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(1) Shedding the “Safety Myth” (i) 
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－     First, TEPCO and the regulatory bodies as well as all the other organizations and individuals involved 
in the promotion of civil nuclear power, whether directly or indirectly, including many experts and 
politicians, must seriously reflect upon the consequences of their actions and inactions, in examining 
what went wrong. On that basis, fundamental changes are called for in the existing nuclear 
organizations and systems to favor the development of a genuine safety culture in Japan, both in 
theory and in practice. (National Diet of Japan Fukushima Nuclear Accident Independent Investigation 
Commission, July 5, 2012) 

− Further probing into this issue reveals a fundamental problem of the inability to capture such crises as 
a reality that could happen in our lives; this, in turn, is the result of a myth of safety that existed among 
nuclear operators including TEPCO as well as the government, that serious severe accidents could 
never occur in nuclear power plants in Japan. (Investigation Committee on the Accident at Fukushima 
Nuclear Power Stations of Tokyo Electric Power Company, July 23, 2012) 

－   In the government as well as in private entities, a new approach to safety measures and emergency 
preparedness should be established for disaster which potentially brings about serious damage  
across a broad area such as a gigantic tsunami or the severe accident at the Fukushima Nuclear 
Power Station, regardless of its probability of occurrence. 

－  An institutional framework is needed to ensure continued in-depth examination of “residual risks” or 
“remaining issues” without leaving them behind beyond the predetermined safety measures and 
emergency preparedness. (Investigation Committee on the Accident at Fukushima Nuclear Power 
Stations of Tokyo Electric Power Company, July 23, 2012） 



(1)Shedding the "Safety Myth“ (ii) 
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− What must be admitted – very painfully – is that this was a disaster “Made in Japan.” Its fundamental 
causes are to be found in the ingrained conventions of Japanese culture: our reflexive obedience; our 
reluctance to question authority; our devotion to ‘sticking with the program’; our groupism; and our 
insularity.  Had other Japanese been in the shoes of those who bear responsibility for this accident, the 
result may well have been the same. (National Diet of Japan, The official report of Fukushima Nuclear 
Accident Independent Investigation Commission, July 5, 2012 ) 

− In a culture where it is impolite to say “no” and where ritual must be observed before all else, I think 
that Western style “safety culture” will be very hard for the Japanese to accept. 

− But there were also extraordinary -- even heroic -- efforts made by brilliant dedicated engineers, 
operators, and technicians who recovered a six-reactor site from one of the worst natural disasters 
ever seen. And they did it under the worst of conditions. For this reason, I do not doubt that the 
Japanese nuclear industry has the capability to transform to a nuclear operations safety culture. 
(Prof.D.Klein, Former Chairman of USNRC, The Ripon Forum, Summer 2011) 



• In terms of safety culture, in its cause investigation after the Chernobyl accident, the 
International Atomic Energy Agency (IAEA) International Nuclear Safety Advisor Group 
(INSAG) raised questions about the relationship with “culture” pointing out problems in 
thinking and awareness of nuclear safety culture not only on the individual level of 
those involved in the cause of the accident, but on the plant level and national level.  

• IAEA defines safety culture as following: 

  “Safety culture is that assembly of characteristics and attitudes in organizations 
    and individuals which establishes that, as an overriding priority, nuclear plant 

safety  issues receive the attention warranted by their significance.”  
     (IAEA Safety Series No. 75-INSAG-4, 1991 ) 

• US Nuclear Regulatory Commission defines safety culture as following:  

  “the core values and behaviors resulting from a collective commitment by 
leaders and individuals to emphasize safety over competing goals to ensure 
protection of people and the environment.” 

    (NRC “Final Safety Culture Policy Statement”, 76FR34773, June 14, 2011) 

(REF) Definition of Safety Culture 
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－  It is necessary to reconstruct safety logic for nuclear power plants, including accident management and disaster 
preparedness, assuming various types of natural disasters. (AESJ Lessons Learned, May 2011） 

－   In addition to such safety goals, based on the premise that a nuclear reactor accident may actually occur, enhanced 
defense-in-depth shall be established, including a disaster response plan outlining evacuation and emergency 
monitoring procedures, and also an adequate compensation system for damages associated with accidents. (National 
Diet of Japan, The official report of Fukushima Nuclear Accident Independent Investigation Commission, July 5, 2012） 

(2) Strengthen Management to Handle Risks Unique to Nuclear Power 

− It is true that TEPCO were complacent in taking tsunami measures. However, tsunami measures were successful at 
Onagawa NPS of Tohoku Electric and Tokai Daini NPS at JAPC and prevented station black out. The Nuclear Disaster 
Act and nuclear disaster manual could not be applied as-is, but it did not prove meaningless. The problem is not the 
manuals, but the “expected” and “unexpected” incorporated in it through management and political intentions, and the 
people who allowed such to happen.  

