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各発電所の津波の浸水範囲Tsunami Flooding Area in each NPP
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Hydrogen Explosion and CV Rapture

#1#2#3#4

CV RaptureDetonation

Air Photo Service Co.

Detonation Detonation
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Radiation level increased after CV rapture

Nikkei Science, July 2011

3/11 3/12 3/13 3/14 3/15 3/16 3/17 3/18

1F NPPs Monitoring Trend

14000

12000

10000

R
ad

ia
ti

o
n

 L
e

ve
l 

(m
S

v/
h

) #1 Vent started

#1 Detonation

#3 1st Vent   

#3 Detonation  

#3 2nd Vent   

#4 Detonation  

#1 Vent #3 1st Vent   #3 2nd Vent   #2 2nd Vent   

#1 Seawater Injection

#1 Loss of cooling

#3 Loss of cooling

#3 Seawater Injection

#2 Seawater Injection

#2 Loss of cooling     

#2 Vent Failure  

#2  2nd Vent             

#2 Core uncover             

#2 White smoke #3 White smoke       

#3 White smoke again  

#4 Fire        

#4 Fire     
#3 Spent fuel

Seawater
Injection

#2 Explosion
sound near S/P
#3 Gray smoke

#2 Emergency declaration

Tsunami attack at 15:41

Tohoku-Pacific Ocean
Earthquake at 14:46

400,000 mSv/h (Near #3) 100,000 mSv/h (Near #4)
30,000 mSv/h (Between #2 and #3)

400,000 mSv/h (Near #3) 100,000 mSv/h (Near #4)
150,000 mSv/h (Near #2),30,000 mSv/h (Between #2 and #3)

Time

■H2 detonation were occurred after vent operation (#1, #3, #4)
■Radiation level increased soon after #2 CV rapture
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After water injection on March 15

5

RPV Pressure fluctuation
due to water evaporation

PCV top flange 
leak started

Melt core relocation
into lower plenum
and RPV bottom

failure starts

Fukushima Daiichi Unit 2 (1F-2)
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Cause of Contamination on March 15
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Was a cause of PCV leak
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Cause of Contamination on March 15
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Vent failed both Unit 2 and 3 on March 15
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Unit
5,6

Unit 3,4

Turbine
Stack

R/B
Unit 1-4

Rad/B

Vent
Steam No Vent

Steam

No Vent
Steam

No Vent
Steam

Steam
from R/B

Steam
from R/B

(a) 13:00, March 13 (b) 15:00, March 13

(c) 16:00, March 15 (d) 17:00, March 15
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Direct leak from PCV of 1F-2 and 1F-3
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(a) 13:00, March 13

(b) 7:00, March 15

(c) 10:00, March 16

(d) Unit3, 7:31, March 15

(e) Unit2, 8:58, March 15

(e) Unit3, 9:51, March 16

Steam
from 
Unit 2
R/B

Steam
from 
Unit 3 
R/B

Steam
from 
Unit 3 
R/B

Loss of air for vent 
valves cause the 
PCV direct leaks,
and the cause of 
contamination 
around
Fukushima-Daichi
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Causes of SA and Countermeasures

Loss of containment
function, heat damage

Loss of EDG, P/C DC 
Battery, I&C and phone

(P)Enhance aseismic device
(R)Recover Ext. Power Cable

(P)Diversity of water injection,
(R)Recover heat sink and PAR 

Loss of external Power 
by Earthquake

(P)Water proof door, hatches
(R)Mobile power/pump on hill

(P)CV cooling, FCVS
(R)Water Cannon, R/B Cover

Loss of water in Core
Meltdown, Hydrogen

(P)New nuclear regulatory
(R)Quck action by response center

Slow judgment to protect
against nuclear disasters 

(P) Protection    (R) Resilience

PAR: Hydrogen Passive  Autocatalytic Recombine
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New Regulatory Requirements

Special safety 
bunkered facilityTornado Volcano

Wildfire

Reactor building

Turbine building

Fire engine
Mobile pump

Aseismic base isolation 
commander building

FCVS

Fault survey trench

Boring exploration

Water proof EWS
pump building

Seawall

Underground survey

Reservoir

Injection 
pump

Mobile generator

Generator

Intentional aircraft attack

Multi-external transmission 
line

FCVS

11
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Defense in Depth
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&
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Protect CV and PCV cooling
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PWR: CV Spray, CV recirculation
cooling, PAR

BWR: PCV Spray and RHR,
Filtered vent
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Peach Bottom has Water Proof Doors 

14
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Countermeasure for Tsunami, based on 
the Defense in Depth Philosophy

