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One of the largest magnitude Earthquake (M9.0 Richter) on record happened  

Earthquake Epicenter and 
Tsunami (image) 

Tsunami  
Propagation 

2:46 pm, March 11 

Wide area Earthquakes including so 
many aftershocks 

Source2: Fukushima Accident; an overview, Dr.Omoto, University of Tokyo,  
                ICAPP, May 3, 2011 

Source1: Earthquake Research Institute, University of Tokyo, Prof.Furumura &  
                Researcher Maeda, Mar., 2011 
                ;  http://outreach.eri.u-tokyo.ac.jp/eqeqvolc/201103tohoku/eng/#mesonet 

Source3: Effect of the Earthquake and Tsunami on the Fukushima Daiichi and    
               Daini NPPs, TEPCO, Jul.26, 2011  
                ; http://www.tepco.co.jp/en/nu/fukushima-np/handouts/index-e.html  

1. Outline of 3.11 Disaster  
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2. Outline of Fukushima Accident 

http://www.tepco.co.jp/nu/index-j.html 

Unit1: 1100MWe, 1982- 

Unit2: 1100MWe, 1984- 

Unit3: 1100MWe, 1985- 

Unit4: 1100MWe, 1987- 

Unit1:   460MWe, 1971- 

Unit2:   784MWe, 1974- 

Unit3:   784MWe, 1976- 

Unit4:   784MWe, 1978- 

Unit5:   784MWe, 1978- 

Unit6: 1100MWe, 1979- Source2: Fukushima and Earthquake Information, JAIF, Apr.4, 2011 
http://www.jaif.or.jp/english/news_images/pdf/ENGNEWS02_1311330372P.pdf 

As of Mar.13 

Unit1:   524MWe, 1984- 

Unit2:   825MWe, 1995- 

Unit3:   825MWe, 1985- 

Unit2: 1100MWe, 1978- 

All operating units affected by 

earthquake were scrammed safely as 
designed, but tsunami affected 

Fukushima Dai-ichi  unit 1 to 4. 

Unit1: 1100MWe, 2002- 
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2.1 Effect of Seismic in Fukushima Dai-ichi site 

Table: Acceleration of the earthquake 

Some actual acceleration exceeded design condition but the safety-related 
equipment  withstood the earthquake because of the large design margin. 

All units were shut down safely and kept safety functions after the 
Earthquake  

[Reference] ICAPP 2011, 3 May 2011 Akira OMOTO, University of Tokyo, JAPAN 
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2.2 Effect of Tsunami in Fukushima Dai-ichi 

Inundation height was fatally higher than assumed tsunami water 
level  

Assumed tsunami 
Water level O.P. +5.7 m 

Base level O.P. 0 m 

Site level O.P. +4.0 m 

Water Intake  

Sea 
Water  
pump 

Inundation height 
Approx. O.P. +14 m 

Turbine 
Building 

Reactor 
Building 

Site level 
O.P. +10 m 

*O.P. :Onahama bay construction level  as standard point 

Breakwater 
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[Reference] The Great Japan Earthquake and Current status of Nuclear Power Station, TEPCO 

5 

[Reference] The Great Japan Earthquake and Current status of Nuclear Power Station, TEPCO 

The sea water flooded 
into buildings through 
louver of ventilation, 
broken shutters and so on.  

The whole area of Fukushima Dai-ichi site was 
inundated by sea water at a height of around 5m. 

2.3 Damages caused by Tsunami in Fukushima Dai-ichi 

U1  U2  U3    U4 U6    U5 
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 2.4 Damages of Fukushima Dai-ichi Site 

[Reference] The Great Japan Earthquake and Current status of Nuclear Power Station, TEPCO 

Tsunami destroyed many facilities outside plants  
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2.5 Damage of Electric Network  of Fukushima Dai-ichi 

Unit 1 to Unit 4 

Damage by 
Earthquake 

Damage by 
Tsunami 

Unit 5 and 6 
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2.6 Recovery Activity in Fukushima Dai-ichi 

RPV 

PCV 

Filtered water 
Storage tank 

Condensate 
Storage tank 

Fire engine 

: in operation by loss 
of DC power 

: in operation by loss 
of AC Power 

stuck 

CS×2 

Feed Water Line 

MUW 

FP 

② 
Hx 

         

RCIC HPCI 

① 

① 

② 

Safety Systems 

AM Systems 

Main Steam Line 

LPCI×2 

Finally, Sea Water Was Injected by Fire Engines. 

                           

AC-independent water injection system 
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2.7 Why FP discharge and H2 explosion occurred?  

Core damage 

Gas temperature in 
PCV rise 

PCV leakage by over 
heat 

Fission Products 
discharge outside of 

PCV 

RPV leakage 

Event sequence 

Coolant injection 
delay 

PCV venting delay 

W/W 
venting 

Containment flange 
FP 

※W/W (Wet Well; filtering by water) prevent FP from 
discharging to the environment. 

