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1. Introduction 
 
This research briefing has been produced for Friends of the Earth (FoE) England, 
Wales and Northern Ireland because the organization was aware that post-peer 
review the author still had concerns about the content of the review of evidence on 
nuclear power by the Tyndall Centre at Manchester University. Friends of the Earth 
wanted to understand these concerns as it reflected on the Tyndall evidence review.  
 
This briefing reviews a very broad and complex range of key published and peer 
reviewed radiation protection literature. In particular, the review rehearses and 
reinterprets evidence from a recent policy-relevant European Environment Agency 
report (2013).1   
 
The key sets of information contained in this report are designed to provide additional 
information, enhanced analytical depth and balance to the report co-authored by the 
Tyndall Centre, Manchester and Sussex. The substantive issues addressed includes: 
 

 Health risks. 

 Nuclear regulation. 

 Reactor safety. 

 Reactor accidents. 

 Nuclear accident liability. 

 Nuclear risk assessment. 

 Post-Fukushima EU nuclear prospects. 

 Nuclear costs. 

 Radioactive waste management. 

 Climate change impact. 
 

2. Background 
 
Recent reviews of the impact of climate change suggest that, over the next few 
decades, countries within Europe may be subject to significant change in human 
health, welfare, energy and environmental systems. Key to adapting to this change, 
is the transition to a low carbon and resource efficient energy economy, involving 
major structural changes to the way we work and live - including how we source, 
manage, use and conserve our energy. The UK needs to secure clean, safe, 
affordable, sustainable, low carbon energy to power industry, transport, homes and 
businesses.  
 
In order to avert what is widely regarded as a dangerous rise in global temperature, 
amounting to more than 2°C relative to the pre-industrial level, the UK has confirmed 
measures to cut CO2 emissions. With mounting public concern and policy 
recognition over the speed and pace of low carbon energy transition needed to 
mitigate climate change, nuclear power has been reframed as a response to the 
threat of global warming. Proponents conclude that nuclear provides a secure supply 
of energy, safe in operation and powered by a reliable fuel source (IAEA, 2000; EDF, 
2012; NIA, 2012; WNA, 2012). However, at the heart of the question of nuclear 
power are differing views on how to apply foresight, precaution and responsibility. 
 

3. Health Risks  

                                            
1
 Paul Dorfman, Aleksandra Fucic, Stephen Thomas (2013): ‘Late Lessons from Chernobyl, 

Early Warnings from Fukushima’, In: ‘Late Lessons from Early Warnings’: Part C – Emerging 
Issues, European Environment Agency, Copenhagen. 
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3.1 Key Issues of Radiation Epidemiology 
 
Whilst it is outside the remit of this report to rehearse in detail the very broad 
literature on radiation risk epidemiology, it’s enough to note that the precise 
estimation of acute and long-term health effects as a result of the many accidents, 
incidents and planned releases, discharges and emissions from operating nuclear 
plant remains problematic and subject to ongoing critique. This is because 
epidemiological evidence on health impacts is contradictory and conflicting. The link 
between radiation and the aetiology of cancer and leukaemia is well established – 
but the debate continues about the risks of those diseases, in particular childhood 
cancer and leukaemia, from radioactive releases and in the vicinity of operational 
nuclear installations.  
 
One reason is that there are significant uncertainties associated with the choice of 
differing models used to interpolate radiation risk between populations with different 
background disease rates; for the projection of risk over time; for the extrapolation of 
risks following primarily a single external high dose and a high dose-rate in contrast 
to cumulative low dose and low dose-rate exposures (ARCH, 2010). Despite this, the 
analysis of incidence and distribution of disease (epidemiology) remains fundamental 
to radiation-risk determination and standard setting. Epidemiological investigations 
ranging from the Japanese atomic bomb life span survivor studies to more 
numerically and temporally limited studies have provided a weight of evidence about 
the effects of ionizing radiation on humans. Whilst a range of studies suggest no 
causal or associative link between routine discharges from operating nuclear plants 
(Jablon et al, 1991; Yoshimoto et al, 2004; Evrard et al, 2006; COMARE, 2011), this 
important debate is ongoing.  
 
