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The 2011 off the Pacific coast of Tohoku Earthquake on March 11, 2011: Fault Model 

By Geospatial Information Authority of Japan 
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Immediate human losses due to the earthquake and tsunami,  

and stress-related deaths 



Where SAM has reached? 
(Major Event Progression at 1F1) 

[SOURCE] NISA,IAEA Safety Convention Meeting ,April 4,2011. 



Air dose rates in the 80 km zone from Fukushima Daiichi NPS 

Source: Nuclear Regulatory Authority, Japan (http://www.nsr.go.jp/data/000067233.pdf) 
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• The building cover has been installed to prevent dispersion of radioactive materials. 

• Now the cover is being dismantled in preparation for the fuel removal operation. 

• Currently, toward the fuel removal from SPF, removal of rubbles is underway. 

• On August 2, 2015, removal of largest rubble(FHM), weighs close to 20 tons, 

lying in the spent fuel pool was completed by remote control . 

 

• On December 22, 2014, all (1533) fuel removal from Unit 4 SPF was completed. 

1. The Current Status of each Unit at Fukushima Daiichi NPS 
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Until completion of 
decommissioning 
 

(30-40 years) 

Phase 3 
Measures  for 
Stabilization 

Phase 1 

 
Cold Shutdown 
• Cold shutdown condition 
• Release of radioactive 

materials is greatly 
controlled 

Phase 2 

November, 2013 December, 2021 30-40 years later 

Until start of fuel 
removal from SFP 
 

(2 years) 

Until start of fuel debris removal 
 
 

(10 years) 

December, 2011 

Fuel removal from Unit 4 
SFP commenced on 
November 18, 2013. 
(Completed on December 
22, 2014) 

【Unit 4 Spent Fuel Pool (SFP)】 

 On June 12, 2015, the Mid-and-Long-Term Roadmap was revised on the Inter-Ministerial Council for 
Contaminated Water and Decommissioning Issues. 

 While some delay is found in the schedule of fuel removal, the  general framework that completion 

of decommissioning in 30 to 40 years is held by keeping the milestones of contaminated water 
management, fuel debris removal and waste management. 

 
 

Fuel removal from 
Unit 3 to start in  
FY 2017  

【Image of the Unit 3 Cover for Fuel Removal】 

2. Overview of Decommission Strategy – the Mid-and-Long-Term Roadmap 
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1. Removing the contamination source 
 
 

① Clean up contaminated water using multi-
nuclide removal equipment, etc.  

 

② Pump-up contaminated water from trench 
 

2. Isolating groundwater from contamination 
sources 
 
 

③ Groundwater bypassing system 
 

④ Pump-up from sub-drain around the reactor 
building 
 

⑤ Land-side frozen soil impermeable walls 
   

⑥ Waterproof pavement wide area facing  
 

3. Preventing leakage of contaminated water 
 
 

⑦ Ground solidification by sodium silicate 
 

⑧ Sea-side impermeable walls  
 

⑨ Construction of welding type tanks including 
replacement from flange (bolt) type 

3. Main Progress on Contaminated Water Management – Comprehensive Countermeasures 
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Five Years after the Fukushima Daiichi Accident: Nuclear Safety 
Improvements and Lessons Learnt, NEA, 2016 

• Continuing enhancement of safety 

• Effective implementation of safety improvements 

• Using operating experience and risk insights 

• Strengthening regulatory frameworks 

• A long-term learning process supported by safety research 

• The human element as an essential aspect of safety 

• Emergency management and the long-term commitment of 

resources 

• Enhancing stakeholder involvement and public communication 

• International co-operation as a key factor in continuous safety 

enhancement 



Safety Improvements at plant 
 

• re-examination of the response to 

external hazards, and utilization of the 

latest data technology to identify and 

consider plausible combinations of 

sequential and consequential events 

 

• the robustness of both DC and AC 

electrical systems  

 

• Heat removal from core; bunkered 

safety systems, portable equipment 

 

• Containment venting and hydrogen 

mitigation 

 

• SFP cooling 

 

• Off-site equipment storage facilities 

 
From Five Years after the Fukushima Daiichi Accident, NEA 

2016 

From Technology Road Map; Nuclear Energy, NEA, 2015 
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Lessons learned from Fukushima accident based on IAEA DG report, August 2015  (1/4) 

The assessment of natural hazards 

  

  The assessment of natural hazards needs to be sufficiently conservative. The consideration 

of mainly historical data in the establishment of the design basis of NPPs is not sufficient to 

characterize the risks of extreme natural hazards. 