− What is needed in crisis is a framework to plan to always be prepared for crisis and respond (disaster preparedness 
planning) rather than a too-detailed plan. The same crisis will not occur exactly the same ever again. 

− Crisis management is completed when causes of accident or disaster and lessons learned from activities to address 
such as identified, and when national consensus is developed on the new goals and methods. Ultimately, it is 
conducted to increase the resilience of the nation, organization, and people. (Independent Investigation Commission 
on the Fukushima Nuclear Accident, February 28, 2012)） 

− The accident showed quite a number of problems with TEPCO such as insufficient capability in organizational crisis 
management; hierarchical organization structure being problematic in emergency responses; insufficient education and 
training assuming severe accident situations; and apparently no great enthusiasm for identifying accident causes. 
TEPCO should receive with sincerity the problems which the Investigation Committee raised and should make further 
efforts for solving these problems and building higher level safety culture on a corporate-wide basis. (Investigation 
Committee on the Accident at Fukushima Nuclear Power Stations of Tokyo Electric Power Company, July 23, 2012） 

5 



• Generally, risk is a combination of the probability of hazard occurrence and the 
magnitude of the consequences (Reference: ISO12100） 
 
 
 
 
 
 
 

 

 
 

 
 
 
 

* Evacuees from evacuation and other zones:  Approx. 106,000 people 
   Evacuees in all of Fukushima Prefecture: Approx. 154,000 people 

 (*incl. accident evacuation area and evacuees due to earthquake and tsunami)    (As of May 10, 2013) 
 

(REF) Risk unique to Nuclear Power 
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About risk 
- Risk is generally expressed as the product sum of the probability of occurrence of an undesired event 

and the level of the damage due to the event. There are different types of damage that can be assumed 
to occur due to use of nuclear power, but when damage is expressed as health damages to individuals 
(for example, average individual in a particular group), risk is expressed as its probability of occurrence.  

- An indicator that illustrates quantitative goal are important to show level of safety, thus it is desirable for 
them to be objective and common for risks for various activities for which the possibility of health 
damages cannot be completely rejected. Therefore, individual death risk of the public is used because it 
satisfies such conditions.  

(“Interim Summary of Investigation and Deliberation of Safety Goals”, Nuclear Safety Commission, Safety 
Goal Expert Committee, 2003) 

- Japan as a country which experienced an unprecedented nuclear disaster should transfer as lessons to 
future generations the whole picture of “Human suffering” including the facts in detail. This can be done by: 
recording the results of a comprehensive investigation of academic study in respective specialized fields 
and collection of testimonies of an enormous number of stakeholders and victims; investigating the 
adequacy of relief, support and reconstruction programs for the victims; or transferring the facts showing 
how extensive and serious the damage by a nuclear disaster could be. (Investigation Committee on the 
Accident at Fukushima Nuclear Power Stations of Tokyo Electric Power Company, July 23, 2012） 



(3) Proactive Implementation of New Findings in Japan and Abroad 

− The Presidential Commission Report on the TMI Accident concluded that “Given all the above deficiencies, we are 
convinced that an accident like Three Mile Island was eventually inevitable.” In Fukushima’s case, too, there is no denying 
the perception that the accident “was eventually inevitable.”  (omitted) An experts’ report released by the Carnegie 
Endowment analyzed the accident; they comment in the conclusion: “Had the plant’s owner, TEPCO, and Japan’s 
regulator, NISA, followed international best practices and standards, it is conceivable that they would have predicted the 
possibility of the plant being struck by a massive tsunami. The plant would have withstood the tsunami had its design 
previously been upgraded in accordance with state-of-the-art safety approaches.”  (National Diet of Japan, The official 
report of Fukushima Nuclear Accident Independent Investigation Commission, July 5, 2012） 

－ They lacked the humility as well as the sense of responsibility to learn from the lessons of Chernobyl and evolving 
international safety standards. They lacked the imagination, even after witnessing the horrendous scenes at the time of the 
Great Indian Ocean tsunami just eight years before, to do something to prepare the power plants in Japan against similar 
events. They chose instead to go the easy way, with the attitude: “Don’t disturb a sleeping baby.” They were reluctant to 
look into the deficiencies and weaknesses in the system to strengthen safety, and were meek in their efforts to tackle the 
issues facing them with a sense of urgency. (National Diet of Japan, The official report of Fukushima Nuclear Accident 
Independent Investigation Commission, July 5, 2012) 

