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The Vulnerability of Small Countries in the Event of a 
Major Nuclear Accident in Their Territory  

1 EXECUTIVE SUMMARY 

1.1 Introduction 
This report compares the strategic environment of 194 nuclear power plants around the 
world. It classifies the power plants according to their strategic weakness and the level 
of vulnerability they may create, or not, in their respective countries in the event of a 
major nuclear accident given their proximity or distance from important urban areas. An 
event of this type would have a strategic impact on the social, economic, and political 
framework, the extent of which should be considered. The original version of this report 
focused on Switzerland (see the French and German versions); this version was 
adapted to study the concerns of small countries in general. 

The primary conclusion is that some countries take an extraordinary risk given the 
abnormal threat that looms over them. In terms of population displacement, loss of 
territory, impoverishment, and weakened institutions, a major nuclear accident at one of 
the power plants at the top of the classification presented here is equivalent to the 
impact of a war.  

This extraordinary strategic weakness is worrisome. It is becoming very serious since 
safety norms for existing nuclear power plants are not modeled on the norms that new 
plants must meet. In older model power plants, the redundancy of safety systems and 
the physical separation of emergency systems—in short, the safety requirements that 
constitute a quality, “in-depth defense”—are inferior to those required in new power 
plants, which further accentuates the aging of elements that cannot be updated. It is 
pertinent to discuss lower-cost safety standards for countries with older power plants 
and, in particular, a very high level of vulnerability to a major nuclear accident. 

This version of the study examines only the vulnerability of countries based on the 
location of the power plant compared to the population and the most exposed urban 
areas. From a location standpoint (strategic weakness and vulnerability of the 
environment surrounding a nuclear power plant), several countries have a very high risk 
profile, including one power plant in Armenia, two in Taiwan (out of three), four in 
Switzerland, and two in Belgium. Other power plants in especially poor locations create 
a considerable risk in important countries given their proximity to important (strategic) 
urban areas. Other small and medium-size countries are seriously exposed, but to a 
lesser extent.  

1.2 Scale of a major accident as applied in this study 
A Level 7 accident based on the International Atomic Energy Agencyʼs International 
Nuclear and Radiological Event Scale (INES) is the reference point for this study. The 
Swiss Federal Nuclear Safety Inspectorate (ENSI) distinguishes three levels within 
Level 7 when analyzing threats to Swiss nuclear power plants: A4, A5, A6, with an A6 
threat being the maximum level. To estimate the degree of various countriesʼ strategic 
weakness, it is worth paying special attention to the consequences of an A6 scenario.   

Considering the size of a long-term evacuation zone, which would have a considerable, 
strategic impact on a country over many years, several official sources make it possible 
to conclude that it would be implemented at a radiation level above 555,000 becquerels 
per m2 (555 kBq/m2). Based on experience, a major nuclear accident could lead to an 
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exclusion zone that measures 2,826 km2 (30km radius) and 7,850 km2 (50 km radius), 
or more.  

A major nuclear accident can have a different impact depending on weather conditions, 
which necessarily affect the form of an exclusion zone and controlled zones where the 
population cannot attend to its business or move about normally. However, an 
international comparison demands the chosen criteria be standardized in order to apply 
them across all 194 power plants that were studied. In documenting the vulnerability of 
various countries, we are studying only two scenarios: a 30 km exclusion zone and a 50 
km exclusion zone, considering borders between states only where it facilitates our 
work.1   

1.3 International comparison of strategic weakness and potential vulnerability 
The international comparison of countriesʼ vulnerability to a major nuclear accident 
considers the eventual creation of a zone with a 30 km and 50 km radius around each 
of the 194 power plants. It documents the long-term pressure on a country after a 
radioactive cloud develops and the long-term soil deposits that would result. The health 
concerns caused by the passage of a radioactive cloud are significant, but this report is 
more interested in the strategic aspect of a long-term exclusion zone. 

An international comparison requires a standardized matrix so all countries are 
analyzed in the same manner. We examined their situation by comparing the main 
strategic characteristics of the environment surrounding the power plants based on a 
radius of 30 km and 50 km respectively.  

We also considered four different criteria to determine the final rankings of 194 nuclear 
power plants: 1, the impact on the surrounding population compared to the countryʼs 
total population (Table 2); 2, the territorial impact of an exclusion zone in proportion to 
the countryʼs size (Table 3); 3, the relative importance of urban areas and how many 
are located in a 30 km and 50 km radius as determined by comparing the populations of 
these areas to the countryʼs population (population approach – Table 5); 4, the relative 
importance of urban areas and how many are located in a 30 km and 50 km radius, a 
metropolitan area approach that compares the population of urban areas to the 
population of the countryʼs primary metropolitan area (Table 6). Each of these four 
strategic characteristics makes it possible to rank the 194 power plants, which makes it 
possible to assign a final ranking to each one based on the vulnerability of its strategic 
environment. The variety of approaches gives the final classification a certain level of 
strength (Table 7).  

