
 

 

 

Fukushima – A Challenge for Nuclear Research  
Dipl. Ing. Uwe Stoll, Dr. Ludger Mohrbach (1) 

(1) AREVA NP GmbH / VGB PowerTech e.V. 

38th MPA-Seminar 
October 1 and 2, 2012 in Stuttgart 

 
 

 

 

 

Abstract 

In the wake of a sub-marine earthquake near the Pacific coast of north-east Japan on March 

11, 2011, the Fukushima Daiichi site was hit by a beyond-design tsunami. With a height of 

approximately 14 meters, it caused the loss of any cooling capacities in units 1 to 4. De-

creasing coolant levels in the reactor pressure vessels led to core melts. Seawater and, later, 

fresh water injections stopped these processes. Due to an accumulation of hydrogen, pro-

duced by the overheated fuel pin cladding reacting with steam, explosions took place on the 

service floors, damaging the reactor buildings and leading to contamination of the environ-

ment. 

This presentation will give a short overview of the accident progression and the current sta-

tus on site and around the plant. Also the next steps to recovery and an outlook on future 

activities in the following years will be given. 

Consequences in Germany as well as possible fields of new R&D developments as an out-

come of the lessons learned will be presented. 

 

1 Introduction / Motivation 

The severe accident in the Japanese nuclear power plant Fukushima Daiichi on March 11, 

2011 in the aftermath of a tsunami has had far-reaching consequences for the nuclear indus-

try and thus for the operators andmanufacturers of nuclear power plants. All over the world 

questions are now arising concerning the safety of nuclear power plants. It shall be dis-
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cussed which lessons can be learnt from the events in Fukushima to make nuclear power 

stations even safer. Although it is true that the reactor units in question belong to the oldest 

generation of nuclear power plants built in Japan, they are in principle comparable to all other 

reactors worldwide.  

Even though the affected reactor units in Japan were not built by AREVA, the group feels 

committed more than ever to further enhance the safety of nuclear power plants. The AREVA 

Safety Alliance program has recently been launched in this context. This catalog of mea-

sures comprises a wide variety of products and solutions that allow nuclear power plant op-

erators to make their plants fit for new requirements during operation and to also maintain 

this level of safety in the future. 

The operators have performed comprehensive safety checks to prove that their plants ad-

here to all regulations, and they have evaluated their plant’s robustness for all beyond-design 

hazards. 

As far as the results have now become available, all plants outside of Japan have passed 

these checks, showing that Fukushima Daiichi and some other Japanese sites had been the 

only ones with comparable design deficiencies.  
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2 Full Description  

 

Sequence of Events 

Units 1 to 3 of the nuclear power plant Fukushima Daiichi, which had been running when the 

earthquake occurred, shut down successfully; the safety systems worked in spite of the be-

yond-design earthquake. It was only after the 14-meter-high tsunami (a height for which the 

power plant was not designed) hit the plant approximately 45 minutes later that the cooling 

chains were destroyed, disabling the emergency power supply systems (Figure 1). Conse-

quently the core cooling capabilities were lost. Zirconium-water reaction led to the release of 

hydrogen which resulted in explosions. Furthermore, core melts occurred in three reactor 

units. 

 

Results and Recommendations of the IAEA 

The International Atomic Energy Agency (IAEA) organized a process of Lessons Learned 

from the events in Fukushima. The agency has thus given far-reaching recommendations 

intended to further improve nuclear safety on a global scale. 

- Protection against all kinds of natural disasters 

Figure 1: Effects of the tsunami in the nuclear power plant Fukushima Daiichi 
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The tsunami risk was underestimated for several nuclear power plant sites in Japan. Authori-

ties, plant manufacturers and operators should therefore adequately evaluate the risk of all 

natural disasters and implement appropriate risk prevention measures. These evaluations as 

well as the evaluation methodology should be reviewed and reconsidered regularly in the 

face of new information and experiences and an improved understanding. Safety authorities 

should adequately account for extreme natural disasters in their requirements and regularly 

review these requirements. 

- Safety concept 

A staggered safety concept including spatial separation, diversity and redundancy should be 

implemented for extreme events, particularly where there is a risk of collective failure of safe-

ty facilities. 

- Autonomy of authorities 

The autonomy of the authorities and the distribution of roles should in all cases satisfy the 

IAEA standards. 

- Multiple external impact 

Multiple external impacts that occur for a prolonged period of time should be adequately con-

sidered during design, operation and planning of emergency measures. 

- Emergency Response Center 

The accident in Japan has highlighted the importance of a protected emergency response 

center on or near the power plant site. This center should be equipped with reliable commu-

nication features, displays of essential plant parameters and the possibility to operate essen-

tial systems. Furthermore, sufficient maintenance resources should be stored there. Such 

centers should be provided at all nuclear plants. Moreover, simple and robust devices should 

be available which allow the basic safety functions to be restored in the shortest possible 

time. 

- Hydrogen  

The risks of hydrogen formation should be investigated in detail and the necessary steps to 

reduce it should be taken. 