− Enomoto resigned as Vice President in 2002 after the TEPCO cover-up scandal. He was bewildered to know after the 
Fukushima accident that TEPCO nuclear workers had presented a paper on probabilistic tsunami hazard analysis for the 
Fukushima accident at the US  International Conference on Nuclear Engineering in 2006 and hypothetical calculations 
were made pointing to the possibility of enormous tsunamis. “Immediately after this trial calculation was conducted, they 
should have brainstormed with the field to think about what could possibly happen in case a tsunami hits Fukushima 
Daiichi NPS and it loses power. If they had done so, they would have been able to at least take minimum measures to 
prevent large releases. (omitted) This should have been performed by the operator who is primarily responsible for 
nuclear safety. It was management decisions rather than a technical decision.”  (Independent Investigation Commission 
on the Fukushima Nuclear Accident Report, February 28, 2012) 
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－ Japan lacks the approach of actively importing knowledge from other countries, and also lacks the stance of aiming to 
enhance safety in response to uncertain risks. (National Diet of Japan, The official report of Fukushima Nuclear Accident 
Independent Investigation Commission, July 5, 2012） 



(4) Fully Enforce Awareness to Aim for Safety Levels that Exceed 
Regulations  
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Principle 1: Responsibility for safety 
−The person or organization responsible for any facility or activity that gives rise to radiation risks or   
  for carrying out a program of actions to reduce radiation exposure has the prime responsibility   
  for safety*. 
  * Not having an authorization would not exonerate the person or organization responsible for the   
     facility or activity from the responsibility for safety. 

 
Principle 3: Leadership and management for safety 
− A safety culture that governs the attitudes and behavior in relation to safety of all organizations and   
   individuals concerned must be integrated in the management system. Safety culture includes: 

 Individual and collective commitment to safety on the part of the leadership, the management 
and personnel at all levels; 

 Accountability of organizations and of individuals at all levels for safety; 
 Measures to encourage a questioning and learning attitude and to discourage complacency with 

regard to safety. 
(IAEA SF-1, Fundamental Safety Principles, 2006) 



(5) Define Rules-of-thumb to Help Continuous Improvement of Safety 
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Key points in discussing safety goals 
- The results from detailed study by the Safety Goal Expert Group of the former Nuclear Safety 

Commission can be a sound basis for NRA to discuss about safety goals. 
 *Core damage frequency (CDF):  About 10-4/yr 
    Containment vessel failure frequency (CFF): About 10-5/yr 
- However, considering  the TEPCO Fukushima Daiichi accident, include safety goals to minimize the impact 

on the environment as much as possible even for an accident. 
  ⇒Occurrence frequency of accidents that would cause more than 100 TBq of Cs-137 to be released 

during an accident shall be limited to be not more than about once per 1 million reactor-yr (10-

6/reactor-yr). (excluding terrorism) 
- Safety goals are goals that are strived to be achieved as the NRA regulates nuclear facilities. 
    *The amount of  radioactive material released into the environment due to the TEPCO Fukushima accident is 

estimated to be 7,300-13,000 TBq (assessment based on JNES accident progression analysis) or 100,000 
TBq (assessment based on TEPCO land-side measurements results) for Cs-137. 100 TBq is about one-one 
hundredth the Cs-137 released during the Fukushima Daiichi accident.  

(NRA document, April 10, 2013) 

- Safety goals should be formulated qualitatively and quantitatively from the viewpoint 
  of protecting the health and safety of the people. For each nuclear facility, compliance with such a safety goal    
  must be shown.  
(National Diet of Japan, The official report of Fukushima Nuclear Accident Independent Investigation Commission, July 5, 2012) 



(REF) Sustained Improvement of Nuclear Safety by reference to  Safety Goals 

10 NRA Document, March 6, 2013 
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(6)Comprehensive and Continuous Risk Assessment for Plants 
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－ Nuclear facilities are constructed in a natural environment, which is really diversified. Nuclear operators 
should conduct comprehensive risk analysis encompassing the characteristics of the natural 
environment. In the analysis, they should include the external events, not only earthquakes and their 
accompanying events but also other events such as flooding, volcanic activities or fires, even if their 
probabilities of occurrence are not high, as well as the internal events having been considered in the 
existing analysis. Nuclear regulators should check the operators’ analysis. Nuclear operators should 
actively utilize currently available methods in their analyses of such external events, even if the PSA 
approach is not firmly established for them. The government should consider support to promote 
relevant research programs for such initiatives. (Investigation Committee on the Accident at Fukushima 
Nuclear Power Stations of Tokyo Electric Power Company, July 23, 2012) 

－ There was no program conducted like the US IPEEE for external events. One of the excuses given was 
that assessment methods for external events were not sufficiently matured or hat reliable data was 
unavailable. Therefore, it may have been thought as being too early because assessment results would 
have little reliability. (Atomic Energy Society of Japan Interim Report, March 27, 2013) 

 *IPEEE: PRA for individual plants for earthquakes and other external events (individual plant examination 
for external events). 

