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Objectives of the' AESJ Investigation Committe
on the Fukushima Daiichi /Accident

U The AESJ, as a professional and academic organization of nucl
experts and scientists, is responsible to identify the underlying
YR NR20G OFdzaSa 2F GKS ¢9t/ h
through technical surveys and analyses, and to offer solutions f
ensuring and enhancing nuclear safety.

A The Fundamental Concept on Nuclear Safety has also been
developed to meet this objective.

A Factors on why this nuclear disaster could not be prevented
In connection to the organizational issues of the AESJ have
also been discussed.

A The AESJ is committed to promote organizational and
operational reforms of the nuclear community in Japan and
to enhance nuclear safety research, etc., on the basis of the

recommendations in the Final Report.
3



Survey Methods of the Investigation Committee

Information -
Sources N

N
In addition to the independent N
investigation, following information had

been utilized,;
oOpen documents and information

Divisions of
the AESJ

Committee

released by Government and TEPCO
wOther Investigation Committee repoyis

Investigation

J

Basic surveys )
¢ SOKYAOLIf kSE

Reviews on survey results
Analyses & assessments
Editing the Report

Opinion exchange
with the public

Discussion with
AESJ members

Peer reviews by
overseas partners

Seminars &
Symposiums

AESJ Annual Sessions



Structure of the /AESJ Final Report

=
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1 Introduction
2 Overview of Nuclear Power Stations
3 Overview of the Accident at the Fukushima Daiichi
Nuclear Power Station Confirmation of facts
4 Overview of Events at Other Nuclear Power Statigns
5 Off-site Response
6 Accident Analysis and Issues _ _
- Accident analysis
7 Analysis & Issues on Nuclear Safety System
8 Root Causes of the Accident and Recommendatic nRgOOt cause ar_1a|y5|s and
recommendations
9 PostAccident Management in Progress Analysis of_lss_ue_s related
to decommissioning
Aovendix 1) List of the Committee Members; 2) List of the
PP Committee activities; 3) List of Abbreviations oth
ers
Glossary of terms, links to related reference sourcgs
WebPage
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(Japanese)




Key Approaches for the AESUrveys

4

A The primary purpose of ensuring safety of nuclear facilities is
G¢CKS tNRISOUAZ2Y 2F tS2LXS |y
radiation consequences.

A From this perspective, surveys on the causes for radioactive
material release from nuclear facilities and issues in accident
management for the protection of local residents from
exposure have been conducted.

A Multi-disciplinary analyses have been made for clarifying the
root causes of the accident in a typical huge and complex
system.

A In addition to technical & professional approach, reformation of
the AESJ organization has been discussed.
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Status of Fukushima Daiichi- UnitsGl

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Reactor Type BWR3 BWR4 BWR5
PCV Type Mark-| Mark-I1
Start of Operation 1971 1974 1976 1978 1978 1979
Electric Output (MW) 460 784 1100
Thermal Output (MW) | 1380 2381 3293
Status on March 11 Full Power Operation All fuel R _
before the Earthquake emoved RPV top lid closed

BWR-3

BWR-5

RS SIS




Summary-of Damages in NPSs

Site Units  Off-site ac Power E.D/G dc Power Heat Sink Switchyard Nuclear Fuels
1 All Lost Lost Lost Lost Melt-down
2 275kV, All Lost Lost Lost Lost Melt-down
Fukushima 3 All Lost All Lost  Shortly L. Lost Lost Melt-down
Daiichi 4 66kV, All Lost Lost Lost Lost Sound
5 All Lost All Lost  Available Lost Lost Sound
6 1/3 Available Available Lost Available Sound
1 500kV, All Lost  Available Lost Available Sound
Fukushima 2 1/2 Available  Available Available Lost Available Sound
Daini 3 66kV, Available Available 1/2 Usable Available Sound
4 All Lost. Available Available Lost Available Sound
1 275kV, Available Available Usable Available Sound
Onagawa 2 1/4 Available  Available  Available 1/2 Usable Available Sound
3 66kV, All Lost  Available  Available Usable Available Sound
Tokai-Daini 1 275kV/154kV, All Lost Availabe  Available Usable Available Sound




