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Executive Summary 
 
The accident at the Fukushima Daiichi nuclear power plant in 2011 was preventable. The Great East 
Japan earthquake and the tsunami that followed it were unprecedented events in recent history, but 
they were not altogether unforeseeable. Stronger regulation across the nuclear power industry could 
have prevented many of the worst outcomes at Fukushima Daiichi and will be needed to prevent 
future accidents. Poor planning led to the underutilization of resources and compounded the 
problem at Fukushima Daiichi. This report reviews some of the major problems leading up to the 
accident and the proposed regulatory reforms, including an overhaul of the nuclear regulatory 
bureaucracy and specific safety requirements that have been proposed.  

 

Re-organizing the Nuclear Regulation Bureaucracy 
 
The previous bureaucratic alignment facilitated “regulatory capture” by the nuclear power industry, 
resulting in substandard and weakly enforced rules to ensure safety. The primary agency in charge of 
regulation, the Nuclear and Industrial Safety Agency (NISA), was routinely overpowered by the 
industry interests represented in the Ministry of Economy Trade and Industry (METI) that housed it 
while also holding responsibility for promoting the nuclear power industry. Another problem that 
the Fukushima accident exposed was the poorly defined responsibilities of other agencies that had a 
role in developing regulation and in managing accident scenarios.  
 
The formation of the Nuclear Regulatory Authority (NRA) within the Ministry of Environment is a 
vitally important step towards establishing a truly independent regulatory body that can more 
aggressively advance safety. Now that this step has been taken, it will be important for the Japanese 
government and the NRA to establish the necessary legal and policy frameworks to ensure that the 
agency functions effectively. To that end, we recommend the following.  
 

 Japan should consider exempting the NRA from the practice of rotating government 

employees between jobs every several years and expedite the proper and entire incorporation 

of Japan Nuclear Energy Safety Organization (JNES) and all technical support organizations 

into the NRA. 

 The NRA must take a leading role in working with industry to professionalize the workforce 

through proper training, hiring practices, and compensation. It will be incumbent on the rest 

of the Japanese government to fully support it in this regard.  

 Japan should review and, as needed, strengthen whistleblower protections that apply to both 

industry and government employees. Within the NRA, it should stand up an Inspector 

General’s office (or functional equivalent) to provide necessary oversight.  
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Managing the “revolving door” dilemma  
 
Another significant problem in Japan was the potential for conflicts of interests to arise for 
regulators who were planning to seek employment in industry following their service as a regulator. 
The cultural tradition of “amakudari” (descent from heaven) in which senior bureaucrats would 
assume high paying jobs in industry following retirement from government service epitomized this 
problem. However, the “revolving door” dilemma in which personnel move between jobs in 
industry and in regulatory bodies affects all industry-regulator relationships, given the demand on 
both sides for special and technical expertise.  
 
The proposed prohibition, with an exception for the first five years after implementation, that bans 
NRA personnel from returning to jobs in government agencies that promote nuclear power could 
help mitigate the potential for conflicts of interests to surface within government, but this is a 
stricter rule than government employment practices in the United States and many other countries. 
The fact that there is no similar ban preventing NRA personnel from assuming jobs in industry, 
though disappointing to some, is not inconsistent with practices in other countries. The limitations 
on regulatory personnel seeking jobs in industry are also consistent with practices elsewhere. 
Overall, complete isolation of the regulator from industry is neither practical nor necessarily 
desirable. A few additional recommendations to prevent individual conflicts of interests include the 
following.  
 

 Consider developing more robust alternative means to industry experience for developing 

the technical expertise required for effective regulation so that the NRA is not populated 

exclusively by former industry workers. 

 To bring even greater transparency to the matter of regulators seeking jobs in industry, Japan 

could consider establishing rules that require industry firms to report that they have been 

contacted by outside parties, e.g., consultancies, about hiring specific NRA personnel. 

 Because conflicts of interests and lax oversight are more likely to become a problem in a 

regulatory workforce that is demoralized, the NRA should proactively seek input from other 

regulatory bodies such as the U.S. Nuclear Regulatory Commission on how to improve 

employee satisfaction. 

 

Specific Safety Measures 
 
A number of specific safety upgrades are under consideration to become industry-wide standards for 
all nuclear power plants. These include requiring nuclear power plants to install filtered vents above 
reactor containment vessels, to establish earthquake-resistant control centers, to build secondary 
control rooms to use in the event that the primary control rooms becomes unusable, and to limit 
reactor life to no more than forty years. We also consider the issue of restarting nuclear reactors in 
Japan to meet energy demands.  
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In assessing these recommendations, we drew heavily from the experience of the United States and 
Europe. Overall, we further recommend that the NRA embrace a dynamic approach that continually 
assesses risks rather than adopt a deterministic approach that may give a false impression to the 
public and may place undue costs on continuance of nuclear power plants that can operate safely. 
The NRA would best be able to work with regulatory agencies in other countries by harmonizing its 
regulatory approach with the risk informed and probabilistic safety assessment methodology 
followed in these countries’ regulatory agencies. Other findings and recommendations are as 
follows.  
 

 Our assessment is that the U.S. decision on whether to require filtered vents should be based 

on achieving safety performance goals determined by probabilistic risk assessments and risk 

informed regulation. These goals can be met in different ways. Regulatory bodies in other 

countries such as Japan can and should apply this approach to their decisions on whether to 

require filtered vents at various plants.  

 The NRA should decide on whether or not to issue a license to operate nuclear plants 

beyond 40 years based on safety assessments guided by risk informed regulation. We urge 

that such decisions not be influenced by political considerations. Nonetheless, we 

understand that utilities may decide to not operate a nuclear plant, even if that plant receives 

a license extension, because of other economic considerations. In particular, the cost of 

safety upgrades may be too prohibitive to permit economically competitive operation of a 

plant.  

 We recommend that Japan and the United States work together to investigate strengthening 

plant safety with an eye to determining whether various plants can operate beyond 60 years.  

 We recommend that any decision to restart nuclear reactors in Japan not be unduly 

influenced by political decisions. In particular, the NRA should follow a risk informed 

approach when examining each individual plant. A defense-in-depth safety approach should 

be the overarching philosophy. While each defensive layer is individually imperfect, the 

combined functioning of the layers together should be designed to meet safety performance 

objectives to keep the risk to the public to an acceptably low level.  
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Introduction 
 
The Great East Japan Earthquake and the tsunami it generated were absolutely devastating. Given 
the magnitude of the earthquake and the massive force of the tsunami, it is not surprising that the 
defenses at the nearby Fukushima Daiichi nuclear power plant failed. The resulting accident at the 
plant – in which three of its six reactors experienced a core meltdown and significant amounts of 
radiation was released into the environment – was one of the worst nuclear accidents on record. The 
fact that things went so badly at Fukushima Daiichi sent shockwaves around the world and triggered 
a great deal of investigation, introspection, and soul-searching by both the producers and consumers 
of nuclear power.  
 
No deaths so far have been directly attributed to radiation released by the Fukushima Daiichi 
accident. However, because radiation effects are variable and sometimes take years if not decades to 
manifest, we will not know whether or not any lives were ultimately cut short by radiation exposure 
for quite some time. Predictions vary but it appears that the overall public health effects of radiation 
release from Fukushima are likely to be small.1 In the eyes of some, the larger public health concern 
is likely to be the psychological effects of the trauma.2 No matter what the outcomes of scientific 
study of the radiation effects turn out to be, they will not put a stop to the anxiety about nuclear 
power that will last a lifetime for many people, particularly those who had first-hand experience with 
the earthquake, the tsunami, and the resulting accident at Fukushima Daiichi.  
 
Despite the severity of the natural disaster that precipitated the nuclear one, investigation into the 
incident at Fukushima Daiichi found that the accident was largely man-made. Several studies, most 
notably the National Diet of Japan, pointed to the unsettling conclusion that many of the problems 
experienced at Fukushima Daiichi could have been prevented. Some problems could have possibly 
been avoided in the first place; others could have been responded to more effectively. These failures 
pointed to systemic problems in how Japan’s nuclear power industry was operated, managed, and 
regulated. In the pages that follow, we will review some of the regulatory problems that the 
Fukushima experience brought to light and some of the proposed changes, including those that 
apply to how the regulatory agency is structured, proposed rules that will apply to regulators, and 
proposed technical requirements that will apply to nuclear power plant operators.  
 
Before proceeding, two points must be made upfront. The first is that nuclear power in Japan has a 
long history that spans several decades and includes several phases, turning points, and political 
decisions that led to the reality that existed prior to the Fukushima accident. It would be impossible 
to account for the entirety of this history in this paper. So, we will focus on what appear to be the 
key issues while recognizing that they represent just pieces of a much larger historical record that can 
be viewed from different perspectives that may lead others to different conclusions than ours. The 
second point is that, just as it remains difficult to write authoritatively about the past in only a 
relatively short report, it is also difficult to account for all of the different factors that are, or may, 
influence Japan’s nuclear future. Disaster recovery and industry reform are ongoing processes that 
may produce new developments, investigative findings, or other information that is relevant to the 
following analysis, which has been produced at a specific point in time.  
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Any discussion of the regulatory successes and failures brought to light by the Fukushima Daiichi 
accident must begin with an acknowledgment that the plant was in the path of an unfolding natural 
disaster. No nuclear power facility has ever had to weather an onslaught as powerfully destructive as 
the tsunami that hit the plant after the Great East Japan Earthquake. The conditions in the area and 
at the plant must also be taken into account when considering the response by the nuclear plant 
operator, Tokyo Electric Power Company (TEPCO), and the government in the aftermath of the 
devastation.  While reflecting soberly on whatever mistakes were made, it is important to remain 
mindful of the many things that were done well and the countless of acts of heroism by individuals 
in the Fukushima prefecture to help one another cope with the tragedy. With this in mind, we write 
from the perspective that the best way to honor those efforts is to dedicate as much effort as 
possible to minimizing the chances that an accident like the one at Fukushima Daiichi ever occurs 
again. That effort begins with a review of where and how improved regulation could have made a 
difference and how it can be made better in the future.  

Past Problems with Japan’s Regulatory System 

 

A Captured Regulator within the “Nuclear Village”  
 
It was well-known long before the Fukushima Daiichi accident that regulation of Japan’s nuclear 
power industry needed to be improved. For over a decade, several accidents and recurring problems 
with corporate misconduct among utility companies accentuated public unease about whether 
nuclear energy in Japan was, or could be made to be, safe enough.  Among the many reasons for 
concern was a core dilemma that faces every country that uses nuclear power: the risk of regulatory 
capture. In short, regulatory capture occurs when private industry succeeds in defanging government 
regulators who oversee their activities. Regulatory capture can refer narrowly to the specific ways in 
which regulated companies manipulate or defang government regulators. More broadly, it can also 
refer to the ways that industry and other special interest groups influence the formulation and 
enforcement of laws governing their activities.3 In the worst cases, instead of aggressively working to 
protect the public good by enforcing rules, a “captured” regulator ends up serving the interests of 
industry by tailoring regulation to serve companies’ business interests and by weak enforcement of 
whatever rules are on the books.  
 
The need for regulators to possess specialized knowledge of the sector they regulate creates a major 
risk factor for regulatory capture in many industries, especially the nuclear power industry. Even in a 
well-developed country like Japan, which has the world’s third highest percentages of residents with 
a college degree, the number of individuals with the expertise necessary to understand nuclear power 
technology and plant operations well-enough to serve as a regulator is relatively limited.4 As we have 
seen in other contexts, the specialization requirement leads to the regulator workforce and private 
industry workforce becoming essentially one in the same.  In Japan, it helped power the growth of 
what became known as the “nuclear village” – a community of businessmen from the nuclear 
industry, the government regulators and bureaucrats who oversaw it, and a few academics and 
technical experts that advised it.  
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Within the village, there were several governmental bodies and organizations that were assigned a 
role in enforcing safety standards. The main regulating body was the Nuclear and Industrial Safety 
Agency (NISA), a semi-autonomous organization under the Agency for Natural Resources and 
Energy (ANRE) within the Ministry of Economy Trade and Industry (METI). NISA relied on the 
Japan Nuclear Energy Safety Organization (JNES), formed in 2003, to carry out on-site safety 
inspections and assessments. The Ministry of Education, Culture, Sports, Science and Technology 
(MEXT) is responsible for environmental radiation monitoring, promotion of nuclear energy, and 
nuclear safety regulation for research reactors. The Nuclear Safety Commission (NSC) was 
established as an independent agency under the cabinet office to develop and promulgate safety 
regulations as well as to monitor the work of NISA and MEXT. Additionally, the Japan Nuclear 
Technology Institute (JANTI) was established by nuclear power operators to share information and 
best practices on safety issues while the Federation of Electric Power Companies (FEPC) served as 
the lobbying arm of the nuclear industry.  
 