－ Nuclear safety personnel in the world have learned from the experience of Three Mile Island accident 
(1979) and Chernobyl (1986) and developed a recognition that reducing the risk of severe accidents at 
commercial reactor facilities is important. They have quantified the risks through probabilistic risk 
assessment (PRA) method technologies, stipulated safety goals, and have utilized such to conduct 
effective activities to ensure safety. (“Interim Summary of Investigation and Deliberation of Safety Goals”, 
Nuclear Safety Commission, Safety Goal Expert Committee, 2003) 



• Probabilistic Risk Assessment (PRA) is a method that looks at all accidents occurring at nuclear facilities and 
quantitatively assesses their occurrence frequency and occurrence impact and expresses the level of safety by 
determining how small the “risk” is which is the product of the frequency and impact.  

• It is needed to take note that uncertainties are involved especially for external events such as earthquakes and 
tsunamis. However, different safety measures’ effectiveness can be compared and comprehensive assessment 
can be conducted on safety. 

(REF) Quantitative Risk Assessment and Safety Goals 

E
quipm

ent failures, dam
ages,  

m
istakes in operation m

anagem
ent 

Functional loss of rector 
reactivity shutdown 
system or core cooling 
system 

Functional loss of 
containment vessel 
cooling system, 
ultimate heat sink 
system 

Initiating events 

Core damage 

CV failure 

Radioactive material 
released out of 
facility 

Radioactive material 
transfer through 

environment 

Radiation exposure 
of public 

Health impact 

Event tree analysis 

Fault tree analysis 

Physical event analysis 

Geographical & weather 
conditions 

Disaster preparedness 
measures 

Health impact model 

Causes inherit in 
plant facilities and 
operation 
management 

External 
disturbances such 
as earthquakes 
and fires 

Progression of event 

Core damage probability 

Containment vessel damage probability 

Estimated fission product large 
release probability 

Health impact rate 

Quantitative safety goals: In 
the US, not exceeding 1/1,000 of 
acute death risk of general 
public due to accident other than 
nuclear accident. 

Performance goal 1: About 10-4/yr 

Performance goal 2: About 10-5/yr 

Performance goal: levels not 
exceeding 10-6/yr 
(accidents where Cs137 releases 
exceed 100TBq) 

Level 2 PRA 

Level 1 PRA 

Level 3 PRA 
12 



(7) Implementing Appropriate Risk Communication 
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− Risk still remains even when it is reduced to low levels based on the principle of ALARA (As Low As 
Reasonably Achievable). Even if a severe accident occurs, prepare as much as possible so as to not 
severely impact society. Considering the significant social benefits provided by the utilization of nuclear 
power, it is necessary to have the understanding of the public of this remaining risk. Then, safety goals 
are stipulated as promises to the public, support and cooperation from the public is asked for in case 
an accident occurs, so as to not severely impact people and the environment. Safety goals must be 
recognized by the general public and respected by all. ALARA is an approach that supports the 
recognition that there is accountability and rationality to such approach. (Atomic Energy Society of 
Japan Interim Report, March 27, 2013) 

− If there is a “cognitive shutdown due to assumptions” due to thinking that if risks were disclosed, 
regulators or siting communities would demand excessive measures be taken and reactor shutdown 
would be forced, such assumptions shall be eradicated by nuclear leaders taking the initiative in 
promoting risk communication by recognizing that “there is no absolute safety in nuclear (not zero 
risk),” disclosing risks, and gaining the siting communities’ and general public’s understanding on 
safety and other measures.   