One of the most significant data sets in this debate comprises a national case-control 
study, funded and published by the Federal Office for Radiation Protection on behalf 
of the German Federal Ministry for the Environment and conducted by the German 
Childhood Cancer Registry on childhood cancer near nuclear installations. This study 
investigated childhood leukaemia and cancer incidence near nuclear plants from 
1980 to 2003, providing evidence of a significant increase in childhood leukaemia 
and cancer risk near to nuclear plants in Germany (Kaatsch et al, 2007; Kaatsch et 
al, 2008a; Kaatsch et al, 2008b; Spix et al, 2008). The German Federal Office for 
Radiation Protection formally confirmed these findings, stating that ‘in the vicinity of 
nuclear power plants, an increased risk of 60 % was observed for all types of 
childhood cancer, and for childhood leukaemia the risk doubled equaling a risk 
increase of approximately 100 %’ (BfS, 2008). With an attention to technical detail, 
the German government also appointed a multi-disciplinary Expert Group to assess 
the KiKK study findings. They concluded that ‘the study-design complies with the 
state-of-the-art of epidemiological science, the study is the methodically most 
elaborate and comprehensive investigation of this interrelation world-wide, and 
incidence risk has been sufficiently proved for Germany’. Further analysis of the 
KiKK study by the German Expert Group went on to state that childhood cancer risk 
near to nuclear power plant sites was actually underestimated by the KiKK 
researchers – and so the risks are considerably above those reported.2 
 
In response, the UK scientific advisory body Committee on Medical Aspects of 
Radiation in the Environment (COMARE) 14th Report critiqued the German study. 

                                            
2 Statement by the external BfS panel of experts on the KiKK study: 

http://www.bfs.de/en/kerntechnik/kinderkrebs/Expertengremium.html 

 

http://www.bfs.de/en/kerntechnik/kinderkrebs/stellungnahme_kikk.html
http://www.bfs.de/en/kerntechnik/kinderkrebs/stellungnahme_kikk.html
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Perhaps confusingly, COMARE accepted the KiKK studies findings, but also 
discounted them, noting that COMARE’s primary analysis of the latest British data 
had revealed no significant evidence of an association between risk of childhood 
leukaemia and living in proximity to a UK nuclear facility (COMARE, 2011). The 
Committee also pointed to the role of ‘population mixing theory’ (PMT) – a concept 
whereby unidentified viral infections rather than radiation exposure was the cause in 
the aetiology of childhood leukaemia near nuclear power plant (Kinlen, 2011).  
 
However, it should be noted that over the last 25 years, 10 of COMARE’s 14 
published Reports have dealt with radiation exposures to communities near to 
nuclear plants in the UK. Each report has successively dismissed the possibility that 
exposure to radiation from nuclear plants could in any way contribute to ill-health in 
local communities. Although there has been universally acknowledged childhood 
leukaemia clusters around Dounraey and Sellafield nuclear facilities, COMARE also 
soundly rejected the possibility that radiation emissions could be a factor in these 
malignancies.3 COMARE also discounted the possibility that this ill-health could 
result from multiple causes, with radiation pollution as a contributory factor - as 
suggested by many members of the UK government scientific advisory committee 
Examining Radiation Risk from Internal Emitters (CERRIE, 2004). 
 
Subsequently, in early 2012, a further nation-wide case-controlled investigation by 
Institut Nationale de la Santé et de la Recherche Medicale (INSERM) on behalf of 
France's nuclear safety research body, Institut de Radioprotection et de Sûreté 
Nucléaire (IRSN), demonstrated a statistically significant doubling of the incidence of 
leukaemia near to nuclear plants in France between 2002 and 2007 (Sermage-Faure 
et al, 2012). However, IRSN concluded that radiation pollution from the nuclear 
facilities was not the cause of this ill-health. 
 
