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Abstract 
On 11 March 2011, the Tohoku earthquake and the subsequent tsunami hit the Japanese 
east coast, causing more than 15,000 fatalities. To this date, 3,000 people are still missing. 
The Fukushima Dai-ichi NPP was the nuclear installation that was most affected by the 
tsunami. The earthquake cut off the NPP from the national grid. About 45 minutes later, the 
tsunami flooded units 1-4 and led to core meltdown events with large releases for units 1, 2 
and 3. Unit 4 had been in refuelling outage at that time and lost the cooling of the spent fuel 
pool for several days. Considerable hydrogen explosions occurred in units 1, 3 and 4.  

Shortly after the accident, TEPCO started to mitigate the consequences of the accident by 
providing external cooling to the reactors and by removing the radioactive debris from the 
site. Great emphasis was laid on effective radiation protection measures for the clean-up 
workers. Thus, up to now there has been no fatality due to the radiation caused by the 
Fukushima accident. 

The main steps of the accident sequences are described, taking into account the latest 
findings of investigations performed by TEPCO or on behalf of the regulatory body. The 
presentation focuses on the description of the status of the Fukushima Dai-ichi nuclear 
power plant and the future steps for cleaning-up the site. In the presentation, the major 
phases of the roadmap that TEPCO has developed for the clean-up are highlighted. The 
risks associated with the current plant status and the clean-up phases are described.  
Abstract the content of the manuscript in a few lines.  

1 Course of events 
The descriptions correspond for the most part to those contained in the GRS reports "The 
accident at Fukushima – Interim report on the processes in the nuclear power plants 
following the earthquake on 11 March 2011 (GRS 293)" [1] and "Fukushima Daiichi, 11 
March 2011 (GRS-S-51)" [2].  

On 11 March 2011 at 14:46 h, an earthquake with its epicentre in the Pacific Ocean occurred 
near the coast of the Japanese region of Tohoku. Due to this earthquake, the external 
electricity supply of all units at the Fukushima Dai-ichi power plant site was lost. This led to 
reactor scram in units 1-3, which were in power operation. Units 4-6 were in refuelling 
outage, with the reactor core of unit 4 having been fully unloaded and placed in the spent fuel 
pool; the other units will not be dealt with any further in this paper. From the information 
available, there are no indications of any significant damage of safety systems that were 
directly caused by the earthquake [3]. Until the arrival of the tsunami at the power plant site, 
the electricity supply had been ensured in all units via emergency diesel generators, as had 
been residual-heat removal from the reactor cores and the spent fuel pools.  

At around 15:27 h, the first waves of the tsunami reached the power plant site. As a result, 
the auxiliary service water systems of the unit were flooded and damaged. At 15:37 h, the 
flooding of the turbine building of unit 1 by the tsunami waves began. At 15:41 h, about an 
hour after the earthquake, the emergency diesels failed due to the flooding of the plant 
grounds by the tsunami. In addition, the battery supply of the unit failed due to the flooding of 
the turbine building. Also, the operational as well as the emergency-power high-voltage and 
low-voltage busbars of the unit were damaged by the entering water. As a result, any 
monitoring of plant parameters such as the RPV water level was initially no longer possible. 

Due to the flooding of the plant grounds by the beyond-design tsunami, the emergency 
power and auxiliary service water supply systems of units 1-4 failed completely. The 
emergency measures taken were not sufficient to prevent the reactor cores of units 1-3, 
which were in operation at the time of the earthquake, from getting damaged. It can be 
assumed that the cores of units 1-3 melted at least in part and also that they are no longer 
fully contained inside the reactor pressure vessel. [1] 
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Fig. 1: Overview of the flooding of the Fukushima Dai-ichi site (Source TEPCO) 

 

Fig. 2: Causes of the failures in unit 1 (Source TEPCO) [4] 

In the first three units, there was a beyond-design-basis pressure increase in the 
containment, and hydrogen formed as a result of the core damage. It can be assumed that 
the containments of units 1-3 were damaged during the event sequence. In these three units, 
unfiltered containment venting into the environment was initiated. In units 1, 3 and 4, 
hydrogen explosions occurred in the upper areas of the reactor buildings, massively 
damaging the latter as a result. The assumed cause of the explosion in unit 4 on 15 March 
2011 was an entry of hydrogen from unit 3 via the common exhaust air connection on the 
vent stack during the containment venting processes in unit 3. 

The cooling of the spent fuel pools of units 1-4 had been lost with the failure of the 
emergency diesels. Later on, a nuclide analysis of the spent fuel pool water of unit 4 showed 
that the fuel elements in the spent fuel pool of unit 4 remained largely undamaged. 
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2 Radiological situation at the Fukushima Dai-ichi site 
The available local dose rate (LDR) measuring data from the plant grounds were gathered 
and regularly published by the plant operator. 

