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A Study on Resilience Management of Nuclear Power Plants
based on the Lessons Learned from Fukushima Accident
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Management for resilience of nuclear safety in severe accidents was studied based on the lessons learned
from the emergency responses at Fukushima Daini NPP and Fukushima Dai-ichi NPP during the 2011 Great
East Japan Earthquake. Firstly, it was found that continuous planning activities during the progress of an
emergency, reflecting information from plant parameters and response action results, was critically
important in the Fukushima Daini event. Reflecting this lesson, the concept of an Incident Command
System was advocated and applied to nuclear emergency management, with specific improvement ideas
such as a phased approach in response planning and common operation pictures. Then, from an analysis of
the accident at Fukushima Dai-ichi Unit 2, the operation of Filtered Containment Venting System was
advocated to be more flexible than conventional ideas based on the anticipations of plant behaviors. Finally,
the above improvements were integrated in a model to improve resilience of nuclear safety in severe

accidents.
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Fig.1 Emergency measures to inject water into the RPV.
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Fig.2 Site ERO structure with ICS concept applied.

Head of Site Emergency
Response Organization
(Site Superintendent)

ARG R LT3 Ch 0 . FERBZ D FREICK
WA D H A MU AT AE U TRIMED & 5,

ICS ZJ i LI BATE ARk O FAE R 2. Fig2
(R, RPRAEREO S LICHIE 7T =07 (s
Hr & FHE) BEREDTTA . (EREMEIEIA &0 5 FHATHE
REDEEE, [E -« BIREA~DBEHR~ A = IO
R OB, WEHEREORTE 2R L T\ D,

33ICS IZHIT DR TS = J k1L

FEETE O, RERASH D B HrafiliEl = | YR Sz
HREELE D DOIFRE . BERSSINERER S AT A
(SPDS) 6D T 2 h/XT A—2 DIERED DL,
KPRE B ORI D= DI fr Sz, 770 k3T
A—BZDHDIZT TR | EDOIHHEFSCTHI, B
EERIE, G IRES)S, R E LT SN g,
Z ) LTGRO B I3ZEEIT OB B E H DT,
b O UOEERAL L Tiix 2 X& ThH D,
ThEaEy AR —var - EFyE LT OMRE
EABIAR TR TED L HIZ LT, Fig3 lIz—BlErd,

= =] e ]
78 _smzseqamionns| [oe o o
ww o G CHF DEC1
= o o 14 20smFE
L - t L L] e
HEERT | =y " @ |~ w DEC2,3
] |E ares — RORUC [wpes
[eees b o~ Hrm T DEC1,2
oo ATHRCHERG | e = —u_mmm_é -

-
— . . ] DDAy T e |
Feees -
1 @ MUWC Ty o (HERR
i DEC 1 E/HEISERUN
| eea bes __ HPCFIC S /BTN
] e |— zasr | i
b e wiian
O— 7 3 4 ==hq]ﬁ DECZ
Eo . o | = — D een | 1402 ARMEAREATIN
It ﬂé | Al m wER
. - -a.E B - =q_3l; DEC3
o | |5 . :
—_ S . [ ¢ mumne() mamac 1as A |

B O AN JFEAF4R & 2 ORI, FANA RS - £
FIOHFEOIRIL, TR JFARFRALD TAF iz TR,
AN A RSB0 5 TIREZ D3O AL TN D,
F7o, ZNIISNEETR, BT, FEE R OmHR
ORI BT D E @D ST b, —J, AR
FERFHE MR O 9 B, IR & BKICBIT 2%
WRFEER STV 5,

FTo BEE _OEGNNG | HIEO—EHIEI BT E)
DS SHLD ATREME 2 B8 L7286 ~' 7 o = 7 )
T D, PFHAITIERRERHEZ V=6 C Y D2 el
ZAREC L, IR & & bl PR ORI ATREM: %
DL I RT =X RT T —FEEFE LT, Rl
A TEL ZERLEE LU,