TsunamifFloodrin/nits-4

Reactor Building

Turbine Building
Control Building

Flood Height T
+11.515.5m % e o Power transmission
F'°°d route Clood route ! ‘ and receiving facilities
+10m above I? !
the sea level w — W
Battery Power Panels
Emergency
Diesel Generator
Assumption of Tsunami Flood Route to the Basement of Turbine Building
Height was Max. 6.1 m Air Supply Louver for Emergency Diesel Gene
before the Accident. Turbine Building Entrance

Component Hatch 10



Influence of the Tsunami Flooding
on Electric Power Distribution Systems

Okuma Ene 4L Ci_? ﬁa line 1L

T .t%@ .A‘:

4B 4A

% -Shutdown due to earthquake - . POwWer panel suffered wat_er damage
or submerged by tsunami

‘M/C related equipment submerged

: Operable after tsunami by tsunami

@: Main unit submerged by tsunami

TEPCO, Fukushima Nuclear Accidents Investigation Report, Attachment 7-3.

Source: TEPCO

w All AC powerhigh voltage line of 6.9kV, low voltage line of 480 V and 120 V)
were lost inUnits1, 2, 34 and 5.

®w Main DC bus (125 V) was lost in Units 1, 2 and 4. 11



Influence of Tsunami on Ultimate Heat Sink

V Seawater Pumps for Ultimate Heat Sink were lost in all the 6 units.

54 **".
¢
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Unit 6 Outdoor Unit 5 Outdoor Unit 1 Outdoor Unit2 Outdoor [g§ Unit 3 Outdoor \ (4 Unit 4 Outdoor
seawater facilities #& seawater facnlmes seawater facilities #§| seawater facilities seawater facmtles seawater facnlltles
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TEPCO, Fukushlma NucIearAcmdents Investigation Report, Attachment 7-2, 12



Possibility of Damage of Components
by the Earthquake

)

Key points discussed in the Diet Investigation Report

Likelihood that SR valves in Unit 1 was not functioning at the
time earthquake occurredif so, a minor LOCA may have
occurred in Unit 1 by the seismic ground motion.

Results of Data Analysis by the AESJ Investigation Committee

(1) Reactor pressure was maintained below SR valve pressure
|IC activation in Unit 1.

(2) Insignificant increase in PCV internal pressure verified by
suspended drywell cooler.

(3) No leakage exceeding predetermined limit stipulated in safe
regulations;no LOCA

13



Fundamental Safety Functions for Light \WWater Reactor:

Shutting Downby Cooling Dowrthe |/ Confiningradio-

Interrupting fission || core through active materials
chain reaction continuous water | inside the boundary:
through insertion Injection and (RPV and PCV)

of control rods circulation

Decay Power and Radioactive Materials in: Units 1, 2 anc

_, Decay Heat after the Shedown Source Term just after the Shdbwn
S Unit 1
=S &\ i 1131 :1.9x 36Bq
S &\ . _ Cs137:2.0x 107Bq
a = 5 < \RUHItS 2&3 Unit 2
Sz ¢ -131 : 2.7 x ¥8Bq
(@) 2l 3
5 i Unitl1 = —— Csl137 : 2.4 x 109 Bq
g Unit 3
> 101520 2% 30 -131 :2.7 x T@Bq

Days after shutddown Cs137 : 2.4 x 19 Bq 14



Operational Procedure of BWR under Emergenc

Initiator
v
SCRAM

\
1| Hot Standby
Operation

2]

Depressurizing |
3] Low Pressure
IniecI;tion

Starts automatically,
if RPV pressure is high,
or Water level is low.

Operators perform this
manually after they

confirm the standby of
low pressure systems.

Is PCV
Temperature
High?

yes

no

Residual Heat

Removal

\g Cold Shutdown

4 PCV Cooling

S -4

A CRD

A IC/IRCIC
A HPCI

A CSx 2
A LPCI

A PCV
spray

A SHx 2
A RHR

A ADS/SRV

A PRL pump trip
A Backup CR

~
7

RPV pressure

Initiator

A Feeding via MUWC
A Feeding via FP line

A Feeding via MUWC
A Feeding via FP line
A PCV venting

v

Cold
Shutdown

Based on the report of Nuclear Safety Division, Atomic Energy Society of Japan 15



Avallable Safety Systems after the Tsunamlnit 1
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Isolation Condenser(1C) Wnit 1
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Core damage in Unit 1 progressed in a short period of time after the tsunami.
The status of the IC, which is used to cool the reactor in the initial stages after
shutdown, have affected the event progression.



