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Damaged External Power

" External AC Power was lost in Fukushima Daiichi

Breaker insulators were /4>

completely destroyed

W GIS : Gas Insulated Switchgea

s Onagawa Unit 1-3 were OK
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- 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

Cooling sea water Seawa”
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Reference: The Tokyo Electric Power Co., Inc. Release
[Online]. http://www.tepco.co.jp/tepconews/pressroom/110311/index-j. html
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Tsunami Flooding Area in each NPP
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Cause of SBO in Fukushima Daiichi

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

Metal Crad SW

Sea water heat exchanger room

Sea water

X o i |

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

B [ oss of battery power for main control room caused the fail-close action to
MO isolation valves to cut off the IC cooling.

B |t was act as a fail-dangerous system under the loss of DC.

B |f the IC continue to operate, the accident would be terminated.

Isolation
Condenser

Steam
Blowout

B RCIC steam turbine also
stopped by loss of battery
Water Tank power in Unit 3.

B S/P temperature and
pressure were so high that AM
water injection took a lot of
times.

Fire Pool

M:IC Control
Valve
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Hydrogen Detonation and CV Rapture
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Radiation level increased after CV rapture

mH2 detonation were occurred after vent operation (#1, #3, #4)

mRadiation level increased soon after #2 CV rapture
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Status of airborne radioactive materials

Annual dose on the site boundary by radioactive materials

(cesium) released from R/B in Units 1 to 4
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( Reference ) * Dust concentration in the area surrounding 1F site
* Concentration limit in the air of environment surveillance area boundary :
; [Cs-134] : ND ( Detection limit: approx. 1x10-
[Cs-134] : 2x10%Bg/cm? Bg/cm3)
[Cs-137] : 3x10°Bg/cm3 [Cs-137] : ND ( Detection limit: approx. 2x107Bg/cm?

)
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Fukushima Daiichi Now
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Status of the Reactors at Units 1 to 4

Cold shutdown is being maintained at all reactors

Reactor cover

Spent fuel pool\
\

_ Reactor Building

Cover for

Fuel debris

Accumulated
water

Unit 1 Unit 2 Unit 3 Unit 4
RPV bottom temp. About 29°C About 36°C About 34°C -
PCV internal temp. About 29°C About 37°C About 34°C -
Fuel pool temp. About 26°C About 22°C About 21°C About 22°C
Reactor cooling water
injection volumge About 4.6m%h | About 4.5 m3/h | About 4.3 m3h -

(asof Sept24,2014)
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Concentration of FP in seawater
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Radiation Dose Map around Unit 1 to 4

Unit: uSv/h

]_'l e 0-10 uSv/h
 EREEATT 10-20 uSv/h

e 20-30 uSv/h
&)  30-50 uSv/h
e 50-100 uSv/h

e 100 uSv/h-
[ ] -
7

v (as of Oct. 10, 2014)
y
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Radiation Dose Map in Unit 1 Building

Unit : mSv/h

Unit 1: Reactor building
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Tour to each unit




Curre_nt Status of Unit 4

‘\{} N All the fuels removed from spent
et mes  fuel pool by the end of 2014

= Shinchosya
Shinchosya
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No fuels in the spent fuel pool

Shmchosya
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No fuels in the spent fuel pool

———e - Shinchosya
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Current Status of Unit 3

Rubble removal from the top of the reactor
building completed. Installation of fuel removal
cover and fuel handling facility planned

Completion of
Rubble Remowval
As of Oct. 11, 2013

—

1"" Il-|.

:““'2.'.5'

O

;_-I'-'!:',r.-" -
- o

Damaged by
Hydrogen Explosion
As of Feh. 12, 2012

-_ T Fuel R‘Eirleual -5
Structure i
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Current Status of Unit 1

Sustained stable reactor cooling.
The protective cover W|II soon be removed to continue the

Damaged by Completion of Cover Structure

Hydrogen Explosion As of Oct. 28. 2011
As of Mar. 12, 2011 '
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Current Status of Unit 2

No hydrogen explosion inside the Reactor
Building due to opening of the Blowout Panel.

Very high radiation level in the building.

Opened Blowout Panel

Opened Blowout Panel Closing the Opening Section
As of Apr. 10, 2011 As of Mar. 11, 2013
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Contaminated Water Management

Inflow of
ground water

~400m3/day | |/

Ground water

Reactor cooling water
Approx. 320m3/day

Approx. 720m3/day

Desalination Unit
- Reverse Osmosis (RO) membrane

- Evaporative concentration

Back-up equipment

Reactor bldg.
L |
L H N
iiiiiiiiii ] Turbine
': %ﬂ% bidg.
Contaminated water [«
@ ' g inside R/B @
|
Cooling by
recirculating
cooling water
Cooling
—@-' water
tank
o ey — —
i !
' Cooling |
E _@- water |
' tank |
! T .
l !
i |
i !

