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Notes

* The information included here Is
considered most reliable at present but
IS subject to change according to
results of the Investigation Commission
set up by the Japanese Government.

* The views expressed here does not
necessarily represent the official view
of the IAEA.
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OUTLINE

= Qverview of Fukushima Daiichi and Daini Nuclear
Power Stations

= The Earthquake and Tsunami
= BWR Technologies and Safety Systems
= Event Sequence at Fukushima Daiichi
* Plant Responses and Operators Actions
= Preliminary Lessons Learned
= Current Status and Recovery Plan
= Summary
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Overview of
Fukushima Daiichi and Daini
Nuclear Power Stations
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Nuclear Power Stations (NPSs) in Japan

54 Units in Operation:
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Fukushima Daiichi and Daini NPSs

Fukushima Daiichi NPS Fukushima Daiichi NPS

==

#

http://www.pref.fukushima.jp/nuclear/hatsudensydér.html |

Owned and operated by the Tokyo Electric
Power Company, Incorporated (TEPCO).
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Fukushima Daiichi Nuclear Power Station

Electric

Reactor  Containment Output Start of Commercial Status at
' ' Earthquake
Type Type (Gross) Construction Operation q
Unit-1 | BWR/3 460 MWe 1967 1971 Operation
Unit-2 1969 1974 Operation
Unit-3 MARK- 1970 1976 Operation
BWR/4 784 MWe
: Refueling
Unit-4 1972 1978
Outage
Refuelin
Unit-5 1971 1978 HElg
Outage
: Refueling
Unit-6 | BWR/5 MARK-I| 1100 MWe 1973 1979
Outage
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Fukushima Daini Nuclear Power Station

Unit # Reactor Containment %Ii(t:;:ct: Start of Commercial Status at

' ' Earthquake
Type Type (Gross) Construction Operation q
Unit-1 MARK-II 1975 1982
Unit-2 1979 1984
BWR/5 1100 MWe Operation
: Improved
Unit-4 1980 1987
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The Earthquake and Tsunami
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Plate Tectonics around Japan

North America

Source area of the Tohoku district — | pPlates structure around Japan
off the Pacific Ocean Earthquake - Pacific Plate

*North America Plate
*Philippine Sea Plate
-Eurasia Plate

Plate Motion

- Pacific plate subducting under North
America plate of 8.5 cm/yr in west
direction

*Phillipine sea plate subducting under
Eurasia plate of 6.5 cm/yr in north-
west direction

Locations of principal interplate
earthquakes
*Along Japan trench:Plate boundary
of pacific plate and north America one
*Along Nankai trough: Plate boundary of
Philippine sea plate and Eurasia one

(8)1AEA ;



Tohoku District — Off the Pacific Ocean Earthquake

* Occurred on the boundary of the North
American plate along the Japan Trench and

the Pacific plate at 14:46 on 11 March 2011.

* The hypocenter was approximately 130 km
off the coast of northeast Japan, and the
depth was 24 km.

* Moment Magnitude Mw: 9.0
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Coseismic Crustal Deformation
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Maximum Elevation of Tsunami

@® Maximum elevation of under water area
A Maximum elevation of run-up tsunami
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Damages of Seawall and Harbor Installation
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Destruction by tsuhami scouring

Destruction by wave pressure
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Casualities by the Earthquake and Tsunami

e Dead: 15,511
* Missing: 7,189
as of 30 June 2011
(The National Police Agency)
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BWR Technologies and
Safety Systems
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Boiling Water Reactor (BWR) Plant

Turbine Buildin

http://www.ne.doe.gov/np2010/pdfs/ABWROverview.pdf



BWR: Reactor Building (R/B) and
Primary Containment Vessel (PCV)

(8)1AEA

http://www.nrc./gov/rea’ding-rm/basic-ref/teachers/03.pdf
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BWR: Reactor Pressure Vessel (RPV) and
Its Internals