There were several problems with this arrangement that effectively facilitated the capture of NISA 
by industry. The first, and most glaring, was NISA’s institutional address within METI, the ministry 
charged with promoting nuclear power in Japan. Although NISA was established as a “special 
agency” purported to be independent of METI, the reality in practice was one of NISA being 
routinely overpowered by industry interests when it came to promoting more rigorous safety 
standards and enforcing those already in place. The problem was at its worst at the top of the 
organizational hierarchy within METI, as a practice known as “amakudari” – or “descent from 
heaven” – in which senior officials from METI commonly assumed lofty, high-paying positions in 
industry following their retirement from government service. This created a stark conflict of interest 
for those in charge of regulating Japan’s nuclear power industry, as insisting on stricter standards and 
imposing penalties on non-compliant utilities could have hurt the chances of METI’s senior officials 
to descend from government into high-paying jobs in the private sector.5  
 
Another problem stemmed from the confusing and in some ways overlapping structure of Japan’s 
regulatory apparatus. The NSC, in particular, had responsibility for crafting and promoting new 
safety regulations to be monitored and enforced by NISA. However, because the NSC was 
established as merely an advisory body under law and remained so during the restructuring of the 
government in 2001, it had little power to ensure that NISA swiftly incorporated its 
recommendations into new regulations or to ensure that those regulations were enforced. Instead, it 
fell into a role of essentially double-checking NISA’s work in investigating everything from major 
accidents to rashes of industry data falsification and cover-ups in reporting on safety issues. As 
problems mounted, both NISA and the NSC became so consumed with investigating past incidents 
that neither was able to devote sufficient resources to actively promoting new safety regulations 
based on new scientific data or best practices from around the world.  
 
Lastly, policies governing personnel undermined NISA’s ability to perform at a high level. Its staff 
was comprised of two fairly distinct categories: ministry generalists from METI known as “policy 
makers” and technically-trained “experts” hired from industry vendors. A government-wide 
requirement governing all staff stipulated that individuals change jobs every two-to-three years. 
Many of the policy makers on rotation from NISA from different parts of METI lacked specific 
expertise in nuclear technology, power plant operation, or other technical areas of relevance to 
ensuring nuclear safety. The brevity of their rotation in and out of NISA prevented them from 
acquiring such expertise. For the experts, NISA managed this problem by rotating them within the 
agency. However, in a similar way to the policy experts, the continued movement of staff, especially 
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at the higher levels within NISA, prevented them from developing the kind of comprehensive 
expertise of operations that they needed to promote a proper safety culture among and within 
plants.  
 
Within the nuclear village, regulators were consistently overpowered by industry interests when it 
came to improving safety standards and overwhelmed when it came to investigating the rash of 
accidents and endemic industry non-compliance that inevitably surfaced. Weak oversight became 
self-perpetuating as the growth of problems outpaced the regulatory capacity to deal with them.  
Instead of aggressively pursuing measures to reduce risks, the nuclear village aggressively promoted a 
“safety myth” that the country’s nuclear power reactors were already one-hundred percent safe. 
Over time, overconfidence in the existing technology actually led to what one expert described as a 
“kind of mind-set that rejected progress through the introduction of new technology.”6  

 

Outdated Regulation and the Growth of Safety Problems across Japan’s 
Nuclear Power Industry  
 
Recent history of Japan’s nuclear power industry is one of weak regulation and, at times, cavalier 
disregard for public and environmental health. The lack of respect for NISA was brought into the 
public spotlight by the falsification scandals in which utility companies across the country 
systematically distorted, concealed, or omitted important information in their communications. In 
2002, an inquiry triggered two years prior about the handling of inspection records led Tokyo 
Electric Power Company (TEPCO) to reveal that it had falsified its reporting to NISA on numerous 
occasions, including sixteen particular episodes that TEPCO’s president, Tsunehisa Katsumata, later 
admitted were “serious cases of inappropriate conduct.” These cases included failure to report 
cracks in pipes and pumps that are important for water circulation and reactor cooling; cracks in 
stainless steel shrouds that surround fuel assemblies;  secretly injecting compressed air into a reactor 
primary containment vessel to slow its leakage rate during inspections; and ordering destruction of 
records of damage to neutron measuring equipment. In other cases, TEPCO workers altered 
seawater temperature measuring equipment so that their readings would cloak ecosystem-
threatening changes resulting from dumping hot water from the plant into the Sea of Japan.7  
 
It was only after NISA requested in 2007 that utilities double-check their records and come clean 
about inaccuracies that these incidents came into the public spotlight. And it was only due to this 
reporting that it became aware of one particularly alarming incident in 1999 at the Shika Nuclear 
Power Station Unit I, which resulted in the reactor core reaching criticality – an uncontrolled, self-
sustaining process of nuclear fission – that could have severely damaged the facility and possibly 
resulted in a core melt incident (also known as a “meltdown” or “partial meltdown”). Criticality 
incidents like these are extremely dangerous. Nevertheless, the plant operators, concerned about 
blowback from the public that would impede the construction of the Shika Unit II reactor, decided 
to cover-up the incident by lying to management at Hokuriku Nuclear Power Company. Despite the 
disinformation from the plant director, the follow up investigation by NISA in 2007 revealed that, 
with the data provided by neutron flux detectors that generated a shutdown signal, Hokuriku 
Electric Power Company “could realize that a criticality incident had occurred” and should have 
reported the incident to the government, as required by law.8 The report also found that there had 
been as many as ten similar incidents involving control rod removal during reactor shutdown going 
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back to 1978, including one incident at Fukushima Daiichi Unit 3 in which the reactor core went 
critical.9 
 
NISA was informed about other severe accidents in a timelier manner. These include as the 
criticality accident at the Tokai-mura uranium reconversion facility that killed two workers in 1999, a 
steam pipe explosion at a Kansai Electric plant in 2004 that killed five workers, the fire that broke 
out at the Monju fast breeder reactor in 1995, and the leakage of 1,200 liters of radioactive 
wastewater into the Sea of Japan after the Kashiwazaki-Kariwa plant suffered damage from an 
earthquake. But industry critics argue compellingly that utility companies only admit to problems 
when the accidents are so severe that they cannot be ignored or when the news media uncover the 
story. While the circumstances surrounding each cover-up and accident may be unique, it is clear 
from the overall pattern of deception and recurring safety problems at plants that the relationship 
between NISA and the country’s utility companies was improper and dysfunctional.  
 
In addition to lax oversight to ensure that equipment was in good working condition and plant 
operators were following best safety practices, another major problem with the regulatory system 
was the glacial pace at which NISA updated its safety requirements in response to newly acquired 
technical information. In particular, Japan lagged behind other countries in using probabilistic safety 
assessment (PSA) methods to inform regulatory requirements and improve accident management 
plans in preparation for “beyond design basis” events – that is, severe conditions that are more 
extreme than what nuclear power plants were built to endure. Probabilistic methods for assessing 
risk differ from deterministic approaches in that they take into account the possible occurrence of 
rare events that, though not necessarily a part of any historical record, are still within a specified 
realm of probability and therefore create some level of risk. Deterministic approaches to safety, by 
contrast, are derived from specific assumptions about known events and their causes, and seek to 
establish adequate safety margins so that those particular events do not result in severe accidents. 
Both methods need to be applied in an integrated fashion to improve plant safety as part of what the 
IAEA calls a “risk-informed” approach.10 More rigorous application of PSA-based safety standards 
for “external events” such as earthquakes, tsunamis, or man-made accidents would have led to 
changes at the Fukushima Daiichi plant that would have made it more resilient to the tsunami that 
struck it in March 2011.  
 
As the final report of an Investigation Committee established by the Japanese government explains 
in detail, NISA and the NSC had been looking into the incorporation of PSAs into regulatory 
requirements since the early 1990s, but progress in doing so was extremely slow.11 The foot-dragging 
in translating PSA methodologies into clear regulator guidance should have been disconcerting for 
both regulators and operators in an earthquake-prone country like Japan. It was not until 2003 that 
the NSC published its Basic Policy on Risk Informed Regulation.12 And it was not until 2006 that it 
called on operators to use “quantitative evaluation of residual risks” as a “preparatory approach to 
the future full practice of PSA in safety regulation.”13 The following year, the Atomic Energy Society 
of Japan (AESJ) published guidelines for applying external event PSAs in their report, 
“Implementation Standards for Probabilistic Safety Analysis for Events Induced by Earthquakes at 
Nuclear Power Stations.” That year, an International Atomic Energy Agency (IAEA) visit to Japan 
to review its regulatory practices through its Integrated Regulatory Review Service (IRRS) praised 
Japan for its progress in promoting the use of PSAs as a complement to deterministic assessments, 
stating that “the basic policy of utilization of risk information in nuclear regulation is sound.” 
However, the report also noted that the publication of guidelines was just the beginning, a 
“necessary pre-requisite for the increased use of risk informed regulation.”14  
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Unfortunately, the NSC and NISA did not take the appropriate follow-on steps of crafting concrete 
regulatory requirements using PSAs and holding utilities accountable for meeting those standards. At 
the time of the Fukushima Daiichi accident, tsunami risks were still assessed through a strictly 
deterministic approach rooted in historical “tsunami folklore.”15 (The seismic design basis for the 
Fukushima Daiichi plant was based on the 1938 Shioyazaki offshore earthquake.16) Up to that point, 
industry continually objected to making PSA adherence to regulatory requirements on the grounds 
that it would be “using a methodology of technical uncertainties,” and relied on that argument to 
delay reform even though it meant falling behind the best practices of other countries and 
promulgated by the IAEA.17 As an IAEA document presciently noted in response to skepticism 
about applying PSA methods, there is “a great danger in spending too much time and effort on the 
analysis rather than on practical measures that will affect safety . . . even a low quality PSA may 
provide some insights when integrated with other factors.”18 But the problem with applying PSAs in 
Japan was merely a symptom of a larger problem. It was no accident that PSAs remained an 
undertaking by utility companies that were required merely to report their results as opposed to 
being legally obligated to adhere to more rigorous safety requirements demanded by properly 
utilized PSAs; industry preferred it that way. And industry getting what it wanted meant weak 
regulation and plant-specific safety standards that fell substantially below those promoted by the 
IAEA in important respects.19  
 
An appropriate use of PSAs for earthquakes and tsunamis would have led to changes at Fukushima 
that could have prevented the disaster. For instance, both TEPCO and NISA were aware of studies 
that pointed to the high near-term probability of a powerful earthquake and that such an earthquake 
was likely to generate a tsunami exceeding the design basis at Fukushima. However, this information 
did not lead to any regulatory requirement that NISA imposed on TEPCO. Rather, TEPCO, like all 
other utility companies, was left to its own devices in incorporating new information into accident 
management plans and taking countermeasures at its leisure. After the new guidelines were issued in 
2006 by NISA to assess earthquake-related risks, TEPCO was allowed to unilaterally announce in 
2009 that it would not be reporting on its progress  in conducting seismic “backchecks” or taking 
appropriate countermeasures that year (as requested by NISA) – and, in fact, would not do so until 
2016.20  
 
In order for a risk-informed safety approach to work, all parties concerned – and nuclear plant 
operators especially – must accept the basic premise that probabilistic risk assessment is an 
appropriate and important part of safety planning. Furthermore, both regulators and regulated 
companies must actively seek out and listen to the opinions of outside experts who have carried out 
research relevant to risks. In addition, there needs to be a fluid and agreed upon process for the 
timely updating of safety regulations when new scientific information concerning risk probability 
comes to light. Regulators must also have the capacity to ensure that operators are adhering to 
revised guidelines and willingness to punish them if and when they are not. Virtually none of these 
conditions were met in Japan prior to the Fukushima accident. Instead, the process of assessing risk 
and improving safety became an adversarial one that lead to protracted legal battles. When outside 
experts would present findings from scientific studies about the potential for earthquakes of a 
magnitude that exceeded the design basis of nuclear power plants, those close to or inside the 
nuclear village would present their own scientific analyses refuting the findings.21   
 
Also troubling was the fact that utilities were under no specific obligations to prepare adequate 
countermeasures in the event of an accident; everything was voluntary. In its report to the IAEA, 



Regulating Japanese Nuclear Power                                                                                                         May 2013  

 