3.2 Key Issues of Radiation Biology 
 
The theoretical underpinning of the biological effects of ionizing radiation is based on 
sophisticated variants of target theory, such as track structure theory. Target theory 
stipulates that the biological targets damaged in the cell are relevant to the endpoint: 
for example, damage to a tumour suppressor gene might lead to cancer. Target 
theory holds for single locus hereditary disease but there were problems in applying 
it to somatic cell endpoints such as cancer. However, in 1992 evidence inconsistent 
with target theory emerged in the form of two effects, genomic instability (Khadim et 
al, 1992) and the bystander effect (Nagasawa and Little, 1992). Such effects are 
collectively known as non-targeted effects because the target is large enough to 
encompass the whole nucleus of the cell, and radiation does not directly affect the 
damaged cell. Genomic instability is characterised by the acquisition, de novo, of 
various kinds of damage, mostly to DNA, up to several cell generations after the 
exposure. Damage associated with genomic instability may not be directly caused by 
the radiation but is a secondary response of the cell to radiation insult. The bystander 

                                            
3 In 1983 the ‘Black Report’ investigated the proven, highly significant, and universally 

acknowledged 10-fold childhood leukaemia excess in the village of Seascale near the 
reprocessing plant of Sellafield in Cumbria (Black, 1983). Sir Douglas Black’s government 
advisory group confirmed that although there was indeed a higher incidence of leukaemia in 
young people living in the area, radioactive discharges from Sellafield discharges weren’t the 
cause. The First COMARE Report confirmed these findings, as did the Second COMARE 
Report, which investigated the very high incidence (8-fold increase) of leukaemia in young 
people living near to the Dounreay nuclear reprocessing facility in Caithness COMARE, 1986; 
COMARE, 1988).  
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effect occurs in cells that experienced no radiation events, but are neighbours of cells 
that have.  
 
These phenomena pose a set of significant research questions for the understanding 
of the underlying mechanisms involved, and could imply the need for a re-appraisal 
of the target theory approach, and the emergence of a new theoretical framework for 
the biological bases of the effects of radiation. Perhaps the most worrying aspect 
from the public health perspective is the potential for trans-generationally inherited 
genomic instability. A number of mechanistic hypotheses have been proposed to 
explain genomic instability (ARCH, 2011), and Baverstock and Karotki (2011) have 
suggested a further explanatory conceptual framework.  
 
Whilst two European Commission FP6 projects, RISC-RAD (http://riscrad.org/) and 
NOTE (http://www.note-ip.org), specifically directed at obtaining a better 
understanding of genomic instability, have reported – so far no replacement for the 
underpinning framework based on target theory has emerged. This may be because, 
as usual with radiation biology, the picture is complex, especially in distinguishing 
between the interpretation of results from in vitro and in vivo studies. Yet more recent 
work indicates that additional mechanisms may also be important for the 
understanding of the impact of genomic instability and bystander effects on radiation 
protection regulation: Mukherjee et al (2012) suggest that radiation-induced 
chromosomal instability may also result from inflammatory processes having the 
potential to contribute secondary damage expressed as non-targeted and delayed 
radiation effects. And Lorimore et al (2011) conclude that complex multi-cellular 
interactions resulting from bystander effects may influence carcinogenic 
susceptibility, with inflammatory processes responsible for mediating and sustaining 
the durable effects of ionizing radiation. Given that the genotype of each individual is 
a key determinant of carcogenic susceptibility, then genotype-directed tissue 
responses may be important determinants of understanding the specific 
consequence of radiation exposure in different individuals (ibid). One potentially 
significant implication of these finding is that differing people may have differing 
responses, susceptibilities and vulnerabilities to radiation insult associated with 
nuclear power plant pollution.  
 