- Preparedness for emergencies  
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Emergency preparedness, especially in the early phase of an accident, should be designed 

and be appropriate for severe accidents. 

The IAEA furthermore calls upon the nuclear community to "... take advantage of the unique 

opportunity created by the Fukushima accident to seek to learn and improve worldwide nu-

clear safety.” 

 

Reactions to the Accident in Germany and Around the World 

Although the German plants satisfied practically all major aspects of the IAEA requirements 

mentioned above, and the Reactor Safety Commission has confirmed this robustness in its 

statement from May 2011, and even though the life-span extension had been politically 

adopted in late 2010, the population has lost much confidence in the aftermath of the acci-

dent. This seemed to be reason enough for German politicians to opt for an unequaled nu-

clear phase-out program shortly after the events in Fukushima – to immediately shut down 

eight of the 17 plants and to phase out nuclear energy by 2022 (Figure 2). 

The German Reactor Safety Commission is now preparing additional new requirements for 

- the improvement of auxiliary cooling water supply, 

- improvements to cope with “station blackout” and “loss of onsite power” scenarios, 

- improvements in accident management processes. 

Switzerland plans to prohibit the construction of new nuclear power plants, but without limit-

ing the life-span of its five existing plants. In a referendum in June 2011, Italy has decided 

against the planned revival of nuclear energy.  
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China has suspended the authorization processes for several dozends of new builds tempo-

rarily, but without interrupting ongoing construction of 26 units. 

All other countries have abstained from anti-nuclear measures, in contrast, some have con-

tinued or even started new construction projects after Fukushima (USA, Russia, UK, Czech 

Republic, Finland, Lithuania, Korea, Brazil, Canada), some of them even as newcomers 

(Emirates, Vietnam, Turkey, Belarus). 

Germany was the only country in the world to shut down operating units, not even Japan has 

taken this step yet. 

Authorities in most other countries with nuclear power plants have until now introduced short-

term investigations and measures to provide more detailed analyses and stress tests and 

Figure 2: Germany’s reaction to the events in Fukushima 
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have imposed any potential requirements resulting thereof (Figure 3). In the long term, some 

countries are deliberating about whether to tighten the regulations or measures to strengthen 

the safety authorities. 

 

 

 

 

 

 

 

Consequences from a Plant Manufacturer's Perspective 

The accident in the nuclear power plant Fukushima Daiichi has raised questions for AREVA 

as well, such as: 

- Do design deficits exist for the existing plants? 

- Are design improvements for the new models necessary? 

- What is the remaining risk? 

It is certain that the design deficits encountered in Japan did not and do not exist in German 

nuclear power plants and that the German reactors possess an internationally renowned 

safety standard of conservative design and safety margins. This was also confirmed by the 

Reactor Safety Commission.  

German plants also offer the best protection worldwide against plane crashes in the context 

of terrorist attacks with a commercial aircraft as discussed in public, because the possibility 

of this event was taken into consideration early in the design process. All plants that are still 

in service in Germany are protected against the crash of a Phantom F-4 military plane; this 

layout provides also considerable protection against the (deliberate) crashing of a commer-

cial aircraft. Since the terrorist attacks on September 11, 2001 in the US, the supposed crash 

of a large commercial aircraft has been considered extensively in new constructions. 

Figure 3: Three Types of Measures from Safety Authorities Worldwide 
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AREVA has started its “Safety Alliance” program parallel to the IAEA requirements and the 

measures introduced by authorities. AREVA thus offers a comprehensive concept for safety 

inspections and for retrofitting measures, where necessary, with the aim to improve plant 

safety and meet stricter requirements imposed by authorities. 

 

Safety Alliance Program 

The three-part concept (Figure 4) consists of a safety analysis of the plant design in light of 

(natural) impacts from outside and from within the plant. The main focus is to protect the 

safety installations, for example through separation of redundancies and "bunkering" of safe-

ty equipment like diesels, so that external and internal impacts do not result in the simultane-

ous failing of multiple or all redundant sections of the safety systems. 

 

 

 

 

 

 

 

 

 

In the event of a (natural) disaster, the functioning of the cooling chain and of the (emergen-

cy) power supply is crucial. AREVA also offers the upgrade measures required for this pur-

pose. 

In a third stage, it is crucial to prevent radioactive material from escaping into the environ-

ment in the event of a severe accident. 

 

Figure 4: AREVA “Safety Alliance” Program for Nuclear Power Plants in Service 
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Goal: Robustness of the Safety Concept 

The term "robustness" as discussed by the German Reactor Safety Commission in its state-

ment on the safety inspection of the German nuclear power plants in the aftermath of the 

Fukushima events is crucial in this context. Robustness in this sense encompasses the fol-

lowing aspects in particular: 

- The safety design of the system should basically be "solid" enough to cope with 

events that have a potentially relevant impact on the environment (events with an oc-

currence probability of more than 10-4 to 10-5 per plant operating year). 

- For even less probable ("beyond-design") events, so-called cliff edge effects should 

be avoided or at least be far away from the design limit. This means that if the values 

on which the design is based (such as flood height or seismic intensity) are exceeded 

to a certain degree, the damages in the plant do in effect increase somewhat, but do 

not suddenly increase effects on the environment. A sudden increase in the effects 

can usually be avoided by making use of design tolerances, or by applying anticipat-

ed emergency actions.  

