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6 Major Earthquakes since the GGreat Hanshin
Earthquake Kobe, 1995

The Niigataken Chuetsu-oki Earthquake

(July 16,2007, M=6.8) | : The Iwate-Miyagi Nairiku Earthquake
| (June 14, 2008, M=7.2)

The Noto Hanto Earthquake
(March 25,2007, M=6.9)

1¢ Mid Nngata Prefecture Earthquake
(October 23, 2004, M=6.8)

Tohoku M 9 (2011)

i / The South Hyogo prefecture Earthquake
¢ (January 17,1995)
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Lifeline

Electric

Restoration
Ratio

2011
M 9.0
Tohoku

Chiba, Ibaraki,

Fukushima

Tokyo

2011
M 9.0
Tohoku

Miyagi, Iwate

City Gas
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Damaged |Total Sewer| Damaged

Prefecture Sewers (km) |Length (km)| manholes

Iwate (Note 1)

Miyagi (Note 1)

Fukushima (2)
Ibaraki (2)

Chiba (2)

Tokyo Met. Govt (2)

Note 1. Shake + Liquefaction + Tsunami
Note 2. Shake + Liquefaction
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Water Supply Disruption Conditions by Prefectures

Name of Prefecture Water Supply’s Disruption Condition
Aomori 1,800 households
Iwate 80,000

Miyagi 310,000
Fukushima 190.000

Akita 1,700
Yamagata 6,000

Ibaragi 470,000

Tochigi 40.000

Gunma 2

Saitama 70

Chiba 300,000

Niigata 130

Nagano 1.000

Gifu 30
Hokkaido 0 (restore)
Tokyo O(restore)
Kanagawa O(restore)
Yamanashi O(restore)
Shizuoka O(restore)
Tokushima O(restore)

Note: as of 18:00 JST of 13 Sunday March 2011
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Why was there a long-
term water outage to
some cities in Miyagi

Pret?

Wholesale water
transmission system,
constructed 198o0.

96" diameter
(largest)
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. March 11, 3: 26 pm (t + 30 mmutes)
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Route 4, near Shiroshi. This pipe is in the low zone, going to
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Water - Sendai

e 800 km of damaged water pipe
e 2. 800 people working

* 49 pump stations, all lost power
e No fuel to re-supply

e WTP: 330000 m”3, Prefecture supplies
100000 m"3/day (86 MGD)
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Sendai Hills
and Fill (Roadfill
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Emergency water supply stations in Sendai City
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Emergency water supply, Iwaki City, Fukushima
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Seismic Storage Tank
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March 30, 2011
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DIP 300
mm. Joint
Ring
cracked.
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Fire at Tank ¥Yard, Sendai Port (Tnundat on) )
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Sendai Airport Fire
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photo: A. Kwasinski, June 15 2011

Yamada fire damaged cell base station
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Fire at Tank Yard, Cosmos Refinery, Ichihara, Chiba Pref
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Twaki
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Tokyo Ofhce Building Fire
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Structure and performance of ER-Joint

Lock ring Socket Spigot projection

> TRERTRTN]

Expansion / Contraction

___ Property [Performance|ISO 16134

Amount of +19% of
) : . Class S-1
expansion/contraction nipe length

Slip-out resistance Class A

Joint deflection angle

Note) D : Nominal diameter of pipe (millimeters)
1) Joint deflection angles depend on pipe diameters.
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DIP with
Restrained Push-
on joint
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Power Systems in Japan

AC interconnection(500kV)

AC interconnection(154kV~275kV)
DC interconnection

[><]

Back-to-Back Frequency Converter
AC-DC Converter

=] Kita-hon HVDC

link

Shin-Shinano F.C.

-Distance between

Kyushu- Hokkaido Sakuma F.C. () Tohoku 15.2GW
S AN e Hokuriku 5.6GW
Kansai 33,1GW ,‘* Tokyo

Chugoku 1; 3GW

0
@
¢

Kyushu 17.6GW %

FA

"' #‘ Chubit 28.0GW
!
Shikoku 5.9GW I

-~

o

) T0KYO ELECTRIC POWER COMPANY

©2008 The Tokyo Electric Power Company,

60 Hz <=g=» 50 Hz

Inc. All Rights Reserved
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Facility

Thermal

Damaged Item

Plants

Main Shock
Mg
3/11/2011

After Shock
M 7.2
4/7/2011

After Shock
M 7.0
4/11/2011
4/12/2011

Kobe
M 6.9

1/15/ 1995

Hydro

Substation

Plants

Transformer

154 kV - 500 kV

Circuit Breaker

Transmission

Disconnect Switch

Steel Truss Tower

Line / insulator

Distribution

underground cable

Pole

Line

Transformer, Switch

Note: M 9 event includes damage due to tsunami, liquefaction, shaking
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B Oil Leak at Radiator
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Failures, 161 kV - 500 kV
M 9.0 3/11/11. 47 Shaking, 23 Tsunami
M 7.2 4/7/11. 15 Shaking
M 7.1 4/11/12; M 6.3 4/12/11 M 6.3. 1 Shaking
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Debris impact / Tsunami Knocks over tower
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Tower Foundation (after tower removal)
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66 kV tsunami

inundation, with
scour
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K Truck-mounted Portable 66 kV Substat10ns (destroyed by

Tsunami Inundation)
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1/29/2002
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, 900 MW,
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Ishinomaki
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WWTP -

Sewer Damage

36°0'0"N 37°0'0"N 38°0'0"N 39°0'0"N 40°0'0"N 41°0'0"N 42°0'0"N

35°0'0"N

139°0'0"E 140°0'0"E 141°0'0"E 142°0'0"E 143°0'0"E
D o S— _—
M1 IAVIBES
Lifeline Damage Area
@) Date: March 17,2011

Damaged sewage facilities

®
@
@

Inundation damage
Electric outage

Facility damage

138°0'0"E 139°0'0"E

140°0'0"E

Souce: Ministry of Land, Infrastructure, Transport and Tourism, Japan

Drawing: Earthquake Disaster Mitigation Research Group
Dept. of Civil Engineering, Kobe University

141°0'0"E

142°0'0"E 143°0'0"E

36°0'0"N 37°0'0"N 38°0'0"N 39°0'0"N 40°0'0"N 41°0'0"N

35°0'0"N
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Minami Gamo WWTP
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Electric Switchgear Buildiry; gy
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Diesel Generator Building - OK
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Foundation bearing failure due to tsunami
John Eidinger
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Two failed oil tanks, the higher one was OK
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