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Location of Tokyo

-1okyo, Japan i
® 12,000km %
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Distribution of Earthquakes (Mw>5)
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Whole Japanese Archipelago is in serious peril of severe
earthquakes, because it is situated in the Circum-Pacific

Seismic Zone. ©Bf



Background

® Most of the megacities not only in Japan but also
Southeast Asian countries are located on the alluvial
plains where the ground is very soft and especially
vulnerable for groundwater related disasters.

B Since groundwater is a crucial water resource for most
of the cities around the world, it is very important to
understand and evaluate the impact of a huge
earthquake on groundwater.

® However, so far, almost no such studies have been
carried out mainly because no densely distributed
groundwater level observations were available at a
short time interval when a large earthquake occurred.



The Great East Japan Earthquake

®m. The most powerful
earthquake ever recorded Iin
Japan with a magnitude of
9.0 (Mw) (4t strongest in the
world), occurred at 14:46 JST

on March 11, 2011

"= More than 18,000 people
were sacrificed or missing
mostly by Tsunami

"= In Tokyo, 5 upper intensity
was observed, where more
than 400km away from the
epicenter

38" 81°N
142°51'38"E

y > il g 1L

B Lo L

o! CLE (IMAS ity)
5 !

— 2011-03-11 14:44 {2011-03-11 05:46 UTC)
& - FH=F1-F{Magnitude) 9.0
NG RNOEX(Depth of hypocenter) 24km
$im(Source): K& Fr{Japan Meleorological Agency)



Groundwater Monitoring Network in Tokyo

\ Legend
“[_]: Lowland
[ 1]: Terrace
I

Valley plains

0 okm 40 B Mountanium
|
observation sites -+ 42 sites The hourly groundwater
® Confined wells -« 89 wells levels haVe_ been
® Unconfined wells ==+ 13 wells observed since 1952 ok




Inside a Groundwater Observation House

Telemeter

Water Level
Gage

Observation
wells

% Subsidence
" Measuring
B Apparatus

42 observation sites in Tokyo.
*Most observation sites have several different depth observation wells.
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m Taking full advantage of the unique rare
case data from the dense groundwater
monitoring network in Tokyo,

B We identify the fluctuation patterns of
groundwater levels caused by the Great
East Japan Earthquake using SOM,

® Which has never been investigated In
Tokyo area.
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Data Used for the Objective

H One-month hourly time series data of 98
wells (85 confined and 13 unconfined wells)
In March, 2011, excluding missing data wells.

m The fluctuation patterns of the time series
were analyzed and identified by SOM.
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Groundwater level changes by the Earthquake

Confined Wells
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Groundwater level changes by the Earthquake
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SOM Method

SOM was developed by Kohonen, which is one of
unsupervised training Neural Networks

SOM projects high-dimensional, complex data
onto two-dimensional regularly-arranged nodes
SOM obtains useful and informative reference
vectors of all nodes

In this study, SOM is used to cluster fluctuation of
groundwater level changes

Number of Node:

k., i dimension ©Eﬂ




Input data for SOM

Site EWeII Difference in water level Stdrealnher Site name
No. | No. [N TN T Ao\ T 7@\ (e)
A 128 ¢ f11. 4.8 : [ 01 =1 wihariienes
P2 -14.8 i | -7.8 3.9\ i [ -0.8 ~132
o i1 [ [-14.0 ¢ [-15.0 -0.1|i | 2.2 63 e
P2 -27.3] i | -0.1 ~0. 4] 1.4 ~146
, ]
R -11.q { \16.7 13.7] i | 35.4 16
42 § 2 16.0 i \-2. 15.3 i \87.4 -91/ Akishima
- @ | \o5 i \4p \6.8 : \20/9 \1og/
1) Well No. O ; Unconfined groundwater, 2) (a)~ () : cm, () ;: m

(a) 16:00, 11 March — 14:00 of the same day

(b) 14:00, 12 March—16:00, 11 March

(c) the mean value of 14 March —14:00, 12 March

(d) the mean value of 31 March — that of 14 March

(e) The altitude value of the depth of the screen. (T.P.: standard mean sea level of Tokyo Bay)