Lessons learned from Fukushima Daiichi Nuclear Acciden®

~400m3/day
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except for Tritium (ALPS)
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Current site layout in Fukushima Daiich

Sea-side
Impervious
Wall

Tempaorary
Tanks Near

o
Temporary Storage
Unit for Spent
i & 2L # Cesium Adsorption
1'% Vessels

/. _:n_ﬁlhl::'

Il Groundwater
Storage Tanks

Temporary Storage Unit for
Spent Cesium Adsorption

I I J i 1| Reservoir for
LY .

Groundwater -

Advanced Liquid Processing 85 -I, |
System (ALPS _

\
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Advanced Liquid Processing System (ALPS)

!

\
\

e\

L S "

ST P &b ¥
Lol

Shinchosya

Treat the contaminated water
by removing radionuclides

730

Tons/day in first installed system

2,000

Tons/day with first installed system
+ additional system
+ high-performance system

120,000+

Tons of contaminated water
processed so far

REMOVE SOURCES OF
CONTAMINATION



Contaminated Water Status

Radioactivity concentration of main nuclides

100000000
10000000 |
1000000 | | st = = e =

100000 = B mCs-134
10000 | | WCs-137

1000 | - [OGross B
100 || I Tritium

10 & =

1 | a] Akl
01 | | | | I_-_

Accumulated Outlet water of  Outlet water of OQutlet water of Outlet water of
water in cesium removal  desalination desalination ALPS
buildings equipment equipment equipment

(fresh water) (concentrated

T salt water)

(1) Cesium removal unit (2) Desalination unit

Concentration of radioactivity [Bq/L]

* Sampling was conducted on Nov. 5, 2013  ( April 9 to 12, 2013 as for ALPS outlet water
)
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Fundamental Measures

Fundamental Measure(3) Pump up groundwater through
E sub-drains and groundwater drains. [Bypass]

Reactor Building

Pump-up

Water level

Sub drain
Pump-up

Permeable

Permeable Laye Pump-up well

Low per,
Meap|
Layer €

Sea surface

Keeping water away from the contamination
source

Groundwater drain

Fundamental Measure (2) Fundamental Veasurne (d)
Install'the land=side Water=shielding frozen Installitne sea-sideiwaterssnield
walls to) prevent water flowinglinte buildings walls to prevent lsaiags

W B . | r -
* Hxitmg seawall s |

Coolant cueulatiod (to create frozen sol) e — g

Circulating coolant
8k % 7). 8
=3 1
Agjuiclode luyey
["'ip:::i
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Groundwater Bypass

Pumps collect
groundwater bypassing
g reactor buildings and

§ divert it safely to the sea

300-350

Tons/day pumped up

50-80

Tons/day estimated
amount of water
reduced flowing into
reactor buildings

GROUNDWATER
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Landside Impermeable “Frozen Wall”

Block groundwater from entering the units

and becoming contaminated

1.5km

Long

[ 1 545

Vertical pipes delivering
soil-freezing coolant

#

PROGRESSION OF SOIL FREEZING (Begins March, 2015)

ISOLATE WATER FROM
CONTAMINATION
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Seaside Impermeable Wall

Block groundwater
flowing between
the facility and the

PREVENT LEAKAGE OF
AQUICLUDE B cONTAMINATED WATER

Lessons learned from Fukushima Daiichi Nuclear Acciden Prof. Narabayashi, Hokkaido Univ., Japgh



Robotlcs for Resilience Action at Fukushima Daiichi NPS
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Survey by Boat at Basement Floor of Unit 1

Reactor Building

Survey and repair toward filling PCV with water -
/ Submersible robots

Vacuum break line

 ¢

Suppression chamber (S/C)

_ Cross-section of basement
_— floor of R/B (torus room)
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Survey at Basement Floor of Unit 1

Reactor Building

Robots Survey and repair toward filling PCV with water

b L

protective coVer

G
Nl

I
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External catwalk

ﬁurvex equipment
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Investigation into Unit 3 Leakage Location

Finding of water leakage

7

)=
‘l:‘ v ‘ r MSIV room

Cooling =

Water
flow

(Drawing seen from the containment vessel's
interior)

Reserve (X-46,47)
or15280+QOD-—————————— -

Reedwater system piping penetration part (X-9A, B)

O.PA1 3270
Containment vessel water
level
(assumed water level based on
pressure conversion) — -
From 0.P.12020 tp 12080 0
Mam stea tem piping penetration part (from X-7A to D)
0.P.10610

Main steam system drain piping penetration part (X-8)
Main steam isolation valve (MSIV) piping penetration part
Cross-section schematic diagram

Piping penetration part | §‘ I A
i p Exp nsion joint D= p

Main steam plplngD

(ap1s |9SS9A Juswulelu0))

