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NREFS examined how best to cope with a 

big nuclear accident like Chernobyl (1986) 

and Fukushima Daiichi (2011)

• Nuclear power has grown since its inception 75
years ago to the point where it now supplies an 
eighth of the world’s electricity.

• 435 nuclear power plants are in operation 
worldwide, with 72 new stations under 
construction.

• Severe nuclear accidents are rare but experience 
shows that they can occur and we need to know 
how to cope with them.
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Chernobyl NPP accident 

� 26th April 1986

� 30 immediate deaths 

of power station 

workers

� 116,000 relocated in 

1986

� 220,000 relocated 

post 1990
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Fukushima Daiichi NPP accident 

� 11 March, 2011

� 160,000 evacuated 

� No radiation early

deaths

� 1,121 deaths from the 

evacuation

• Comparison: 267,000 

displaced by the tsunami 

itself
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Objective methods are needed for rigorous 

justification of coping strategies: 

• The Extended Marshall method for calculating loss 
of life expectancy caused by radiation exposure.

• Judgement- or J-value, which balances the gain in 
life expectancy again the cost of the 
countermeasure.

• Optimal control, which minimises total economic 
loss (with human harm translated into money 
terms).

• PACE-COCO-2, from Public Health England.
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Objectively, the scale of potential threat to the 

public is small even after the worst nuclear 

accident

• The J-value recommends relocation after Chernobyl for the 31,000 people who 
stood to lose more than 9 months' life expectancy.

• The remaining 85,000 would have lost an average of 3 months' life expectancy.

• The number of the relocated rises to 72,500 under the 5% rule, where everyone 
in the village is moved out if 5% need to be.

• If no-one had been relocated, the loss of life expectancy amongst the worst-
affected 6,800 people would have been about 5.6 years, still less than the 
shortfall in life expectancy of 8.6 years for baby boys born in Blackpool compared 
with those born in Kensington and Chelsea.

• The gain in life expectancy from the worst affected 900 people of the 220,000
relocated in the 2nd phase was 3 months, 2/3 of the potential 4½ months' gain 
from reducing London's pollution to rural levels.  The 2nd relocation should not 
have happened.
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The quantitative models concur on the desirability 

of minimising long-term relocation

• The J-value, validated during the study, shows that between 80% and 
90% of people relocated after Chernobyl should NOT have been.

• For Fukushima Daiichi, the gain in life expectancy for evacuating until 
the dose rate fell to the permitted level, 20 mSv p.a., was less than 3 
months even in the worst-affected settlements, making it difficult to 
justify relocating anyone.

• Optimal economic control strategies for severe notional reactor 
meltdown accidents found no justification for relocation in the 
hundreds of base cases.  Relocation was needed rarely in the sensitivity 
cases.

• Even after a meltdown and uncontrolled release at a notional PWR on 
England's South Downs and applying a safe-return dose half the 
Japanese level, Public Health England's PACE-COCO2 suite suggests that 
only 620 people can be expected to be need relocation.
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Disruption and psychological stress are inevitable with 

relocation, and are additional important factors why the 

number of relocated people should be minimised.

• After Chernobyl, according to the World Health Organisation:

• "Evacuation and relocation proved a deeply traumatic experience to 
many people because of the disruption to social networks and having 
no possibility to return to their homes.  For many there was a social 
stigma associated with being an 'exposed person'."

• "The designation of the affected population as 'victims' rather than 
'survivors' has led them to perceive themselves as helpless, weak and 
lacking control over their future. This, in turn, has led either to over 
cautious behavior and exaggerated health concerns, or to reckless 
conduct, such as consumption of mushrooms, berries and game from
areas still designated as highly contaminated, overuse of alcohol and 
tobacco, and unprotected promiscuous sexual activity."  
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How well did the UK Government perform in 

optimising its citizens' well being after Chernobyl?

Sheep restrictions

• Restrictions on lamb were imposed in North Wales, Cumbria, 

Scotland and Northern Ireland after Chernobyl.

• They were not lifted until 2012, when they were extending 

UK lives by ~8 seconds, well below the de minimis levels.

• The J-value shows that keeping the restrictions in place for 

26 years constituted an over-reaction to Chernobyl.
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Lessons to be learned

• The big lesson is how small the radiation damage is 

to the members of the public from even the biggest 

nuclear reactor accidents.

• Most of the harm has come from what can now be 

seen to be unjustified fear and worry and from the 

social disruption and dislocation caused by 

relocation of hundreds of thousands of people.
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Conclusions

• While big nuclear accidents are bad things, we can say now 
that the radiation harm to the public will be limited even in 

the worst cases.

• Everyone ought to know this.

• The focus should be on 

• getting this message out

• preparation in advance

• sensible measures (giving a Judgement-value of 1.0)

• minimising relocation

• measuring and monitoring

• keeping the public informed.


