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OBJECITVES

®On March 11, 2011, Tokyo Electric Power
Company's Fukushima Daiichi Nuclear Power
Station (NPS) was hit by tsunami caused by the
Tohoku-Pacific Ocean Earthquake, resulting in
nuclear accidents in its Units 1 to 4.

®Many lessons can be learned from the

Accidents.

MIn order to enhance the safety for nuclear
power stations in the world, we earnestly
broaden the lessons derived from the accident,
and make proposals to improve safety.
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Tohoku—PaCfic Ocean Earthquake

. _ Onagawa NPS
- F / 1: 534MW, 1984-
. 2: 835MW, 1995-
OnagawaNPS 3. 835MW, 2002-

Boundary of sei
Intensity of 5

Fukushima Daiichi NPS
* M9 1: 460MW, 1971-
Epicenter 2: 784MW, 1974-

3: 784MW, 1976-
Fukushima Dai-ichi  4: 784MW, 1978-
and Dai-ni NPSs 5: 784|V|W, 1978-
6:1100MW, 1979-

Tokai daini
NPS Fukushima Daini NPS

1: 1100MW, 1982-
S 2: 1100MW, 1984-
Seismic W W H N matstRep) 3: 1100MW, 1985-

ntensity 4 5 5+ 6 6+ 7 4: 1100MW, 1987-
Reference: IMA Release [Online]. http-/www jma go jp/jma‘index himl
Partially modified by JNES.

Tokai Diini NPS

1100MW, 1978-
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Damaged External Pewer

mExternal AC Power was lost in Fukushima Daiichi

Breaker insulators were
completely destroyed
. .g\-% =

S _
e~ b

GIS:Gas iinsul—afed-Sw’i?fchgear
Onagawa Unit 1-3 were OK

- Damaged ABB(Air Blast Breaker)
Fukushima Daiichi Unit 1-4
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Tsunami getting over seawall at the

Fukushima Dai-ichi NPS

Cross section of Fukushima Dai-ichi (Unit-1)

Reactor building
Turbine building
P— Seawall
______ PP sewaer 10m height
—7 fﬁ:_ ‘ -E.ﬁm intake pit

s
Emergency Diesel Seawater

; 4 P
Generator room intake pipe  Cooling s=a water pump

Reference: The Tokyo Eleciric Power Co.. Inc. Release
[Online] http://www.tepco.co.jp/tepconews/pressroom/110311/index-j html
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Iisunami Floodlng Area in each NPP.
Fukushima Daiichi #81{;?’« 0P+ 115~155m Flooding through hatches  T/B
#5, #6 OP.+13~145m | and air intake for EDG

and Level 2 ~~_~.__-Large Door /’_\?\S\J\/—

#1 ""‘#6 Hatch
[

I
I E
- ! : 7 {}
Dike  O.P.+4 4 / : MIC S Basement
opom! o} 2 L2 T bunt | xz % Q
fi ********* i

% #5,#6 Grand Level:0P.+13m

#1 Flooding through hatches
and air intake for EDG

#2~#4 No Flooding

Fukushima Daini RIB
Hatch Hoight Airintakej_ |
'sunami Hei

o g for EDG

Hatch] /
OP.+12m
.0 =
i M/C,PIC™ —
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SBO. in Eukushima Daiichii NPPs

I T N N T

A:NG A:NG A:OK->NG A:OK->NG
A:NG (B1) A:NG (T/B B1) B:OK->NG (R/B B1)
DG B:NG B:NG (T/B B1) Water Cooling
(T/B B1) B:OK (T/B B1) B:OK Water B:OK
(FP/B 1F) (FP/B 1F) Cooling (DG/B 1F)
Metal-Crad NG NG NG NG NG Barely
Swich (T/B B1) (T/B B1) (T/B B1) (T/B B1) (T/B B1) + (R/B B2F)
Power NG Barely NG Barely Barely Barely
Center (T/B B1) (T/B B1) (T/B B1) (T/B 1F) (T/B 2F) (R/B B2F)
DC NG NG OK NG OK OK
Buttery (C/B B1) (C/B B1) (T/B BM1) (C/B B1) (T/B BM1) (T/B BM1)
ECCS HPCI:NG NG Hpciok ), 2utage | otage
’ ’ (No Fuels in Heat S'gk HPCS:OK
RPV) eatsoink was (R/B B1)
RCIC IC:OK(FC) RCIC:0OK RCIC:OK fe%‘;‘gfed
on
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Cause ofi SBO in Eukushima Daiichi

Damages of heat exchanger room and heat exchanger (Unit 1)

Metal Crad SW

Sea water heat exchanger room

Damages of reactor building and emergency diesel generator (Unit 1)
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ICsiin unit 1 were tripped by FC

B Loss of battery power for main control room caused the fail-
close action to MO isolation valves to cutoff the IC cooling.