  

  The assessment of natural hazards needs to consider the potential for their occurrence in 

combination, either simultaneously or sequentially, and their combined effects on an NPP. 

The assessment of natural hazards also needs to consider their effects on multiple units at an 

NPP. 

  

Safety assessment  

  

  The defense in depth concept remains valid, but implementation of the concept needs to be 

strengthened at all levels by adequate independence, redundancy, diversity and protection 

against internal and external hazards. There is a need to focus not only on accident 

prevention, but also on improving mitigation measures. 

  

  Comprehensive probabilistic and deterministic safety analyses need to be performed to 

confirm the capability of a plant to withstand applicable beyond design basis accidents and to 

provide a high degree of confidence in the robustness of the plant design. 
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Lessons learned from Fukushima accident based on IAEA DG report, August 2015  (2/4) 

Safety assessment  (continued) 

Operating experience programs need to include experience from both national and 

international sources. Safety improvements identified through operating experience programs 

need to be implemented promptly. The use of operating experience needs to be evaluated 

periodically and independently. 

  

The safety of NPPs needs to be re-evaluated on a periodic basis to consider advances in 

knowledge, and necessary corrective actions or compensatory measures need to be 

implemented promptly. 
 

Systems to be fortified 

  

  Instrumentation and control systems that are necessary during beyond design basis 

accidents need to remain operable in order to monitor essential plant safety parameters and to 

facilitate plant operations. 

  

  Robust and reliable cooling systems that can function for both design basis and beyond 

design basis conditions need to be provided for the removal of residual heat. 

  

  There is a need to ensure a reliable confinement function for beyond design basis accidents 

to prevent significant release of radioactive material to the environment. 
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Lessons learned from Fukushima accident based on IAEA DG report, August 2015  (3/4) 

Accident management and training 

  

  Accident management provisions need to be comprehensive, well designed and up to date. 

They need to be derived on the basis of a comprehensive set of initiating events and plant 

conditions and also need to provide for accidents that affect several units at a multi-unit plant. 

  

  Training, exercises and drills need to include postulated severe accident conditions to 

ensure that operators are as well prepared as possible. They need to include the simulated 

use of actual equipment that would be deployed in the management of a severe accident. 

  

Independent and capable regulation 

  

  In order to ensure effective regulatory oversight of the safety of nuclear installations, it is 

essential that the regulatory body is independent and possesses legal authority, technical 

competence and a strong safety culture. 
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Lessons learned from Fukushima accident based on IAEA DG report, August 2015  (4/4) 

  

Safety culture and organizations 

  

  In order to promote and strengthen safety culture, individuals and organizations need to 

continuously challenge or re-examine the prevailing assumptions about nuclear safety and 

the implications of decisions and actions that could affect nuclear safety. 

  

  A systemic approach to safety needs to consider the interactions between human, 

organizational and technical factors. This approach needs to be taken through the entire 

life cycle of nuclear installations 



Nuclear power is an important base-load power source as a low carbon and quasi-
domestic energy source, contributing to stability of energy supply-demand structure, 
on the major premise of ensuring of its safety, because of the perspectives; 

i. superiority in stability of energy supply and efficiency,  

ii. low and stable operational cost and  

iii. free from GHG emissions during operation. 