Reactor Water Level (m)

Water LevelimUnit 1

5 T T T T T
! ! | ' '
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(Reference leg)
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Cooing Reactor Core lonit 1

At 2:45 on March 12, RPV pressure was determined to be 0.8 Mpa
Around 4AM on March 12, fire engine brought fresh water and injected water into
reactor core though Fire Prevention (FP) line.

¢ The connec}ion petween FP line and reactor core was installed for accident
YFYF3ISYSyd 2y mddnQaod
¢ The connector between FP line and fire engine was prepared to enhance fire prevention
capacity after Chuetsaoki earthquake.
Twofire enginewasusedto pump water directly from water tank,and 80t of fresh
water wasinjecteduntil 14:53 on March12.

At 19:.02, after the tank dried off, seawaterin backwashvalve pit for Unit 3 was
injectedinto Unit 1 reactorcore

= gy | oFx | #2 #1 | #4 #3 #2 #1
R/B RB |« | RB R/B R/B R/B . RB R/B
T/B T/B T/B T/B T/B T/B T/B T/B
| Back wash valve pit | | Back wash valve pit ‘ | Back wash valve pit ‘ ‘ Bankwaahv?lpl | | Back wash valve pit | | Back wash valve pit L
N /
SDF N 1F
------- | R - — — = T Eﬁﬁ

TEPCO, Fukushima Nuclear Accidents Investigation Report, Attachment 10-4,
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Groups of'Radionuclides from:Nuclear-Fue

1 Noble Gases Xe, Kr

2 Halogens |, Br

3 Alkali Metals Cs, Rb

4 | Tellurium Group Te, Sh, Se

5 Barium, Strontium |Ba, Sr

6 Noble Metals Ru, Rh, Pd, Mo, Tc, Co

7 Lanthanides g?nz\r( g(ran:mNb Pm, P
8 Cerium Group Ce, Pu, Np

NUREGL465
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Released Amount of Radiactive Nuclide
Estimated by the MELCORE code

Nuclide

Xe-133
-131
Csl34
Csl37
Sr89
Ba140
Te132
Ru103
Pu241
Cm242

Unit 1

1.6 x 108
4.8 x 1@°
1.2 x 10°
9.7 x 10%
6.9 x 104
1.0 x 1@°
4.6 x 1@°
8.82 x 10
6.3 x 10
2.4x 10

Hoshi et al (2012)

Unit 2

3.3x 108
1.9 x 10/
7.1x16°
6.3 x 10°
1.2 x 106
1.9 x 1@°
8.3 x 1@°
6.8 x 140
3.0x 10
7.51 x 160

(Ba)

Unit 3

1.4x 106
2.22x 103
1.3x 102
4.5x 103
2.7x 104
2.8x 106

4.3 x 108
1.0 x 107
6.7 x 10°
5.8 x 10°
2.2 x10%

3.55 x 1@*

3.3x1@°

3.2x10 4.0x 16
3.0x10 2.6x10
2.1x 10 6.7 x106

24



HydrogenExplesiomibnit 1

at 15:36 on March 12, 2011

AccumUlation of |

y <

Plaster
board

Reinforced
Concrete
A

25
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Location of Possible Gas Release
from Mark-1 PCV to the Reactor Building

Top head flange
R, L

Piping penetration

i I —

Electric wiring
penetration

N "

Top head
manhole

“ e,

S/C manhole

U

Vent tube bellows Others such as TIH
penetration and
CRD hatch.

(Source) Example of Onagawa Power Station of Tohoku Electric Power Co., Inc.

(The photo of the top flange is from Tokyo Electric Power Co., Inc.) 26
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— D/W pressure measured (B)

— S/C pressure measured (A)

Date/time

3/15
12:00

3116
0:00

31
12:Q
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