− As a responsible party to the accident, TEPCO is obligated to disclose risks in the future and to 
communicate measures widely to the public. It must communicate nuclear disaster risks accurately, 
share doubts and anxiety with the general public, and sincerely engage with the general public.  
(Reassessment of Fukushima Nuclear Accident and Nuclear Safety Reform Plan, March 29, 2013) 

− It is necessary to build mutual trust between the public and the government and to provide relevant 
information in an emergency while avoiding societal confusion and mistrust. To this end, a risk 
communication approach on risks and opinion exchanges thereupon should be adopted for a 
consensus building among all stakeholders based on mutual trust. (Investigation Committee on the 
Accident at Fukushima Nuclear Power Stations of Tokyo Electric Power Company, July 23, 2012） 



(8) How Operators Engage Nuclear Safety 
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− Nuclear operators should construct a cross-monitoring system to learn the most advanced practices of 
nuclear safety and to encourage continuous efforts to realize them. (The National Diet of Japan, The 
official report of Fukushima Nuclear Accident Independent Investigation Commission, July 5, 2012 ） 

− Of the fundamental causes of the accident described, the Federation of Electric Power Companies 
(FEPC) bears partial responsibility for the lack of the implementation of earthquake and tsunami 
countermeasures and the flaws in the severe accident countermeasures. The FEPC is a voluntary 
organization, but it is a federation of the operators, and in that sense, the responsibility of the operators 
should also be called into question. 

− The operators stubbornly refused any moves toward backfits for the assessment of seismic safety or 
strengthened regulations, including the regulation of severe accident countermeasures. As a result, no 
progress was made in Japan toward introducing regulations necessary to reduce accident risk, and the 
country failed to keep pace with world standards by not fulfilling the concept of the five-layered 
defence-in-depth. 

− The approach taken in reviewing regulations and guidelines did not follow a sound process of 
establishing regulations necessary to ensure safety, and the regulators and the operators together 
looked for points of compromise in the regulations in order to maintain appearances as regulation and 
satisfy the conditions for one of their major premises: that “existing reactors should not be stopped.” 

− It became clear that the necessary independence and transparency in the relationship between the 
operators and the regulatory authorities of the nuclear industry of Japan were lost, a situation best 
described as “regulatory capture”—a situation that is inconsistent with a safety culture. (The National Diet 
of Japan, The official report of Fukushima Nuclear Accident Independent Investigation Commission, July 5, 2012 ） 



• Japan Nuclear Safety Institute (JANSI) was newly established in November 2012 by 
domestic electric utilities and plant vendors by restructuring the Japan Nuclear 
Technology Institute (JANTI). It assesses safety improvement measures and 
administration conditions, provides advice, recommendations, and support to nuclear 
facilities.  

• JANSI is an attempt to emulate the best practices from Institute of Nuclear Power 
Operators (INPO), a US nuclear industry voluntary organization to promote safety.  

   (1) Mission: Pursue the world’s highest level of safety for Japan’s nuclear industry (Untiring   
        pursuit of the highest standards of Excellence) 

        (2) Main activities:  
         1) Assess safety improvement 
            measures and administration 
            conditions, provide advice,  
            recommendations, and support  

       to nuclear facilities.  
       2) Other activities such as analysis of  
           ‘trouble’ event information,  
           develop codes and standards,  
HR development. 
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(REF) Establishment of Japan Nuclear Safety Institute  



(9) Voluntary and Continuous Safety Improvement Mechanism in US Industry 
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(10)Conducting Effective Safety Research 
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− Severe accident research and application of its results were insufficient.  
        Basic safety research has not been stressed at the Japan Atomic Energy Agency (JAEA), and in the future    

  there will be a need to examine whether the agency was able to respond adequately to the recent accident. 
− There is a lot of waste in how the national budget is being used. 
        Items produced through R&D by a national project are not permitted to be used for other purposes due to   

  budget  issues, and in many cases the items are scrapped after research has ended. Important results   
  must be preserved so that developed items can be effectively used in case of a disaster. (AESJ Lessons 
Learned, May 2011） 

− There is a need to increase topics to include safety research triggered by external events such as tsunamis, 
earthquakes, and terrorism. From this perspective, it is an important issue to research security in depth and 
breadth along with safety research. It is a difficult but necessary endeavor.  

− For safety research, based on discussion for new scientific and technological findings, it is expected that it 
points out potential problems and provides warning. For this, academia, private, and public entities are 
obligated to further safety research through information exchange and discussion on various levels. (AESJ 
“Seminar on Fukushima Daiichi NPS Accident (What was wrong? What should be done?)” March 2013) 

− Since the late ‘90s, safety research itself was on the decline in Japan, and it (research on severe accidents 
(SA)) gradually contracted in scale as well. One of the contributors in the background was the Japan Atomic 
Energy Research Institute (at that time), a special corporation with involvement from the Science and 
Technology Agency, which served as the main organization for SA research. Therefore, there was a barrier 
between the government offices of the Agency for Natural Resources and Energy. It has been pointed out 
that they were therefore unable to conduct safety research in cooperation.  

− Accident management (AM) measures were developed to some extent as an operator voluntary measure, 
but it was not expanded in scope to include external events.  
(Independent Investigation Commission on the Fukushima Nuclear Accident Report, February 28, 2012）  
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