Water Proof
Wall and Doors

Water Proof
Door for EDG 
and Pumps

Mobile Cars on Hill

15

Embankment
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FCVS will be installed under ground Pit
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原子炉建屋

ＣＲＤ
補修室

ＣＲＤ

ＨＣＵ

弁室
ﾍﾟﾈ室

X-81

ＳＦＰ

Ｓ／Ｐ

ＨＣＵ

FMCRD制御盤室

中央制御室

X-251

所員用エア
ロック室 FCS(B)室 FCS(A)室

フィルタベント
設備建屋

フィルタベント
トレンチ

FV送風機

粒子よう素
現場盤

水素モニタ

C/C

給気
フィルタ

格納容器フィルタ付
ベント装置

＜頑健性確保型ＰＣＶベント設備例＞

航空機エンジン等の
燃料流入防止を考慮

緊急時制御室と中央制御室
からの操作を考慮

排気管の位置分散
航空機燃料流入防止堰
緊急時制御室と中央制御室からの弁操作

排気筒

位置的分散を考慮

Alt. Stack

Stack

Barrage

Vent Valve

PCV

Extended
Valve Shaft

Reactor Building

RPV

S/P S/P HCUHCU

FCVS

GL

■FCVS will be installed under
ground Pit (Banker)
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Filtered Containment Venting system
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ＡｇＸ RASA

Hokkaido University

Kakenhi(B) 24360388

Kashiwazaki Kariwa 
TEPCO
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FCVS Installation Chubu and TEPCO

18
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図７
Prestart Status  of Japanese NPPs 
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Sendai 1, 2 restarted in 2015

20
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Congratulations for Restart Sendai
NPP Unit 1 and 2  (890MWeX2)

21

Dec. 10, 2015
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Takahama 3, 4 are ready to restart

22

870MWeX2
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Ikata 3 Restarted on Aug. 12, 2016
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Depressurization & Core Cooling for PWR 
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SG 
Secondary 
Cooling

Core 
Injection

RHR Pump+HPI Pump

TD AFWP

RCP MD AFWP
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Containment Vessel Cooling after BDBA

25

CV Cooling
FP Removal

H2 Reduction
by PAR

Sea Water 
Pump for UHS

Cooling Debris
MCCI Protection
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CV Cooling:  Mobile Pump for Cooling

(1)CV Cooling unit
(2)Seawater (3) CV Spray

(1)

(2)

(3)

CV Spray Pump

Aux. Cooiing

Aux. Cooling Pump

Sea
Water

Cooler

Connect to UHS

Mobile
Pump

蒸気発生器
Acc.

Natural 
Convection

CRDM

Sea Water 
Pump

CV Spray

Natural Convection
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Resilience for CV Cooling

27

CV Spray by mobile pumpCV Recirculation 
Cooling   
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Resilience for H2 Accumulation
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Hydrogen Passive  
Autocatalytic Recombiner 

Heated Igniter 
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Tsunami Protection: Water proof door
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Mortar Driven Water Injection Pump

30
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Diesel Engine Driven Water Injection Pump
(Diversity is important)
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Resilience for Water Injection:
Motor Driven Pump (Diversity)
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Kimura Chemical Plants

Rasa 
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For Fukushima-Daiichi Decommissioning
Radiation protection during a process of 
cutting core debris should be needed.

34

In order to develop an air clean up system for radiation 
protection during a  cutting core debris of the Fukushima Daiichi 
NPP as a process of their decommissioning, a high efficiency 
filters should be developed, such as a wet-type aerosol filter, a 
metal fiber filter, a silver zeolite

Visit Zion NPP

Plasma Cutter
Laser Cutter
Wire Cutter
Drilling machine
Etc. for Debris Aerosol Filters

FP release 
protection
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Metal Fiver Filter Test
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 0.06μm BaSO4 25gX40 batches＝1kg
There are no particle at the down stream of the filter（DF＞10,000）

 Differential Pressure was almost constant

 High performance Metal Fiver Filter with AgX,  supplied by RASA 

Metal Fiver＋AgX
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Trapped nano powder of BaSO4

36

65nm
～700nm
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Metal Fiber Filter Trapped nano size Powder
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Iodine Absorbed Analysis Result in a AgX Particle
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Iodine was captured 
even at the center of  

a AgX particle
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Advanced Liquid Processing System (ALPS)

Treat the contaminated water 
by removing radionuclides

REMOVE SOURCES OF 
CONTAMINATION 

750
Tons/day in first installed system

120,000+
Tons of contaminated water 
processed so far 

2,000
Tons/day  with first installed system
+ additional system
+ high-performance system

Shinchosya
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Robotics for Resilience Action at Fukushima Daiichi NPS

40
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Survey at Basement Floor of Unit 1 
Reactor Building