＜Description in the Strategic Energy Plan of Japan＞ 

0     4      8     12    16    20    24 

4. Nuclear Energy Policy in the Strategic Energy Plan 
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Greenhouse Gas 
Emission  

Worst record of CO2 emission* in FY2013, 
due to NPPs shut-down replaced by 
additional thermal power generation 

*Originated from energy supply 

Internationally comparable 
target of Greenhouse gas 
reduction 

【Goal for Environment】 

 A METI’s advisory-committee on energy best mix set up 3 goals corresponding to 3”E” on 
the premise to secure safety, in order to compile an outlook of 2030 demand & supply 
structure of energy in Japan. 
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Electricity Cost 

Lower the cost  
less than present  
level 

【Goal for Economic efficiency】 
Significant rise in electricity price 
since 3.11  approx. 30% up for industry 

                     approx. 20% up for household 

Surcharge for FIT ; 1.3 trillion yen in FY2014 

 
  
 
 
 

Self-Sufficiency 
Rate 

Only 6% at present 
Approx. 25%, exceeding the level 
before 3.11 （≒approx. 20%） 

【Goal for Energy security】 

【Source】 Extraction (preliminary translation) from documents in the 8th Long-term Energy Supply & Demand Outlook 

Subcommittee, Advisory Committee for Natural Resources & Energy, METI 

5. Energy Best Mix – Long term outlook of energy demand and supply 
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2030 

 Solar 74.9 7.0% 

 Wind 18.2 1.7% 

 Geothermal 10.2～11.3 1.0～1.1% 

 Hydropower 93.9～98.1 8.8～9.2% 

 Biomass 39.4～49.0 3.7～4.6% 

Composition of electricity sources and electricity generation 

（billion kWh） 

2030 

Oil 31.5 3% 

Coal 281.0 26% 

LNG 284.5 27% 

Nuclear power 216.8～231.7 22～20% 

Renewable energy 236.6～251.5 22～24% 

Total 1065.0 100% 

2030 

Renewable energy  

22~24% (approx.) 

LNG  

27% (approx.) 

Coal 

26% (approx.) 

Oil 3% (approx.) 

LNG 27% 

Oil 12% 

Coal 24% 

Average in the 

last 10 years 

before 3.11 

Nuclear 

power  

27% 

 

Renewable 
energy 11% 

Nuclear power  

22~20% (approx.)  

 
※All the numbers are approximately 

【Source】 extracted (preliminary translation) from documents released in the 11th Long-term Energy Supply and Demand Outlook 
Subcommittee, Advisory Committee for Natural Resources and Energy, METI 

 METI officially decided and announced the “Energy Mix” on 16 July 2015, with the number of 20-
22% in 2030 as for the share of nuclear power generation. 

6. Energy Best Mix – Long term outlook of energy demand and supply 

Energy 

conservation  

17% (approx.) 
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Kashiwazaki Kariwa 
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Shimane 
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Tsuruga 
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Higashidori(Tohoku) 
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Reactor-type 

Under NRA Review for 

basic design and concept 

(Total 26 Units） 

 Age 

(Applied Date for NRA Review) 

Not Start Operation 

→ (Unit 1) Restarted in Aug. 2015 

→ (Unit 2) Restarted in Oct. 2015 

 

Nuclear Power Plants in Japan (As of Nov 17, 2015) 

Decided to be permanent 

shutdown in April 2015 

(Total 5 Units） 

7. Efforts towards restarts of NPPs 

→ Permitted in Feb. 2015 

→ Permitted in Jul. 2015 

As of January 15th, 2016 
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**Based on “the Basic Act on Disaster Control Measures” and “the Act on Special Measures concerning Nuclear Emergency Preparedness” 

*Not required by the nuclear 
reactor law 

 

Safety Reviews and Inspections process of NRA 

Local acceptance process (Sendai, Ikata)  
* Not a legal requirements 

Disaster prevention and evacuation plan  (Sendai, Ikata)  
*Not a legal prerequisites for restart 

Review of basic design and concept 

(for permission of reactor installment license 

change) 

Review of detailed design (for 

approval of construction works plan)  

Assessment of Operation 

management systems,  etc. 

(for approval of operational 
safety programs 

Efforts towards restarts of NPPs② 

Sendai 1 

Sendai 2 

Takahama 3 

Takahama 4 

Ikata 3 

 2014/9/10  2015/3/28  2015/5/27  2015/8/11  2015/9/10 

 2014/9/10  2015/5/22  2015/5/27 2015/10/15 

 2015/2/12 

 2015/2/12 

 2015/8/4 

 2015/10/9 

 2015/7/15 

 2015/11/17 

 2015/10/9 

 2015/10/9 
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1st Reform: passed in Extraordinary Diet in 2013 

1) Establishment of the Organization for Cross-regional 
Coordination of Transmission Operators (OCCTO) 

2) Action programs for 2nd and 3rd Reforms etc. 

