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 A nuclear probabilistic risk or safety assessment (PRA or PSA) is a scientific calculation 
that uses very pessimistic assumptions and models to determine the likelihood of plant or fuel 
repository failures and the corresponding releases of radioactivity. Although PRAs demonstrate 
that nuclear power plants and fuel repositories are very safe compared with the risks of other 
generating options or other risks that people readily accept, frightening negative images are 
formed and exaggerated safety and health concerns are communicated. Large-scale tests and 
experience with nuclear accidents demonstrate that such incidents expose the public to low 
doses of radiation, and a century of research and experience have demonstrated that such 
exposures are beneficial to health.  PRAs are valuable tools for improving plant designs, but if 
nuclear power is to play a significant role in meeting future energy needs, we must communicate 
its many real benefits and dispel the negative images formed by unscientific extrapolations of 
the harmful effects that occur at high radiation doses. 
 
 The best known study, completed 30 years ago, was sponsored by the US NRC and 
directed by N. Rasmussen at MIT.[1]  It is based on the method known as fault tree analysis.  By 
this approach, the NRC has set two safety goals in terms of the probability of a human fatality: 
 
• The probability that a person living near a nuclear power plant will die soon after a nuclear 

accident from the radiation released in the accident must be less than 0.1% of the total 
probability that a person will be killed in any accident, i.e., 1000 times less than 5 x 10-4/year. 

• The probability of death from cancer for any member of the public following an accident must 
be less than 0.1% of the total probability that a person will die of cancer from all causes. 

 
The most extensive study of reactor safety, NUREG-1150, was completed by the NRC in 
1990.[2]  The significant average probability results of the NUREG-1150 are: 
 

 Surry (PWR) Peach Bottom (BWR) NRC Safety Goal 

Individual early fatality/year 2 x 10-8 5 x 10-11 5 x 10-7 

Individual latent cancer death/year 2 x 10-9 4 x 10-10 2 x 10-6 
 
 In addition, it was determined that the likelihood of an accident large enough to cause 
at least one early fatality to the public is in the range of one in one million to one in one 
billion per year. These PRA calculations show that nuclear plants are very safe.  So why are 
people so concerned about the safety of nuclear power generation? 
 
 Firstly, the radiation protection authorities have grossly exaggerated the hazards.  
There is no evidence of an increase in the incidence of adverse genetic effects, even among 
the Japanese atom bomb survivors. On the contrary, there is evidence of lower incidence of 
congenital malformations after exposure to low dose rate radiation.  And there is evidence of 
a lower incidence of cancer mortality. Secondly, the probabilities for events and the 
corresponding radiation doses used in PRAs are unrealistically high.  Recently, an evolution-
revolution has begun in safety analysis technology to examine the assumptions and the 
conservatisms in order to model reality more accurately.[3] 



 The main effects of “Nuclear accidents” are generally not harm to people, as do 
automobile or airplane accidents.  This applies even to the 1986 Chernobyl disaster, about the 
worst imaginable nuclear accident. The nearby population received an average whole body 
dose of 0.015 Gy (1.5 rad). About 1800 cases of operable thyroid cancer (occult?) in children 
were detected by the screening, but no excess leukemia or other cancers were observed 
during the following 14 years.  The data continue to confirm this.  Psychological stress was 
the main adverse health effect, but the economic impacts were severe. 
 

For more than a century, beneficial health effects have been observed following low 
doses.[4]  Why have attitudes toward nuclear been clouded by negative images for the past 50 
years?  The early radiation protection recommendations were tailored to avoid burns and late 
effects from acute doses of radiation.  By 1955, this threshold concept was rejected by the 
ICRP in favour of the concept of cancer and genetic risks, kept small compared with other 
hazards in life.[5]  This change in philosophy was due to evidence of excess cancer among 
radiologists and excess leukemia in the A-bomb survivors – “stochastic effects”, whose 
probability of occurrence, not the severity, was assumed to be proportional to the size of the 
dose.  This is the linear, no-threshold model (LNT) of radiation carcinogenesis: a straight-line 
fit to statistically significant high-dose data on the number of cancer deaths among the H-N 
survivors, in excess of the spontaneous number, extended to zero through the low dose 
region, < 0.5 Gy, where there was no statistically significant data.[6, 7]  The LNT model for an 
acute exposure is used to calculate the excess number of cancer fatalities in a population 
following a low dose from any (human-made) source of radiation. 
 
 But why were the beneficial health effects, observed in prior years,[4] ignored during 
the 1950s when recommendations evolved to protect radiation workers?  To understand, we 
have to consider the social and political environment at that time.  Scientists were agonizing 
over their roles in the development and use of A-bombs in war, and many campaigned 
against bombs and for nuclear disarmament.  There was/is no scientific basis for their 
statements.  How can attitudes be changed to a scientific approach?   
 
 Over the past 60 years, many research programs were carried out to study adverse 
biological effects, measured at high doses and extrapolated linearly to zero dose.  
Observations of beneficial health effects were either ignored or suppressed.  The experiments 
were generally not designed to observe beneficial effects.[8]  Generally, cellular stimulatory 
effects are observed following low doses – short-term exposures in the range 0.01-0.50 Gy 
(1-50 rad) – while damaging effects are observed following high doses. This biphasic 
radiation dose response is known as radiation hormesis, an adaptive response of biological 
organisms to low levels of stress or damage – a modest overcompensation to a disruption–
resulting in improved fitness[9] .  “The hormetic model is not an exception to the rule – it is 
the rule.”[10] 

 
 Recent discoveries indicate that oxidative DNA damage occurs naturally to living 
cells at an enormous rate.  Survival to old age depends on the performance of a very capable 
damage-control biosystem, which prevents, repairs, or removes almost all the DNA 
alterations.[11]  Those DNA alterations not eliminated by this protective system are residual 
mutations, a very small fraction of which eventually develops into cancer. The rate of DNA 
mutations caused directly by background radiation compared with the rate produced by 
endogenous oxygen metabolism is extremely small.  While high doses decrease biosystem 
activity, causing increased cancer mortality, low doses stimulate biosystem activity causing 
lower-than-normal cancer mortality.  Stimulation of the immune system increases the attack 
and killing of cancer cells (including metastases) globally.[12]   



 
 

Figure 1. Idealized dose-response curve. 
 
The ordinate indicates approximate responses 
compared with the controls.  The abscissa 
suggests mammalian whole-body exposures as 
mGy/y.  The numbered areas are: (1) deficient, 
(2) ambient, (3) hormetic, (4) optimum, (5) zero 
equivalent point, and (6) harmful.   

 
 
 The evidence of hormetic effects of radiation exposure on cancer has lead to recent 
applications of whole-body, low-dose irradiation therapy for cancer, with no symptomatic 
side effects.[13]  Research has demonstrated that a low dose increases cancer latency even in 
individuals who are radiation sensitive and cancer prone.[14] Even chronic exposures appear 
to prevent cancer and genetic defects, based on a study of 10,000 residents who lived 9-20 
years in Co-60 contaminated apartments – a collective dose of 4000 person-Sv.[15]  About 230 
cancer deaths were expected, plus 70 radiation-induced deaths, but only 7 were observed.  
Forty-six genetic defects plus 18 radiation-induced cases were expected, but only 3 were 
observed.  In 1983, the average dose was about 74 mGy, and the maximum was 910 mGy – 
well within the range of biopositive effects shown in Figure 1. 
 
Discussions about nuclear safety should point out the beneficial health effects of low doses.  
PRAs should only be used to identify weaknesses in design and operation – for corrective 
actions to avoid power plant failures.     
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