3.3 Nuclear Regulation: Radiation Dose and Safety 
 
Scientific radiation risk assessment is derived from differing sets of complex 
epidemiological, cellular, animal, and human studies concerning the concentration, 
quantity and quality of radioactive pollutant; its pathways through environment; and 
its uptake and metabolism by the receptor (human beings and other organisms). 
Fundamental radiation research is carried out at differing population, community, 
organism, molecular, and cellular levels. The cumulative outcome of these complex 
experiments are translated into models of environmental management via filtration 
through, and validation by, differing international and national scientific advisory 
bodies. These scientific advisory bodies produce standard setting regulatory 
regimes.  
 
It is very important to note that all current UK and international regulation of radiation 
risk is built around one single unifying fact – that there exists no safe threshold for 
radiation exposure. Although it is contested by some (some argue that the risks are 
greater and some that the risks are smaller), this linear no-threshold (LNT) radiation 
risk philosophy uniquely informs all world-wide regulation of the nuclear sector. In 
this context, the suggestion that a ‘threshold’ for radiation exists seems deeply 
heroic. 
 

http://riscrad.org/
http://www.note-ip.org/
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Just to illustrate this point, a recent wide-ranging meta-analysis of 46 peer-reviewed 
studies published over the past 40 years, found that variation in low-level, natural 
background radiation was found to have small, but highly statistically significant, 
negative effects on DNA as well as several measures of health (Møller and 
Mousseau, 2012).  
 

4. Reactor Safety 
 
4.1 ‘Stress Tests’ 
 
Western European Nuclear Regulators Association (WENRA) ‘Stress Tests’ 
comprised a targeted reassessment of the safety margins of nuclear power plants in 
the light of Fukushima, including extreme natural events which challenge plant-safety 
functions, leading to severe accident (WENRA Task Force, 2011). However, since 
the European Nuclear Safety Regulators Group (ENSREG, 2011) decided that 
security issues were outside WENRA’s remit, post-Fukushima stress tests of EU’s 
143 nuclear power reactors did not include accident and incident from an aeroplane 
strike or terrorist attack.  
 
It should be recognised that resilience to commercial-size aircraft crash is not 
actually a regulatory requirement in the UK - with the potential for deflagration and 
air-vapour explosion comprising the principal risks. Here, it’s unfortunate to reflect 
that UK civil nuclear infrastructures are uniquely implicated in all four ‘tier one’ threats 
identified in the recent Defence White Paper (HM Govt., 2010). In this context, it may 
be worth noting that the nuclear safety case for the French AREVA EPR design for 
the HSE regulatory Generic Design Assessment maintains that for the most severely 
damaging, very worst reasonably foreseeable event, including terrorist attack - the 
minimum rate of release in the form of a containment bypass would not exceed 0.03 
per cent of the core reactor inventory per day.  
 
4.2 Reactor Accidents - Chernobyl 
 
Currently circa 3,500 workers enter the exclusion zone each day to monitor, clean 
and guard the Chernobyl site, where remediation work will continue for at least 
another 5 decades. A planned 105-metre high steel arch, spanning 257 metres will 
allow robotic cranes inside to dismantle the reactor sarcophagus and parts of the 
reactor. Long-term plans suggest clean-up work completion at Chernobyl by 2065 - 
however, currently, less than half the resources needed to fund the project has been 
raised, and the completion date has slipped by a decade, including long-term storage 
of waste from reactor 4 and for more than 20,000 spent fuel canisters from the site's 
other reactors. The plant continues to generate significant radioactive waste - partly 
due to ongoing flooding in some areas of the waste-storage buildings and reactor 4's 
turbine hall, forcing the pumped discharge and on-site storage of circa 300,000 litres 
of radioactively contaminated water per month (Peplow, 2011). 
 