HEAD SPRAY
COOLING NOZZLE
REACTOR VESSEL HEAD
—— VESSEL HEAD STUD
LIFTING LUGS
VESSEL HEAD NUT
STEAM DRYER ASSEMBLY
STEAM OUTLET NOZZLE
STEAM DRYER AND
SHROUD HEAD ALIGNMENT
SHROUD HEAD = AND QUIDE RODS
LIFTING LUGS N STEAM SEPARATOR AND
» =< STANDPIPE ASSEMBLY
Reacto e il
CORE SPRAY H1 ——<—— FEEDWATER INLET
C O r e SUPPLY HEADER FEEDWATER SPARGER
D HEAD SRRRRRH
HOLD-DO! 3 [ ——TOP GUIDE
JET PUMP INLET ELBOW o
AND NOZZLE ASSEMBLY
S~ GORE SPRAY SPARGER
IN-CORE |=1.u>cA gga:ra?j | FUEL ASSEMBLY
| ————CONTROL ROD
| T———FUEL SUPPORT
HECIRcm]AnTng IN"/z.;;ma:l [ GORE SHROUD
CORE PLATE
JET PUMP INLET RISER
JET PUMP DIFFUSER
|~ RECIRCULATING WATER
VESSEL SUPPORT SKIRT 7 OUTLET NOZALE
[~~~ CONTROL ROD
VESSEL SUPPORT GUIRE TUEE
RING GIRDER
IN-CORE FLUX MONITOR - S CONTROLECD
\ HOUSING DRIVE HOUSING
- ™ \,’ \
]/ CONTROL ROD DRIVE HOUSING
\\ Y SUPPORT STRUCTURE
s

http://pbadupws.nrc.gov/docs/ML0230/ML023010606.pdf



BWR: Normal Operation

Steam\Water.

Separation _, Steam _
System Steam Turbine
] Electric
Reactor Generator

Core

Main Condenser

Feedwater
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Nuclear Safety

° “Safety” IN IAEA Safety |AEA Safety Standards
Standards means the
protection of people and Fundamental
the environment against 22 FnePes.
radiation risk. il OTCT

e |t does not include non-
. . Safety Fundamentals
radiation-related aspects o e
of safety. (9)1aEa

for protecting people and the environment

http://www-pub.iaea.org/MTCD/publications/PDF/PulzB2web.pdf
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Concept of Defence In Depth

e “Application of the concept of
defence in depth in the design %AEQETY
of a plant provides a series of —STARDARDS
levels of defence (inherent

features, equipment and Safety of Nuclear
g Power Plants:

procedures) aimed at el

preventing accidents and

ensuring appropriate REQUIREMENTS

protection Iin the event that

. . =
prevention fails.
http://www-pub.iaea.org/MTCD/publications/PDF/Pub@0scr.pdf

©.
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Safety Functions

* “To ensure safety, the following fundamental
safety functions shall be performed ...:

(1) control of the reactivity; pen

(2) removal of heat from the —STANDARDS
core; and

(3) confinement of radioactive Eovel Blanis:

materials and control of
operational discharges,
as well as limitation of

accident releases.”

¢ )\ http://www-pub.iaea.org/MTCD/publications/PDF/Pub@0scr.pdf
©,
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Decay Heat

e Reactor cores continue to generate heat even
after the fission reactions have completely
stopped.

* The heat Is produced by decay of fission
products, which is called ‘Decay Heat'.

* The order of the decay heat i1s 1% of the rated
power several hours after the reactor shutdown
and is 0.5% at several days.

* Decay heat Is a main concern in nuclear safety.

26




BWR Safety Systems

J Control of Reactivity

» Control Rods (CR)

» Standby Liquid Control system (SLC)
J Removal of Heat from the Core

» Residual Heat Removal system (RHR)

» Emergency Core Cooling System (ECCS)
J Confinement of Radioactive Materials

» Primary Containment Vessel (PCV)
» Other Barriers (RPV, Reactor/Building etc.)

(B)1AEA
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Residual Heat Removal System

. . IMO]
Main Functions: S 5 o

£\
1) Shutdown cooling mode

- Remove decay heat after
the reactor is shut down by
cooling reactor water with
heat exchangers.

- Heat is discharged ultimately
to the sea through sea wate
cooling system.