10     Federation of American Scientists              www.fas.org 

Japan frankly acknowledged that “. . . accident management measures are basically regarded as 
voluntary efforts by operators, not legal requirements, and so the development of these measures 
lacked strictness. The guideline for accident management has not been reviewed since its 
development in 1992, and has not been strengthened or improved.”22 Given that Japan has 
experienced multiple criticality accidents since that time and is vulnerable to earthquakes, tsunamis, 
and other natural disasters, there was no excuse for not reviewing these guidelines in nearly twenty 
years or for making them regulatory requirements. The outcome at Fukushima was a plant that was 
horrendously under-prepared for a severe accident; its disaster response plans called for only one 
stretcher, a satellite phone, and fifty protective suits.23 
 
Poor planning led to the underutilization of resources that compounded the problem at Fukushima. 
It was not even clear where responsibility lied and which organization was primarily responsible for 
protecting the public in the event of an emergency. As the report of the Japanese government to the 
IAEA explains, “NISA of METI is responsible for safety regulation as a primary regulatory body, 
while the Nuclear Safety Commission of the Cabinet Office is responsible for regulation monitoring 
of the primary governmental body, and relevant local governments and ministries are in charge of 
emergency environmental monitoring. This is why it was not clear where the primary responsibility 
lies in ensuring citizens’ safety in an emergency.”24 Consequently, the resources that were established 
to help respond to emergencies – such as MEXT’s System for Prediction of Environment 
Emergency Dose Information (SPEEDI), NISA’s Emergency Response Center, the Prime 
Minister’s Nuclear Emergency Response Headquarters, the NISA Secretariat of the Nuclear 
Emergency Response Headquarters, and the Regional Nuclear Emergency Response team – weren’t 
used appropriately. The Diet report concluded soberly that “none of these organizations functioned 
as planned.”25

 

 
At times, the complacency about regulation and accident management preparation went hand-in-
hand with outright collusion between NISA and industry to deceive the public and perpetuate the 
safety myth. One example was NISA encouraging Shikoku Electric Power Company to bias a 
community gathering about the planned use of mixed oxide (MOX) fuel at the Ikata Nuclear Power 
Plant by deliberately placing those who would be in favor in the audience and encouraging them to 
voice their views. A former NISA official admitted that he had encouraged other power companies 
to do the same on two other occasions.26 Some regulators that did not play by the rules of collusion 
were punished. In one instance, the identity of a General Electric technician who reported safety 
problems at the Fukushima Daiichi plant was leaked to TEPCO, resulting in him losing his job and 
being blackballed from the industry.27  The lack of protection – and, in fact, the outright punishment 
– of those who bring safety concerns to light is unacceptable.  
 
As the National Diet report explained, the regulatory situation was driven by a “mutual interest” 
within the nuclear village to keep nuclear power plants running by keeping the safety myth alive, 
despite the accidents, incidents, and the near certainty of more in the future.  

 
Because the regulators and operators have consistently and loudly maintained that “the 
safety of nuclear power is guaranteed,” they had a mutual interest in averting the risk of 
existing reactors being shut down due to safety issues, or of lawsuits filed by anti-nuclear 
activists. They repeatedly avoided, compromised or postponed any course of action, and any 
regulation or finding that threatened the continued operation of nuclear reactors. The FEPC 
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has been the main organization through which this intransigent position was maintained 
among the regulatory agencies and in the academic world.28 

 
It is hard to know whether the public messaging imperative was a contributor to NISA’s loss of 
autonomy or a result of it. Either way, the problem was clear: a regulator that staked its public 
credibility on preventing reactor shutdowns when it should have staked it on ensuring safety.  

 

Japan’s Response after the Fukushima Daiichi Accident 
 
Japan has responded with a concerted effort to address matters at the heart of the Fukushima 
Daiichi incident by instituting reforms intended to improve safety and accident preparedness across 
the country’s nuclear power sector. The severity of the Fukushima Daiichi accident makes it 
imperative that reforms go beyond patching specific nuclear safety gaps or merely make relative 
improvements in areas where Japan could be raising the bar of safety standards globally. In that 
spirit, this assessment endeavors to be critical yet constructive. 

 
The following review of the steps that the Japanese government and other governments have taken 
in response to the Fukushima Daiichi accident is guided by the proposition that safety issues cannot 
be “solved” permanently. As Constance Perin describes it, the idea of “safety” implies an absolute 
condition, but in the real world where there are inescapable trade-offs between production and 
protection the goal is one of “reducing and handling risk.”29 From this it follows that the safety level 
that obtains at nuclear power plants is actually a negotiated outcome reached through a competition 
of interests within and among the nuclear power industry, industry regulators, and other 
stakeholders. And as Richard Meserve, President of the Carnegie Institution for Science and 
Chairman of the International Nuclear safety Group, reminds us, “. . . there is no way to eliminate 
all risk entirely . . . despite all the design improvements that we conceive, systems still fail; despite all 
the training and lessons learned in exercises that are conducted, human beings will still make 
mistakes, particularly when confronted with once-in-a-lifetime events.”30 It is always possible to do 
more to improve safety, but it is not always practical. However, understanding safety as a negotiated 
and inherently imperfect outcome does not mean that there is no objective basis for assessing the 
quality of that outcome or the manner in which it is achieved.  

 
The following sections begin with a review of the reforms to regulatory governance and personnel 
policies to prevent the “capture” of the regulatory agency in the future. It then reviews some specific 
technical upgrades to safety features at nuclear power plants such as installing hardened, reliable, and 
filtered vents on reactors’ containments, renewing the licenses of nuclear plants beyond forty years, 
and making upgrades to protection against earthquakes and flooding. We will pay particular 
attention to the lessons learned and current and future practices for the United States and Europe. 
The report later assesses the safety benefits of nation-wide reactor shutdown following major 
nuclear accidents and the criteria of stress tests to allow for nuclear plants to continue operating.  
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Regulatory Reforms 
 
Japan is instituting a number of significant reforms to improve regulator independence and 
effectiveness. At a minimum, the reforms must protect the integrity of government regulation so 
that it does not again become beholden to industry interests. To that end, the reforms are aimed at 
changing the regulatory process on both the institutional level and the individual level. Some of the 
key reforms include:  
 

 Reorganizing the bureaucracy by establishing an independent Nuclear Regulation Authority 

(NRA) as an extra-ministerial commission of the Ministry of Environment; and  

 Curtailing amakudari by instituting a “no-return” rule that forbids senior-level regulators 

from the NRA to assume jobs in METI or MEXT after their service as regulators.  

 Placing limitations on regulators seeking employment in for-profit corporations, including 

forbidding individuals currently employed as regulators from job-seeking activity and 

forbidding regulators from recommending to industry that they hire government officials; 

and 

 Centralizing the management of re-employment by requiring that management-level 

regulators notify the Cabinet if they are offered re-employment in private industry and 

requiring the Cabinet to disclose each year a summary of re-employments.  

 
Assessing the extent to which these reforms will be effective in guarding against regulatory capture 
comes down to defining regulatory capture, identifying its causes, and determining how well the 
reforms address those causes. Regulatory capture can refer narrowly to  extreme cases where 
industry turns government regulators into mere representatives of industry interests or, more 
broadly, to the various ways that industry and other special interest groups exert influence on the 
formulation and enforcement of regulations.31 This distinction between broad and narrow 
interpretations is important for defining goals for regulatory reform and measuring success. In short, 
industry governance should be structured in a way that reduces the likelihood of regulator 
manipulation and minimizes incentives for reckless industry-regulator collusion; however, 
completely isolating industry and regulators from one another is not possible and may not be 
desirable even if it could be achieved.  

 

De-conflicting Institutional Interests through Bureaucratic Realignment 
 
The formation of the Nuclear Regulation Authority within the Ministry of Environment (apart from 
METI) is a vitally important step that will bring Japan up-to-par with other countries possessing 
advanced nuclear power programs and with IAEA recommendations. IAEA milestones for 
establishing a nuclear power program assert that “complete separation” of regulatory bodies from 
industry, promotional organizations, and the political process is best for ensuring the credibility of 
safety-related information.32 Indeed, the re-location of regulatory authority within the government 
bureaucracy will enable it to more effectively balance the claims and interests of METI and the 
nuclear power industry. It shows that Japan has learned one of the essential lessons that other 
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countries have already learned: regulatory responsibilities must be separated from promotional 
responsibilities within the government.  
 
The United States finally recognized this in 1975 when it finally separated its Nuclear Regulatory 
Commission (NRC) from the Department of Energy (DoE) to make sure that its safety 
recommendations would be “less susceptible to being overridden by developmental 
priorities.”33(Though, it is important to remember that this came only after years of incremental 
steps to help increase the NRC’s functional independence within the DoE and, before that, within 
the Atomic Energy Commission.) However, being independent from the DoE has not insulated the 
NRC from criticism that it was regulating under the influence of industry, nor should it. In the wake 
of the Fukushima Daiichi accident, experts in the United States have raised concerns that a similar 
disaster could happen in the United States because the NRC remains “too timid” in demanding 
safety upgrades that may cost operators money.34  
 
Similar critiques should be expected in Japan. Some have already asserted that the Ministry of the 
Environment may not be the most suitable institutional address for the NRA given the ministry’s 
support for nuclear power as a way to curb carbon emissions and slow global warming.35 This is an 
understandable concern, especially if the movement of personnel between METI and the MOE 
remains permissible even if movement in and out of the NRA specifically is highly restricted. 
Nevertheless, the current arrangement will likely not create the same direct conflict of interest that 
promoting the business interests of the nuclear power industry created in the past. Other countries 
have delegated nuclear power industry regulation to environment ministries or other government 
agencies that have a stake in mitigating global warming.36 Experience has shown that this does not 
automatically make them susceptible to the same kind of manipulation that NISA suffered within 
METI. Moreover, the NRA being established as an Article 3 Authority under Japan’s National 
Government Organization Law will allow it to operate independently without the control of senior 
officials within the MOE.37 Establishing the NRA as an Article 3 Authority also means that the 
agency will be placed outside the system in which government employees are rotated from agency to 
agency within a ministry, as was the case with NISA within METI.38 Indeed, this was an important 
improvement to earlier proposals to establish the NRA as an Article 8 organization, which would 
have made it a weaker, extra-ministerial bureau with less independence. For a time, it was believed 
that making the NRA an Article 8 organization would allow it to be more responsive during an 
emergency because it would not have to wait for direction from high-level bureaucrats within the 
MOE before acting on behalf of public safety.39 But the solution of establishing the NRA as a 
stronger, more independent organization under Article 3 and granting the chairman the authority to 
make decisions independently during emergencies should allow the regulator to act more confidently 
and efficiently in the event of an accident.  
 
Even though the NRA will have significant autonomy from the MOE in its day-to-day operations 
and accident management procedures, it will not be completely shielded from the possibility of 
industry influence. Its budget will be managed by the Environment Minister and the commission 
members who oversee the NRA’s work will be appointed by the Prime Minister with the approval 
of the National Diet. Thus, there are other forms of indirect influence that must be accounted for in 
assessing the degree of regulator autonomy, which is never absolute.40 The IAEA International 
Nuclear Safeguards Advisory Group (INSAG) guidance recognizes that regulators “cannot be 
absolutely independent in all respects of the rest of government: it must function within a national 
system of laws and under budget constraints, just as other governmental organizations do.”41 In 
other words, the NRA, like regulatory bodies elsewhere, will neither exist on an island nor have 
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unlimited resources at its disposal. It will need to make decisions regarding its approach and 
allocation of resources, and these decisions will not be carried out in a vacuum without 
consideration by the NRA or the Diet of other government priorities. That is why INSAG goes 
beyond talking about independence in terms of degree of separation and describes observable 
actions that represent “key features” of independence such as: (1) having mechanisms for dialogue 
with others that do not render the agency vulnerable to external pressure; (2) science-based decision-
making and providing clear explanations for decisions; (3) maintaining consistency and predictability 
in following established legal guidelines; and (4) being transparent and traceable in regulator 
operations.42 Beyond re-locating the regulatory agency, Japan should make a priority out of 
continuing efforts to make the above features permanent aspects of its regulatory process. All of 
these features should be taken into consideration by independent organizations within Japan and by 
international organizations with a vested interest in continuously improving nuclear regulator 
effectiveness and overall nuclear safety.  
 