2nd Reform: Passed in Ordinary Diet in 2014 

1) Full retail competition 

2) Revision of applicable and regulations associated 
with the abolishment of General Electricity Utility 
system  

3rd Reform: Passed in Ordinary 
Diet in 2015  

1) Legal unbundling of 
transmission/distribution 
sectors 

2) Code of Conduct 

1
st reform

 

C
ab

in
et D

e
cisio

n
 o

n
 th

e
 

P
o

licy o
n

 Ele
ctricity 

Syste
m

 R
efo

rm
 

Abolishment 

of retail tariff 

Legal unbundling of 

transmission 

/distribution sector 

（※2015 (approx.):Transition to new regulatory organizations） 

【1st Step】 
2015 

【2nd Step】 
2016 

【3rd Step】 
2018-2020 

2
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3

rd reform
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(1st bill) 
2013 
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Organization for Cross-
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Transmission Operators 
(OCCTO) 
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competition 

Period of 
transitional 
arrangement for 
retail tariff 

(2nd bill) 
2014 

(3rd bill) 
2015 

Th
e
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 The 3rd Reform Bill for the electricity market passed the Diet on 17 June, 2016.  
 On 1 September last year, the “Monitoring Committee for the Electricity Trade” was established. 

Verification for Electricity Market Reform 
 In advancing market reform, we have to verify the enforcement status of each bill, the implementation status of 

the Strategic Energy Plan and the electricity supply-demand situation at three opportunities: ①before-full-retail-
competition, ②before legal unbundling of transmission/distribution sector, and ③after the enforcement of legal 
unbundling.  

 Depending on the outcome of each verification, Government has to take necessary measures. 

8. Roadmap for Electricity Market Reform in Japan 
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 Changes in business environment for the power industry, such as a growing market competition 

along with electricity market reforms and lower dependency on nuclear energy, may raise some 

challenges regarding the reprocessing of spent nuclear fuels. 

 Under the new business environment, it is necessary to implement institutional measures in order 

to secure funds for expenses for the appropriate and efficient reprocessing operations of spent 

nuclear fuels. METI’s advisory committee has been discussing these issues since last year. 

<Implementation structure> <Funds> <Appropriate and efficient project > 

• Before the deregulation, utilities 

have jointly cooperated to 

implement the project 

• Difficulty for mutually-competing 

utilities to cooperate 

• Abolition of regional monopoly and 

regulated price 

• Growing competitions among utilities  

• Uncertainty for collecting funds for the 

reprocessing project 

• The differing interests of utilities 

could impede the implementation 

of the appropriate and efficient 

project 

Challenges under new business environment 

• Secure funds for the reprocessing 

project by reviewing the current 

institutional system 

 

• Reorganize implementing body by 

imposing certain restricts for 

liquidation 

• Enhance government’s involvement 

• Utilize existing technologies and 

human resources in private sector 

• Create the system which encourages 

the utilities’ commitment to the 

reprocessing project 

• Establish good governance for the 

project 

Direction 

 Institutional measures to tackle these challenges 

9. Measures to adjust business environment  under the deregulated market 
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Nuclear Energy: Combating Climate Change 

1. Avoiding the worst of climate change and achieving a two-degree scenario will demand  
massive structural change  in the electricity sector. 

2. Nuclear, hydro and renewables will have to bear the brunt of electricity generation by 
2050. 

3. Due to their intermittency, variable renewables such as wind and solar will not be able to 
ensure carbon-free electricity around the clock on their own.   

4. Together with additional hydro resources in short supply nuclear power is an 
indispensable part of future low-carbon electricity systems. 

5. Nuclear is well-placed to respond  to this challenge:  
o At favorable financing costs and modest carbon prices it is cheaper than coal or gas. 
o Uranium fuel is plentiful and widely distributed. 
o Required build rates are in line with historical experience. 
o Additional benefits in terms of local environmental impacts and security of supply.  
o Public attitudes are changing precisely among those most concerned about 

greenhouse gas emissions and climate change.    

Japan determined to reduce its GHG emission 
by 80% by year of 2,050 