M |t was a fail-dangerous system.

m If the IC continue to operate, the accident would be terminated.

- = e oarers ra

Isolation e : L —
Condenser |

o B ]\

|
S" -~
[ 1 B RCIC steam turbine also
stopped by loss of battery

IWaterTank power in Unit 3.
| Frepooi B S/P temperature and
Y pressure were so high that AM
p water injection took a lot of
: \ times.
7 3 IC Control

Valve
W

.~ SIP | A
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C\. Pressure: lirendi in unit #1

B After loss of ECCS and IC core cooling, CV pressure increased.
B Water level drifted by vaporizing water in reference leg.
B Radiation level increased at T/B.

B Hydrogen explosion occurred after S/C wet venting.
[kPa] Wat\er level drifted 1F1 [rmm]

an0 1500
Radiation % k-
a0o | lEVEL 11

increase at
turbine bldg.
00

ﬁ 1o
Increase in

1
1 Hydrogen
explosion
CV pressure. l l

fie a0
400 — Loss of ECCS /
function R | 1000

300 | Sea water injection -
V via fire extinguish line ‘A‘_‘\

Start S/C Venting
operation

G600 -+

200 —3/11 14:46 — [ iseo
[ ="

Reactor Shut Down —-_-_‘I"’\ﬁzp:

woo |31 1541 Reported High - ~2000
Station Black out radiation level

[ v T } -2,

3/11 0:00 3/12 0:00 3/13 0:00 3/14 0:00 /15 0:00 3/16 0:00

== D/W Pressure[kPag] == Reactor Pressure e S /C Pressure[kPag] == Reactor Water Level (A)
[kpag] [mm]
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Pressure and \Water LLevel in #1 RP\/

B Analysis results show the RPV depressurization started before
RPV bottom failure. It might be caused through melted TIP
tubes in the core or Main steam SRV flange.

N \(/:V\?ter level measurement was drifted by high-temperature in

I I 1 I | I :
I I I I
RPV Bottom Failure 5 ! L L L
i i i i i i i
) R S S I o ) N I S S ES—
. H I I
. v AAP Al\naly3||$ - ! !
© il 1 E 4 —— - F-——=- +—————— :— —--
! ! N . .
o [ - ' Water Injection (15hr) !
| I I
S s 4 + O 2 —— k- 4o -—-
~ i i = i i
(] vl 1 [} 5 1 1
— L | - o0 et +
2 i | = ' | |
(V)] .l . _'q_,z ) n Wommnnm%m-l
e 4 ‘.‘: o “ v T o
o P ; 4 b Agz--d---a----{ Water Level data
> 1 > : drifted more than 4m
ATy S—— i o N A S
I 1 fl 1
i i i i
S R e et ettt
I 4 -
. o : : : :
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B Failure of prompt water injection after RCIC stopped in unit #2
caused the core damage and H2 generation started.
® High-pressure discharge pump driven by diesel engine should

be used.
- MAAP Analysis 1F2 Case 1

10 T T T T T T T
| 1 | | I [ s v I | I —A I . 1000 : : : :
RCIC Started  RCIC Stopped | gvoned | nalysis A A
| 1 I i ! |L l pene 1 I 1| -=Measured : : : :
L R T i L & St enres S L o
—~ | | | | 1 1 1 8007~ T i T T [
5 | L =
o ! Melt Core relocation to Low plenum (@2 i i i
S - S S—— I ———— <
= I I I ] 1 1 1
o ! ! ! < 600 ! ! 1
e | RPV Bottom Failure | .S CoreDamaged
>, R S o
? T =
A I I I ie} I I l
fud | | | O 400 --——- |-
| \ \ — I I
o, R T s
N I I I
A R E
2 R AR ——
o oegee T oo I
| i | | i i i ! ! !
| | | | | | | ! ! !
o \ I \ \ I | \ | I \ I I I 0 . .
31 @12 312 13 313 314 344 315 315 316 16 817 317 318 318 314 314 3115 315

1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 1200
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Radiation level increased after CV rapture

M H2 detonation were occurred after vent operation (#1, #3, #4)
M Radiation level increased soon after #2 CV rapture