Apart from independence, another major issue that the Fukushima Daiichi accident revealed is the 
importance of formulating clear, specific, and appropriate institutional responsibilities when it comes 
to ensuring safety. The chaos surrounding the Fukushima Daiichi accident proved that Japan must 
improve in accident management preparation and coordination. As the shortcomings of the NSC 
and NISA also suggest, a lack of clarity in job descriptions and organizational roles hindered the 
modernization of safety regulations and the cultivation of a safety culture within the industry. It is 
noteworthy that the first recommendation of the IRRS report on Japan was that “the role of NISA 
as the regulatory body and that of NSC, especially in producing safety guides, should be clarified.”43 
In response, the NSC acknowledged that “this point has been brought up on other occasions” and 
the NSC needed to “elaborate the scope of its responsibilities . . . in a more clearly understandable 
way” to differentiate them from NISA’s.44 Although the NSC tended to have a pro-industry view, it 
was nonetheless effectively independent from METI. Had it been given a different role in 
developing more rigorous safety standards, NISA’s independence (or lack thereof), though still 
undeniably problematic, might have been less costly. None of this diminishes the value of relocating 
regulatory authority to the NRA and MOE, it only adds that clear and appropriate differentiation of 
nuclear safety roles and responsibilities across the various government agencies is also needed.  
 
Looking ahead, the NRA has dissolved the NSC and integrated its functions. Since one of the major 
problems with NISA and METI was the failure to incorporate lessons learned from abroad and best 
practices established by the IAEA, the NRA should assign a body specifically to this task. Rather 
than doing the continuous double-checking as the former NSC did, it would make sense if the NRA 
dedicated more of its time to translating best practices from abroad into regulatory requirements 
called for in the NRA and industry-wide standards for Japanese nuclear power companies. The 
sooner this work begins, the better. The numerous delegations and advisory panels that the NRA 
established are already providing Japan with good advice.45 It would be unfortunate if these 
recommendations were lost or forgotten as the NRA finds its footing.  
 
The loss of Japanese public confidence in the nuclear power industry is yet another reason why a 
high-level body committed to the aggregation and application of international best practices is 
important. By demonstrating that the new standards and practices adopted by the NRA have been 
successful elsewhere in improving safety, the government would be able to make a stronger case to 
the people that nuclear safety in Japan is improving and will continue to do so as international best 
practices evolve.  
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It shouldn’t be necessary for each country with a nuclear power program to repeat the mistakes of 
others before they are learned. That is why other countries have carried out “stress tests” and 
“walkdowns” to re-assess plant resilience to earthquakes and floods following the Fukushima 
Daiichi accident.46 In the United States, testimony by NRC officials following the Fukushima 
accident repeatedly stressed the importance of the approach to safety as an ongoing process of 
never-ending improvement. As NRC executive director for operations, William Borchardt, 
succinctly put it, the NRC “never stopped making improvements to our regulatory framework as we 
learn from operating experience.”47 Of course, continual improvement of this kind will require 
adequate investment in the human resources necessary to proactively identify changes to both safety 
standards and the regulatory process in general.  

 

Human Resources and Professionalism  
 
One of the biggest challenges facing Japan is the development of a cadre of professionals who are 
qualified to serve as regulators. In the United States, the NRC has the advantage of being able to 
recruit a substantial portion of its employees from the military by drawing heavily from the Navy’s 
nuclear propulsion program.48 Although Japan does not have the same option, it can replicate other 
programs that have been successful in the United States and other countries to meet their human 
resources needs in both operation and regulation.49 To that end, the proposal to establish an 
International Nuclear Safety Training Academy should be pursued as a means to build up a cadre of 
technically-trained professionals to serve in the NRA and provide them with ongoing training during 
their professional employment. A strong emphasis should be placed on training for regulators, 
operators, and other nuclear power plant personnel. 
 
The NRA must take the lead in professionalizing the nuclear industry workforce by setting high 
standards for education and training for the industry’s workforce. According to data provided to The 
Los Angeles Times by NISA, 88 percent of the 83,000 workers at Japan’s nuclear power plants are 
contract workers as opposed to full-time employees of the utility companies that own the plants.50 
Industry-wide, the pay for nuclear plant operators and technicians employed by utility companies 
averages about ¥6 million ($62,000) per year.51 That compares reasonably well with pay scales in the 
United States for similar work. However, contract workers – many of whom are reportedly hired 
with minimal training – are not put on a career track wherein they can receive training and flourish 
as professionals who are continually improving their skills. According to one report, the week before 
the accident, the Fukushima Daiichi plant was paying full-time maintenance workers $11 per hour 
(¥1,056) – the same as a McDonald’s employee in Tokyo.52 Of course, not every maintenance 
worker needs to be career-tracked to become a plant manager or paid enough to live richly, but it is 
obvious that compensation should reflect an acknowledgment that servicing equipment at a nuclear 
power plant is a decidedly weightier undertaking than operating a deep fryer at McDonald’s.  
 
Looking at the NRA specifically, Japan will need to expand its size substantially beyond the roughly 
460 it will employ over the near term after borrowing most of those staff from NISA. Specifically, it 
should devote substantial efforts to overcoming bureaucratic barriers that are standing in the way of 
incorporating JNES’s 490 staff members into the NRA and increasing the NRA’s budget 
accordingly. The NRA’s current budget of approximately $573 million (~¥55 billion) will also need 
to be increased accordingly.53 The total of about 950 personnel would still be less than one-quarter 
of the size of the U.S. NRC while Japan’s 54 reactors at 18 power plants represents slightly more 
than half of the 104 reactors that the United States has at 65 nuclear power plants. Japan does not 
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need to match the United States in spending on nuclear power regulation or even spend half as 
much since it has roughly half the reactors. However, if the government is truly committed to 
ensuring the highest degree of safety possible, it will need to back up that commitment by investing 
in the NRA.    
 
For its part, the NRA needs to be able to get the most out of every employee and to be able to 
improve its competence in areas that can only be improved over time. To ensure that it does, Japan 
should consider exempting the NRA from government policies that require employees to rotate jobs 
every two-to-three years. Doing so would help senior staff achieve a greater depth of expertise and 
foster greater long-term continuity in regulator-industry interaction and more regulator 
accountability for safety outcomes. The IAEA’s mission observed that the rotations were hurting the 
ability of senior staff to “enhance its knowledge management and effectiveness of nuclear safety 
regulation of strategic and operational issues.”54 Greater experience with these issues could help the 
NRA develop improved quality systems management guidelines for plant licensees and enforce 
regulations that take into account the entirety of plant operations from a probabilistic risk 
perspective. At a minimum, it would allow agency employees to develop a more detailed 
understanding of operations at nuclear power plants, thus making them better equipped to detect 
problems.  
 
For this work, the NRA will also need the support of a legal framework that includes robust 
protection for whistleblowers from within the NRA and across the nuclear power industry. 
Otherwise, the industry will be prone to scandal and regulatory knowledge deficits, including blind 
spots to problems that could lead to severe accidents. Providing legal protection to those who bring 
safety concerns to the fore is essential to establishing an industry-wide culture at each plant. 
Likewise, the NRA should ensure the same protection for its own employees by standing up an 
office of an Inspector General (or functional equivalent) to investigate reports of misconduct and 
cover-ups within the ranks of the authority.  
 
For example, in the United States, nuclear regulators are protected from retribution by the NRC for 
disclosing safety problems, reporting violations of procedures, participating in efforts to detect 
tampering or improper calibration of instruments, challenging superiors, and other activities that 
draw attention to problems. An internal Office of the Inspector General (OIG) at the NRC carries 
out audits and investigations to “prevent and detect fraud, waste, abuse, and mismanagement.”55 
Legislation establishing the office was passed in 1978 and revised in 2008 to create an interagency 
group consisting of inspector generals from across government that can work together to address 
issues related to their independence and ability to function effectively. Despite these layered efforts 
to ensure accountability across government, problems can still occur. Recently, a manager within the 
NRC has come under fire for creating a hostile work environment for regulators and instituting 
salary bonus structures that created financial risks for those who exposed problems. The U.S. 
Congress then exerted pressure on the NRC to investigate and report on the matter.56 Similarly, it 
could be said that the responsibility to improve safety across the nuclear power industry extends to 
Japan’s National Diet, which must do its part to hold the NRA to high standards of human resource 
management, including whistleblower protection.  
 
Overall, the re-organization of nuclear industry oversight in Japan bodes well for improved 
regulatory effectiveness and accident risk reduction in the future. However, the progress in resolving 
the institutional conflict of interests that afflicted NISA and METI does not obviate the need to 
address individual conflicts of interest that affect people responsible for developing and enforcing 



Regulating Japanese Nuclear Power                                                                                                         May 2013  

 

17     Federation of American Scientists              www.fas.org 

regulations. The next section discusses some of the decisions and incentives facing individuals 
involved in the regulatory process.  

 
Recommendations: 

 Japan should consider exempting the NRA from the practice of rotating government 

employees between jobs every several years in order to develop and preserve greater 

organizational competence. Expediting the proper and entire incorporation of JNES into the 

NRA and increasing its budget and staff accordingly should be made a priority in order to 

hasten the completion of bureaucratic reorganization.  

 The NRA must take a leading role in working with industry to professionalize the workforce 

through proper training, hiring practices, and compensation. It will be incumbent on the rest 

of the Japanese government to support it in this regard by resourcing it appropriately and 

facilitating cooperation among regulators, utility companies, academia, civil society groups, 

and other stakeholders.  

 Japan should review and, as needed, strengthen whistleblower protections that apply to both 

industry and government employees. Within the NRA, it should stand up an Inspector 

General’s office (or functional equivalent).  

 

The Revolving Door Dilemma  
 
No matter what legal or institutional arrangements are settled on to shield the NRA from excessive 
industry influence, the actual oversight of Japan’s utilities will be carried out by human beings. 
Reform of the regulatory process in Japan must therefore account for the “human factor” – 
specifically, those issues that can influence the decisions made by individuals working within the 
regulatory agency as well as the industry. A key challenge brought to the fore by the Japanese 
experience is the effect of the “revolving door”: the movement of personnel back and forth between 
regulatory organizations and what are usually higher-paying jobs in industry and organizations 
charged with promoting industry.  
 
The individuals who work at regulatory organizations can be biased by industry employment in two 
ways depending on the sequencing of their industry and regulatory service. Those who held prior 
industry employment may prove to be more sympathetic to industry interests as a result of them 
having been “socialized” to the industry’s perspective. Alternatively, those who are eyeing industry 
employment after their work for a regulatory authority may seek to ingratiate themselves to their 
prospective future employers by being lenient in enforcing rules. The latter problem appeared to be 
particularly acute in Japan due to the practice of amakudari in which retired officials from NISA and 
METI would commonly assume high-paying jobs in the nuclear industry they were previously 
regulating. Although the situation was worse in Japan because amakudari has deep cultural roots and 
is commonplace, similar problems face regulators elsewhere. One recent case at the NRC involved a 
former commissioner who took a job at a private company not long after voting on a number of 
regulatory issues that affected that company.57 Proper oversight – of both regulated companies and 
the regulator – is needed to ensure that safety regulation is not subordinated to personal interests. 
The “revolving door” that separates industry and regulators needs to be watched. 
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To that end, it is being considered that NRA personnel be forbidden from transferring back to a job 
within METI or MEXT (the ministries in charge of promoting nuclear power) and place restrictions 
on them being able to actively seek employment at private firms that they are currently regulating. 
The ban on returning to ministries that promote nuclear power will be delayed for five years to allow 
for a “settling-in” period. Additionally, restrictions on NRA staff from assisting others with job-
seeking by making recommendations to industry for re-employment are also being considered. 
(Similar proposals to this have been developed in the past but have failed to take hold.58) However, 
because NRA will employ many of the same people who worked previously with NISA and who 
may seek industry employment in the future, there are concerns that the same pattern of industry-
regulator interaction that resulted in lax oversight in the past will resurface in the future.59  Some 
have argued that the policy that disallows senior officials within the NRA to transfer to jobs in 
METI should be expanded to include the entirety of the NRA’s staff. It appears that, to the chagrin 
of many observers, the much-maligned tradition of amakudari may endure, albeit more openly.  
 
We believe that isolation is not the answer. It is neither practical nor desirable to build a complete 
wall of separation between industry and regulators that bans movement back and forth between the 
two over the course of a person’s entire career. Although regulators and the regulated work 
extensively together over time and can develop close interpersonal and organizational relationships, 
it does not necessarily follow that all regulation will inevitably become what Phillip White of the 
Citizens Nuclear Information Center described as the “amiable fiction” that obtained in Japan. That 
being said, this is a difficult challenge for nuclear power because the number of people who possess 
the scientific knowledge needed to understand the technology and the business knowledge to 
understand the industry built around it is limited, even in a highly educated country like Japan. 
Industry expert John Large has commented that “virtually every regulator in the world has a cozy 
relationship with the nuclear industry . . . where the regulator and the operator and the manufacturer 
are all drawn from the same pool of fish.”60 This partly explains what gave Japan’s “nuclear village” 
so much cohesion. Does this make it impossible to regulate nuclear power industries effectively? 
Not necessarily.  
 