Vacuum break line

Torus 
hatch

Vacuum 
breaker

Survey 
camera

Expansion 
joint

External catwalk

SHC system 

AC system

P
C

V
 s

id
e Leakage location

Vacuum breaker

Expansion joint's 
protective cover

Survey equipment 

Robots Survey and repair toward filling PCV with water
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Investigation into Bottom of Unit 2 RPV (2/2)

③

①

CRD 
exchanging rail 
face

1F Grating

Perimeter of opening in pedestal

 

X-53

X-6

CRD exchanging rail

Opening in 
pedestal

PCV

RPV

Pedestal
③

①

②

1F Grating

Footage location and 
direction

②

1F Grating

CRD 
exchanging 
rail face

Deposit

Finding Core Debris by Robotics
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Investigation into Bottom of Unit 2 RPV (1/2)

 

①Status investigation 
on CRD rail and 
opening in pedestal

②Status/circumstance 
investigation on the 
inside of pedestal

③CRD/Platform 
investigation

④Pedestal 
bottom 
investigation

⑤*Investigation of 
personnel access 
opening at pedestal 
bottomX-6 

penetration CRD exchanging 
rail

Opening in 
pedestal

Personnel access opening

RPV

CRD

ＰＣＶ

Platform

* As for ⑤, access from the outside of pedestal is also considered.

Transformer Type Robot for Investigation debris at pedestal
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Contaminated Water Status
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Super Engineer Education Project

45

*MEXT: Minister of Education, Culture,
Sports, Science and Technology 
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Framework of the Project
■Collaboration of Universities, Electric Power Co., Vendors

and ISOE, University of Illinois

Prof.Narabayashi
Hokkaido Univ. 

ISOE Symposium
University of Illinois

Univ. ATOM

HITACHI GE

ABWR/ESBWR

MHI

PWR

JINED
Senior Network

AESJ
JAIF
HRD

炉心伝熱・コアキャッチャ

Hokkido
Electric.

Hokuriku
Electric

Chugoku  
Electric

JAEA
Network

46

TOSHIBA/IHI 
AP1000
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Number of Students Trained in this Project

Students Major
Number of Students

TOTAL
FY 2015 FY 2016 FY 2017

BS 1 All students in Hokkaido － ５０ ５０ １００

BS 2
Civil, Natural Resource,
Environment, Electronic

１００ １００ １００ ３００

BS 3
Nuclear, Mechanical 
Engineering

１２０ １２０ １２０ ３６０

MS 1,2
Nuclear, Plasma, 
Radiation, Mechanical

０ ７０ ７０ １４０

NPP Training 19 ATOM Universities １３ １３ １３ ３９

Vendor R&D 19 ATOM Universities １３ １３ １３ ３９

ISOE/Illinois Excellent Students ５ ５ ５ １５

TOTAL ２５１ ３７１ ３７１ ９９３

47
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Students Training Programs for Super Engineer

48
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Lecture by  RP managers at ISOE Symposium

49
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Cooperation with University of Illinois from 2015

Lessons & Learned
from Fukushima NPP

Prof. Narabayashi 

Mr. Takuma was trained at University of 
Illinois and he entered TEPCO last April

50

Met with Prof. J. Stubbins
He said “I will help TEPCO to recover” 
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The Dreamy Town Slavutich in Ukraine

51
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People in Fukushima met the Mayer of 
Slavutich City on Sep. 2013

52

52
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Fukushima’s People Learned the 
Good Practice of Slavutich

53

53
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The Dreamy Town Slavutich in Ukraine
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54
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The Dreamy Town Slavutich

55
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Fukushima’s People Visited the Research Center for 
Radiation Medicine of the National Academy of Medical 
Sciences of Ukraine and were given doctors advice.

56

There are no difference between people whose 
exposure dose were less then 300mSv in 
Ukraine and other public.   
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Not to be a Victims, but to be a Survivor

57

Information Contamination was much severe than 
Radiation Contamination

58
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Conclusion
 From the Lessons of Fukushima-Daiichi Accidents, 

Japanese NPP has installed safety measures, and 
Sendai 1 and 2 restarted in 2015. Ikata restarted in 
2016. Kashiwazaki-Kariwa(ABWR) will pass to
restart in 2017.

Development of Filtered Venting System (FCVS) with 
silver zeolite has finished. Installation has started.
Development of a high efficiency multi-nuclide aerosol

filters for radiation protection has already started at
Hokkaido University as a MEXT project in Japan.

Nuclear education is very important to encourage 
students to be super engineers for future Nuclear 
Energy supported by MEXT.
Super Engineer Education Project has been started

by the support of ISOE NATC. Thank you very much.