On the whole, a robust safety concept is achieved with an underlying solid design and 

measures to avoid cliff edge effects. Due to the consistent separation of redundancies and 

"bunkering" of the individual redundant sections of the safety system, a considerable robust-

ness of the safety concept is ensured for the nuclear power plants in service in Germany. 

Against the background of the discussion following the statement of the Reactor Safety 

Commission after Fukushima it is still being investigated whether and where the robustness 

can be further increased, for example by providing additional options that can be used to 

secure the power supply for the plants. 

This consistent protection of the redundant sections of safety systems against external and 

internal impacts (Figure 5) is only partially implemented in several older plants in the rest of 

the world. This is where AREVA can offer a targeted development of plant-specific concepts 

to increase the robustness based on the available experience with the construction and the 

improvement of nuclear power plants. Examples include  

- the installation of doors that withstand flood water pressure, e.g. also to separate re-

dundancies, 

- the implementation of emergency power supply concepts with diverse features and 

special protection against external impacts,  
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Figure 5: Redundancy separation in German Konvoi plants 

Figure 6: Hydrogen Recombiner 

- the installation of passive hydrogen recombiners that require no power supply (Figure 

6) to prevent hydrogen explosions, 

- the installation of facilities that protect the containment against overpressure using a 

filtered pressure relief system (Figure 7). 
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 Figure 8: EPRTM reactor: One section of the safety systems respectively is 
accommodated in each of the 4 safety buildings 

 

 

 

 

 

 

 

 

 

 

New Plants: Accidents will not have Environmental Consequences 

The EPR™ units presently under construction in Finland, France and China and the KERE-

NA and ATMEA1 reactor models developed or co-developed by AREVA are of the lat-est 

generation III+. All models feature redundant, diverse and partially complementary (active 

and passive) systems to prevent and cope with accidents (Figure 8). Should further acci-

dents occur in spite of this, the individual plants' design ensures that the impact remains lim-

ited to the plant even in the event of a severe accident. 

 

 

 

 

 

 

Figure 7: The Containment Venting System 
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Example: Safety Concept of the Diesel Generators of EPRTM Plants 

The diesel generators and the fuel tanks are accommodated in bunkered, explosion-proof, 

sealed and secured buildings. These are installed in separate locations and accommodate 

both the emergency power and the station blackout diesels. 

 

Research and Development Needs 

Despite of the above mentioned conclusions, the requirements for further R&D work are 

identified: 

- The methods to calculate  tsunami heights and frequencies clearly will have to be im-

proved (probabilistic approaches…). 

- The three core melt accidents in Fukushima Daiichi can be used to validate computer 

codes for severe accident progression. The codes for calculating the radioactive re-

leases can also be benchmarked by using the data from Fukushima. 

- Hydrogen from the inertized primary containments was released amongst others 

gases, probably through different containment penetrations (silicon head seals). New 

types of penetration seals which can withstand higher temperatures and pressure for 

a longer period of time might be developed. 

- The reliability of severe accident instrumentation (including DC power supply under 

harsh environment requirements) has to be improved. 

- The understanding of new potential material effects (e.g. the interaction of fuel clad-

ding with seawater, nitrogen influence on cladding oxidation) could be improved. 

- Behaviour of fuel in spent fuel pools under loss-of-coolant conditions. 

- Potential for spent fuel pool “siphoning”. 

- Development of technologies to cool, inspect an dispose of molten material (“cori-

um”). 

- On a non-technical field of R&D the organizational factors in the emergency man-

agement should be optimized. 
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3 Summar y and Conclusion 

The findings so far suggest that the insufficient design of the reactor units to withstand tsu-

namis was responsible for the accident that occurred in the Japanese nuclear power plant 

Fukushima Daiichi. Thus the accident does not fall into the category of residual risk; rather it 

was due to the fact that the basic design for a special external impact was insufficient in this 

case. As a consequence the design and the safety of nuclear power plants could be re-

viewed with respect to the individual improvement potential. This requires the corresponding 

expertise and the close cooperation of an experienced plant manufacturer, plant operators 

and authorities. 

The reactor manufacturer AREVA has the understanding to comply with the highest safety 

standards and to further develop these standards. Within the scope of the Safety Alliance 

program, the company offers operators of nuclear power plants a comprehensive range of 

engineering services and products to perform safety analyses and implement improvement 

measures. The increasing demand for concepts and products that enhance the robustness of 

safety concepts in plants worldwide, not only from Japan but also from numerous other coun-

tries, can thus be served. The group's extensive experience in this domain is particularly ad-

vantageous in this context. New reactors are designed, licensed and constructed according 

to the highest safety requirements.  

In addition new R&D needs were identified as a result of the analysis of the Fukushima 

Daiichi accident. 

Despite of the special situation in Germany, the use of nuclear energy on a global scale con-

tinues to provide significant advantages in terms of reliability, economy and environmental 

compatibility. 
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