There are significant differences in the understanding and interpretation of Chernobyl 
health effects. The problem may be exacerbated by the nature of previous studies, 
which have been described as forming a patchwork rather than a comprehensive, 
structured attempt to delineate the overall health consequences of the accident 
(ARCH, 2010). It is worth noting that, whilst UNSCEAR (2008) suggest that the 
incidence of leukaemia in the general population (one of the main concerns owing to 
the shorter time expected between exposure and its occurrence compared with solid 
cancers) does not appear to be elevated; the UK Government scientific advisory 
Committee Examining Radiation Risks of Internal Emitters (CERRIE, 2004) 
concluded that, in the judgement of a large majority of Committee members, it is 
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likely that radioactive fallout from the Chernobyl accident resulted in an increased 
risk of infant leukaemia in the exposed populations.  
 
4.3 Reactor Accidents - Fukushima Dai-ichi  
 
The multiple meltdown of reactors at the Fukushima Daiichi nuclear plant released 
more radiation than any accident since Chernobyl. Japanese regulatory officials 
initially assessed the accident as Level 4 on the International Nuclear Event Scale 
(INES), with the risk level successively rising to 5 and eventually to the maximum of 
7 – a rating equal to the Chernobyl disaster. Of primary concern were fission 
products, readily absorbed by the human body, and the actinides, which act as heavy 
metal poisons. Caesium 137 (Cs-137) represents the most significant long-term 
hazard since it is readily taken up in human metabolic, environmental, and 
agricultural systems.  
 
The radiation releases dispersed according to the wind direction and weight of the 
particles. The radionuclides of interest were I-131, primarily linked to thyroid cancer; 
Cs-134 and Cs-137, primarily linked to bladder and liver cancer; and strontium, 
primarily linked to bone disorder and leukaemia. Significantly, there is confirmed 
isotopic evidence for the release of plutonium into the atmosphere and deposition on 
the ground in northwest and south of the Fukushima nuclear site (Zheng, 2012).  
 
Estimates of radiation pollution dispersion from Fukushima vary. However, it may 
well be too early to accurately estimate or determine the scale of the damage and 
radiological releases. A meta-analysis comprising radionuclide measurement data 
and atmospheric dispersion modeling (Stohl et al, 2011), reported in Nature 
(Brumfiel, 2011), suggested that the disaster at Fukushima Daiichi may have 
released far more radiation than Japanese regulatory estimates; concluding that the 
emissions started earlier, lasted longer, and were therefore higher than earlier official 
estimates assume. The study noted that Fukushima releases may have contained an 
estimated 3.5 × 1 016 Bq Cs-137 – roughly twice the official government figure, with 
almost one fifth falling on the Japanese mainland. This means that the Fukushima 
release can be estimated to equal to 40 % of the Cs-137 release from Chernobyl. 
 
The Fukushima accident contaminated large areas of farmland and forests, albeit not 
as severely or extensively as at Chernobyl. But lacking land for resettlement and 
facing public outrage over the accident, the Japanese government embarked on an 
unprecedented decontamination effort. The Japanese Ministry of the Environment 
estimates disposals of 15–31 million m3 of contaminated soil and debris by the time 
the decontamination projects finish (Bird, 2012). The total remediation programme 
may cover about 500 km2 where radiation dose levels are above 20 millisieverts per 
year (mSv/yr), and about 1 300 km2 where radiation dose levels are between 
5 mSv/yr and 20 mSv/yr (IAEA, 2011a). In order to cope with this level of 
contamination, and in contradiction to international radiation protection standards, 
Japanese regulators raised dose constraints to 20 mSv/yr – thereby subjecting 
schoolchildren to exposures normally only tolerated by adult nuclear workers. 
 
Over the time of the accident, the amount of highly contaminated water on the site 
rose from 10 000 tonnes to 100 000 tonnes, presenting storage capacity difficulties 
(Reardon, 2011). The French Institute for Radiological Protection and Nuclear Safety 
estimated that between March and mid July, the amount of radioactive Cs-137 
discharged into the Pacific from the Fukushima Daiichi plant amounted to 27.1 million 
megabecquerels - the greatest amount known to have been released to water from a 
single accident (Brumfiel and Cyranoski, 2011b). 
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In the context of these very great and sustained radiation releases, and the time-lag 
for key indicators (e.g. circa 20 years for cancer induction) it is still far too early to 
accurately determine the extent of the health impact of the Fukushima accident. 
 