Comprehensive view survey
camera (pan tilt camera)

Survey endoscope camera

Dosimeter
(hot spot dosimeter)

Reactor Building 2nd floor -
Floor space of the air
conditioning machinery room

Main steam
pipe process
radiation
monitor

Reactor
Building 1+t
floor MSIV

Feedwater

| Rctor Building 1¢t floor MSIV cross-sectin

Note: the radiation monitor for the main steam pipe process is located between water pipes A and B and main steam pipes B ad C.
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Investigation into Bottom of Unit 2 RPV

®Status investigation @Status/circumstance
on CRD rail and investigation on the E i(:)“?RJI[iD/P:?t;orm
opening in pedestal inside of pedestal g19atio

@Pedestal
bottom
investigation

®’Investigation of
personnel access

- opening at pedestal
X-6 ‘ bottom

Opening in
exchanglng rail pedestal

Platform

Personnel access opening

* As for ®, access from the outside of pedestal is also considered.
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Investigation into Bottom of Unit 2 RPV

—

' " exchanging rail
face

Footage location and
direction

1F Grating

CRD

Perimeter of opening in
pedestal
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Improvement of Facilities for Workers

New Office facilities must
evolve to meet the needs
of NPS workers

Lessons learned from Fukushima Daiichi Nuclear Acciden Prof. Narabayashi, Hokkaido Univ., Japan



Causes of SA and Countermeasures

(P) Protection (R) Resilience

L oss of external Power  (P)Enhance aseismic device
by Earthquake "®(R)Recover Ext. Power Cable

Loss of EDG, P/C DC (P)Water proof door, hatches
Battery, 1&C and phone =) (R)Mobile power/pump on hill

Loss of water in Core (P)Diversity of water injection,
Meltdown, Hydrogen " (R)Recover heat sink and PAR

Loss of containment (P)CV cooling, FCVS
function, heat damage = (R)Water Cannon, R/B Cover

Slow judgment to protect _}(P)New nuclear regulatory
against nuclear disasters (R)Quck action by response center
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Countermeasure : Filtered Vent

mLessons of Chernobyl NPP Accidents promoted the installation of Filtered
Vent System to protect radioactive materials exhaust.
( French, German, Switzerland, Finland, Sweden )

=DF 1/100-1/1000 Spent
|2 Csl efc. Fuel Pool

Mist Separator

;;;;;;;;;;;;;;;;;;;
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Visit .Chooz

: SE
s -

NPP, EDFE France

LN
[

"

red Vent
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Visit Leibstadt NPP, KKL, SW|tzerIand

Lf”Q
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FCVS:Filtered Containment Venting System

®Vent valve will be open by manual shaft when SBO
~ { l - 4 DF
i \ > 1000 Aerosol
> 100 |,
Stuck

Rapture Disk
(~3bar)

Dl
P bl

MOV MOV
Normal Normal
\

Open Close

NaOH

AAAAAAAA

Solubility pH10 ~50

Back fitted on 1992 for (mitigation of Sever Accident) SOlUbIllty pH7
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The Examples of FCVS Configuration Planned to install

nuclear plants

(Dry Type) (Wet Type)
Stainless Mesh Aerosol Venturi Scrubber +
Filter + Molecular Sieve | Metal fiber Filter

lodine Filter

- E .""x.-——- Containment ) Stack
\ __ Prefiter (Stainless Mesh Aerosol |

I{ H
/ ﬁ; Aerosol Filter Filter)
| — 4/
’ I
ressure Vessel Valve Filter
F v Rupture Disc a| L : .
——ﬁ[zrm;Eb S =
- Contanmen .
pm“ﬁ;ﬂf 3 | Valvos ig-jLiT:.ﬁri‘.L-a '
/ _ ) Deasign for
(Molecular Sieve lodine

Filter) P

Rupéura
diaphragm

) (Metal Fiber Filter)

Droplet saparation and micro-
a8 rosol fitration sachion

Droplet mtum pipa

(Venturi Scrubber)

Vantun scrubbar sachon

Design for unsubmengad oparation
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FCVS Test Faclility at Hokkaido Univ

— Radioiodine Adsorbents For SGTS —
._ | | W | Rasa Industries, Ltd.
- L | W i Electronic Material Department
I
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FCVS Installatlon Chubu and TEPCO
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Tsunami Protection

Diablo Canyon NPP, USA

) o
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Peach Bottom has \Water Proof Doors

i lererin .
!
1 -
i
A .r
A )
RN | BN - !l i L ~
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Resilience after Tsunami:

Recover Core/PCV cooling for BWR

THTHEE

=y

Fuel Pool

Reactor Containment ~ Emergency
Diesel Power

Generator

External Power Supply

DC Power Supply Reactor
(Battery) Pressure Vessel

— Lo

- : Alternative Water Injection

Emergency Reai:tor
Cooling System:

Reactor Cor
Isolation
Cooling System

Ventilation /

Stack [ g Sea Water Pump

\!/ J
s z
7/

-

-

.

