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INTRODUCTION 
The history of the consideration of severe accidents (SA) safety begins really with WASH-1400 [1] initiated 

by USNRC in early 1970’s. The WASH-1400 considered accidents of decreasing probability and increasing 

consequence (see Tables I extracted from WASH-1400).  
 

The accidents considered, occurred due to successive faults which lead to at least the melting of the core and 

a possible radioactivity release to the environment.  The increasing consequence accidents would entail 

additional failures e.g., vessel failure, late containment failure, containment bypass, early containment 

failure etc. These additional failures would lead to larger releases of radioactivity and thus larger 

consequences for the public in the vicinity of the plant. 

  

 

 

 

 

 

 

 

 

 

 

 

Table 1 - Early consequences of Reactor accidents for various probabilities for one Reactor. 

 

WASH -1400 did not provide estimates of the costs for cleanup of the contaminated land area. Also there 

were no estimates of the economic costs involved in removal of the molten fuel and the decommissioning of 

the stricken plant. The emphasis in WASH-1400 was primarily with physical damage to the population in 

the vicinity of the plant and peripherally with the societal, social and economic costs of a severe accident in 

a large LWR plant. 
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Area ~Square 
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Relocation 

Area Square 

Miles 

One in 20,000 
(a)

 <1.0 <1.0 <0.1 <0.1 <0.1 

One in 1,000,000 <1.0 300 0.9 2000 130 

One in 10,000,000 110 3000 3 3200 250 

One in 100,000,000 900 14 8 - 290 

One in 1,000,000,000 3300 45 14 - - 
(a)

 This is the predicted chance- of  core  melt  per reactor year  

  



CONSEQUENCES OF ACTUAL SEVERE ACCIDENTS 

The TMI-2 accident (1979) 

This was the first severe accident in an operating commercial nuclear power reactor plant. The TMI-2 

accident was quite benign in terms of public consequences. There were only negligible releases of the 

dangerous fission products: I, Cs, Sr etc. Nobody suffered any serious exposure to radioactivity and there 

was no land contamination.  

The Chernobyl accident (1986) 

This accident occurred in the reactor no.4 of the 4 RBMK reactors located in a complex called the 

Chernobyl nuclear power plant (NPP). The RBMKs in 1986 had large positive void coefficients and rather 

unstable behavior at power levels below 30% nominal.  

 

The Chernobyl accident consequences were not confined to the vicinity of the plant. The tremendous energy 

generated in the explosion time-scale resulted in a plume reaching very high in the atmosphere and 

radioactivity travelling long distances. 

 

The immediate effect of the Chernobyl severe accident was on the plant workers who performed some 

heroic deeds to limit the consequences of the accident. It was determined that there were 31 early fatalities 

and considerable number of illnesses. The costs of cleanup in the evacuation area around the Chernobyl 

plant were estimated to be 7 billion rubles. 

The Fukushima accidents (2011) 

The Fukushima accidents occurred on March 11, 2011 when a giant tsunami wave (14 meters high) climbed 

over the 10 meters high embankment provided for the Fukushima reactors 1 to 4. The tsunami wave flooded 

the emergency diesel generators (EDGs) for the 4 reactors making them inoperable. The tsunami also 

inundated the D.C. batteries, making the D.C. electricity unavailable. These four reactors suffered total 

black out of long term duration 

 

Much has been written about the accident scenarios in the unit 1-3 of Fukushima station [2, 3, 4, 5, and 6]. 

Suffice it to say that the 3 plants suffered core melt down and vessel failures. Substantial fractions of the 

core melt of the 3 reactors are out of the respective vessels. In addition, the hydrogen produced during the 

core heat-up in unit-1 and unit-3 leaked into the respective reactor buildings. It underwent combustion and 

blew out the roofs of the buildings leading to direct containment by-pass for these 2 units. Some of the 

hydrogen from unit 3 went to the reactor building of unit 4 and on combustion there extensively damaged 

that building. 

 

The core melt accident in each of the 3 reactors, unit 1-3 resulted from the loss of water in the core and the 

loss of heat sink. The outcome was that cores of each of these 3 reactors were without water supply for 6-8 

hours each, which resulted in core melt downs and subsequent vessel failures.  