30,000 1Sv/h (Between #2 and #3) 150,000 uSv/h (Near #2),30,000 uSv/h (Between #2 and #3)

1 F NPPS Monitoring Trend 400,000 pSv/h (Near #3),100,000 uSv/h (Near #4) 400,000 pSv/h (Near #3),100,000 puSv/h (Near #4)
[ ®
3 3nz 313 N4 3N1s 316 N7 318
14000 Tohoku-Pacific Ocean o ond e #2 Explosi
Earthquake at 14:46 I waeven — cound near P 102 08:47
12000 Tsunami attack at 15:41 . |J_ #3 D?_tf_r_'fi_?n_; N #E.QEX_S.".‘?."-‘E;.. [—#2 White smoke —-——:'I #3 White smoke
#2 Emergency declaration i #2 Loss of cooling _Degnation_.l . | #3 White smoke again
#1 Loss of cooling [ #2 Seawater Injection 1
— 10000 I. — e —— [ | —#4Fire
= #1 Vent started i #2 Core uncover I [ 1
~ 1
& || #1 Detonation: | #2 20 Vent . ! #3 Spent fuel
= 8000 ‘#1 Seawater Injection { T -1 Se'awa'ter
- : 1 8 1 Injection
g #3 Loss of cooling: |
5 000 | 51 Vent |
5 #2 Vent Failure } 1
E 4000 #3 Seawater Injection 1
° |
o I
2000 S #1 Vent #3 1st Vent #3 2nd Vent
\ N\ |
0

0:00 12:00 0:00 =00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 | 0:00 12:00 0:00 12:00

3/11 3/12 3/13 3/14 3/15 3/16 317 3/18
Nikkei Science, July 2011
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Fukushima Daiichi Severe Accidents

Tohoku-Pacific Ocean Tsunami
Earthquake at|14:46 - 15:41 | H2 Detopation
Unit #1 3 ‘E eawater injection
IC Core EI
: o PCV
TipeMEE =1\ Fpraliout ~ Falure|
Unit #2 Seawater injection failurey
RCIC Core ‘GE)
(Stearr turbine driven) Melt >
[ | | A A
. H2 [Detanation
Unit #3 L/
HPCI, RCIC Core S
(Steam turbine driven) Melt >
Seawater|injection failure
Unit #4 H2 Detonatgﬁi”g
H2 vent
Outage
No fuel in core i 2 |
3/11 3/12 3/13

3/14
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3/15

IH2 Leak Path from CV.
® CV top flange and hatches might be leak pass

OP 39620

OP 26900
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OP. 18700

Reactor
Building
\ 7
DW Top " t b
Flange -
il | 5 OP.32300
g
A 3F :
Pepﬂggragcwpe 4 H2 flow up through
; % Stairs and hatches
8 Canister type/ O 2F
('
CEE w0, (DT
HatCh . - m OP.15300
| ‘ ‘ W ‘ ®9 @16 ________________)____'_3_-__]_4_5139_ 1F
t-Cable oC A
B! Penetration
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RPCV. Failure Study: by overheat

W PCV top flange is lost its function by overheat

Severe accident and structural analysis code
should be used to evaluate PCV failure

-!4‘2 Nhn# l 361 N

Hit: (BHRFHEERMEE EEREYLSTM(AFFHRMNESSEHENSETEE) BT RERSE
B4 4B EFBHE 4 1B CVEER
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il (B24T)
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. MM Seiaen
| o Ao b UeE 1205
i MW SCV4R0 HR. 561480
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i i‘(' ;\'-.
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j aryy— s
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b) 165MPa(5.3Pd)IOESA DL AvFERER
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m PCV top flange is lost its function by overh

Operation Floor)

\

D/W

RPV

Core

CRD

Vent
Valve

S/P

Shield Plug
\

Reactor Buildin{“

FP/H2 Leak

~

!
g

PCV
~ Top Flange

~_ O-ling

L— MS line

SRV

Bellows
S/C

K
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bR 120&
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IHydregen gas acecumulation

B Trends in Hydrogen in the reactor building,
—__assuming the release of hydrogen of 100kg/h
for 4 hou_rs

25%
Zoon f —5F
~ v —4F
/é 15% —3F
£ —2F
106 T —1F
L; = 5y
0% | —
0 1 2 3 4 5 6
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Hydregen gas acecumulation

®mAnalytical result of hydrogen gas accumulation,
assuming the release of hydrogen of 400kg from
the surface of operatlng roor

IR S T

8.19=-01 .‘ JA—— '___ £ _r 1 g Tt e=-4=n—- _._”_"'
7.782-01 4
I 7 38201 DU 1]' *"ﬁ, dff :_ o