Figd |27 =— X N7 Fu—Foiat Ry, 7=—X
N7 7'a—FTld, Baksting 3 207 = —R\T5h%
LTS T =0 7 %479, H 1 7=—XTiL, 85
TEEND NHTETEMIRE S5 Z & BN TE D E
CHHEEN DI S LD ATREM D IO 24501
P L HHIEFCE 22V, L7223 L THERER I COXIn A
AR L5, EEH CIZRCIC & MUWC & VW TR+
SR ke S, MIBEOLZRERER LT2hS, ZHDyEE |1
72— RN T D, 2 7 = — R CIIANEMH D Tk
BRI EZIEH LT, 2k FREBMmL>>
WIRERED D, SHICH 3 7=—X T, Fsnbo A
() - IR AN U RIS DR U A ROk
TelE DR B DIZT D, MRS CIIFTPITE IR,
MIEE A ET ST Z Linn, 52 7 = — XY OTEHE)
INTET, FNPOEMDBIES DEFF>TH 3 72—
\ZFEYS 3 HIEIRAM T,

728, %7 = — ADOMKIRF I IS C TR . 7
= — A K7 7 a—FOBERTH> T, LE/RIEB O
NERT AR S 2 CHIR AAREE T2 2 L1270 D, 772 L, il
(R E B ARG BRI, &7 = —RD
il & HFEEEAAE LT < 2 A3, et BB Z72 5,

i H
Event :Lﬁespunse using Installefl Safety Systems
—

e e

nitiation : 7“"-7"""'-“—-5 ________ Potential Gomplexity of Event Progression {Time]
{Phase] >;\ Phase I - >3 Phase Il

H

'[Middle Time Margin] [Large Time Margin]

Response using installed Additional support

systems + mobile systems  from offsite activities
can be expected

1

*[Small Time Margin]
Response relying on
installed systems

Fig.3 An example of a common operation picture.

Fig.4 Concept of phased approach in emergency
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Fig.5 Pressure trend of the PCV at Fukushima Dai-ichi Unit 2.

- 438 -



T E DI 2\ & B I T&E TO T AlEMEA E Y, —
I IR EAEECE U, Ly g v
T=NIKIZE DAY T TR L 5T, R
Ol EA KGNS 5 2 LR CTE T TH D,
Fo AR MO AR T2 2 Licd»
TR BN OBVE KK THiins+ 2 5%EL 55, JFA4F
B L OMHINAEHIANID BIKRZI TV, FE LT RS %
AT & T, BERERLR LTBREV AT A EIRT A F

TOM, REEb—h o7 T 508 257080 LT
HERESHD Z L TE B,

AARTIITF =V 7 A U EHPRRIC, B g~k
WT I T v e R YA MRO—D & U T STz,
772U, YRHIRARRDNE S L < IHREE ORISR
TE LWL DI, EOFAMIEEE LIS RESRFT
S HEAZEE L, BROT FF v —F 4 A7 D
AR EIC b T OB XSRS T,

LONLRD S, SRIIHMAIRS M2 LY =R
BERKO—BR & U ChLE S, BREENTE LT E s
L, BIZIEEEF— 2 SO X D 1A £
DA EANTHESNDEAID, TOREL R N R
ZIESRIBIZ L TR L9 e TR MEHHE D,
WU U7 VRS TN S A 27T, HERICHER
TOERIEZFEEZHRETHD.

72, Bk LIsgsgns — Mo ) o I 40T, B
VZIHER « THZRSUERED iRV L B EPDM ~DAHAD A
TWAEDOD, LVHEFIL VY = A AR S5
RIRD, ZOX D BRELEEETHHDOTH D,

43 BT/ T ILERV K

KA ER L M L2 ) o R AT T AR 7455
ZWIRFT UL, Z OB ERR R A KIRIZ A E
SHDLT A NZEBINT D E L BT, TOMREEZE WL
~YLTHERT D Z EANEETH D,