 

The Japanese government stated that the fission product releases from Fukushima 1-3 were in the range of 

5-10% of the Chernobyl releases This may sound, somewhat, comforting but it should be realized that the 

Chernobyl releases were dispersed over an enormously larger area than the dispersal land area for the 

Fukushima releases. A fortunate occurrence was that much of the time the winds were blowing toward the 

ocean and land contamination was much smaller than it could have been.  

 

One must be grateful to the Japanese government for evacuating the population in the affected areas in due 

time, thereby no member of the public died or was injured due to radiation exposure. It is estimated that 

approximately 114,000 persons were evacuated and most of them cannot go back to their homes. In this 

context, there will be controversy as to the extent of clean up i.e., the radioactivity level of the cleaned land, 

houses, vegetation before the population will accept the ''move back''.  



 

The economic consequences of the Fukushima accidents are beyond belief. The TEPCO, an enormously 

rich and valuable electric utility company is going bankrupt and may be nationalized. The costs of the 

Japanese Government’s forty year plan for remediation of the Fukushima accidents have been estimated but 

are indeterminate. Currently, there are many other costs to the Japanese nation since all the reactors, except, 

two are shutdown. The costs incurred by the Japan government (Japanese people) for the import of oil, 

natural gas and coal to replace nuclear electricity are of the order of a few billion USD per month. The 

overall costs of the Fukushima accidents have been estimated to be 500 billion USD.  

LESSONS LEARNED FROM THE ACCIDENTS 
We study the safety of nuclear power intensively only after a severe accident (SA) occurs and the public is 

affected or aroused. The “wake-up” call from TMI-2 was that in spite of the many years of earnest efforts to 

prevent a core melt accident, such an accident can occur. The other lesson learned from the TMI-2 accident 

was that the non-technical aspects, e.g., operator training, emergency procedures, organization and 

management were of equal importance to the technical aspects.  

 

The ''wake-up'' call from Chernobyl accident was that large-scale environmental damage and the enormous 

costs of radioactivity clean-up could be incurred if the containment is absent or fails early during the 

accident. The impact of Chernobyl accident on the SA safety concerns in USA and the large nuclear 

countries in the West and the Asia was, however, quite small, since the argument was made that; (1) RMBK 

reactors are different from western LWRs, (2) there were serious design flaws, e.g., positive void 

coefficient, common-mode failure of all core-outlet pipes and (3) there were serious and successive operator 

errors 

 

The Fukushima accidents generated much response from the agencies and societies concerned with nuclear 

energy all over the world. The American Nuclear Society (ANS) published their report in March 2012. The 

American Society of Mechanical Engineers (ASME) report published in June 2012 urges the forging of a 

new nuclear safety “construct”.  

 

We believe that the above cited reports and papers have not addressed some lessons with respect to the 

attitudes of the public to nuclear emergencies. We believe that the first and the most-important lesson that 

should be learned is that radioactivity is a ''fear complex'' in the minds of most populations. In particular, 

mothers have to be convinced that very small doses of radiation, for even long durations, will not be a health 

hazard for their young children.  

 

The second lesson with respect to the public attitude to nuclear emergencies derived from the Fukushima 

accidents is that the public is most upset when they have to leave their homes and possessions and they 

cannot return readily back to their homes.  

 

The third lesson; also evident, is that operator performance (errors, omissions, initiatives, skills) all matter 

for the public consequence as a SA progresses. Operator actions can turn-off a budding SA or make its 

consequences worse. Thus operator skills are important and perhaps skill-based response to nuclear 

emergencies should be encouraged. 

  

The fourth lesson is about the lack of instrumentation to track the progression of the severe accident for the 

operator. Thermocouples installed on the vessel wall from outside could have identified the melt and vessel 

behavior during the time the vessels were almost fully devoid of water.  

 

 

SOME SHORTCOMINGS OF THE CURRENT SAFETY PRACTICE   

a. Societal and economic consequences 



The concern in the accident consequences has been with fatalities, injuries and latent cancers, i.e.; the 

individual health effects. Estimates were provided of the contamination of the land and property damage. 