6.67e-01 4
.56e.01 1 épecgtlon E Ihpr !
5.152-01 L T T e 0
5.748-01 o M i f" - '-'f\ ‘ﬁ
5 33001 e EER
4.920-01 Release to the S
4.01e-01 top floor of the sl
4. 11201 i =
- ..o - reactor oulraang
3.70=-01
3.29a-07
2.88e-01
2 47e-07 -] -
soeear i
1.852-01
1.25e-071
8.37e-02
4.282-02 Coii
1.975-03 e E CEE Ciiiin

Source: JNES Material
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Cause of Hz Detonation in #4 R/B

® Unit 4 was in outage. No fuels in the core
B Hydrogen from unit 3 flowed into unit 4 via SGTS

Unit #4 Reactor Building

—
e
o § | Ventilation
Exhaust duct on the South side in 5F s stack
sz Exhaustduct onthe Westside in4F ____ ... o
......................................... Ventilation
: gas flow
Exhaust duct on the East side in 4F -
4F L - l
: Z Unit #3
3F 5 ' a i
§ . Reverse Unit #4

_____ Fail open

MO valves gas flow
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AC-3
(QkW) .L_u SkWJ

8]
Top Flange |
Leak ‘;:%;
[AD] |
[l Bo
= [0 HVAC exhaust fan |,
FB3-6
« [¥€

Vent line valves might be a cause of FP leak
Plenum gg Purge fan
7, 7
1:@?’ FB3-5A |FB3-5B
#AQ]
ﬂﬁ_’ FB3-15

Fail-Open valves in SGTS supplied H2 and FP into R/B Stack
FBS-%B:;-I?&» P @
-.%.- ? Open

2w v ?%v
] f
FB3.8 - _ Ak |
Open - o Fan Open

PRERG #m._...“.,‘;.;__; S

.ﬁ " ‘
Open Rapture disk
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Causes of SA and Countermeasures

Loss of external Power Enhance aseismic electric device
by Earthquake =>(Use GIS, Flexible Insulators)

Loss of EDG, P/C DC Water proof door, hatches,
Battery, I&C and phone =» and Mobile power on hill

Loss of water in Core R Diversity of water injection,
Meltdown, Hydrogen heat sink

Loss of containment CV cooling,

function, heat damage Filtered vent system

Slow judgment to protect Establish new nuclear regulatory
against nuclear disasters Quck action by Self-Defense Force
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ltems; te be Regulatonry: Activities, (1))

External Power

(1)Improve reliability of grid
(2)Enhance aseismic devices in substation
(3)Use GIS for switchyard

=P (4)Urgent recovery of external power by cable

Earthquake attack

Loss of external
power

P
- repare Emergency Power Supply
EDG started

(5)Dispers power equipment [1]Mobile gas turbine generator
(6)Enhance countermeasure for flooding [2]Water proof door
(7)Enhance diversity and redundancy of EDG | [3]Add EGG/air cooled EDG
(8)Enhance emergency DC power supply

(9)Prepare dedicated backup power supply [4]Prepare power cable and

Tsunami attack

|
] Jomod desy)

- — =» (10)Facilitate alternative power connector connector
Tsunami Flooding (11)Stock backup electrical equipment

- -

i ~
Statlo%kom g (12)Improve emergency response [5]AM plan and manuals
o (13)Disperse cooling system and water proof || [8]Dispersed layout of Fire
Loss of power, 1&C o (14)Enhance UHS system to terminate accident engine and hose
— | 8 (15)Improve operability of valves and SRVs [6]Alternative water injection
-_ = (16)Enhance water injection (High pressure) (Engine pump, hose)

Loss of ultimate «Q (17)Improve spent fuel pool cooling [7]Add spent fuel water
heat sink supply ( Fire engine, hose)

abewep 8109 Jusnaid 0} Buljooo 8100 desy
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ltems; te be Regulatory: Activities (2)

Cause of Accident

Loss of core injection

Depressurize failure

Loss

Core

O
o
)
3

Vent delay/failure

"

PCV failure by
overheating = -

H2 de

FP release /
contamination

(o]

o

"

"

f water in core

.

amage (H2)

:

elt down

.