5. Nuclear Liability 
 
The risk to people, the environment and to the future of nuclear energy as a 
consequence of a major incident is significant. The cost of the Chernobyl accident 
can only be roughly estimated, but a variety of government estimates from the 1990s 
put the cost of the accident, over two decades, at hundreds of billions of euros. More 
recent events at Fukushima tend to support the conclusion that reactor accidents 
may prove the single largest financial risk facing the nuclear industry, far outweighing 
the combined effect of market, credit, and operational risks. According to a recent 
report by the French nuclear safety institute (IRSN, 2013) a nuclear accident similar 
to the one at Japan's Fukushima reactor would cost France about EUR 430 billion, or 
20 % of its economic output. The study estimates Fukushima costs at around EUR 
200 billion 

 
Currently, individual European nuclear accident liabilities are capped at EUR 169 
million for operators. However, the Paris Convention on Nuclear Third Party Liability 
and Brussels Convention (2011)4 aims to raise this to ensure that victims of a nuclear 
incident are compensated for resulting damage. Under the proposals, nuclear 
operators would be liable for the first EUR 700 million for any accident, with the 
national government having the option of adding a maximum of a further EUR 500 
million towards the company’s liabilities. Collectively, other signatory states could 
contribute a further EUR 300 million, potentially bringing the total available to 
EUR 1.5 billion for any one accident.  
 
Yet actuarial analysis suggests that this level of cover fails to account for liability in 
case of major accident. Versicherungsforen Leipzig GmbH (2011), a company that 
specialises in actuarial calculations, concluded that these costs were not adequately 
internalised, suggesting that full insurance against nuclear disasters would increase 
the price of nuclear electricity by up to EUR 2.36 per kilowatt hour (kWh) – a sum 
that significantly weakens the economic case for nuclear power compared to other 
low-carbon sources. Both the required liability, based on an estimate of the average 
maximum damage and corresponding variance, and the resulting insurance 
premium, are significantly higher than the financial resources currently legally 
required of nuclear power plant operators. Versicherungsforen Leipzig’s study 
estimated that future damage and liability insurance costs would exceed the financial 
resources that nuclear power plant licensees are currently required to maintain by 
several orders of magnitude. In this context, nuclear disasters seem uninsurable, due 
to a combination of methodological difficulties in estimating the probability of 
occurrence of damage, insufficient size of the risk pool, and the extent of potential 
maximum damage (ibid). 
 
To the extent that liability rules provide incentives for prevention, the financial limit on 
the liability of an operator may lead to under-deterrence – since, as a result of the 
financial cap on liability, the potential complementary function of liability rules in 
providing additional deterrence may be lost. The financial limit, and the resulting 
nuclear subsidy, may also distort competition by unduly favoring nuclear energy 
compared to other energy sources (Faure and Fiore, 2009).  

                                            
4
 Note, not all EU states are signatories. Belgium, Denmark, Finland, France, Germany, Italy, Netherlands, Norway, 

Slovenia, Spain, Sweden, United Kingdom, Greece, Portugal and Turkey are signatories to the Paris Convention on 
Nuclear Third Party Liability and Brussels Convention.  
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6. Probabilistic Risk Assessment  
 
Key to the analysis of nuclear safety is the analytical concept of probabilistic risk 
assessment (PRA). PRA calculations underpin the concept of acceptable risks and 
tolerable consequences under fault conditions. In this context, the risk of an accident 
must be acceptable, and the radiological consequences tolerable, with more 
frequently occurring incidents countered by greater resilience through enhanced 
safety systems grounded in robust engineered structures. However, PRA has proven 
structurally limited in its ability to conceive and capture the outcomes and 
consequences of a nuclear accident resulting from a cascading series of events, as 
described in the Fukushima disaster and all previous major nuclear accidents. This 
implies that relatively simplified chain-of-event fault-tree models may not be sufficient 
to account for the indirect, non-linear, and feedback relationships common for 
accidents in complex systems. Here, modeled common-cause, common-mode, and 
dependent failures have proved problematic; partly due to data limitation (since major 
failures occur infrequently), and because failure mechanisms are often plant specific 
(Ramana, 2009).  
 
