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ABSTRACT 

The dire consequences of the earthquake and tsunami that struck the Fukushima Daiichi 
Nuclear Power Plant in March 2011, as well as their aftermath, have resonated throughout the 
nuclear industry, regulatory bodies and facility operating organizations. The severity of the 
natural disaster combined with losses of safety functions place this event well beyond the 
design basis of most if not all safety assessments of nuclear installations, spurring an effort to 
re-assess the validity of existing analyses and plans as well as examine the integrity of 
structures, systems, components and ability to respond against severe accidents. To gauge the 
response from a specific installation, research reactors, the International Atomic Energy 
Agency distributed a survey that yielded 63 descriptions from 35 Member States of various 
actions undertaken by research reactor operators and regulators. One vital aspect of 
comprehensive risk and safety assessment has been the conduct of targeted analyses of facility 
safety margins, coined as “stress tests,” both for nuclear power plants and research reactors. 
Although the complexities of research reactor design, power level, age, security measures and 
other conditions impede the assignment of robust universal criteria for such a safety re-
evaluation, a highly beneficial general methodology more specific to the circumstances 
research reactors exist and operate under can be delineated. 

1 INTRODUCTION 

The March 2011 incident at the Fukushima Daiichi Nuclear Power Plant, although an 
unprecedented event, cast much doubt on the safety capabilities of all nuclear installations. 
The combination of the earthquake and tsunami exposed the plant’s structures as incapable of 
withstanding a natural disaster of such magnitude, as asserted by the Fukushima Nuclear 
Accident Independent Investigation Commission, while the manifold repercussions, including 
a complete loss of electrical power, or station blackout; a partial loss of coolant accident at 
Unit 1; leakage from at least one spent fuel pool; severe impairment of heat removal 
functions; and release of radioactive contaminants to a region hundreds of square kilometres 
in size, proved as hazardous to the personnel, site and surrounding environment. Additionally, 
radiation monitoring for staff was limited on account of an insufficient inventory of 
dosimeters, and safety manuals lacked instructions for many aspects of the incident or 
regulations for natural disasters of this scale [1]. 

Given the resulting general public scrutiny and that such an incident was beyond the 
design basis of most if not all nuclear installations, facility operating organizations and 
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regulatory authorities were compelled to adopt the lessons learned from the incident and 
recovery effort and demonstrate adequate safety margins for continued operation. Despite 
possessing far lower power ratings, nuclear material and spent fuel inventories, and cooling 
requirements, research reactors nevertheless share with nuclear power plants many concerns 
raised by the Fukushima Daiichi accident in terms of susceptibility to natural disasters, risk of 
a progressive loss of safety functions and organizational preparedness. As a means to measure 
the response taken at research reactors and shape future safety activities to promulgate lessons 
learned and best practices, the Research Reactor Section of the International Atomic Energy 
Agency (IAEA) distributed a brief questionnaire through which reactor managers and 
regulators could indicate which types of activities were performed and if the safety analysis 
report, utilization/operation plan or emergency plans were altered. Furthermore, many local, 
national and supranational bodies mandated comprehensive risk and safety assessments, 
deemed “stress tests,” for both nuclear power plants and research reactor institutions in order 
to ensure facility safety margins in light of severe initiating events, losses of safety functions 
and accident management for emergency response. The IAEA has taken part throughout the 
global discussion on stress tests for research reactors by hosting consultancy meetings, 
preparing guidelines and publishing documents to assist in the planning of methodology and 
execution of analyses. Now that the results of many tests have been approved by national 
regulators and published, the advances in reactor safety post-Fukushima are visible. 

2 SURVEY OF RESEARCH REACTOR RESPONSES POST-FUKUSHIMA 

In June 2011, the IAEA’s advisory group to its research reactor sub-programme, the 
Technical Working Group on Research Reactors (TWGRR), recommended a survey of the 
impact of the Fukushima incident on the safety and operations plans at research reactors. Both 
sides agreed this information would indicate the reach of the valuable lessons appropriate for 
these reactors but also help direct the IAEA’s resources in its safety and operations projects, 
and the results were to be presented at the 2011 International Conference on Research 
Reactors in Rabat, Morocco. The questionnaire consisted of five questions, one free response 
and four multiple choice queries, intended to yield a perspective on the accident upon reactor 
managers and regulators. Question 1 asked if the design basis accidents (DBA), emergency 
preparedness plan (EPP) or safety analysis report (SAR) had been re-evaluated, and questions 
3 and 5 solicited the extent of any revision to the latter two. Additionally, the free response 
portion, question 2, was used to describe the impact on public acceptance of nuclear activities 
in each country, and question 4 determined if the Fukushima incident had influenced the 
operational or utilization regimen of the reactor, considering operating limits, safety analyses 
of experimental devices, ageing management or maintenance programmes. 

