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Rethinking nuclear safety after Fukushima  
• As you know, the 2011 Fukushima accident radioactively 

contaminated a large area and forced a massive evacuation, 

permanent for some residents.  

• Most people’s reaction has been that we need more protection 

against extreme nuclear accidents, even if “experts” assign low 

probability to them 

• Nuclear safety agencies, at least judging from my own country, seem 

to have a more limited goal. In deciding on safety improvements, 

they still seem to rely on a narrowly defined cost-benefit 

methodology. In my view, this does not provide adequate safety.  

• I want to illustrate this with a recent decision of the US Nuclear 

Regulatory Commission. I think this example has general 

significance because NRC standards are often widely accepted in 

other countries.  

• (For example, NRC and the National Nuclear Safety 

Administration—国家核安全局—are in close touch.) 



Spent Fuel Pool Safety 
• The issue concerns spent fuel pool (SFP) safety. You may recall that 

a possible fire in the Fukushima Unit 4 spent fuel pool was a major 

concern.  

• For those unfamiliar with nuclear reactors:  

• Spent fuel is just used fuel. It has typically been in an operating 

reactor for several years. It is intensely radioactive. To avoid melting 

and to protect personnel, it is stored in a deep water pool within the 

plant. 

• Such a pool may contain hundreds of tons of spent fuel, more than 

in a reactor core. It requires a continual supply of cooling water.  

• If cooling fails, and water boils off, the spent fuel’s zirconium 

tubing could react fiercely with hot steam, and the heat could melt 

the spent fuel pellets. (This was the source of H2 in Fukushima 

reactors.)  

• Melted spent fuel would release large amounts of long-lasting 

radioactivity (Cs137) that could contaminate the surrounding area—

to an even greater degree than happened at Fukushima.  



Spent Fuel Pool 



A safer option: “Dry Cask” storage 

• After 3 years spent fuel can be 
stored in air-cooled “dry 
casks.”  

• A cask stores about 10 tons—
half a reactor’s yearly output. 
Cost is about $1 million/cask.   

• About 25% of US spent fuel—
from reactors with full SFPs—
is already in casks. But for cost 
reasons plant owners resist 
advancing spent fuel transfers. 

• It has many safety 
advantages—reducing SFP 
inventory can lower maximum 
accident consequences by 
90%.  

 



NRC: shift spent fuel to casks 

faster? 
 

• Common sense suggests getting a ten-fold reduction in the 
maximum accident for modest cost is a highly beneficial safety 
step. But the NRC rejected this—it said the SFP accident 
probability was so low the benefits of moving fuel were negligible, 
and didn’t justify the modest cost.  

• The NRC presented its justification in terms of standard cost-
benefit methodology. Here is the argument: 

• The benefit would be a reduction in the “risk” of a big accident. 
NRC defines the risk as the possible accident consequences 
multiplied by the estimated probability (R=PxC).  

• The NRC staff calculated possible long term contamination 25 
times the level at Fukushima. But it estimated a probability P 
that is so low that it overwhelmed the very high possible SFP 
fire consequences. 



A closer look at cost-benefit analysis  
  

• These quantitative calculations have a misleading scientific 

aura. 

• In fact, the potential risk reduction—in fact, the risk itself—is a 

very uncertain quantity. 

• It is especially difficult to calculate in situations involving low 

probability, high consequence events. 

•  Significant statistics are lacking so many assumptions have 

to be made. There is no way to check the results 

experimentally 

 

 



Why the risk calculations are 

suspect 

• Calculating consequences—direct and indirect:  

• Regulators typically take an overly narrow definition of the possible 
accident consequences. They have a tendency to underestimate 
indirect societal risk: Would a pre-Fukushima calculation have 
included the post-accident shutdown of Japan’s reactors? Or pre-
Chernobyl, would one have included the accident’s contribution to 
the downfall of the Soviet Union? 

• Calculating probabilities:  

• The probability calculations are complicated because nuclear power 
plant systems are very complicated. Failure calculations involve 
many assumptions about performance and independence of 
systems, which cannot easily be checked. In practice, for all but the 
practitioners the calculation is a “black box.”  

 



There is also a deeper problem 
• The nuclear regulators define nuclear safety risk as the mean, or 

expected, consequences. (Risk = Probability x Consequences)  

• This can be useful for evaluating routine situations with significant 

statistics, but less useful for dealing with improbable but possibly 

devastating events 

• R=PxC puts no limits on “C,” no accident is a “deal breaker”—so 

long as its calculated probability is sufficiently low. 

• There is, of course, no “right” definition of risk.* We could, for 

example, insist on an absolute limit to possible contamination—no 

matter what the calculated probabilities.  

• Significantly, that is exactly what nuclear manufacturers choose for 

themselves—they seek to avoid all liability for accidents. That 

should be good enough for the public, too. 



A new, higher safety goal 

• To take a broader view, after Fukushima, I think it’s not enough to just 
tidy up the nuclear safety system. We need to choose a new, stricter 
safety goal. 

• That was the message of the post-Fukushima study by the American 
Society of Mechanical Engineers (“Forging a New Safety Construct” 
June 2012), the best such study, in my view.  

• The ASME recommended a new, higher level of nuclear safety, just as 
a hundred years ago it recommended a higher standard for steam 
boilers: 

• We have to design nuclear power so that we can rule out 
“Fukushima-like consequences”—contamination of large areas and 
massive evacuations. 

• I think that is exactly right. If we expand nuclear energy use, we 
shouldn’t have to worry that using this might mean abandoning large 
areas, or even a city—essentially forever from the point of view of a 
human time scale. 



BACKUP SLIDES 



Effect of other risk measures 

Risk Measure-

> 

 

Event type: 

Common and 

Severe 

  

R=PxC R=P2xC  R=P1/2xC 

 

 

Common 

event 

P= 0.01 

C=100 

1 0.01 10 

 

Severe event 

P=0.000001 

C=1000000 

1 0.000001 1000 



NRC SFP Fire Results 

• Consequence Study of a 

Beyond-Design-Basis 

Earthquake Affecting the 

Spent Fuel Pool for a U.S. 

Mark I Boiling Water 

Reactor October 2013 

http://pbadupws.nrc.gov/do

cs/ML1325/ML13256A342.

pdf 

 



Comparison with Fukushima 

• Table 33 of the NRC document gives 8.8 MCi as a 
possible release in a spent fuel pool fire in a BWR. 

• Japan NSC estimated Fukushima Cs 137 air 
release at about 11PBq 

• In terms of MCi : 11x 1015 Bq/(3.7x1010 Bq/MCi)   
= 0.3 x 106 Ci = 0.3 Mci 

• Also significant is that Table 33 estimates as 
possible contamination of nearly 25,000 km2  and 
evacuation of over 4 million persons 

 



NRC on risk of spent fuel pool fire 

• “The risk is low because of the very low 

likelihood of a zirconium fire even though the 

consequences from a zirconium fire could be 

serious.”  

• Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear Power Plants 

http://pbadupws.nrc.gov/docs/ML0104/ML010430066.pdf 

 