Industry experience can and typically does help regulators be more effective in their jobs. As some 
academic research has shown, the mere possibility of obtaining a more lucrative job in industry may 
sometimes actually inspire regulators to be more aggressive as a way of signaling their technical 
competence, work ethic, and professionalism. This is especially true for early- to mid-career 
regulators or other instances where a regulator’s technical qualifications may not be immediately 
apparent to the industry.61 Other studies have suggested that keeping the revolving door open a little 
bit can encourage regulators to place more of a stake in cultivating personal reputations for quality 
job performance over the course of their careers.62  
 
In response to criticism of the NRC’s hiring of personnel with backgrounds in the nuclear power 
industry, Nuclear Energy Institute president, Marvin Fertel, remarked, “It’s only a problem if you 
think getting good expertise is a problem.”63 While it is certainly true that “good expertise” can be 
found in industry, this does not mean that it cannot be found anywhere else. One way to mitigate 
the potential adverse effects of having regulatory bodies populated largely by people with 
backgrounds in industry is to invest in building up a separate track through which people can gain 
the technical training they need to serve in the NRA. This again underscores the importance of 
Japan investing in human resource development and bringing its recruitment and training standards 
up to par with the most rigorous in the world.  
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Although the amakaduri issue with senior bureaucrats can be a major contributor to the 
deterioration of regulation, attention must be paid to the early- to mid-career inspectors are still 
learning the ins and outs of the regulatory process and building professional rapports with licensees. 
While they do have incentives to demonstrate their competence and integrity by being thorough (as 
mentioned above), they also have incentives to be flexible. For example, an inspector may want to 
reduce on-the-job stress by showing flexibility with plant operators that they will need to work with 
on a regular basis. Low morale due to being overworked or underpaid may dissuade regulators from 
going the “extra mile” to address potential safety issues. The NRA will need to think through all of 
the factors that could lead an individual regulator to be overly lenient with operators while 
developing personnel policies that are relevant to every stage of a regulator’s career – from recruiting 
the right kind of people to curtailing amakudari.  
 
Among federal agencies in the United States, the NRC consistently ranks best in terms of employee 
job satisfaction.64 Of course, even the NRC can improve. Additionally, sorting out the fundamental 
problems that weakened regulation in the past will go a long way for the NRA. The point is simply 
that, as Japan looks abroad to incorporate best practices, it should expand the scope of its 
cooperation with other regulatory bodies such as the NRC to devise human resources and personnel 
policies that contribute to job satisfaction and a healthy work environment.  

 
Recommendations: 

 Although the “revolving door” between industry and the NRA will most likely remain open 

for personnel, Japan should consider developing more robust alternative means to industry 

experience for developing the technical expertise required for effective regulation so that the 

NRA is not populated exclusively by former industry workers. 

 The NRA should consider establishing rules that require industry firms to report that they 

have been contacted by outside parties (beyond the NRA) to hire NRA personnel in 

violation of standing rules pertaining to government employees seeking industry 

employment. 

 Conflicts of interests and lax oversight are more likely to become a problem in a regulatory 

workforce that is demoralized. The NRA should proactively seek input from other 

regulatory bodies on how to improve employee satisfaction and incorporate practices from 

abroad and from the IAEA as appropriate. 

 

Dealing with Amakudari 
 
The convergence of industry and regulatory incentives to exchange personnel does not always pay 
dividends for public safety. Close relationships can become too close. And even with a surfeit of 
technically-qualified people who could conceivably work at the NRA there will always be a market 
demand for industry-specific insight. Likewise, there will always be a market demand within industry 
for people who have a deep and sophisticated understanding of regulatory requirements. Economic 
theorist Yeon-Koo Che describes this as an “inescapable consequence of the regulatory agency’s 
need for specialized knowledge and industry-specific expertise.”65 This is essentially the standing 
business-conscious justification for amakudari that remains: that having former senior-level 
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regulators on staff will facilitate communication with the regulatory body and thereby help 
companies prepare to comply with the rules.66  
 
Research has questioned whether regulators who desire jobs in industry will automatically show 
favoritism through leniency towards the regulated company. As historian and economist George 
Hilton succinctly put it long ago, those “who are hostile to regulation do not accept positions on 
[regulatory] commissions.”67 Though there is some truth to this, the facts surrounding the abysmal 
regulatory environment and the perpetuation of the “safety myth” in Japan speak for themselves. 
Yet there does not appear to be any attempt at this time to vanquish amakudari from nuclear power 
regulation, only to bring more transparency to the process by requiring that government officials 
notify the Prime Minister of their job offers and that the Cabinet office make a list of former 
regulators who have been re-employed in industry.  
 
From a policy standpoint, it is difficult to know where to draw the line on the re-employment of 
senior-level bureaucrats by industry. If regulators are most vulnerable to manipulation by industry or 
likely to have their judgment colored by the prospect of industry employment during their last years 
of service on a commission, then it would seem that the duration of the “no return” clause would 
need to be at least long enough to eliminate quick quid-pro-quo deals related to their policy 
recommendations or response to specific safety issues. The regulator’s ineligibility period should be 
long enough to minimize perceptions – by either the regulator or the industry – that there is a “deal” 
to be made on any particular issue. For now, what can be said is that the general guidelines being 
considered to manage this dilemma are in-sync with those in the United States and elsewhere.  
 
There will always be concern that whatever regulatory body oversees Japan’s nuclear power industry 
will be vulnerable to capture and manipulation. Therefore, to build public confidence that the NRA 
is truly doing its job, Japan should seek to maximize the use of external validators – from both inside 
and outside the country – to provide an independent check on the industry’s activities. Establishing 
mechanisms whereby the opinions of experts from outside the “nuclear village” can influence both 
industry practice and regulatory behavior can help restore public confidence that nuclear power – 
whether they believe it to be adequately safe or not – is at least under control. In a sense, this is a 
way of applying the “defense-in-depth” concept to the regulatory process as a whole. 
 
To whatever extent it is believed that the NRA’s relationship with industry is still too cozy and 
regulators will be too reticent to take a firm stance on safety issues or mete out punishment, it may 
behoove Japan to consider incorporating greater automaticity into the decision-making process. 
Remembering that regulation is carried out by human beings, clearer guidelines about what to do 
can help reduce uncertainty for regulators when it comes to reporting or responding to potential 
problems. Reducing this uncertainty closes the “window of opportunity” for industry to influence 
the individuals making regulatory decisions. However, this carries a substantial risk of backfiring, 
which brings up an important point that needs to be made before closing this discussion on the 
regulatory framework and process.  
 
Making regulatory requirements more demanding, responses to problems more automatic, and 
penalties more severe carries the risk of increasing industry incentives to cover-up its problems and 
be uncooperative with regulators. This problem lies at the opposite end of the spectrum from where 
Japan was before, where industry operated with virtual impunity and covered-up problems simply 
because it could. A balance must be struck. In a statement following the exposure of TEPCO’s 
falsified reporting to NISA, the company’s new president, Tsunehisa Katsumata, explained how the 
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fear of public exposure led to conservatism in reporting that eventually became outright mendacity 
by over-confident engineers:  
 

. . . because the Japanese news media tends to run major stories about problems at 
nuclear facilities, no matter how trivial these may be, the engineers got into the habit 
of being defensive whenever any minor incident occurred. In addition, the engineers 
were so confident of their knowledge of nuclear power that they came to hold the 
erroneous belief that they would not have to report problems to the national 
government as long as safety was maintained. . . Engineers who were reluctant to 
report problems, therefore eventually came to believe that they would be allowed not 
to report faults if the faults did not pose an immediate threat to safety and, as a 
result, they went as far as to delete factual data and falsify inspection and repair 
records.68  

 
This may seem like finger-pointing by TEPCO. However, it is important to remember that nuclear 
technology is a “peopled technology” and that plant operators regularly make decisions and take 
actions based on common (and sometimes undocumented) knowledge specific to their plants. They 
will make mistakes, as will regulators. They will need to work together continuously to define and to 
meet ever-improving performance goals for safety.  
 
Recommendations: 

 Japan should seek to maximize its use of outside expertise as a check on regulatory structure 

and performance as well as on specific technical issues pertaining to safety at nuclear power 

facilities. 

 Japan could consider building greater automaticity into the decision-making process at the 

NRA in order to establish clear expectations among operators about the implications of 

safety lapses.  

Specific Safety Measures 
 
Having discussed the regulatory framework and process, we now to turn to a technical analysis of 
specific safety requirements being considered in Japan. This analysis will draw extensively from the 
experience of the United States with some of the technical issues at-hand and the evolution of the 
requirements put in place to improve safety.   
 

Installation of Vents Equipped with Filters on Reactors’ Containments 
 
All safety improvements to nuclear plants have costs: both real and perceived. If a designer of a 
plant wants to increase the number and types of safety systems, he typically increases the cost of 
construction of the plant. If the cost of a plant increases too much, it could become uncompetitive 
financially compared to other electricity generation sources. On the other hand, if not enough 
money is spent on safety systems, the risk of an accident causing severe costs to the public and 
environment goes up. Risk is intentionally used here, not just probability or consequences alone. 
Recall that risk is probability multiplied by the consequences. Lack of enough safety systems can 
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raise both the probability of an accident and the consequences if an accident occurs. This is real risk 
with the potential for serious costs and losses.  
 
Perceived risk also depends on the number and types of safety systems. If the public perceives that a 
nuclear plant has many layers of safety, it is more likely willing to accept and even strongly support 
operation of the plant. However, if the public learns that a new safety mechanism is available but 
not used, it may react unfavorably toward operation of the plant. Importantly, the public tends to be 
more attuned to losses rather than costs.69 Specifically, the public would want to avoid losses or 
damages such as radioactive contamination caused by an accident, whereas people are not as aware 
of the particular extra costs to install safety systems.  
 
For this report, we pay particular attention to containment of radioactive materials in the event of an 
accident. Specifically, the three Fukushima Daiichi reactors that experienced core meltdowns 
released substantial amounts of radioactive materials to the environment outside of the plant. This 
contamination has displaced tens of thousands of people and has had substantial social and 
economic costs. The question is whether different design choices and safety features could have 
mitigated or even prevented this contamination.   
 
The choice of the containment structure and associated safety systems of a nuclear plant 
significantly affects the cost of the plant and the ability to prevent or mitigate an accident.  The 
commercial reactors in Japan and the United States are light water reactors of either the boiling 
water reactor (BWR) or pressurized water reactor (PWR) designs. There are variations on the 
designs of BWRs and PWRs, but in general, BWRs have smaller containment volumes than PWRs; 
this is especially true of the older “Generation II” BWRs in operation. The oldest BWR designs are 
designated as Mark I; the next oldest are designated as Mark II; the design after that is known as 
Mark III. The reactors at Fukushima Daiichi that experienced the accidents were of the oldest Mark 
I BWR containment designs.  
 
Because the containment’s volume of a Mark I or even a Mark II BWR is relatively small compared 
to a PWR’s containment, the BWR containment can become overpressurized with steam much 
faster than a PWR containment. Steam is not normally present outside the reactor vessel and its 
associated piping and equipment. Only in the event of an accident that results in a leak or more 
seriously rupture of the piping that contains high temperature water would steam start to fill the 
containment.  
 
While containments vary in design, the general principle is a hardened concrete structure often 
reinforced with high strength steel. Making the containment structure bigger and using more 
concrete and reinforced steel adds cost to the plant. In the 1960s, General Electric (GE) began 
building Mark I BWRs and marketed them as cheaper than its competitor’s (Westinghouse’s) PWRs. 
One of the main ways to lower cost of the BWRs was to build smaller containment structures. But a 
smaller containment could reduce safety in the absence of other systems that would reduce the 
likelihood of having the containment overpressurize in the event of an accident. These extra safety 
systems were designed to suppress the pressure buildup by absorbing much of the energy of the 
steam in order to condense the steam into liquid water. By making the steam bubble through liquid 
water or ice, these systems can allow for pressure suppression. But there has to be sufficient volume 
of liquid water or ice in the containment. If there is a major accident resulting in a huge generation 
of steam, these systems could become overwhelmed.  
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In the event of a loss of coolant accident, the reactor core can become uncovered, thereby exposing 
hot fuel cladding. The cladding material is typically made from zirconium because of this metal’s 
favorable heat transfer properties and low probability to absorb neutrons during the nuclear chain 
reaction among neutrons and fissile atoms of uranium and plutonium. But zirconium has the 
disadvantageous property of reacting with steam and disassociating it into hydrogen and oxygen. 
Hydrogen, as a flammable gas, poses a serious hazard if it builds up and ignites. A powerful enough 
hydrogen explosion can rupture a containment structure. This type of explosion occurred at 
Fukushima Daiichi.  
 