Garnering 63 responses, mostly from high power research reactors, whose safety and 
emergency plans were thought to be most susceptible, representing 35 IAEA Member States, 
the questionnaire succeeded in portraying the necessity for modifying reactor planning. 
Among the participants were eight regulators, and the three countries operating the most 
research reactors, the United States, Russian Federation and France, also provided the highest 
number of responses. Question one alone validated our effort in that approximately 75% of 
reactors had conducted some sort of re-evaluation. Figure 1 demonstrates the general range of 
the immediate response to the Fukushima accident, notably that 22% undertook a combination 
of activities. Other significant results particular to the incident are that 20% added 
combinations of external events in the calculation of safety margins, and a similar percentage 
revised operational or utilization plans in more than one area. Considering the final question, 
38% of participants created a new emergency response plan, while nearly 25% completed 
multiple adjustments in terms of emergency preparedness. This data prompted the 
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forthcoming IAEA document “Guidance for the Review of the Impact of the Fukushima 
Daiichi Accident on Research Reactors and Related Facilities,” in combination with the 
IAEA’s programme related to stress tests for research reactors. Furthermore, the results were 
reviewed at the 2012 annual meeting of the TWGRR, whose observations were also integrated 
into the recommendations for the IAEA sub-programme on research reactors. 

 
Figure 1: Responses to survey question 1: What was done in your organization following the 

F-D event? [2] 
DBA: Design based accidents; EPP: Emergency preparedness plan; SAR: Safety analysis 

review 

3 STRESS TESTS FOR RESEARCH REACTORS 

Immediately following the disaster at the Fukushima Daiichi Nuclear Power Plant, the 
European Council requested that the European Commission and its Member States hosting 
nuclear power plants develop and conduct comprehensive risk and safety assessments, or 
stress tests. The Commission in conjunction with the European Nuclear Safety Regulators 
Group consequently outlined the provisions of such a test, which was defined as a targeted 
reassessment of nuclear power plant safety margins consisting of both an evaluation of plant 
response and verification of preventative and mitigating measures to demonstrate defence-in-
depth in cases of site-specific extreme natural events and corresponding accidents [3]. This 
concept was also drafted at the June 2011 IAEA Ministerial Conference on Nuclear Safety 
and subsequently approved at the 2011 IAEA General Conference in the context of the IAEA 
Action Plan on Nuclear Safety, which extended stress test guidance to nuclear authorities 
outside the European Union (EU). Although nuclear power plants were the primary concern 
behind these initiatives, several EU states volunteered to administer similar tests on their 
operable research reactors, and many external states followed suit. 

3.1 Design of the Stress Test Regime 

Enhanced extreme event analysis and more robust accident management protocols are 
the primary goals of stress tests, which complement the IAEA Safety Standards in terms of 
deterministic analysis, defence-in-depth and a graded approach to account for differences 
among sites and reactors. As in stress tests for nuclear power plants, research reactor 
operating organizations were required to analyze three levels of accident management 



.4 1001

corresponding to a defence-in-depth logic, namely, initiating events, basic safety functions 
and emergency response. Initiating events were broadened to include probabilistic analyses of 
extreme singular or combined natural events depending on the seismology and climate of the 
site, with examples such as severe earthquakes, flooding, fire, wind, tornadoes and snowfall. 
Tested in each of the selected initiating events, the basic safety functions are considered to be 
reactivity control, fuel cooling and radioactivity confinement, but in light of the Fukushima 
incident, the loss of various support functions such as a site’s power supply and a reactor’s 
ultimate heat sink were added to the analysis. Notably, not all research reactors are vulnerable 
in terms of reactivity control and heat removal, as low power reactors and critical assemblies 
generally do not require electricity for shutdown and can be cooled with prolonged grace time 
by natural convection in large pools or even air cooling. Finally, the identification of so-called 
“cliff edge” scenarios leading to radioactivity release and verification of adequate safety 
margins in cases of core or spent fuel uncovering, core meltdown or failure of containment 
barriers comprised the re-assessment of emergency response.  

Management plans could thus be retooled and barriers strengthened according to the 
severity of the initiating event, the dependence upon staff action and grace time before the 
loss of a basic safety function in order to prevent fuel melting or loss of nuclear material 
containment under extensive circumstances. Like nuclear power plant stress tests, the reports 
from operating organizations are to be approved by national regulatory authorities, but peer 
review, mandated by the European Commission for power plant tests, has so far not taken 
place. Approval for all research reactor stress tests is expected from regulators by the end of 
2012, with final reports due to be released online for transparency. 

3.2 Results of Research Reactor Stress Tests 

Many EU states such as France, the Netherlands and Belgium conducted stress tests on 
all their operating research reactors after forming specialized committees from among the 
relevant stakeholders, typically site or operating company executives, institute directors, 
health physics and safety experts, and occasionally a specific test coordinator or project board. 
Germany also participated but excluded reactors below 50 kW. All coordinators utilized a 
graded approach to tailor tests according to site and reactor characteristics, which greatly 
varied the length of the eventual reports. As one example, final reports from operating 
organizations in Germany, which surveyed six reactors from low power TRIGAs to the 
20 MW FRM II reactor, ranged from about 10–600 pages [4].  