ADd WoJj ases|al 4 JusAald

f

—

-

onation I

[J,ueLueﬁeuew 1uep!oov] [ )es| 44 1usaaid ]

Counter measures

Prevent FP release from PCV, H2 explosion

(18)Enhance diversity of PCV cooling
(19)Prevent PCV overheating by cooling
(20)Proceed low pressure core injection
(21)Improve maneuverability of vent system

(22)Mitigate FP effect by FCVS

(23)Ensure independency of vent system
(24)Prevent H2 explosion (PER, Igniter, vent)

Management/Monitoring

(25)Prepare emergency command center
(26)Secure communication tools for accident
(27)Improve measurement equipment for AM
(28)Enhance monitoring for plant conditions
(29)Enhance emergency monitoring functions
(30)Create structure and conduct training for

emergency response

Urgent ltems

[9]Prepare manual to
proceed LPCI injection
[10]Prepare N2 supply for

air-operated valves

[11]DC power supply for
communication system
[12]DC power supply for
plant monitoring
[13]Check and training for
accident management
devises
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Filtered Containment Venting System

M Lessons of Chernobyl NPP Accidents promoted the installation of Filtered

Vent System to protect radioactive materials exhaust.
(French, German, Switzerland, Finland, Sweden)

W DF 1/100-1/1000

2 Csl etc.

Mist Separator

Pool .

0444000000000 0084408

AAAAAAAAAAAAAAAAAAAA

Spent
Fuel Pool
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Visit Chooz NPP, EDFE France
L
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FCVS:FEiltered Containment Venting System

mVent val\‘/e will be open by manual shft when SBO

DF
> 1000 Aerosol
> 100 I,

Stuck

Rapture Disk
(~3bar)

]
MOV MOV

Normal Normal \ \
Open Close

NaOH

Solubility pH10 ~5

Back fitted on 1992 for (mitigation of Sever Accident) SOlUbIlIty pH7
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Good Practice for llsunami Protection

- : T Tz . T G S R
e m—— i el e A PR |
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Speciall Power Generator on lHeight
®m 4000kVA mobile gas-turbine generator at 31m parking (Hepco)

Gas-Turbine Generetor
4000kVA, 3.2MW
3.3kV-6.6KV

Start within 40sec

Countermeasure for tsunamil Large deor

e |
T

Large Wa”.‘d : ' . P/C: \O—E5
s githps r C|Ose Shield 1 " RHR : MBIMEESR

MCC: €=52>kO-IEvs
REAr807

QRYTE-SIC rerne ORBOEREL O
ERERES ASHDIEE e
- [T

BKEERE

%\ 500 kVAZ B E
M/C E'ﬁ
Y

P/IC




Large wall and door

Reactor building was enforced to
be a castle for ECCS survival.

8 &

Unit 1 elevatlon 5m, Unit 7 12m in Kashiwazaki-Kariwa NPS SR At

1

Viebiler Gas Turbine Generator on hill

AWARGTG | AR RS —E Y RBME
MC: X555
P/IC: \D=Ev5
RHR : MEBIRASR

RERARY5




OUNIENMEASUNE 4 _ _
Viobile heat sink and fire. engines

!
o
g M

':

mmw i md PR L
-

(il L

e

KEKp
R

ERE rEEE
(500kVA, 6,600V) ! (6600V—400V)

niEo s

aaaaaaaaaaaaaaa

Sea water pump building
damaged by flooding y

. !
i i
' EEwd '
i . '

| MOGIC—1-1 || MGG10-1-2 13

RCWiR2 J (A) €= RHIW% |

== Mobile heat sink cooling 3 \
Mobile sea water [/ -
=== Mobile sea water pump cooling pump cooling 75w
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Countermeasures; for PCV. cooling

PWR CV spray and Decay heat removal

- Filtered vent and Top flange cooling -
PWR [J

] | 11000

1 -
10
2]
[ 50

= 10
g 10

cv
Cooler
e

cv Spfay '

"ZMotor

LExtension shaft
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Conclusion

M Fukushima Daiichi NPP accident would be terminated,
if sufficient examination lead to install countermeasures
for tsunami, such as water proof door, mobile power, etc.
Min Europe, it had already installed the Heat Removal
System and Filtered Venting System from the lessons
of TMI and Chernobyl Accidents.
mVent line should be independent from SGTS/HVAC line.
BFrom the Lessons of Fukushima-Daiichi Accidents,
we should achieve the 1st class Nuclear safety in the
world NPPs.
mCountermeasures for tsunami and severe accidents are
planned and conducted in each NPP in Japan.
W\Water proof door, hatches were installed, and mobile gas
turbine generators and mobile heat sink are deployed on a hill.
W Filtered venting system and large embankment will be installed
within 3 years for almost BWRs and PWRs in Japan.
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