Kb > 7 DNEOR RO EE, s o
BERBRETDH T ANZITHONTIL, &k SE5ER%
DEETITOITW D3], AARIZEBWTHIMEBPRIZ &
DEREIMTONTEY , ERFSRHIAEE S DR
WHERHP 6 5 R0 (DF) 23 1000 DA F, 26
= IR DF 28 1000 DL ERER STV D [4],

EHIT, RN BRI TN TE - Lk 7 4 L4
WA T, ZRETIERENREE L ShTE-afka v
K LT, R AZ IR 2 Z EAEE LV, 20
BENDERY AT A N7 4 VA DSHTTICBIE &

Gas exhaust

Nitrogen
gas inlet

Fay

}N—II Nitregen gas outlet

Organic iodine
filters

(—\ Reactor Building

4

Dry well

To Hardened
Containment
Venting N
System N

Suppression
pool

FCVS filter

PCV | :

Fig.6 Basic configuration of the filtered containment

venting system with organic iodine filters. response.

WTHY, EREERHZH D[5],
TN D EFE T REANEGR N NV AT AORAEE
% Fig6 |[Z~7,

5. RBEXIGD/IEE T IRV MZLD
BEWGELSYIVRRRIAY FOHE

AT Tl L2 B osffb &, 7 o vz
> M X D LAHERERIE £ COBFHEE, X 5I2Z 0]
L2 D M DU R K DR RO IR LI,
FHICEHRAL CL YY) = RA~w VAV R afEESES
LD L%, Figl \ZEOBERXZRT,

- ~
Application of ICS, Common
Operation Picture, Phased

LA]:hl:lronch, etc.

|

7 N
Improved organizational
effectiveness in emergency

|

A

w

Management for Resilience of
safety functions

t

-
Mitigation of accident

progression before achieving

\_recovery of safety function

t

-
Enhanced capability of
preventing uncontrolled large

A

krelense of radioactive mnlermlj

\

Flexible operation of Enhanced decontamination
containment venting including capability of filters for

anticipatory venting operation containment venting

Fig.7 Proposed measures in this study to improve

management for resilience and their relationship.

-439 -



LUV T AR ST 5720101, REFEREN E1E
35 £ CTOFRFHERE I L - TRIEAREZRRILICK D = &
RET D &L BIT, BRANZIEIROBEIHIC K-> T&E 4
HEREZ R SED~ R VAL MREETH D,

AV AL MIFLT, AFETIR ICS 2T TG
MU AT DaRR L, RERpISORRKRES) & 38t

52 L ates L, E7o, BRAniEICE L CTRIIE T,

ARG RT T DUERDB 2 B2 Dl w Lz, 7
7o BELEERT HEETIE, I=~vA) U —2%5
Lo FTREME 2 FESEIHERF 975 2 & T MR D
Bh ik Zffed 72 b DIZ T H_E T, LU L > TRHEAEE
IRHRRICMAD Z L Z P E | By L YY) = ADRH)
IO END ZEThD, TOBLENG, THIEIAR |
BT 4 VHNY NOFHRIER A RRE LT, 7836, 2
D LT 70 2 eS8 g™ 2 BT H. ICS #I5H
L7ew RV AL MZ X o TR I 2R 5 Z & A E
HThD,

6. &

AT, LYY T AR S ET7-0D~ Y
A M EWEET S HAY T, BRERFOMIRRRES & | Aaes
T4 N SO L CUER AR S LT,

il

SE30H

[1] Federal Emergency Management Agency: “Introduction
to the incident command system”, ICS 100, (2010)

[2] AU RS AL “ra BT SRR o 7,
(2012)

[3] OECD/NEA/CSNI: “Status report on filtered containment
venting”’, NEA/CSNI/R(2014)7, (2014)

(4] JUFHE—, AR, RAME—, ZREAEL 7k
MR T 4 N DU AT LB, AR
JVFERIGRGEE, Vol. 15, No.1, pp. 12-20 (2016)

(5] JIAHE—, AR, PR, SERFH, 78 EARE:
ST SRR 4 V2 FHOARES UFE T
A IVE DBAFE”, AARIRA ) FRRSGHIGE, Vol. 15,
No.4, pp. 192-209 (2016)