Concerns about the design and potential safety problems of the Mark I BWR were raised in the early 
years of these plants’ deployment. In 1972, Stephen H. Hanauer, then an official at the U.S. Atomic 
Energy Commission, argued for discontinuing use of this design because his analysis led him to 
believe that “the disadvantages are preponderant.”70 In response to Hanauer’s recommendation, 
Joseph Hendrie, an official who would later become the Chairman of the U.S. Nuclear Regulatory 
Commission, wrote that banning these types of containments is “attractive in some ways” but he 
went on to state: “Reversal of this hallowed policy, particularly at this time, could well be the end of 
nuclear power.”71 Soon after the Fukushima accident, David Lochbaum, a nuclear engineer who had 
worked at BWR plants and a safety specialist at the Union of Concerned Scientists, said, “Not 
banning them might be the end of nuclear power.”72 Similar concerns were raised by a top nuclear 
regulatory official in the mid-1980s, when Harold Denton of the U.S. NRC warned that BWR Mark 
I reactors had a 90 percent probability of bursting their containments in the event of the fuel rods 
becoming uncovered and melting. Industry officials contested this estimate and believed that the 
chance of this type of failure was at most 10 percent.73 However, because of the disclosure in the late 
1980s that GE’s documents from the mid-1970s indicated that the containments were insufficiently 
tested, several utilities threatened to sue GE.   
 
While it is easy to look back in hindsight at what could have been done, it is clear that relatively soon 
after these plants were built, senior U.S. officials at the Atomic Energy Commission knew of the 
potential danger and increased risk. Nonetheless, many of these types of reactors were built. In the 
United States, there are presently 23 BWR Mark I reactors (about 22 percent of the total reactor 
fleet) and worldwide there are 32 of these reactors. Given that the decision to ban these plants was 
not taken, what else could be done to improve the safety of these plants and mitigate the 
consequences of an accident at these plants?  
 
Around the time that utilities were threatening legal action against GE, the NRC staff issued a plan 
in December 1987 to resolve the issues concerning Mark I containments.  Regarding possible 
solutions, “the following six areas were evaluated to determine potential benefits in terms of 
reducing the core-melt frequency, containment failure probability, and offsite consequences: (1) 
hydrogen control; (2) alternative water supply for reactor vessel injection and containment drywell 
sprays; (3) containment pressure relief capability (venting); (4) enhanced RPV [reactor pressure 
vessel] depressurization system reliability; (5) core debris controls; and (6) emergency procedures 
and training.”74  
 
One of the ways to prevent buildup of hydrogen inside the containment is inerting the atmosphere 
with nitrogen, a nonflammable gas, by filling the containment with this gas. But if the atmosphere 
inside the containment is “deinerted,” hydrogen could buildup in the event of an accident. 
Nonetheless, the NRC staff assessed, “Reactor pressure is anticipated to increase during a severe 
accident, releasing steam and non-condensable gases into containment. This will increase 
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containment pressure, preventing ingress of air. Therefore, the containment atmosphere would not 
become deinerted for an extended period of time. Since offsite supplies of nitrogen could be readily 
obtained during this period, an onsite backup supply would not significantly reduce risk.” However, 
the severe damage to the surrounding areas offsite to Fukushima Daiichi significantly restricted the 
capability to deliver outside supplies such as nitrogen gas canisters as well as alternative supplies of 
electrical power. Frank von Hippel, an independent scientist and nuclear safety analyst, has pointed 
out, “The hydrogen didn’t explode in the containments because they had been ‘inerted’ by being 
filled with pure nitrogen (i.e., no oxygen) but, when the hydrogen was vented into the outer 
containment buildings, it mixed with the air there and exploded, blowing the roofs off the outer 
buildings.”75 These roofs were not nearly as strong as the inner containment.  
 
The NRC staff’s evaluation also considered employing “a backup or alternate supply of water and a 
pumping capability independent of normal and emergency AC power. By connecting this source to 
the low-pressure residual heat removal systems as well as to the existing drywell sprays, water could 
be delivered either into the reactor vessel or to the drywell by use of an appropriate valve 
arrangement. An alternate source of water injection into the reactor vessel would reduce the 
likelihood of core-melt due to station blackout or loss of long-term decay heat removal, as well as 
provide significant accident management capability. … A review of some Mark I facilities indicated 
that most plants have one or more diesel-driven pumps which could be used to provide alternative 
water supply. The flow rate using this backup water system may be significantly less than the design 
flow rate for the drywell sprays. The potential benefits of modifying the spray headers to ensure a 
spray were compared to having the water run out of the spray nozzles. The result of this comparison 
was that removal of airborne fission products in the small crowded volume in which the sprays 
would be effective did not change sufficiently to warrant modifications to the spray nozzles.” As the 
Fukushima Daiichi accident showed, sustained loss of electrical power occurred and could occur 
again at other plants worldwide.  
 
One of the most important recommended improvements to the safety of Mark I BWRs was 
improved venting to provide for pressure relief of the containment. “The [NRC] staff concluded 
that venting, if properly implemented, could have a significant benefit on plant risk. However, 
venting via a sheet metal ductwork path, as currently [as of the late 1980s] implemented at some 
Mark I plants, would be likely to greatly hamper or complicate post-accident recovery activities, and 
was therefore viewed by the staff as yielding reduced improvements in safety. … Controlled venting 
can prevent the failure of ECCS [emergency core cooling system] pumps… A hard pipe vent and 
vent valves capable of withstanding the anticipated severe accident pressure loadings would 
eliminate the problems with operating the vent system during a severe accident. The vent isolation 
valves should be remotely operable from the control room and should be provided with a power 
supply independent of normal or emergency AC power. … Given a core-melt accident, venting of 
the wetwell would provide a scrubbed vent path to reduce release of particulate fission products to 
the environment. Venting has been estimated to reduce the likelihood of late containment 
overpressure failure and to reduce offsite consequences for severe accident scenarios in which the 
containment shell does not fail for other reasons. … Inadvertent venting could result in the release 
of normal coolant radioactivity to the environment even when core degradation is averted or vessel 
integrity maintained.”  
 
This NRC staff analysis from the late 1980s is very illustrative of the concerns and tradeoffs of 
having the capability to vent the containments. Having a venting capability is useful for allowing the 
operator to prevent overpressurization and potential rupture of the containment. But the nature of 
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the vent is very important. If the vent pathway uses “sheet metal,” there are concerns that it would 
not be reliable. Thus, the staff assessed that hardened vents would provide a needed improvement. 
But another concern was raised about the operability of the vent. Its operation should not have to 
depend on normal or emergency AC power. The staff called attention to the need for an 
independent power supply. But as the Fukushima Daiichi accident illustrated, there can be an 
extended period of complete loss of electrical power. Consequently, having a means of operation of 
the vents without electrical power appears justified. The NRC staff’s evaluation also raised the 
concern about reducing the amount of particulate radioactive fission products released into the 
environment. Their analysis indicated that venting via the wetwell (containing a reservoir of water) 
could mitigate the release of radioactive materials. Interestingly, this staff analysis did not mention 
installing filters on the vents. But the staff did mention the concern that the venting may be 
inadvertently operated during normal operations and thus result in possible release of normal 
coolant radioactivity, which would most likely be a very small amount of radioactivity released. But 
plant operators who are trying to reduce any releases of radioactivity would have to think extra hard 
before opening a vent.   
 
The staff recommended that licensees with Mark I containments consider alternate water supplies 
for pressure reduction and that the NRC “would approve hardened vents for Mark I licensees who 
proposed to install them.”76 On September 1, 1989, the U.S. NRC issued Generic Letter 89-16 to all 
holders of operating licenses for nuclear power reactors with Mark I containments regarding 
“Installation of a hardened wetwell vent.” This letter did not require that the plants’ owners install 
these vents; instead, it said that the NRC would approve installation “for licensees, who on their 
own initiative, elect to incorporate this plant improvement.” The letter also did not require a 
standardized approach or specific equipment for this installation. However, it did mention that the 
staff found the “analysis acceptable” of the installed system at the Pilgrim Nuclear Power Station 
and owned by Boston Edison Company. The letter enclosed a copy of Boston Edison Company’s 
description of its system.  
 
The apparent good news was that all Mark I BWRs in the United States did install some type of 
hardened wetwell vent, but they were not all of the same type. But in light of the Fukushima Daiichi 
accident, renewed concerns were raised that the lack of uniformity and standardization of these 
vents could lower the real and perceived ability of these systems. The Near-Term Task Force Review of 
Insights from the Fukushima Dai-ichi Accident recommended a regulatory requirement to install 
hardened, reliable vents on the Mark I containments and with each vent meeting a rigorous 
standard.77 This task force also recommended a reevaluation of the need for hardened vents for 
other containment designs. Two other containment designs that have been the focus of additional 
safety improvements are the about one dozen Mark II and Mark III BWRs and the ice-condenser 
system used in nine PWRs.  
 
Even during the NRC staff review in 1987, consideration was given to hardened vents on the Mark 
II and Mark III BWRs. The NRC staff, however, “did identify any generic improvements that would 
be applicable to all Mark II containments.” But the staff requested that each licensee consider any 
insights learned from individual plant evaluations. Mark II containments are somewhat bigger in 
volume than Mark I containments and like the Mark I, Mark II containments are inerted with 
nitrogen. Mark II containments are even bigger in volume with approximately five times the volume 
of the Mark I containment and about 65 to 85 percent of the volume of a large, dry PWR 
containment. Similar to Mark II containments, the NRC staff did not identify any generic 
improvements for the class of Mark III containments (which are not inerted) but did encourage 
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lessons to be learned from individual plant evaluations. For ice-condenser PWR containments, 
concerns have been raised about certain accident sequences that could overpressurize the relatively 
small containment volume; specifically, studies by Sandia National Laboratories have identified these 
sequences.78 The NRC staff evaluation pointed out that ice-condenser containment failure “resulting 
from uncontrolled H2 burns or detonations is a potentially important failure mode … This could 
occur in station blackout events if power to the H2 igniter system is lost, high concentrations of H2 
are produced as a result of core degradation, and power is then restored at a later time.” But here 
again, the NRC staff did not have any generic improvements for ice-condenser containments but 
encouraged licensees to learn from insights from individual plant evaluations. Finally, for most 
PWRs, the containments are large and dry. The NRC staff’s assessment from more than 20 years 
ago is that “H2 combustion on a global basis is not believed to be a significant threat to large, dry 
containments. However, less firm conclusions have been reached for the smaller subatmospheric 
containments. It may be possible for detonable mixtures of H2 to buildup in localized compartments 
of both types of dry containments and damage equipment. Therefore, the potential and effects of 
local H2 burns should be evaluated on a plant-specific basis.” 

 
Fast-forward two decades later to just a few months after the Fukushima Daiichi accident, the U.S. 
NRC commissioners received the Near Term Task Force report as mentioned above. The NRC 
staff also reached out to the public and industry to obtain their views. Based on these 
recommendations and assessments, the Commission decided less than one year after the accident to 
move forward with issuing an order that is applicable to all licensees with Mark I and II 
containments.79 In September 2012, NRC staff provided interim guidance to BWR licensees that 
includes this rationale: 

1. Order EA-12-050 requires that licensees of BWR facilities with Mark I and Mark 

II containment designs shall ensure that these facilities have a containment 

venting system that meets certain requirements relating to reliable and 

dependable operation in order to be able to implement strategies relating to the 

prevention of core damage.  

2. The installed venting system must meet prescribed quality standards. Generally, 

the system must be of a ‘seismically rugged design’ and meet the plant’s existing 

design basis if more stringent requirements are necessary. 

3. The Order requires that licensees develop the necessary procedures and conduct 

appropriate training of personnel who may be required to operate the system.80 

 
Since this interim guidance was just issued in September 2012, much more work needs to be done to 
actually determine what vents to install that are seismically rugged and reliable, then install the vents, 
and develop and implement training procedures to operate this system. NRC staff have had 
discussions with the BWR Industry Group to obtain their views and have held open public sessions 
in order to demonstrate to the public in a transparent way the proper process for developing 
reliable, hardened vents. 
 
