.04
45-2 WLmIF .2 MAT2 170 181 -6.9 0.04
45-3 WIWEIFR 73 MAT3 17 23 -16.6 004
46-1 wmEFF A1 UWAT 446 457 KE -1915 0.03
46-2 wmEFF 72 UWA2 69 80 -39 0.03
46-3 mHFEM A3 UWA3 13 18 -13.2 0.03
47-2 TiEFBKWRE L2  TSS2 239 244 -144.2 0.02
47-3 TiEFKRE F.3 TSS3 129 135 -23.2 0.02
48 = SGR 257 268 -30.0 0.44
49 iz AN ATS 645 676 ;2 185.0 0.48
50 xE HNG 794 997 117.4 0.05
51 fg:m KTU RE450m 210.7 0.04
52 eS| CRI 871 1190 BlEE 207 -0.12
E1RERELIIM T KEDBEEZEKRT S

F2: AN —TRERFBRMBOMKREEEELLIELERLE

H2k HER 1 AR TOEREBNIDO R N L—FREDRE.
Table 2. The relationship between groundwater changes a day after the earthquake

and screen depths of the observation wells.

AN —FOBE | AREARED | MER1BMOL | KRELARED | KAREHIGED

ER[m] HEETHERIA | EABRNRAF | RETHER1D | ggcmEg1g
MoOZLsLR B 2 L AN E T .
Li=#3 Li=#3 MOZILALS
(2D36EEE LB
BOBRAHOR)

0-100 2(2) 6 11 0

100-200 3(2) 2 19 0

200-300 1(0) 0 12 0

300-400 3(0) 0 3 0

400-500 1(0) 4 5 0

500-600 3(0) 0 5 0

600-700 2(1) 0 1 0

700-800 1(1) 0 0 0

800-900 0(0) 0 1 0

900-1000 1(0) 0 0 0

1000-1100 0(0) 0 0 0

1100-1200 0(0) 0 0 1

A RL—FRERERRHOBRAEEES LI EEEALLE
2 R L=+ REHNTAOEE. BAFORETRALLE
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Fig. 1. Distribution of observed changes in groundwater levels, groundwater pressures and discharge rates a day
after the 2011 Off the Pacific Coast of Tohoku Earthquake at the observation wells of Geological Survey
of Japan. The upper map shows distribution of the static coseismic volumetric strain changes due to the
fault slip of the earthquake and observed changes in groundwater levels and discharge rates at five
observation wells of four observatories. The lower map also shows observed changes in groundwater
levels, groundwater pressures and discharge rates at 82 observation wells of 48 observatories in Tokai,
Kinki and Shikoku. At the observatories with two or three observation wells, the wells are serially
numbered in order of depth from the deepest to the shallowest at each observatory. The change at each of
the wells is shown in the rectangle with the observatory number.
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Fig. 2. Observed changes in groundwater levels, groundwater pressures and discharge rates related to the earthquake. In each
graph, well number, well code and data type (groundwater levels, groundwater pressures or discharge rates) are
shown. At the observatories with one observation well, well number is the same as the observatory number. At the
observatories with two or three observation wells, the well number links serial number of the well (1, 2 or 3) to
observatory number by a hyphen. The groundwater pressure is also expressed in meters like groundwater level.
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Fig. 2. Continue.
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