According to ENSREG guidelines, severe initiating events were analyzed with 
probabilistic studies that generally excluded extremely unlikely events such as powerful 
earthquakes and tsunamis, and in some cases, large scale flooding. Thereafter, the impact of 
losses of safety functions due to, for example, loss of offsite power, station blackout or loss of 
heat sink was evaluated, noting the presence of independent power sources, lack of spent fuel 
on site and the irrelevance of a loss of the ultimate heat sink at many research reactors. The 
repercussions for emergency management, finally, involved the calculation of new safety 
margins, which confirmed adequate response times and multiple levels of protection for 
reactor containment structures and components against core uncovering and meltdown as well 
as for auxiliary facilities such as hot cell and calibration centres, laboratories and controlled 
zones against releases of radioactive material. Reactor safety was also strengthened by such 
measures as backup control rooms, watertight compartments, service water connections and 
natural convection, simplistic containment isolation systems and broad external support 
resources. In EU stress tests, additionally, nuclear power plants and research reactors were 
required to test for civilian events, which included occurrences from airplane crashes, cyber 
attacks and toxic gas releases to explosions or blast waves. Interestingly, other than the 
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confidential results of a terrorist attack, the worst case scenario for most German research 
reactors is an airplane crash severe enough to effectively destroy the reactor building and 
vessel, rather than a severe natural event. 

Many states operating research reactors outside the EU, such as the Russian Federation, 
India, Argentina and Republic of Korea, also performed stress tests of varying degree. All 
these tests have so far shown similar results and protective means, which corresponds to a 
commendable spread of guidelines and best practices in reactor safety and security. The 
design of the planned RA-10 reactor in Argentina will accommodate protective measures 
against rare natural events, extended blackout and emergency plans with regard to defence-in-
depth [5]. 

The recommendations to various research reactor operating organizations so far include: 

—Improved communication between the institute and general public; 
—Construction of a backup control room and power sources in a more resistant location; 
—Construction of more passive safety schemes and automatic fire fighting systems; 
—Retro-fitting emergency equipment for quicker actuation; and 
—Construction of extra containment walls. 

Notably, to address the first, students at the Atomic Institute of the Austrian Universities 
in Vienna established a 24 hour public information centre to disseminate and discuss the news 
released from the Fukushima incident, which also acted an intermediary to the public through 
broadcast interviews and printed media [4]. 

3.3. IAEA Guidance and Planning for Future Research Reactor Safety Assessments 
Just as the IAEA has overseen the development and execution of nuclear power plant 

stress tests through hosting the International Experts’ Meeting on Reactor and Spent Fuel 
Safety in the Light of the Accident at the Fukushima Daiichi Nuclear Power Plant as well as 
conducting peer review of some nuclear power plant test results, an active role in research 
reactor stress tests has also been sought. The TWGRR during its 2012 annual meeting 
endorsed the performance of research reactor stress tests and its integration into the IAEA’s 
research reactor programme. The experts noted, however, that given the diversity of research 
reactor power levels, fission product inventories, security measures and age above local 
geological and climate conditions, consistent guidance requires careful attention and a variety 
of perspectives. One vital outcome suggested for future IAEA research reactor safety 
meetings was the formulation of common assumptions upon which to base the process and 
review of stress tests, which could lend a degree of credibility to individual organizations that 
voluntarily implement a stress test. 

To this end, the IAEA organized a Technical Meeting in May 2012 “Safety 
Reassessment of Research Reactors Post Fukushima Daiichi Accident (‘Stress Tests’).” 
Despite the fact many research reactor organizations in the EU successfully completed tests 
based on the advised nuclear power plant method, this model was recognized as highly 
relevant only for some high power research reactors, citing the same concerns as those of the 
TWGRR. Because research reactors are smaller, simpler and possess lower fission product 
inventories due to higher fuel burnup, the hazards of foreseeable accident scenarios do not 
warrant oversight to the extent of an EU stress test, instead favouring a safety assessment 
incorporating analyses of station blackout, extreme weather and emergency management, 
among other issues. Overly broad safety assessments may also tax the typically small budgets 
of operating organizations. The invited participants and IAEA scientific secretaries thus 
committed to collaboration on a forthcoming document “Guidelines for Complementary 
Safety Assessment of Research Reactors following the Lessons Learned from the Fukushima-
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Daiichi NPP Accident” detailing useful strategies for designing and conducting stress tests 
according to the unique designs, auxiliary facilities and safety systems of research reactors. 
This text will attempt to guide research reactor stakeholders through the design, methodology 
and implementation of recommendations of complementary safety assessments while 
incorporating the experiences of those tests conducted around the world and the findings from 
regulatory authorities due in final reports by the end of the year. A working material version is 
available on the website of the IAEA Research Reactor Section. These complementary safety 
assessments will also increase the range and effectiveness of the IAEA’s safety review 
services offered, such as the Integrated Safety Assessment of Research Reactors (INSARR). 
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