Segments of the public as well as nuclear safety watchdogs have raised concern that these reliable, 
hardened vents are not sufficient. Specifically, they have called for filtered vents. The filters would 
be designed to trap more than 99 percent of the radioactive contamination so that there would not 
be massive contamination of the environment in the event of an accident. Calling for filtered vents 
is not new. As Frank von Hippel reminded the readers of the Bulletin of the Atomic Scientists, a group 
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of nuclear engineers in 1977 at the University of California “suggested that a robust filtration system 
be installed in reactors to remove the radioactivity from the vented gases. Some countries picked up 
the idea. Sweden installed a filtered vent system at the Barseback reactors (subsequently shutdown) 
across the strait from Copenhagen and France installed vent systems at all of its reactors. … The 
unspoken argument against requiring the US nuclear power plants be retrofitted with filtered vents 
was that the industry thought that they were already safe enough and that the expense would be 
wasteful. And, as today, the commission did not want to force the industry to do more than it was 
willing to do.”81  
 
The Bulletin of Atomic Scientists on March 16, 2011, reprinted an article from 1982 by von Hippel and 
Jan Beyea in which they argued, “It would be relatively easy to add such a system onto an already 
completed containment building because the filter system could be installed in a separate building 
outside the existing containment building and connected to it through a large valve and underground 
pipe. The installed cost of these systems has been estimated to be between $1 million and $20 
million per reactor, an amount which is small in comparison with the more than $1 billion total cost 
of a modern nuclear power plant.”82 Indeed, the cost of the Barseback filtration system was about 15 
million dollars (1985 U.S. dollars).83 By 1988, Sweden had installed filtered vents on all of its 
reactors, and the OECD Nuclear Energy Agency estimated that the per reactor cost was about $5 
million.  
 
Given that these are relatively low cost systems, could there be reasons other than minimizing costs 
for industry to resist installing filtered vents? One rationale is that operators might decide to vent 
too soon if they know that there are filters in place and thus release radioactive noble gases to the 
environment. There would then be some, but arguably very little, radioactivity released. But if a filter 
is not in place, the operator might decide to wait too long to vent because even more radioactive 
materials could be released. Another concern about earlier filter designs was that “the pressure inside 
containment during severe accidents might be higher than the design pressure of the ducting to and 
from the filter system. If so, venting the containment could over-pressurize the filter system causing 
it to break open. Highly radioactive gases released from ruptured ductwork could in turn cause 
safety equipment to fail and impede efforts by plant workers responding to the accident.”84 
Hardened vents are therefore required to prevent such ruptures.  
 
Dr. Kristine Svinicki, one of the NRC Commissioners, stated in March 2012 at a regulatory 
conference open to public interest groups that the sequence of things that must happen to need a 
filter is so long that it would never occur at a U.S. plant. But as Dave Lochbaum argued “if that risk 
is not high enough to require filtered venting, then it is also not high enough to require unfiltered 
venting.” He pointed out that under normal operating conditions BWRs “would process gaseous 
releases through high-energy particulate air (HEPA) filters and charcoal filters… During design-
basis accidents, gaseous releases from BWRs are processed through another system with HEPA and 
charcoal filters that significantly reduce radioactivity levels being discharged. … But during severe, 
or beyond-design-basis accidents, gases released via the BWR reliable hardened containment vents 
do not pass through HEPA filters or charcoal filters before being discharged. So, when the 
radioactivity level to be released is as high as it ever gets, the absolute least amount of protection 
against it is provided.”85 He thus concludes that filerted, reliable, hardened vents are essential and 
should be installed. 
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The latest development as of this writing in mid-December 2012 is that the NRC staff is considering 
to recommend a new rule to the Commissioners to require vents with filters on the Mark I and II 
BWR containments. This rule would affect 31 U.S. reactors or about 30 percent of the reactor fleet. 
The industry has objected to this proposed rule. On the basis of probabilistic risk assessment, the 
probability of an accident that would require use of a filtered vent is very low and thus this type of 
risk assessment would argue against requiring this type of vent. But NRC staff have argued that a 
“defense-in-depth” safety philosophy, which means multiple layers of safety systems would tend 
toward requiring these vents. John D. Moninger, associate director of the NRC’s “lessons learned” 
group, favored filtered vents because it would lessen the concerns that operators would have about 
using vents that could release radioactivity to the environment. As of this writing, the NRC staff are 
reportedly finalizing a report to the NRC Commissioners about this potential proposed rule change 
as well as presenting Commissioners “with a range of options, including a performance-based 
approach that could leave some plants installing filters and others demonstrating that the water [in 
the wetwell] provides adequate filtration.”86 Many European reactors that do not currently have 
filtered vents will move to install them as a result of the stress tests during the past two years.  
 
Recommendation: 
Our assessment is that the U.S. decision on whether to require filtered vents should be based on 
achieving safety performance goals determined by probabilistic risk assessments and risk informed 
regulation. These goals can be met in different ways –installing vents at some plants, but not 
installing at others—as long as all these plants can meet the performance objective to reduce the risk 
of release of radioactive materials to the environment to a sufficiently low level.  Regulatory bodies 
in other countries such as Japan can and should apply this approach to their decisions on whether to 
require filtered vents at various plants.  

 

Construction of Separate Earthquake Resistant Main Buildings as Emergency-
Control Centers 
 
After the Great East Japan Earthquake, renewed attention was paid to the ability of nuclear plants 
worldwide to withstand massive earthquakes. In the United States, the East Coast experienced a rare 
medium-magnitude earthquake in August 2011 that resulted in the shutdown of the North Anna 
Nuclear Power Plant in Virginia. While this was a somewhat beyond design basis event, the safety 
margin was such that the plant did not experience significant damage and shut down when 
seismometers registered the intense ground shaking. The one unusual event at the plant was the 
shifting of some spent fuel casks, which maintained their structural integrity. On the West Coast of 
the United States, there have been renewed concerns about the Shoreline Fault near the Diablo 
Canyon Nuclear Power Plant. The NRC’s analysis concluded that the plant can withstand 
earthquakes near the site. According to the NRC’s evaluation, “All of those ground motions fell 
within Diablo Canyon’s existing design limits, which are based on ground motion associated with an 
earthquake from the larger Hosgri fault near the plant. Diablo Canyon must still carry out additional 
earthquake evaluations, as well as a ‘walkdown’ to identify any near-term actions for enhancing 
earthquake resistance.”87 Concerning whether U.S. nuclear plants have criteria for earthquake 
resistant emergency response centers, the specifications for meeting these criteria were specified 
more than 30 years ago.88 The post-Fukushima review of U.S. plants did not uncover any significant 
deficiencies in this regard. 
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The post-Fukushima stress tests in Europe did uncover plants that need additional work on ensuring 
additional resistance against earthquakes while many plants have adequate resistant buildings. In 
particular, the European Commission report found that “the emergency control centers of all the 
plants in Finland (only Loviisa site), Germany, Hungary, Sweden, Slovenia, Lithuania, Bulgaria, and 
Ukraine are well prepared against radiological and extreme natural hazards. The rest of the countries 
have found out that their on-site emergency centers of facilities from which the emergency activities 
are coordinated need to be improved to withstand extreme external hazards or radiological 
conditions. All these countries plan to reinforce their existing on-site emergency centers, or to build 
new ones.”89 Again, the objective in making these upgrades is geared towards functionally improving 
performance in the wake of accident. While attendant regulatory requirements embody a common 
goal, the goal can be reached in different ways.  
 
One of the new requirements under consideration in Japan is building secondary control rooms that 
enable operators to cool down reactor cores and vent gasses among other functions in the event that 
the main control room becomes uninhabitable or loses power. Similar facilities exist at plants in 
Germany and Switzerland, but they are not standard features of nuclear power plants worldwide.  
 
Recommendation: 
As with building earthquake resistant emergency response centers, consideration of whether or not 
to require secondary control rooms for all power plants across Japan should be carried out in the 
context of comprehensive reviews of plants’ overall resilience to accidents. Specifically, attention 
needs to be paid to the different functions that must be available in the event of an accident and 
how to build-in redundancy, as needed, to bring the overall risk of significant radiation release to a 
sufficiently low level. Hardening facilities to earthquakes and requiring secondary power sources and 
control rooms may very well be an appropriate part of the solution at a given plant. However, not 
every function of a power plant (or its accident management strategy) necessarily needs duplication. 
We recommend that such assessments be done on a plant-by-plant basis and should be guided by 
risk informed regulation.  

 

Introduction for Safety Reasons of a 40-Year Limit on Operation of Nuclear 
Power Plants  
 
Should Japan not operate nuclear power plants after 40 years? What is the significance of the 40-year 
time period for initial licensing? To answer these questions and provide guidance for Japan, we 
examine the origin of the 40-year plant license period in the United States and assess efforts to 
renew licenses to 20 or more years.  
 
In the 1950s, the start of commercial nuclear power, the United States was a leader in 
commercialization of nuclear power and had to determine the licensing period for nuclear power 
plants without prior experience from other countries. The nuclear age itself was still relatively new 
with the first reactors (for purposes of research and weapons-plutonium production) only having 
been built the previous decade. But relatively large-scale non-nuclear electricity production had been 
underway for at least a few decades. Thus, some experience could be drawn from the life of non-
nuclear electricity generation plants when assessing how long a nuclear plant could operate.  
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The legislation that governs nuclear activities in the United States is the 1954 Atomic Energy Act, as 
amended. Section 103 of this act (see appendix) specifies the conditions and constraints of 
commercial licensing. In particular, paragraph c of that section makes clear the initial period of 
licensing shall not exceed forty years but can be renewed upon expiration of that license. Section 103 
does not describe the basis for the decision to limit the initial license period to forty years.  
 
Nuclear plant aging and license extension have been under consideration in the United States for the 
past three decades. In 1982, the NRC began a program to study plant aging. In 1991, the NRC 
published safety requirements for licensing renewal and started a pilot program to assess these 
requirements. Then in 1995, it amended the license renewal rule to concentrate on the adverse 
effects of plant aging instead of identifying every single aging mechanism, and the NRC focused on 
ensuring that plant components would continue to perform their intended functions.90  
 
Because most of the U.S. nuclear reactors are relatively old and are at or near the end of the 40-year 
initial license period, the issue of relicensing has led to the question of how long a reactor can last. 
Most of the U.S. reactors have already applied and received 20-year license extensions. It is 
anticipated that before this decade has ended, almost all of the 104 U.S. reactors will have received 
an extension. From an industrial and electricity generation standpoint, these renewals are important 
for maintaining the biggest current means for the United States to generate nearly carbon free 
sources of electricity. Even with the growing use of relatively cheap natural gas, the United States 
can only substantially reduce its greenhouse gas emissions in the electricity generation sector if these 
natural gas plants displace coal-powered plants or if widespread carbon capture and storage were 
used. (Burning coal emits about twice the amount of carbon dioxide, a greenhouse gas, than burning 
natural gas.) But when natural gas plants compete economically with nuclear plants in the United 
States, natural gas has been in recent years more competitive than nuclear power, and this is 
expected to continue for the foreseeable future. This is relevant for relicensing because a utility 
owner who decides to pursue relicensing must weigh the costs of any needed improvements to the 
nuclear power plant in order to receive the license renewal versus the cost to decommission the 
nuclear plant and replace it with a gas plant. On the other hand, improvements to nuclear plants in 
the lead up to relicensing can at times lead to greater power production from the plant due to 
enhancements such as new turbines or more efficient steam generators. Thus, safety improvements 
may lead to power performance improvements; the latter improvements mean that more money can 
be made from the improved nuclear plant.  
 
Because there are very few new nuclear plants being built in the United States, because there were 
very few built during the past 20 years, and because the financial prospects for new construction of 
several plants in the coming years to decades appear slim, there has been significant discussion about 
considering extending the life of many nuclear plants to 80 years or maybe even longer. This 
discussion has raised concern among those who oppose nuclear power; it has also raised concern 
among those who support nuclear power but worry that pushing the life of a reactor too far could 
result in a major accident. Such an accident could harm the continued operation of many other 
reactors. Some have even charged that the NRC and the industry are weakening licensing standards 
to permit the operation of plants beyond the 20-year renewal period and that the NRC has been too 
permissive in allowing some license renewals.91  
 
The Nuclear Energy Institute (NEI) has stated that the “original 40-year license term to operate a 
commercial nuclear reactor was related to the estimated time it would take to amortize (repay) the 
capital investment, not the reactor’s anticipated design life.”92 To support this position, NEI 
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referenced the Congressional hearings in Mary 1954 before the Joint Committee on Atomic Energy 
on amendments to the Atomic Energy Act of 1946, E. H. Dixon, chairman of the Edison Electric 
Institute’s Committee on Atomic Power, said of a proposed 20-year amortization period, “I think 
that the period is too short … If atomic power is to be competitive with standard orthodox fuels, 
the need for amortizing facilities over 20 or 25 years puts an undue price burden on that product. 
These reactors may work 50 years, we don’t know … 40 years is a normal period for amortizing or 
depreciating a generating unit.”93 
 
In other countries, nuclear regulators tend to follow the forty-year rule allowing for license renewal 
with some variations. France stands out as an advanced nuclear power state that has implemented a 
10-year renewal process. Every ten years, a nuclear plant undergoes a thorough inspection to 
determine whether it will receive a renewed license to operate for another ten years. Electricite de 
France wants to extend the life of its reactors to 60 years.94 While the French are generally still very 
supportive of nuclear power and generate a vast majority of their electricity from this source, 
Germans and Swiss had adverse reactions to nuclear power after the Fukushima accident and their 
governments decided to phase out nuclear power plants with some plants being shut down before 
reaching a forty-year operating experience. Although safety concerns were raised about some plants 
in these countries, the recent decisions appear mostly politically motivated. The fact remains, 
however, that any country that wants to continue operating nuclear power plants beyond a nominal 
forty-year life needs to resolve how to ensure safety as the plants age.  
 