According to TEPCO, automatic measurements at the measuring stations provided within the 
grounds of the plant were no longer possible after the loss of offsite power on 11 March 
2011. These only became available again following the re-establishment of the electricity 
supply, which was achieved on 25 March 2011. As a substitute, the operator used mobile 
measuring stations, which changed position several times during the course of the events. 
Consequently, there are no complete measuring series available for any of the measuring 
points. 

 

Fig. 3: measured dose rates within the grounds of the plant [5] 

On 30 November 2011, detailed results of analyses of the assumed condition and the 
dislocation of the fuel in units 1-3 of the Fukushima Dai-ichi NPP were published. The 
analyses were based among other things on temperature and coolant inventory data. 
According to TEPCO, the analysis in unit 1 suggests that in the most unfavourable case, all 
fuel elements have melted. The fuel melted through the reactor pressure vessel and reached 
the floor below the reactor, which is still inside the containment. The floor is made of 
concrete, which was originally covered by a steel plate. Underneath the concrete is the 
pressure-tight steel shell that represents the containment. So far, the melted fuel is said to 
have penetrated through the first steel plate into up to 65 cm into the concrete. The minimum 
distance to the steel shell of the containment is said to be 37 cm. 
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Fig. 4: Calculated core meltdown process at Fukushima Dai-ichi, unit 1 (Source TEPCO) 

Two clearly distinguished accident phases can be seen from the local dose rate distribution. 
In the first phase from 11 until about 27 March 2011, several individual peaks are visible that 
were attributed to individual events. Here, there were local dose rate peaks of up to 12,000 
µSv/h. The subsequent phase is marked by a stabilisation of the LDR distributions, now 
mainly dominated by gradually decreasing direct radiation of the material deposited on the 
ground. 

The nuclide spectrum found in the soil shows mainly the deposition of iodine-131 and 
caesium-137 as well as caesium-134. Due to the relatively short half-life of iodine-131 of 8 
days, the local dose rate has in the meantime been due to the caesium. 

On 12 April 2011, NISA published two estimates of the overall total of the airborne release of 
radioactive materials from the Fukushima Dai-ichi site, carried out by NISA and the Safety 
Commission of Japan (NSC), which simultaneously led to an upgrading of the accident to 
Level 7 of the INES scale. According to NISA, the estimated release of 1.3 x 1017 Bq iodine-
131 and 6.1 x 1015 Bq caesium-137 was equivalent to about 10 % of the amount of the 
radioactive materials released by the Chernobyl accident (iodine equivalent). 
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Fig. 5: Deposition of the -134 and caesium-137 isotopes in the Fukushima area (Source 
TEPCO) 

In the period between 11 and 27 March 2011, airflows from westerly directions 
predominated, so that a large part of the releases was carried away into the direction of the 
open Pacific. Especially on 15 March 2011, however, there was an intermittent situation with 
winds coming from south-easterly directions, combined with precipitation. During this period, 
larger amounts of radioactive materials deposited in a strip of land stretching for up to 
several dozen kilometres from the site in north-easterly direction. The contamination of the 
areas is confirmed by a large number of measurements. 

On 11 March 2011 at 20:50 h, the governor of the Fukushima prefecture ordered the 
evacuation of the population in a 2-km radius around unit 1. Later, the evacuation zone was 
extended by the Prime Minister to a radius of 3 km, and the population living within a radius 
of 10 km was told to stay indoors. On 12 March 2011, the evacuation radius was initially 
extended to 10 km and at 18:25 h to 20 km. 

On 15 March 2011 at 11:00 h, a recommendation to shelter in buildings was recommended 
in a radius of up to 30 km around the 20-km evacuation zone. As a further measure, the local 
authorities were instructed on 16 March 2011 to ask the inhabitants upon the evacuation 
from the 20-km zone to take iodine tablets containing stable iodine in order to stop the intake 
of radioactive iodine. The inhabitants did in fact not take any iodine tablets because at that 
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time of the instruction the evacuation had already been completed. The instruction was 
nevertheless made as it was not clear at this point in time whether there were still any 
inhabitants left in the 20-km zone. 

On 17 March 2011, first provisional contamination limits to restrict the consumption of 
foodstuffs and drinks were published. Furthermore, measures were taken on 21 March 2011 
to stop the circulation and sale of foodstuffs.  