Most PRAs assume failure likelihood can be captured through identical, independent 
log-normal failure distributions. Since strong independence assumptions employed in 
PRAs assume that reactor safety systems are duplicated and reliable, core damage 
frequency estimates are typically very low. Because of this, there may be good 
reason to question the conceptual and theoretical completeness, and empirical and 
practical reliability of PRA models. This is partly because PRA is prone to under-
counting accident scenarios – since risk is estimated for enumerated reactor states, 
failure to account for unknown and serially cascading beyond design-base accident 
scenarios leaves an un-measurable model error in the core damage frequency 
estimate (Maloney, 2011).  
 
Pre-Fukushima probability estimates of a major nuclear accident were around 
1:100 000 for the 440 reactors in operation over the next 20-25 years. Since 
Fukushima, estimated probabilities of major nuclear accidents have increased 
significantly. However, estimation of core melt and containment failure may still prove 
problematic. Chernobyl and Fukushima together comprise catastrophic meltdown in 
four nuclear reactors over the past few decades, implying that that the probability of a 
major accident in the current worldwide fleet over the next 20-25 years is around 
1:5 000. Thus, whereas earlier estimates assumed a probability of one major nuclear 
accident over a 100-year period, reoccurrence of these events can be expected once 
every 20 years (Goldemberg, 2011).  
 

7. Post-Fukushima EU Nuclear Prospects  
 
Post-Fukushima, England and Wales are almost alone in Europe in seeking nuclear 
new-build. Although Finland is going ahead and Czechoslovakia has plans for new-
build, France is cutting its nuclear capacity by 25%, and other EU states with nuclear 
capacity (Switzerland, Holland, Belgium, Italy) have all decided to phase-out nuclear, 
with Spain and Sweden continuing a moratorium on new-build.  
 
Given that Germany uses around 20 % of all EU electricity, their government’s March 
2011 decision to close 7 of its 18 reactors, followed in June by the German 
Parliament vote to phase out nuclear power by 2022 and to invest in renewables, 
energy efficiency, grid network infrastructure, and plan for trans-boundary pumped-
storage hydroelectricity, may prove significant for European energy policy as a 
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whole. It is interesting to reflect that the German ‘Energiewende’ (energy turnaround) 
is supported by all major German Utilities and has cross-party political support.  
 
In June 2011, Italian voters also passed a referendum to cancel plans for new 
reactors, with over 94 % of the electorate voting in favour of the construction ban. 
Because 55 % of the eligible voters participated, the vote is binding. Elsewhere, six 
months after the Fukushima plant catastrophe, strong Swiss public opposition to 
nuclear led to a decision not to replace the countries five reactors when they come to 
the end of their operation in 2034. Belgium also confirmed a nuclear phase-out, with 
no firm date set for end of operation, whilst the only Dutch reactor at Borssele will 
remain open until 2033 if it can comply with the highest safety standards. It is also 
worth noting that, at a ministerial meeting in Vienna; ministers and heads of 
delegations of Austria, Greece, Ireland, Latvia, Liechtenstein, Luxembourg, Malta 
and Portugal, observed by ministers from Cyprus, Denmark and Estonia, concluded 
that nuclear power was not compatible with the concept of sustainable development, 
suggesting that nuclear power does not provide a viable option in combating climate 
change (Vienna Declaration, 2011). 
 