2) Low Pressure Core Injection
mode (LPCI)

3) Other modes

Dry Well




Emergency Core Cooling System (ECCS)

* Divided into:
» High Pressure (HP) system; and
» (Automatic Depressurization System +)
Low Pressure (LP) system.

* Energy for operation:

» Turbine Driven (T/D) by steam from the RPV;
» Motor Driven (M/D) by AC power; or
» Natural Force Driven (e.g. gravity).

(B)1AEA
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BWR/4 Emergency Core Cooling System

ECCS
- HPCI: High Pressure
Core Injection

- CS: Core Spray
- LPCI (RHR)

CcsT

=N

CS




BWR: Primary Containment Vessel (PCV)
- MARK | Type -

= Consist of two separate volumes, a drywell and a wetwell,
connecting with vent pipes.

= The drywell is a bulb-shape
vessel made of steel and
encloses the RPV.

= The wetwell is a torus with
a large amount of water pool
called ‘Suppression Pool’,
where steam is injected and
condensed to suppress the
pressure increase in the PCV.

——

o —

http://www. nrc.gov/reading-'rm/b/ési.c-ref/teachers/OS. pdf
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Main Steam Isolation Valve and Safety/Relief Valve

(MSIV) (SRV)
Primary Containment Vessel

e |[n an emergency case

when the RPV needs to / \ Yy g

be isolated, the MSIV | L LB OB

are closed. D — e
« If the RPV . B E

It the pressure e

Increases to a preset - ) e T e

pressure level, an SRV B A M

opens automatically o] e T e’

and steam is injected * S -

Into the suppression |

pool. N H Dl

S/C l :‘ LY |
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Event Sequence at Fukushima Daiichi
- Plant Responses and Operators Actions -

‘LQ,-Q

4

) IAEA
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Events Sequence after Earthquake [1]
(Fukushima Daiichi NPS Unit 3)

External Events Internal Events and Actions
11 March
14:46 Earthquake Reactor Automatic ShutdoMn 14:47
Loss of : _
External Power Emergency Diesel Generators Start 14:48
around Teunami
15:30 >una

T : Favorable (Designed) Response
\&\J’ lIAEA : Unfavorable Response 9y




Inundated and Inflowed Area by Tsunami

—

Inundated and Inflowed Area at Fukushima Daiichi and Daini Site

Fukushlma Dauchl

[

‘ Fukushlma Dalnl

el N
.

_Inflowed intensively

© GeoEye

5.4 All Rights Reserved ©2011The Tokyo Electric Power Company, Inc.
http://www.tepco.co.jp/en/nu/fukushima-np/fl/imatig@np-gaiyou_e_1.pdf
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Fukushima Daiichi and Tsunami

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

Turbine building

Cooling sea water

pump motor Seawall
______ Sea water height:10m
— | Tgom Vasem et ]
#m gy _ 7/_ e ..1 )y +om Sea surface: Om

/ )
Emergency Diesel Sea watef s

Generator room intake pipe  Cooling sea water pump

Reference: The Tokyo Electric Power Co.. Inc. Release
[Online].http://www.tepco.co.jp/tepconews/pressroom/110311/index-j.html

(8)1AEA .



Seaside Components after Tsunami (Daiichi)




Events Sequence after Earthquake [1]
(Fukushima Daiichi NPS Unit 3)

External Events Internal Events and Actions
11 March
14:46 Earthquake Reactor Automatic ShutdoMn 14:47
Loss of : _
External Power Emergency Diesel Generators Start 14:48
arfg_g% Tsunami Diesel Generators Stopped 15:38
Cooling Sea Water Pump Stopp)ed
Declaration of
15:42
All AC Power Loss :
iacti 16:03
(Station Black Out) Water Injection by RCIC
e : Favorable (Designed) Response
\‘z&\\“} IAEA : Unfavorable Response i

{
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Reactor Core Isolation Cooling System
(RCIC)

- To Inject water Into )
the reactor when the L\,
reactor Is Isolated.

* Driven by steam from
the RPV.

e Actuated automatically
by a ‘Low Water Level’
signal or manually.