However, in WASH-1400, there was no mention or discussion of the social upheaval caused by the spread 

of radioactivity deposited by a large release from a severe accident, necessitating the relocation of a 

significantly large population. The social upheaval and anxiety is also magnified by the unknown duration 

of the loss of habitat, employment and other daily amenities. Clean-up of ground contamination is a long 

arduous process, requiring large teams and it can take months. There will be controversy on the re-entry 

conditions. All of these cause anxiety and fear in the population. 

The economic costs of Chernobyl and Fukushima have been mentioned earlier in this manuscript. A large 

release causes huge costs for remediation and clean-up. The insurance by an individual utility company 

cannot cover the costs incurred, or to be incurred. The costs beyond the insurance are primarily borne by the 

nation.  

 

b. Acceptance of residual risk  

The concept of residual risk has been invoked when an event in the SA scenario is considered to be highly 

improbable (‘rare’) coupled with the inability to estimate the consequences of such an event. The 

consequences of such events are not assessed. Their risks are accepted, even if they could have very large 

consequences. But the consequences of the very low probability Fukushima accidents are too large. They 

cannot be accepted. 

c. Cost-benefit and back fit rules 

The cost-benefit rule may be invoked in USA when expensive back-fits or major improvements may be 

proposed for Gen-II or Gen-III plants. It is not the practice in Europe however, costs are always a factor for 

a public utility company. The cost-benefit rule may become a large issue if the lessons learned from the 

Fukushima accidents point to some expensive back fits in the currently installed plants.  

                   d      Safety design basis 

Severe accidents were not prescribed as safety design basis for GEN II plants and not even for GEN III+ 

plants in USA and other countries. The design basis for U.S. LWRs is still the same that was prescribed 

more than 35 years ago.   

d. Diagnostic instrumentation for severe accidents  

The current GEN II plants have not installed instrumentation which could help the operator to diagnose the 

progression of a SA and the status of the plant during the SA; e.g., hydrogen meters, thermocouples in the 

lower head, fission product detectors in the primary system and the containment etc. The operator is 

basically ''flying-blind'' during a SA and is unable to diagnose the plant status.  

 

WHAT SHOULD BE THE PUBLIC SAFETY GOALS FOR NUCLEAR POWER PLANTS? 

We believe that the Fukushima accidents have demonstrated that it will be beneficial (in terms of 

subsequent cost-avoidance) for nuclear power to adopt the safety goal of ''no large release  

of radioactive fission products'' from any accident in a nuclear power plant. The complementary goal of ''no 

long-term evacuation'' should also be adopted to safeguard against the societal upheaval caused by such 

forced mass movements and prolonged periods before return of evacuees back to their homes. 

 

The normal leakage of  per day from the containment could be acceptable as per the siting rules. 

''No large failure of containment'' implies that the containment would have to be strong enough to survive 

intact the loads from possible hydrogen deflagrations and explosions and conservatively estimated steam 

explosions.  



 

The ‘no large release’ goal should also include the ''no base-mat melt-through'' goal, since that event could 

threaten large scale land contamination and a danger of water table contamination. 

 

Finally, the goal of ''no land contamination beyond the exclusion area'' of a plant suffering a SA should also 

be adopted.  

 

The above goals are tough but they are necessary for good health of nuclear power.  

CONCLUSIONS 
The Fukushima accidents have created a crisis situation for the nuclear enterprise in the world. Already 

some rich European countries have resolved to forsake nuclear power as a long term resource-base for 

electricity generation. We have experienced more severe accidents than estimated from PRA studies. The 

nuclear power enterprise cannot function with the frequency of accidents that have occurred, in spite of the 

climate change fears. 

 Summarizing; a “safe” LWR nuclear power plant design should both prevent and mitigate SA caused by 

external and internal initiators. Stabilization and termination of the SA should be rapid so that any 

evacuation of the population in the vicinity is very brief. Containment cooling systems should be provided 

to reduce the containment pressure. A filtered vent system should be provided for possible early or late 

releases. Hydrogen control should be provided in all buildings. Qualified instrumentation should track a SA 

to provide accurate information to operator, the technical support team and the public. In this context, 

education of public to recognize the slow but long term hazards of fossil plants should be promoted, so that 

there is a realization that electricity is not risk-free. Similarly, education to provide realistic health hazards 

of very low level of radioactivity on populations should also be promoted. 
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