Two other tables offer information about the population residing near each nuclear 
power plant (Table 1), as well as about strategies for exporting the nuclear threat (Table 
4). Table 4 shows that Luxembourg is most exposed to a major nuclear accident by the 
Cattenom power plant in France. The final classification (Table 7) is concerned only 
with a countryʼs capacity to “self inflict” a major accident as a consequence of 
inadequate decisions (strategic error).  

                                                
1 To measure distance between nuclear power plants and cities, we used the “measure distance” 
function in Google Maps and calculated distances by going to the point at which a substantial 
proportion of the inhabited urban area (at least one quarter), as viewed by satellite, is included in a 30 
km or 50 km radius (respectively).  
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 All the results (7 tables)  
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1.4 Analysis of the results  
The top three positions in the final classification (see Table 7) are Metsamor (Armenia), 
Kuosheng and Jinshan (Taiwan), and Beznau (Switzerland), which shared the third 
position. Positions 5 and 6 are held by power plants in Gösgen and Leibstadt 
(Switzerland); Doel (Belgium) is 7, Mühleberg (Switzerland) is 8, and Tihange (Belgium) 
is 9. Further analysis would make it possible to refine these rankings; however, it would 
be unlikely to change them. We note that one of Taiwanʼs power plants, Maanschan, 
ranks 110 due to its distance from any major urban area.   

Beginning with the 10th rank, a second group of medium and large countries has 
nuclear power plants with the potential to afflict very high levels of strategic damage, 
including Kanupp (Pakistan), Kori (Korea), and Pickering (Canada). However, these 
countries will have less difficulty recovering than countries in the first group described 
above.  

The third group, which is also comprised of small countries, has less vulnerability than 
the first group of small countries, but perhaps greater vulnerability than the second 
group (additional studies would be required to decide). Their vulnerability is 
considerable due to power plants at Krsko in Slovenia (14th) and at Bohunice and 
Mochovce in Slovakia (13th and 15th).  

The fourth group includes nuclear power plants in medium-size countries, beginning 
with Neckarwestheim (16th), Dukovany (16th), Philippsburg (18th), and Darlington (19th) 
and ending with Borssele (20th) in the Netherlands, a country that is just as small as 
Switzerland, but that has twice as many people. Vulnerability is very important for 
international comparison.  

A sixth group begins with Ringhals (21st) in Sweden and includes German, Czech, 
South African, French, and U.S. sites, creating another potentially vulnerable situation 
of considerable size. The sixth group includes sites up to Indian Point (29th), the last 
power plant that is less than 50 km from a Rank 1 city.  

The seventh group includes Hartelpool (30th, United Kingdom), Olkiluoto (also 30th, 
Finland), and Grafenrheinfeld (32nd, Germany). It ends with Heysham (54th, United 
Kingdom), and Fessenheim and Le Blayais (55th and 56th, France).  

The seventh group of power plants still imposes a significant strategic risk on the 
countries in which they are located, but to a lesser degree than for countries in the first 
group. The results show the countryʼs size does not determine everything, even if it 
plays an important role. Please refer to the Appendix for the rest of the classification.   

 

1.5 Results: Distancing nuclear power plants is a customary safety standard 
In general, careful consideration of a nuclear power plantʼs location makes it possible to 
limit a countryʼs vulnerability to a major accident. The following results reveal an implicit, 
customarily used safety standard that aims to distance power plants from heavily 
populated areas to limit a countryʼs vulnerability. To illustrate this observation using a 
small country as an exception, Switzerlandʼs results are described below. 
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 Ú CUSTOMARY SAFETY STANDARDÚ Ú CURRENT SITUATION IN 
SWITZERLAND Ú 

1 130 nuclear power plants have fewer than 
400,000 inhabitants within a 30 km radius, 
(2/3 of all plants). Half of all plants have 
fewer than 222,000 inhabitants in a 30 km 
radius.  

Swiss nuclear power plants have 
between 1,027,780 inhabitants (Beznau) 
and 817,983 inhabitants (Leibstadt) 
within a 30 km radius. 

2 In a 30 km radius, 5/6 of the worldʼs nuclear 
power plants expose less than 1% of the 
population of the country where they are 
located.  

Swiss nuclear plants expose between 
12.92% (Beznau) and 10.28% 
(Leibstadt) of the countryʼs population.  