RPV

39



Events Sequence after Earthquake [1]
(Fukushima Daiichi NPS Unit 3)

Internal Events and Actions

11 March
14:46

around
15:30

15:42

b“.{f\'\
S

{
(

‘\t‘.

External Events

Earthquake

Loss of
External Power

Tsunami

Declaration of
All AC Power Loss
(Station Black Out)

IAEA

Reactor Automatic ShutdoMn

Diesel Generators Stopped

Cooling Sea Water Pump Stopp)ed

Water Injection by RCIC

RCIC Stopped

. Favorable (Designed) Response
. Unfavorable Response

Emergency Diesel Generators Start

14:47

14:48

15:38

16:03

12 March
11:36

40



Events Sequence after Earthquake [2]

(Fukushima Daiichi NPS Unit 3)

External Events Internal Events and Actions

Water Injection by HPC

12 March
12:35

41



High Pressure Core Injection System
(HPCI)

Primary Containment Vesse

- TO Inject water Into 7
the reactor in an S

emergency case.
* Driven by steam
from the RPV. \__/
» Actuated automatically it s \ 2 -
by a ‘Low Water Level Hf 2. |l
signal or manually. qg

Unit 1 is 35

RPV

HPCI
b Booster Pump |

' an\, _H
M‘? M*;‘:Cémp HPCI Turbine
xhaust ( ion Chamber

& 42




Events Sequence after Earthquake [2]
(Fukushima Daiichi NPS Unit 3)

13 March
05:10

External Events

Declaration of

Loss of Core Cooling

Internal Events and Actions

Water Injection by HPC

HPCI Stopped

PCV Pressuré

\U

Core Water Level

/

Increase Decrease
13 March PCV (S/C) Alternate Water Injection b
08:41 Venting Start Fire-Extinguishing System
14 March
05:20
W/ 1AEA

12 March
12:35

13 March
2:42

13 March
9:25

43



Accident Management (AM)

* Prevention and mitigation measures to a Severe
Accident, an event that significantly exceeds the
design basis event and could result in serious
damage to the reactor core.

* Implemented by TEPCO after Chernobyl accident
voluntarily (, not required by law):
v" AM Guidelines prepared;

v PCV vent and alternate water injection systems
Installed; and

v’ Operators trained.

t(é

JIAEA "
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PCV Venting System

1

Air Cylinder —

Rupture Disk

Small Valve

AQ

208

>

Solenoid Valve

&

Ventilation Stack

Laige Valve

. -.--N--_.--.---...
]
'

Solenoid Valve

AO
Small Valve 506

bld

AO

>

207

Solenoid Valve

// . iy
\

[
A
] / \
-é ,-/ RPV \\)
= [ /|
< J

ﬁ

AO
205

Solenoid Valve

Large Valve

-
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Alternate Water Injection System

e

Diesel-Dnven Pump

Eire Engine
Waler Source
Back Washing Valve Pit, etc. aa
A LR
. --év{ Fillered Water
| Make-Up Water MOHK ¥ 2 Storage Tank
g;feipmy : Conden:mea?.ym 2% Motor-Driven Pump
Q : M ;g Fire Extinquishing Svstem
MO )
C Molor-Driven
> Pump
& (Standby)
Q
Dry Well ) - > Condensate Storags
Containment  : Make-Up Water ¥ Tank
Cooling System * Condensate Maotor-Driven Pump
System
Make-Up Water Condensaie System
Suppression Chamber —
Core Spray Sysiem
46

Containment Cooling Syslem



Events Sequence after Earthquake [2]
(Fukushima Daiichi NPS Unit 3)

Water Injection by HPC
; HPCI Stopped
13 gi__l)aigh Declaration of PP
' Loss of Core Cooling
PCV Pressure Core Water Level
Increase Decrease

13 March Controlled PCV (S/C) Alternate Water Injection by

08:41 Discharge of Venting Start Fire-Extinguishing System
14 March| Radioactive

05:20 Materials
W/ 1AEA

External Events

Internal Events and Actions

12 March
12:35

13 March
2:42

13 March
9:25

47



Events Sequence after Earthquake [3]
(Fukushima Daiichi NPS Unit 3)

