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Tsunami

Onagawa

(Tohoku) a | Unit2: 825 MW, 1995-

Unit3: 825 MW, 2002-

/ (Unitl: 460 MW, 1971- A
= Unit2: 784 MW, 1974-

) Fukushima  uynit3: 784 Mw, 1976-
" Daiichi*  uynit4: 784 MW, 1978-

/ (TEPCO)  units: 784 MW, 1978-
5 (_unite: 1,100 MW, 1975-

{Unitl: 524 MW, 1984-

A4

rUnitl: 1,100 MW, 1982-

Fukushima .5 1 100 MW, 1984-

Daini o
(TEPCO) Unit3: 1,100 MW, 1985-
Unit4: 1,100 MW, 1987-
L J
Tokai-2

_ (APco) (1100 MW, 1978:)

* Fukushima Daiichi I approxil ly
230 km north of Tokyo /
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'. Progression of the Accident

» All safety functions were lost simultaneously due to the earthquake and tsunami.
» The initial impact spread and the crisis eventually developed into a ‘severe accident.’

( Simultaneous loss
of all safety
functions as
common cause
failures due to
earthquake and

; due to tsunami
\ tsunami

Breakwater

vall Emergency

Sea water
pump
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(i) Loss of off-site power due to
earthquake

(ii) Damage and loss of on-site power

Qeneratoi Batteries "o

| 14

N |
| Progression of

) Hydrogerd]  SE€Vere accident
{ explosion]  due to loss of
[ . safety functions |

(vii)

[Spent
| |fuel pool
| I

N (iii) Loss of cooling

(iv) Core damage
!
(v) Generation of
hydrogen
!

(vi) Leakage of
hydrogen

Switchboards

(Loss of containment
integrity) J
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Past
Single function
Simple system
Independence

E=AANSY

Frequent disaster with low tech.
-> more careful consideration & treatment

Traditional discipline (simply increasing
design margin) is sufficient

Need of Risk Management for Modern Systems

Multiple function
Complex system
Mutual dependency

Rare disaster due to Tech. innovation
-> Once disaster occurs, Conseq. quite large

Multi-disciplinary approach needed

-> Risk management needed
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(/IVVIuIti-stage Risk Management Scheme

I
=
=

Domain 1 (Design)

Domain 2 (Beyond design)

Domain 3
(disaster mitigation)

Occurrence probability P

<}
=

Small Consequence C large

(a2l 5)
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DID and Performance Requirements for NPP (JAEE, 2015)
JAEE (Japan Association of Earthquake Engineering)

From recent report by JAEE Committee on Tsunami Resistant Engineering for Nuclear Safety (2015,

Normal Ops : Normal Operations

G AQOs: Anticipated Operational Occurrence
Levels of DID Design L1-PRA DBA: Design Basis Accident
DEC: Design Extension Condition
1 n of

CD : Core Damage

ol AM : Accident Management
o SA: Severe Accident
SR: Significant Release
| Aoos Disaster Prevention & Repair
Amount of Release

B el | L2-PRA | Acute Mortality

DBE: Design Basis Event

BDBE: Beyond Design Basis Event

isaster

Disaster ‘ BissiSton
Repair
Prevenno" L beasie g
|
Mmgatlon ég}%ggé"' §

Mortality

cD cvp Release Early
100TBq  Cancer Mortality

Domains of design, AM, Prevention& Mitigation and Areas of PRA 30
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Levels of Defense in Depth (INSAG-10, 1996)

- ARl gt Foltk, Al WA= Akl slof| gt
L_fe;ﬁ.!) Objective Essential means 7 Ho]r,} O]E_] ‘:qi\—ﬂ Oﬂﬁoﬂ 0101}\'] 4 }'7 i E]"E— =
Level 1 | Prevention of abnormal operation and Conservative design and 2]7 ]— olToiX%o]: ol“j_"‘ E/\]oﬂ O]‘__’L‘s}‘ 1 1—9;] %10-1%
failures high quality in construction
" s o] 45 ol N gut AAZE Hof AL B3t
Level 2 | Control of abnormal operation and detection Control, limiting and <_,\?JL_ 1>_1%_ [NSAG_looﬂ /\1 xﬂ?l—ql— 7H1§ o] ZJ,'Z}'
of failures protection systems and
other surveillance features _04 ;,lﬂlﬂél 1_1?1_51 57]]-;(] o-]l:q /5] o= xxl_g_ —5—H };—5].%—-‘_
Level 3 | Control of accidents within the design basis | Engineered safety features o N
and accident management Z] 71&0] Eof Qltt, 15E 37 PAs] 245t
Level 4 | Control of severe plant conditions, including | Complementary measures =] =
prevention of accident progression and and accident management Z]t‘ﬂ—’ EE 40]-1 57]]—Z]L }‘:L 01 O]-Z] h:]‘-
itigation of th f
rar:;%ae:zgo e consequence of severe o]?-,'-] nE 7HL:]-L}’ /l]?g_ % HE‘_L]- a E]
Level 5 | Mitigation of radiological consequences of | Off-site emergency 7HL=L9_ Asksl 740] 2] 1 % ] %’-—6_[ }j ] -] ] H
significant releases of radioactive materials | response ~
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