3 If exclusion zones with a 30 km radius (2826 
km2) were established for the 194 nuclear 
power plants in the world, 161 of them (5/6) 
would impact less than 1% of a countryʼs 
territory. 

Switzerland would lose more than 6.5% 
of its territory. 

4 156 of 194 of the worldʼs nuclear power 
plants have, at most, one Rank 3 city within 
30 or 50 km (4/5 or 80%).  

 

 

Three of Switzerlandʼs nuclear power 
plants have one Rank 1 urban area 
within 50 km, one Rank 2, and one Rank 
3. The fourth plant also has a Rank 2 city 
that is the federal capital, plus four Rank 
3 urban areas.  

Table 8: If we look at the type of potential vulnerability presented by the worldʼs nuclear power 
plants, only a minority impose a serious strategic threat to the country in which they are 
located. The most significant factor on Table 8 is the fourth line: 80% of the worldʼs nuclear 
power plants have, at most, one Rank 3 city within 30 or 50 km. Yet, power plants in several 
small countries—Switzerland is just one example—do not respect this international standard, 
which creates an abnormal strategic weakness, made worse by old nuclear plants in their 
territory (with standards that are well below new plants). 

 

In general, countries with nuclear power plants located near Rank 1 or Rank 2 urban 
areas live with a considerable threat that is far beyond normal on the global scale. This 
fact is further aggravated when power plants are modeled on older designs with all their 
related architectural flaws.  

1.6 Remarks 
International practice is dominated by distancing nuclear power plants from important 
urban areas with respect to a countryʼs size. This connection is real and has been 
customarily followed. 

After examining the literature of official agencies on this issue and applying their 
conclusions to small countries, nearly all of a country impacted by a major accident will 
be labeled a disaster zone for an undetermined period of time (several decades or even 
longer). Strategic weakness further aggravates a populationʼs situation: a major 
accident destabilizes political institutions, heightening the damage to the affected 
population, which can no longer depend on national solidarity.  

In addition to the nuclear power plants in small countries at the top of the ranking in 
terms of strategic weakness (Armenia, Taiwan, Switzerland, Belgium) and plants in 
small countries that are slightly less exposed (Slovakia, Slovenia, the Netherlands, 
Czech Republic), medium and large countries are also in a very strategically weak 
position given the location of some of their sites. 

Among those are: Kanupp (Pakistan); Pickering and Darlington (Canada); 
Neckarwestheim, Philippsburg, and Brokdorf (Germany); Koeberg (South Africa); 
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Wolsong and Wolsong Shin (South Korea); Ringhals (Sweden); Hinkley Point B and 
Hartlepool (UK); St-Alban and Bugey (France); Indian Point (United States); and 
Olkiluoto (Finland). These sites potentially create the most vulnerability for their 
respective countries; however, they have other power plants that are less problematic 
from this standpoint. More detailed studies would make it possible to refine the 
classification.  

1.7 Recommendation 
The most vulnerable states should align the safety level of their nuclear power plants to 
the safety level of new plants (including the physical separation of safety systems—no 
matter the price) and, if this is not possible, close older sites as soon as possible. 
Following the Fukushima disaster, Germany definitively closed seven (the least reliable) 
of its seventeen reactors, while Japan closed all its sites (only one has come back 
online as of our publication date, September 2015). This method implies replacing the 
missing energy by rationalization measures, by developing alternative energy sources, 
or even by building new nuclear power plants, if problems associated with uranium 
mining operations and nuclear waste are resolved.2  

When a countryʼs nuclear power plants accumulate two significant flaws, the technical 
safety measures taken in older plants are not proportional to the countryʼs real situation 
and are below expected standards (undersizing). These countries are taking a 
considerable strategic risk.  

When a country is especially vulnerable to a major nuclear accident (the top 35 out of 
194 plants fall into this category), especially if they are in the top 10, it must align its 
power plants with the safety criteria of new nuclear power plants. If it cannot align the 
safety of its plants with this level and it considers its territorial integrity, political 
independence, freedoms, prosperity, and the physical and mental integrity of its 
population as assets that deserve protection, it must close its nuclear power plants as 
quickly as possible and implement an alternative energy policy.  

In terms of nuclear energy, a small country is foolhardy and irresponsible when it 
adopts safety standards that are valid for older nuclear power plants in much larger and 
more resilient countries than itself in the event of a major nuclear accident. Medium and 
large countries are also foolhardy and irresponsible if they continue to operate nuclear 
power plants in proximity to their major urban centers. 

 

 

 

 

 

 

 

 

 

                                                
2 The issue of definitively storing nuclear waste and the environmental consequences of mining 
uranium are not within the scope of this study.  
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