For the restructuring of the zones, a differentiation is made between areas where a lifting of 
the evacuation order is planned (estimated dose < 20 mSv/a to the population), areas with 
access restrictions (estimated does 20 – 50 mSv/a to the population) and areas with 
obstacles to a return (estimated dose > 50 mSv/a to the population). [6] 

3 Clean-up work and dismantling 
Immediately after the accident, sea water was injected into units 1-3 by means of mobile 
pumps. After that, this was changed to freshwater injection into all three units. With the 
construction and commissioning of a water treatment plant, it was possible to install an open 
cooling circuit for the reactors by which cleaned-up coolant could be injected again into the 
reactors so that no freshwater was needed any more. The purification of the water in the 
treatment plant comprises i.a. its decontamination and desalination. After the water is 
injected into the reactors, it enters the drywell via leakages. From here, it flows down into the 
lower parts of the reactor building and then, along pathways that are so far unknown, further 
into the neighbouring turbine building. From the turbine building, the water is pumped back to 
the treatment plant, where it is cleaned up. Subsequently, the water is collected in special 
tanks or returned to the reactor pressure vessel. 

 

Fig. 6: Diagram of reactor injection of units 1-3 (Source TEPCO) 
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Fig. 7: Diagram of the injection system of units 1–3 (source TEPCO) 

On 17 June 2011, the first part of the plant for treating contaminated waters was taken into 
service. After that, further parts of the plant were installed. The contaminated water comes 
mainly from the lower areas of the turbine buildings of units 1-4. The largest part of the 
contaminated water is collected in special tanks that are set up, and a small proportion is fed 
into the reactor pressure vessels. The water level in the lower building areas of the reactor 
building is kept at such a low level by pumping it to the treatment plant that it is only possible 
for groundwater to enter and thus not possible for any contaminated water to reach from the 
reactor building into the groundwater. 

So far, approx. 342,000 m³ of water (as at 29 May 2012) have been processed in the 
treatment plant. In the lower building areas of units 1-4, there are approx. 80,000 m³ of water 
(as at 29 May 2012). This amount is almost identical to the amount of water on 31 January 
2012, but less than at the end of June 2011 (approx. 97,000 m³). 

 

Fig. 8: Diagram of the water injection and processing system (Source TEPCO) 

The cover (or container) around unit 1 was completed on 28 October 2011. TEPCO has a 
video showing the preparatory work and the construction of this cover on its website 
(http://www.tepco.co.jp/en/news/library/movie-01e.html). The cover around unit 1 consists of 
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a structure made of steel girders erected around the reactor building to which pre-fabricated 
weather protection elements are attached for isolating the reactor from the environment. For 
this purpose, the pre-fabricated elements were covered with a special synthetic material. 

 

Fig. 9: Photos of the construction of the cover around unit 1 (Source TEPCO) 

By order of the Japanese government, TEPCO drew up a schedule of medium- and long-
term measures for the final decommissioning of units 1-4, which was presented to the 
general public at a government conference in December 2011. The process of 
decommissioning comprises the dismantling of the nuclear installation until the "green field" 
has been re-established.  

The decommissioning of units 1-4 of the Fukushima Dai-ichi nuclear power plant is divided 
into three phases and stretches over a total period of 30 to 40 years. This long time-span is 
amongst other things due to the complex technical analyses that need to be carried out in the 
run-up, e.g. for recovering the nuclear fuel from the reactors. The tools needed for this 
purpose are not standard equipment but are specially devised and made for these complex 
tasks. 

 

Fig. 10: Diagram illustrating the work in connection with the recovery of the fuel assemblies 
in Phase 1 (Source TEPCO) 
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Fig. 11: Photo of the recovery of the first of 2 fresh fuel assemblies from the spent fuel pool 
of unit 4 on 18 July 2012 (Source: www.tepco.co.jp) 

Essential prerequisites for the performance of the three phases in the decommissioning 
process are the assurance of the cooling of the fuel inside the reactors and of the fuel 
assemblies in the spent fuel pools by reliable cooling circuits and the retention of radioactive 
materials throughout the entire dismantling period. Phase 1, which is underway, comprises 
i.a. the start of the recovery of the fuel assemblies from the spent fuel pool. In Phase 2 
(scheduled to begin in approx. 10 years), the recovery of the fuel assemblies is to be 
complete, and among other things preparations, such as the flooding of the containments, 
are to be made to recover the melted fuel from the containments. It is planned to be able to 
complete the recovery of the nuclear fuel from the reactors after approx. 20-25 years in 
Phase 3, and to commission in this time a waste processing facility and provide waste 
storage capacities. Phase 3 is to be concluded after 30-40 years with the demolition of the 
building structures. 

 

Fig. 12: Illustration of the establishment of a closed cooling circuit for units 1-3 during Phase 
2 (Source TEPCO) 

40



 

Fig. 13: Preparation of the recovery of the fuel assemblies and the removal of the molten 
reactor core for units 1-3 in Phase 3 (Source: TEPCO) 

 

Fig. 14: Complete demolition of the building structures of units 1-4 in Phase 3 (Source: 
TEPCO) 
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