-

-

Pressure Sup?ression Chamjler
Cooling Pump

AN

i
-
—
K
- :
- '.

bt b i i Pressure Suppression Chamber
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Countermeasure for Tsunami, based on

the Defense in Depth Philosophy
Mobile Cars on Hill

Water Proof Water Proof

Wall and Doors Door for EDG
and Pumps
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Countermeasure for Tsunami, based on

the Defense in Depth Philosoph

@SG Feed Water Pump at 31m
@Core Direct Injection Mobile Car at 31m

OlEsek -_
Bttt Tm 542 3 1 ]
RFFEnEs I I l |
?ﬁ' REFRE
e ot L, | £ 2
R
. DHERERNE | WS : 7 / OB sk ss
#AATORE 2% OESHARORE | ‘ )
7 “#-_f_'__,-o-"" Jf" = o |
] H | s .
: mj' I‘l/ m,‘| Prpe— K A mxmmoar "'l !
T 1| | Tt =%} 25m |
: | i : : : 1 l LS % e}
i : : - Eﬁ?ﬁﬁi“ ™
i ] I — B .
——— | | /J ] IEI—-AT___ 17'“ i F
P P LI T T A ‘ . | i

@ TD SG Feed Pumps Wall DZ5m
| ®P/C, Control Room [120m
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' ---
( J— p— —
Reactor bundmg was enforced to [EG—_EE_
be a castle for ECCS survival. ---

Unit 1 elevation 5m, Unit 7 1_2m in Kashiwazaki-Kariwa NPS



Resnlence for AC Power at Genkai NPS

Lessons learned from Fukushima Daiichi Nuclear Acciden ¢ Prof. Narabayashi, Hokkaido Univ., Japast



Risk Reduction by Countermeasures
BMBase Case: Relative Risk=1.0

"TCASE_ Moasures

1.0[ Base Case Before 3.11
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= |
"T‘: 0.4 — Core Damage Risk
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Air cooled

CV Spféy i

Resilience to recover CV cooling

——Without FCVS
— With FCVS

____________________

~ |Extension shaft

20 30 40
Distance (km)

Top head flange cooling

Lessons learned from Fukushima Daiichi Nuclear Acciden Prof. Narabayashi, Hokkaido Univ., Japa8
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Resilience for CV Cooling

P ) p

Lessons learned from Fukushima Daiichi Nuclear Accidenft




Resilience for H2 Accumulation

Hydrogen Passwe Heated Ignaiter

Lessons learned from Fukushima Daiichi Nuclear Acciden§: Prof. Narabayashi, Hokkaido Univ., Japa%6



Tsunami Protection: Water proof door
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Resilience for Water Injection
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Resilience for Water Injectlon
Diesel Engine Driver D]

'Il gﬁﬁ?ﬂ%ﬁﬂpﬁ
C M) n!ﬂiiT'f 'IZ}D:IA-Rjj

Lessons learned from Fukushima Daiichi Nuclear Accidenf g Prof. Narabayashi, Hokkaido Univ.,



Resilience for Water Injection:

Moter Driven Pump (Diversity)
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arabayashi, Hokkaido Univ., Japaed



Resilience for Heat Sink
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Electric Power Supply Car at |lkata NPS

Lessons learned from Fukushima Daiichi Nuclear Acciden Prof. Narabayashi, Hokkaido Univ., Jag&h



Portable Water Supply Pumps for Resilience
Action at lkata NPS
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Under Water Pumps for Resilience Action
at [kata NPS
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Resilience for CV damage:\Water Cannon
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People in Fukushima met the Mayer of
Slavutich City on Sep. 2013

——

Lessons learned from Fukushima Daiichi Nuclear % Prof. Narabayashi, Hokkaido Univ., Ja;ﬁ%



Fukushima’'s People Learned the
Good Practlce of Slavutich
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The Dreamy Town Slavutich in Ukraine
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The Dreamy Town Slavutich in Ukraine
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A Plan to construct the Dreamy Town In
Fukushima should start ASAP
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Conclusion

BFukushima Daiichi NPP accident would be terminated,
If protection/ resilience measures installed for
tsunami,

such as water proof door/mobile power, etc.

®in Europe, it had already installed the Heat Removal
System and Filtered Venting System from the lessons
of TMI and Chernobyl Accidents.

BFrom the Lessons of Fukushima-Daiichi Accidents,
we should prepare protection and resilience actions

based on the defense in depth strategy for the world
NPPs.

B Nuclear education is very im portant to improve the

Lessans leamed fiom Fiiknskiaiz Datichi Mealzoar Aczic: emi 2rof. Narakay azhi, Hokkzaido 1. iv., Japare
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