External Events Internal Events and Actions

PCV Alternate Water Injection by
Venting Start Fire-Extinguishing System

Venting line? Fuel Uncovered/Damaged

Hydrogen
Accumulation

in Reactor Leakage?
Building (R/B)

Hydrogen Generation

\\Qg"f&? II/‘/’ I A E A 48



BWR: Primary Containment Vessel (PCV)
- MARK | Type -

to stack

“*Two possibilities S
to accumulate |
hydrogen gas in
the upper part of (Tl o et
the R/B. T

> Leakage from ==

the PCV; or o
> Reverse flow 1 asw s <f

1 Jot defector <
™ N

from venting line. St

WAL o P e
74 Downcomer/ Basemat
(&) 1AEA - /=L
LN
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Events Sequence after Earthquake [3]
(Fukushima Daiichi NPS Unit 3)

14 March
around
11:00

JZ
F s D55,
%{(4"/

External Events

Internal Events and Actions

PCV
Venting Start

Alternate Water Injection b

y

Fire-Extinguishing System

Venting line?

Hydrogen
Explosion

Uncontrolled
Release of

Radioactive
Materials

Hydrogen
Accumulation
In Reactor
Building (R/B)

IAEA

Fuel Uncovered/Damage

Hydrogen Generation

Leakage?

50



Unit 3 after Explosion (April 10 )




Preliminary Lessons Learned

(8)1AEA
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Preliminary Lessons Learned : Design Aspect

] Safety Functions

< Reactivity control was fully satisfied.

= All control rods were inserted into the core successfully in spite of
much higher acceleration than the expectation.

» Heat removal was satisfied at first, but failed
finally.
= All external powers were lost simultaneously, but Emergency
Diesel Generators (D/Gs) started automatically as designed.

= Tsunami made all D/Gs inoperable and destroyed the sea water
cooling system.

= RCIC and HPCI worked without AC power and cooled the core
for the first 1.5 days (Unit 3).

** Confinement of radioactive materials was failed.
&) 1AEA )
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Preliminary Lessons Learned : Design Aspect
(continued)

J Design Basis

< Protective measures against natural hazards
should be reviewed and strengthened Iif
necessary.

= The height of tsunami exceeded the expectation and
destroyed the seaside structures and components.
< Power supply Is essential. Both external and
Internal emergency power should be more
reliable. And long-term ‘All AC Power LosS'’
should be prepared.

t(é

JIAEA 4
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Preliminary Lessons Learned : Design Aspect
(continued)

J Accident Management (AM)
“* AM should be enhanced to prevent hydrogen explosion.

= AM was considered and prepared before the accident,
and it was helpful to some extent.

= But it was not enough to prevent hydrogen
accumulation and explosion in the R/B.
(The path to the R/B has not been identified.)

** The on-site Emergency Response Centre demonstrates
workers could stay under a severe circumstance.

= Seismically robust, suitably shielded against radiation,
ventilated and well equipped Centre is necessary.

t(é

JIAEA

\‘v



Daily Meeting at Emergency Response Center
(Fukushima Daiichi NPS)




Current Status and Recovery Plan

(8)1AEA



Current Status (Fukushima Daiichi NPS)

» Units 1-3: Injecting fresh water by temporary
motor-driven pumps continues in order to
cool the fuels in the reactors.

» Units 1-3: Pumping out of the contaminated
water with high radioactive materials in the
turbine buildings In progress.

» Unit 4: No fuels in the reactor.
» Unit 5&6: Under cold shutdown.

N

SY1AEA P
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Plant Status: Fukushima Daiichi

| Plant Status: Fukushima Daiichi

» Units 1-3: Injecting fresh water by temporary motor-driven pumps in order to cool the fuels in reactors.
~ Units 2: Have launched stable circulating cooling by installing temporary heat exchangers in order to cool

the fuels in spent fuel pool (SFP).
» Units 1-3: Found contaminated water with high radioactive materials in turbine buildings. Pumping out of

the water into the Central Radioactive Waste Disposal Facility, etc. is in progress.

