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Electric Power Plants in Japan
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Basic concept of the seismic classification and
performance of electric power facilities

Classification | E#1 g LNG tank, Oil tank 4 A . LNG#>%. @45 j

Dam LNG tnk | - Qil tank
= LNGH /% WY
A. In ordinary seismic ground motion A. —ENISHEICELT
No major functional failure in individual electric B2ORBCEICBEECEAESIBIEU BT E

power facilities

B. Even in the case of severe seismic ground motion B. SBLRILOMEBICELTS
No major impact on human life ABICEAGEEESIBLTE
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Basic concept of the seismic classification and
performance of electric power facilities

Power plant buildings, turbines, boilers, substation ERFRE. 45— F15—

g . facilities, power transmission facilities, power ; =
Classification I E5 0 distribution facilities, load dispatching center, LREE. SWLR . CVRE.

communication equipment for power security, etc. ERF. EHREELDN =

Power transmission facilities

ERER

Substation facilities

Power plant buildings

REMEE

A. In ordinary seismic ground motion A. —BRNSIEREICERLT
No major functional failure in individual electric BeDBRC s CRECEASSEIEC BT S
power facilities

B. Even in the case of severe seismic ground motion  B. BLXILOMERBICELTS
Ensunng_ comprehensive system _funcﬁnns by securing FLL) (B89 DILHE) (S SmHECELLS.
alternatives and through multiplex ties to prevent RBHORE, 2EILSICLDESNICU T LOR
significant (long time and wide area) supply failure HED BRI NATE
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Electric Power System
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Main Differences of JEAG,IEEE 693 and IEC

JEAG 5003 IEEE 693 IEC
Frequency range 0.5~10Hz 0.3~33Hz 0.5~35Hz
Vertical/Horizontal 0.5 0.8 0.5
Dynamic | method | Time-history Response spectrum Response spectrum
analysis
> Design | 0.3G resonant RRS RRS
= seismic | three cycles sine | (1)High:0.5G (1)High:0.5G
& force wave (2)Middle:0.25G (2)Middle:0.3G
(3)small:0.2G
Static & Static Corresponding Static:N. F >34Hz Static:N.F >36Hz
Coeff. analysis equipment is Static Coeff. analysis Static Coeff.
specified analysis
Input waveform Resonant three | Artificial earthquake | Artificial earthquake
cycles sine wave | wave, 10 cycles/beat | wave,5 cycles/beat
S| Input acceleration 0.3G (High) 0.5G (High)0.5G
- (Middle)0.25G (Middle)0.3G
(Small)0.2G
Exciting direction Not specified 2or3 directions, 2or3 directions,
simultaneously simultaneously

N.F: Natural frequencies of equipment
Copyright©Mitsubishi Electric Corporation 2008/4
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Main Shock
(3/11/2011, M9.0)
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Tsunami
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Transmission tower

Distribution
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Damage Statistics
Earthquakes

Earthquake Day Time M Hypocent.er JMA
Area Lati.
Main (0311) | March 11th 14:46 9.0 Sanriku offing | 38.0N 142 9E 7
After(0312)| March 12th |  3:59 66 |Northerpartofl 40y | 13g6E 6- JMA MMI
Nagano 5— 7
After(0407) | April 7th 23:32 7.1 Miyagi Offing 38.2N 142.0E 6+ 5+ 8
After(0411) | April 11th | 17:16 7.1 Fukushima | 350N | 1407E | 6~ 6- 9
Hmadai 64 10
After[(0412)] April 12th | 14:07 6.3 Fukushima | 370N | 140.7E 6- 7 11,12
Hamadai
Damages
Facility Number of Damages
Main(0311) | After(0407) | After(0411,0412) [ 1995 Kobe
Thermal plants 4 10
Hydro plants 10 2 7 0
Transformer 70 15 1 52
Substation Circuit Breaker 197 15 1 10
Disconnector 179 2 41
Steel Truss Tower 42 20
Transmission line /insulator 22 5 5 3/39
underground cable 14 405
Pole 23744 7831 572 11289
Distribution Line 23550 13711 1085 7760
Transformer, Switch 7112 2288 121 5346
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Estimated JMA seismic intensity distribution based
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Response Spectrum (Acc) h=0.05

PEER Strong Motion Database

Response acceleration (G)

(PEER:Pacific Earthquake Engineering Research Center)
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NS

Response spectrum (Velocity) h=0.02

5 = Estrmatad Sl based on K-net Kk-net
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Estimated Sl based on K-net Kik—net
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5. Number of power outage houses
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power cutage i

Aomoar Prefecturs | Whole amea
hwale prefectune | Whole area
Akits prafeciune | Whoie area
8947 739 Miyagi prafeciune - Whole area
Wamagata prefeciure | Almos! whole anea
Fularshima prafacturs : Part area
_Mitagata prefecture - Part area

: # Maximum number of power oulage houses | 4 655 265
- at 311 1544
500 p
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1. Outline of Tohoku : Damaged major PS
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4. Power outage
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Power demand and supply

Damage area Large

1. Outline of Tohoku : Damaged major PS
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Power sales reduction against seismic damage of supply
and demand sides in the 1995 Hyougoken Nanbu
earthquake
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Problem of seismic hazard over large area
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— Risk Assessment and Management System for Power lifeline

/" Asystem which —Earthgauke realtime- (RAMP-Er)
evaluates some
sequential updated
seismic intensity
distributions including
\_PGA, PGV, and IMA SI

Under test run in Tohoku
Electric Power Co., Inc.

Damage
qinformation

A0 (2Damage estimation informatio
system (RAMP-Er) n from JMA
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e Damage Estimation

Input Data

(DSeismic intensity evaluation
system

Receiving the
earthquake
information

from JMA

Output Data

Damage probability of
distribution equipment for
the non-inspection area

Earthquake occurs
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Situation immediately after occurrence of earthquake

Effect of RAMP-Er
(1)Supporting the 1nitial judgment for
dispatching material and human resources
(2) Prioritizing the inspected area
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Discussion and survey points

4 Inexperienced large area (regional) disaster
4 Tsunami damage and its countermeasures

4 Seismic damage caused not only by main shock
but also by after shock

4 Demand and Supply power balance 1n seismic
damaged area

4 Emergency response 1n Earthquakes

28
Copyright © CRIEPI 2011 Y.Shumuta