Over temperature of PCV 
flange led to leakage of 
Fission Products 
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2.8 Effect of Tsunami in Fukushima Dai-ni 

Unit 1 Unit 2 Unit 3 Unit 4 
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2.9 Damage of Electric Network in Fukushima Dai-ni   
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External events having different hazard from internal events 

– Internal events mainly dominated by random failures of 
system and equipment 

– External events inducing fatal common cause failure 
potential in case of beyond design condition  

 Large uncertainties  in external events 

– Difficulty to define design condition based on historical data 

– Complicated and complex damage 

 Difficulty in AM operation  by widespread damage over whole 
site  

– Difficulty to access, transport and communicate 
 

 

 

3. Safety Countermeasure against External Hazard 

3.1. Finding Issues in Safety Design  
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1) Existing accident 
management enhancement 

約12000
2650

2
7
0
0

冷却用配管出口側（新規追設）

出口側

入口側

ＲＨＲへ

冷却用配管入口側（新規追設）

代替冷却装置外観

冷却用配管外観

Ｔ/Ｂ

ヤード

ＲＨＲより

代替海水ポンプ

部はホース接続

海

Hx

ポンプ

代替Hx(海水側)
入口へ

代替Hx(海水側)
出口より

代替Hx(淡水側)
入口へ

代替Hx(淡水側)
出口より

約12000
2650

2
7
0
0

約12000
2650

2
7
0
0

冷却用配管出口側（新規追設）

出口側

入口側

ＲＨＲへ

冷却用配管入口側（新規追設）

代替冷却装置外観

冷却用配管外観

Ｔ/Ｂ

ヤード

ＲＨＲより

代替海水ポンプ

部はホース接続

海

Hx

ポンプ

代替Hx(海水側)
入口へ

代替Hx(海水側)
出口より

代替Hx(淡水側)
入口へ

代替Hx(淡水側)
出口より

2)Recovery management from 
on-site and off-site 

＋ 

RHR 

FP pump 

MUWC 
pump 

CST 

Alternative water 
injection to RPV 

W/W: Wet-Well 

W/W W/W 

 Strengthening of plant facility by physical separation, redundancy 
diversity etc. is effective for external hazard. 

 But mobile countermeasures located apart from plant facility 
should be prepared as the hedge of the common cause failure risk 
in the plant facility. 

3.2. New Countermeasure for External Hazard  

13 
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General Concept on B/B 

Backup Building located apart from a plant facility to recover the 
safety function of the plant. 

Alternate AC power supply and mobile DC batteries 
Alternate water injection and cooling system 
Ｓｐａｒｅ ｐａｒｔｓ of pump, valve and electric panel etc. 
Advanced base instead of damaged main control room  

3.3 Back-up Building Concept  
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 Plant states LEVEL1 
(Normal) 

LEVEL2 
(Transition) 

LEVEL3 
(DBA) 

LEVEL4 
(SA) 

LEVEL5 
（Large  Radioactive 
Release) 

AM Procedure 
 
 
 
 
 
 

Management 
Base 

 
 
 
 
 

Responsibility 
 

3.4 Operation Procedure and Responsibility in Emergency 

DBA Procedure 

Plant ＡＭ 

On-site ＡＭ 

Off-site ＡＭ 

Utility Utility  
+ Government 

Core Damage 

 Emergency procedures should be prepared for the proposed 
countermeasure. 

 
 Appropriate changeover of management base and responsibility 

should be executed according to accident stage. 

Main Control Room (Operator) 

Backup Building 
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W/W 

S/P 

Backup 
Building 
(B/B)   ：Additional facilities 

Hill 

 Water 
Source 

ＰＣＶ 

ＲＰＶ 

 Reactor Building(R/B) 

 Water injection 
System 

Mobile Pumps 

Alt. AC power 
(Air Cooled D/G) 

Mobile batteries 
for SRV 

 Connections 

ＳＦＰ 

16 

For Depressurization 

For water injection 

Core 
Cooling 

Main Stack 

Venting 
Filter 

Safety Enhanced ABWR Developed for New Plants (Domestic, UK, Lithuania etc)   

4. Deployment of Safety Enhanced ABWR   
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5. Conclusion 

 Fukushima accident is not only a conventional SBO but also a 
severe disaster derived from the loss of all safety-related system 
such as electric power, injection system and heat removal system. As 
result, all lessons learned from Fukushima accident should be 
reflected for all nuclear reactor types. 

 
 Mobile system and backup building concept located apart from 
plant facility are effective for the protection and mitigation of 
external hazard. 

 
The measures against Fukushima accidents introduced here will be 
optimized and applied for the new nuclear power plants( UK, 
Lithuania etc.). 