Considering the crustal deformation in Tokyo after the Earthquake
was 4 cm at the most,
—+ |ess than 5 cm fluctuation water level in (a) to (d) is shown as 0,
and =5 cm or any value greater iIs shown as +1 or -1
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Input data for SOM
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SOM Implementation

Map size M = 5vn
M : Number of total node,
N : Number of Input data

n=98 — M =50 node
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1 5 7 2
Cluster Number
1 5 7 9
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3 15 17 19
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ldentified Values for 5 Variables by SOM

(a) Just after the quake (b) Next day  (c) three days later (d) End of month —Legend—
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Cluster-No, | T UMPers ) w2
of wells O
Cluster-1 21 Cluster—1 - S
Group 1 | Cluster-3 25 122
Cluster-8 6 i
Cluster-5 10
Group 2 | Cluster-7 9 Cluster-8
Cluster-2 7 o = o
Group 3 g:ﬂztz:g lé #s | Cluster-5 | "
Total 98 s
_ ot Cluster-7 Cluster<4 | &
The fluctuation patterns of
groundwater level could be = _ | =
classified into eight clusters, [ s T
: e |l Qlufster—2 uster—
which are summed up to e -
three groups. B e

SOM Clustering Result
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Rader Charts of Main Clusters

Cluster 3 Cluster 5
a a
1.0 (a) 1.0 (a)

(b)

Cluster 3: Sharp drawdown just after the earthquake, - Legend -
and rised higher than the original level. Pt o
Cluster 5: Sharp drawdown just after the earthquake, | —. ...

and recovered to the original level.

Cluster 6: Abrupt rise just after the earthquake,
and decreased. Shallow wells.
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Cause of Sharp Drawdowns
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® Pressure release by crustal expansion
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Cause of Abrupt Rises

No.5-1 No.14-4
Surface N Value N Value
________ —1m. ><
: : Legend
i 1 I ><] Compaction
______ —3m. Sandy Soil
A 2 == sit
_53 H ||| |E Screen
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Elevation T.P.+
~8m 9 NO0.5-1
-9 -1.85m
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® Phenomenon of soil liguefaction




Cause of Rising Tendency after Drawdown
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Conclusions

The Great East Japan Earthquake triggered the
fluctuations of groundwater level in Tokyo.

By applying SOM, The fluctuation patterns of
groundwater level were classified into eight clusters
and three groups.

Sharp drawdown just after the Earthquake was the
typical phenomenon for confined wells, which is
caused by the pressure release derived from crustal
expansion.

Abrupt rise just after the Earthquake, esp. for
shallow wells will be caused by the soil liguefaction
The most common fluctuation pattern is the drawdown

followed by the rising tendency, which is mainly caused by
decreased groundwater pumping rate.
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Distribution of Change Patterns Just after the Earthquake

89 Confined Wells

Confined groundwater 89 wells « Just after the earthquake (14:00~16:00)
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Distribution of Change Patterns Just after the Earthquake

13 Unconfined Wells

Unconfined groundwater 13 wells  -Just after the earthquake (14:00~16:00)
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Categorization of the Fluctuation Patterns

89 Confined Wells

Confined Groudwater level fluctuations wells
C-D 1 Confined groundwater 45
— Decrease then Increase
c-Dlc-D ¢ Confined groundvxllattler | 21 | g9%
— Decrease Continuing until end of March
C-D R Confined groundwater — Decrease then 13
Recover to the level before the earthquake
C-1 1 Confined groundwater — Increase, 1
temporary decrease,Increase again
c-1l| cac Confined ground.wa.ter | 1 3%
— Increase,C ontinuing until end of March
Confined groundwater
C-1D 1
— Increase then Decrease
c-N| =N Conﬂnfad .glroundwater 7 8%
— No significant changes




Grouping of Fluctuation Patterns

Unconfined Wells

Confined Groudwater level fluctuations wells
U-D Unconfined groundwater 1 %
— Decrease
U-I Unconfined groundwater 2 15%
. |-Increase | |
U=N Unconil:ine.?l groundwater 10 77%
— No significant changes




Consideration of Confined wells

Factor of no significant changes

» Diminution of pressure was little because of not minute
geological formations.
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Types of Observation Wells

96 wells

[Float-gage Type
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i
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ground water| -
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74 wells
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Groundwater level changes by the Earthquake

Confined Wells
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