If essentially every component of a plant can be replaced before it reaches a breaking point, then 
conceivably plants could run indefinitely. But reactor materials are exposed to heavy doses of 
radiation. Can these materials be repaired so that they can continue to function? The U.S. 
Department of Energy in recent years started a program to investigate this issue and has 
collaborated with France’s MAI and U.S.-based Electric Power Research Institute (EPRI), a 
nonprofit organization funded by utilities. One of the main research areas is neutron bombardment 
of reactor materials. High-energy neutrons smacking into materials can cause cracks to form over 
the decades long duration of a plant. DOE is funding research to examine accelerated neutron 
embrittlement on research materials to determine as fast as possible how these cracks form and what 
can be done to repair them or prevent them from forming.95  
 
The bottom line is that researchers do not yet know how long a reactor can last but investments in 
research and development is arguably the best way to find out. Regulators may come under 
increasing pressure within the next twenty years as plants that have received license renewals reach 
their license expiration period. Thus, it is critical to devote adequate resources to ensure nuclear 
safety and determine the ultimate life span of nuclear plants.  
 
Recommendations: 

 The Nuclear Regulation Authority should decide on whether or not to issue a license to 

operate nuclear plants beyond 40 years based on safety assessments guided by risk informed 

regulation. We urge that such decisions not be influenced by political considerations. 

Nonetheless, we understand that utilities may decide to not operate a nuclear plant even if 

that plant receives a license extension because of other economic considerations. In 

particular, the cost of safety upgrades may be too prohibitive to permit economically 

competitive operation of a plant.  
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 We recommend that Japan and the United States work together to investigate strengthening 

plant safety with an eye to determining whether various plants can operate beyond 60 years.  

 

Determination of Nuclear Plants’ Restart Following Stress Tests  
 
Across the world in practically every country with commercial nuclear reactors, safety regulators, 
soon after the Fukushima Daiichi accidents, responded to assess whether their countries’ plants 
could withstand the extreme disasters that struck the Fukushima Daiichi nuclear plant. The 
emphasis here is on “extreme disasters” because the huge earthquake and tsunami were beyond the 
safety basis designed for at the affected nuclear plants. Regulators and plant designers have to 
determine how much force could strike a plant from an earthquake and how much water and 
forceful winds could impact a plant from tsunamis, flooding, hurricanes, typhoons, and tornados. 
Similar to the decisions affecting the safety systems discussed earlier in this report, there are 
tradeoffs between the costs of these systems and the economic competitiveness of nuclear power.  
 
In the United States, a near-term task force was formed soon after the accident and was given 90 
days to write a report with recommendations for improving. Some of their recommendations such 
as reliable, hardened vents for containments were discussed earlier in our report. One of the most 
important findings of the NRC and the Near-Term Task Force was that no U.S. nuclear plants had 
to shutdown because of a serious safety violation or substantial concern that a plant could not be 
operated safely. Nonetheless, safety improvements were recommended. Without going into all the 
details of the 12 recommendations here, we will briefly outline that they addressed, in addition to 
hardening vents, the issues of enhancing the NRC’s framework for addressing beyond-basis-events, 
updating seismic and flooding analysis to protect plants from those events, evaluating the threat 
from seismically induced fires and floods, strengthening the ability to protect against long duration 
station blackouts, identifying insights about hydrogen control inside containments, enhancing spent 
fuel pool instrumentation and makeup water capability, strengthening and integrating on-site 
emergency response capabilities, ordering licensees to modify emergency operating procedures, 
requiring facility emergency plans address prolonged station blackout and multiunit events, 
evaluating over the long-term additional emergency preparedness topics related to station blackout 
and multiunit events, and finally strengthening regulatory oversight of licensee safety performance 
by focusing more on defense-in-depth requirements.  
 
In Europe, an extensive set of stress tests were implemented “to assess how individual nuclear 
power plants can withstand the consequences of various unexpected events, ranging from natural 
disasters to human error or technical failure and other accidental impacts.”96 The tests resulted in 17 
national reports involving all EU member states with nuclear plants and including non-EU 
European states such as Ukraine with nuclear plants. In the EU, there are 134 reactors on 68 sites. 
Of these, 111 reactors have more than 100,000 inhabitants within 30 kilometers. Thus, the 
population density is roughly comparable to Japan. The peer review teams for the stress tests were 
composed of safety experts from EU member states, Switzerland, Ukraine, and the European 
Commission with observers from third countries (Croatia, Japan, and the United States) as well as 
the International Atomic Energy Agency.  
 
The most important recommendation from the stress tests was to ensure that each plant has 
adequate means to deal with prolonged station blackout: “the key risk.” The United States had also 
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examined and underscored this risk in light of fires or explosions soon after the September 11, 2001 
terrorists’ attacks and issued so called “B.5.b” requirements to plants’ operators to mitigate the risk 
of prolonged station blackout. The NRC’s post-Fukushima near term task force reanalyzed this issue 
with respect to extreme natural disasters. While concerns about station blackout in the United States 
and efforts to address it go back at least four decades, we emphasize here, as we have with the 
preferred approach to regulations, that as understanding of the threats such as natural disasters and 
terrorist attacks evolve, so must regulatory agencies and industry respond expeditiously to reduce the 
risks from these threats. The European Commission report emphasized that “the following should 
be readily available under even the most extreme circumstances:  

 a variety of mobile devices (such as mobile generators, mobile pumps, mobile battery 

chargers or mobile DC power sources, fire-fighting equipment, emergency lighting, etc.);  

 the availability of alternative means of cooling;  

 specialized equipment and fully trained staff to deal effectively with events affecting all the 

units on one site.” 

 
Other important issues to highlight from the EU report are:  

 Perform periodic safety reviews at least every 10 years, including a reassessment of the 

external hazards and the robustness of the plants against them. 

 Review with respect to an exceedance probability (or return period) of 10-4 per year for major 

earthquakes and massive flooding. This was a much stricter condition than had been planned 

for at many of the plants reviewed during the stress tests. But ten reactors in the Czech 

Republic, France, and Spain lacked adequate equipment to detect earthquakes. 

 Need for consistency of evaluation among the EU countries of determining beyond design 

basis safety margins for earthquakes and flooding.  

 Develop a consistent means among these countries to determine the adequacy of the 

ultimate heat sink. 

 Ensure that all BWRs have hardened, filtered vent systems. While many European reactors 

already had such systems, several did not.  

 
It is important to underscore that no European plants were required to shutdown as a result of the 
stress tests.97 However, Belgium’s regulator decided to shutdown two of its seven reactors in August 
2012 after having discovered thousands of cracks two months after completion of the stress tests. 
Nearly all EU plants need upgrades of about 30 million to 200 million euros per reactor. The 
projected total costs of improvements on the European nuclear plants are estimated to be between 
10 billion to 25 billion euros.98  
 
We observe that the European regulatory action appears stricter than the American regulatory 
action, which is not to state that the U.S. NRC’s action post-Fukushima is lax. Notably, the reaction 
of a few European governments to accelerating the planned shutdown of some plants or phasing 
out nuclear power entirely stands in contrast to the U.S. decision to keep all plants running post-
Fukushima although some U.S. plants have had extended shutdown periods because of other safety 
concerns. Dr. Daniel Kahneman, a Nobel prize winner in economics and a world leader in decision 
making when facing uncertainty, has found that there is an “intense aversion to trading increased 
risk for some other advantage … This trend is especially strong in Europe, where the precautionary 
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principle, which prohibits any action that might cause harm, is a widely accepted doctrine. In the 
regulatory context, the precautionary principle imposes the entire burden of proving safety on 
anyone who undertakes actions that might harm people or the environment. Multiple international 
bodies have specified that the absence of scientific evidence of potential damage is not sufficient 
justification for taking risks. As the jurist Cass Sunstein points out, the precautionary principle is 
costly, and when interpreted strictly it can be paralyzing.”99 
 
Recommendations: 

 We recommend that any decision to restart nuclear reactors in Japan not be unduly 

influenced by political decisions. In particular, the Nuclear Regulation Authority should 

follow a risk informed approach when examining each individual plant. A defense-in-depth 

safety approach should be the overarching philosophy. While each defensive layer is 

individually imperfect, the combined functioning of the layers together should be designed 

to meet safety performance objectives to keep the risk to the public to an acceptably low 

level.  

 The Japanese public needs to understand that nuclear power is not risk free. Any technology 

has risks. All electricity generation sources have varying risks to the environment, the 

economy, and human wellbeing. We urge the government and the public to have ongoing 

serious discussions about the balance among these risks.  

 

We further recommend that the NRA embrace a dynamic approach that continually assesses risks 
rather than adopt a deterministic approach that may give a false impression to the public and may 
place undue costs on continuance of nuclear power plants that can operate safely. The NRA would 
best be able to work with regulatory agencies in other countries by harmonizing its regulatory 
approach with the risk informed and probabilistic safety assessment methodology followed in these 
countries’ regulatory agencies. 
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Appendix 1 
 

Commercial Licenses of the Atomic Energy Act of 1954 (as amended) 
 
SEC.  103.  COMMERCIAL LICENSES.— 

a.  The Commission is authorized to  issue licenses to  persons applying  
therefor  to  transfer or  receive  in   interstate commerce, manufacture, 
produce, transfer, acquire, possess, use,  import, or export   under the   
terms of  an  agreement for  cooperation arranged pursuant  to  section 
123,  utilization  or  production facilities for  industrial or  commercial 
purposes.  Such   licenses shall be issued in accordance with the   provisions 
of chapter 16 and   subject to  such  conditions as  the  Commission may  by  
rule or  regulation establish to effectuate the  purposes and  provisions of 
this Act. 

b. The Commission shall issue such licenses on a non-exclusive basis to 
persons applying therefor (1) whose proposed activities will serve a useful 
purpose proportionate to the quantities of special nuclear  material  or   
source   material  to   be   utilized;  (2)   who   are  equipped to  observe and   
who  agree to  observe such   safety standards to  protect health and   to  
minimize danger to  life  or  property as  the   Commission may   by  rule 
establish; and   (3)  who  agree  to make available to  the  Commission such  
technical information and  data  concerning activities under such   licenses 
as  the  Commission may  determine necessary to promote the  common 
defense and  security  and  to protect the  health and  safety of the  public. All 
such information may be used by the Commission only for the purposes of 
the   common defense and security and to protect the   health and safety of 
the public. 

c. Each such   license shall be issued for a  specified period, as 
determined  by  the  Commission, depending on  the  type  of activity to  be  
licensed, but  not  exceeding forty  years, and  may  be  renewed upon  the  
expiration of such  period. 

d. No license under this section may be given to any person or activities 
which   are   not   under or within the jurisdiction of the United States, except 
for the export of production or utilization facilities under terms of an 
agreement for cooperation arranged pursuant to section 123, or except 
under the provisions of section 109. No license may be issued to an alien or 
any corporation or other entity if the Commission knows or has   reason to 
believe it is owned, controlled, or dominated by an alien, a foreign 
corporation, or a foreign government.  In   any   event, no license  may   be 
issued to  any  person  within the  United States if, in  the  opinion of the  
Commission, the  issuance of a  license to  such  person would  be inimical to  
the  common defense and  security  or  to  the  health and  safety of the  
public. 

f. Each license issued for a utilization facility under this section or 
section 104 b. shall require as a  condition thereof that  in case  of any  
accident  which  could  result in  an  unplanned release of quantities of 
fission products in  excess  of allowable limits for  nor- mal   operation 
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established  by  the  Commission, the   licensee shall immediately so  notify   
the   Commission.  Violation of the   condition prescribed by this subsection 
may, in the Commission’s discretion, constitute grounds for license 
revocation. In accordance with section 187 of this Act, the Commission shall 
promptly amend each license for a utilization facility issued under this 
section or section 104 b. which is in effect on the date of  enactment of  this 
sub-section to  include the   provisions required under this subsection. 
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