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The International Atomic Energy Agency (IAEA) clearly stated in its Fundamental Safety Principles that the 

fundamental safety objective is to protect people and the environment from harmful effects of ionizing radiation. The 

Fukushima Daiichi Nuclear Power Station Accident which brought about various consequences to both people and the 

environment, emphasize the importance to follow the Fundamental Safety Principles of the IAEA, and take into account 

both consequences to the people and the environment in the severe accident consequence assessment scheme. However, 

consequence assessments performed until now have been focusing on the evaluation of the effects of radiation to the 

public health, and the consequences of a severe accident to people and the environment have not really been assessed in 

a comprehensive manner. Therefore, the final goal of this research is set to establish a practice in a severe accident 

consequence assessment to comprehensively include direct and indirect consequences of a severe accident to people and 

the environment. There are four specific objectives for the study: (1) To develop an index called “nuclear accident 

consequence index (NACI)” that can include all anticipated and quantifiable consequences of a severe accident in a 

nuclear power plant on people and the environment; (2) to modify the decontamination model being used in the 

estimation of the NACI in order to ensure the level of quality of the model; (3) To confirm that 100 TBq cesium 137 

release into environment can be used as a safety criterion in regard to the consequences of a severe accident by using the 

simplified NACI to assess the release; and (4) to investigate the correlations between the NACI and release parameters, 

which would enable the anticipation of consequences resulted from respective types of releases to people and the 

environment, without spending resources to assess the nuclear accident consequence index. 

 

 The NACI consists of ten indices representing consequences to people and the environment. Radiation effect 

index and psychological effect index represent consequence to people. Decommissioning index and decontamination 

index represent consequence to the environment. Other six indices, namely sheltering index, evacuation index, relocation 

index, food intake restriction index, alternative source index and harmful rumor index can affect both people and the 

environment. The NACI is used to evaluate the consequences of anticipated severe accidents in a virtual 1,100 MWe 

BWR-5. Three indices, namely radiation effect index, relocation index and decontamination index, dominate most 

accident sequences. For a simplified evaluation, we formulate a simplified NACI which consists of these three indices. A 

sensitivity analysis is performed, and most sensitive parameters are those related to these three indices. 

 

  



Next, a new decontamination model which employ realistic assumptions and use reliable and updated data is 

developed. Decontamination-related information obtained after the Chernobyl accident and the Fukushima accident is 

used to modify the radiation effect index, relocation index and decontamination index. Elementary effect method is used 

to perform the sensitivity analysis, and the results imply that the decision makers need to thoroughly consider all 

circumstances following a severe accident, and carefully determine the dose for decontamination target area setting, the 

waste management process and the working plan for the decontamination of the contaminated area, since they can 

significantly affect the consequences of the accident. The interaction between decontamination and the radiation effect 

index is significantly small, which implies that the decontamination would not consequently affect the extent of the dose 

to the people. The simplified decontamination model is developed by fixing most negligible parameters to their median 

value, and validated by comparing with the full model. The simplified decontamination model is used to calculate the 

simplified NACI and compared with that of the previous model. The decontamination index increases its importance 

notably. It emphasizes the findings above that we have to pay great attention to the determinations of dose level for 

decontamination target setting and the waste management process. 

Two examples of the applications of the NACI from a regulatory viewpoint are demonstrated. Firstly, the 

applicability of “100 TBq cesium 137 release into environment” as a safety criterion at reactor design approval stage is 

investigated using simplified NACI. The overall consequences to people and the environment, i.e. the simplified NACI, 

of the 100 TBq cesium 137 release into environment are small enough for it to be used as a safety criterion regarding 

consequences of a severe accident at reactor design approval stage. Secondly, relations between release parameters and 

the consequences of a severe accident represented by the simplified NACI and its components are investigated. 

Simplified NACI and its components increase drastically when the release amount is increased, while the influences of 

the release period and the release starting time on the simplified NACI are nearly negligible. Relations between the 

release amount and the simplified NACI are investigated. Its components can be fitted by a simple power function (y = 

ax
b
). The exponent of the fitted graph seems to be the key to the relations.
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