~ Unit 1: Injecting N, into PCV to lower the possibility of hydrogen explosion. Also scheduled for Units 2&3.
~ Units 5&6: Under cold shutdown.

#1 #2 #3 #4 #5 #6
460MW 784MW 784MW 784MW 784MW 1,100MW
Pre-Earthquake Status Operating Shutdown for Outage

; Shutdown O Automatic Shutdown — — —
= A A A - O @)
m Reactor | offsite Power Offsite Power | Offsite Power |Fuels have been Cold Cold
o . Freshwater | Freshwater | Freshwater removed Shutdown Shutdown
% Cooling 5
=]
= Pool = hA t Circulating E hA t - hA t O O
g reshwater | . iing system reshwater reshwater
(4]
X X X
*Containment Highly Highly Highly A @) O
contaminated | contaminated |[contaminated
water water water

*There are damages on upper part of the Reactor buildings of Unit 1,3 and 4. There is a possibility of malfunction of containment in suppression chamber of

Unit2. Holes were drilled on the roof of reactor buildings of Units 5 and 6 to prevent hydrogen accumulation.

*Results of the provisional analysis show that the fuel pellets of Unit 1melted and fell to the bottom of RPV at a relatively early stage after the tsunami
reached the plant. However, as the temperature of the RPV of Unit 1 is in the range of 100°C - 120°C, stable cooling is being achieved.

ene
t)“ WEBN

All Rights Reserved ©2011The Tokyo Electric Power Company, Inc.

http://www.tepco.co.jp/en/nu/fukushima-np/fl/imakganp-gaiyou_e_ 2.pdf
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Recovery Plans

** TEPCO Chairman’s Announcement on 17 April.

= The 1st Stage (in 3 months):

e Cool the reactors in a stable manner: and

* Prevent water with high levels of radioactivity from
flowing out of the plant.

= The 2nd Stage (in 6 to 9 months):
 Achieve a cold shutdown of the reactors; and
e Reduce the total amount of radioactive water.

** On-going with minor modifications.

(&) 1AEA
)
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Recovery Plan: Cooling Reactors

Cooling Reactors | Securement of Circulating Water Cooling and Heat Removal

Function

Future Strategies

~ Install heat exchangers and restore the heat removal function.

: <Risk Countermeasures>

“Feed and Bleed”

¥

“Circulation”

outflow of leakage into the turbine buildings.

Reactor Building

| Turbine Building

(£)1AEA

Installing heat
exchangers

» Circulating accumulated water at the turbine buildings in preparation to continue/increase of

ITTTTRTTTT LT o

Primary Loop

Water
storage/process
equipments
L

Recirculation

Circulatin
accumulated water at
turbine building

s smnnsssssnmnnangannnessssnnt
[’i.llllll--l

|

i

|

®

10
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Summary




Summary

** One of the most severe nuclear accidents has
occurred at Fukushima Daiichi NPS triggered by
the earthquake off the northeast coast of Japan
and the subsequent tsunami waves.

+»» Efforts to stabilize the reactor units continue now
and it Is expected to take several months.

*+ To date no health effects have been reported as
a result of radiation exposure from the accident.

** We should learn lessons to enhance safety of
nuclear facilities in the world.
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Main Information Sources

1. “Report of Japanese Government to the IAEA Ministerial Conference
on Nuclear Safety — The Accident at TEPCO’s Fukushima Nuclear
Power Stations —”, Government of Japan, June 2011

(http://www.kantei.go.jp/foreign/kan/topics/201106/iaea_houkokusho_e.html)

2. “Analysis of Operating Records and Accident Records Fukushima
Daiichi NPS at Time of the Tohoku-Pacific Ocean Earthquake and
an Evaluation of its Effects”, Tokyo Electric Power Company,

23 May 2011. (In Japanese)
(http://www.nisa.meti.go.jp/earthquake/files/houkoku230523-1.pdf)

3. Status of Fukushima Daiichi and Fukushima Daini Nuclear Power
Stations after Great East Japan Earthquake, TEPCO Homepage
(http://www.tepco.co.jp/en/nu/fukushima-np/index-e.html)
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... Thank you for your attention.
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