8. Nuclear Costs 
 
A key challenge for nuclear power has been the high cost of construction (Davis, 
2011). Nuclear new builds are high value and high risk construction projects with a 
marked tendency for significant delay and delay claims, cost growth and investor risk 
(KPMG, 2011). Based on the experiences of 52 United States investor-owned utilities 
that built nuclear power plants in1960-2011, the Texas Institute (2011) concluded 
that building nuclear power plants provide significant economic risks involving a 70 % 
certainty that a power utility would see borrowing costs rise due to the downgrading 
of credit rating once construction began, with plant construction marred by significant 
cost overruns and electricity tariff increases. Nuclear plants, which are among the 
largest and most complex engineering projects in the world, also carry high technical 
and regulatory risks, with World Nuclear Association figures showing very significant 
cost overruns for most projects, implying that utilities may only be able to pay for new 
plants if governments guarantee their income (Thomas, 2010a). Thus, costs and 
risks associated with nuclear construction may mean that plants may only be built 
with implicit and explicit public subsidy, including long-term power purchase 
agreements (Professional Engineering, 2011). Experience suggests that the 
subsidies necessary to assure construction (including 'underwriting' of construction 
costs) seem very great, and may render the plants relatively uneconomic compared 
to renewable energy options. 
 
8.1 EU Nuclear New-build Costs 
 
The Olkiluoto 3 EPR in Finland was originally planned to go online early in 2009, but 
is now predicted to start generating in late 2016. The new 1.6 GW AREVA designed 
EPR is conceived as first of type, with Siemens responsible for steam turbines and 
electricity generators (Thomas, 2010c). Originally priced at EUR 3 billion, the project 
has so far doubed in price. The fixed price turn-key contract is subject to an ongoing 
dispute between the French manufacturer AREVA and TVO with the former claiming 
compensation of EUR 1 billion for alleged failures, and the latter demanding EUR 2.4 
billion in compensation for delays (Thomas, 2010b). Similarly, in France, EDF 
confirmed the EPR Flamanville project was running late and increased its estimate of 
the cost overrun (Thomas, 2011). Originally scheduled to start operating in 2012, it is 
hoped that the reactor may be operational by 2016. Originally priced at EUR 3.3 
billion, the reactor completion is currently estimated at EUR 8.6 billion. 
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9. Radioactive Waste Management 
 
The most recent estimates are that, once packaged, the UK has around 1,420 cubic 
metres of hot high-level radioactive waste, 364,000 cubic metres of long lived 
intermediate-level radioactive waste, and 3,470,000 cubic metres of toxic low-level 
radioactive waste (NDA, 2010). The time frame in question when dealing with 
radioactive waste ranges from 10,000 to 1,000,000 years (NRC, 1995). Government 
officials estimate that the cost of managing this waste and decommissioning will be 
around £80-100 billion and rising. There are no secure estimates for costing a deep 
disposal repository. 
 
It may be worth noting that although estimates for present UK radioactive waste 
management vary, a recent report by the House of Commons Committee of Public 
Accounts and Nuclear Decommissioning Authority (2013) concludes that the total 
future costs for waste and decommissioning Sellafield alone will be £68 billion. This 
has risen from £47 billion since 2009. Correspondingly, the Departments of Energy 
and Climate Change (Decc) nuclear legacy budget costs around £2.5 billion a year 
(42 % of Decc’s total budget). Of that, around £1.6 billion is spent on managing the 
various plants and storage facilities at Sellafield. 
 
9.1 Geological Disposal Concept  
 
The Committee on Radioactive Waste Management (CoRWM) was established by 
the Government in 2003 to address the issue of legacy waste. In 2006 CoRWM 
recommended long-term geological storage via the design and construction of a 
geological disposal facility (GDF) for legacy waste after interim storage. The decision 
was bounded by caveats concerning the completion of further research and 
development. There remain sets of concerns around the relative maturity of this 
research and development into the deep disposal option, including: concerns about 
the validity and predictive value of complex computer models in predicting GDF 
isolation from the environment over long timescales, and risk of significant escalation 
in repository costs. 
 
In this context, a major review of the science surrounding deep geological disposal, 
commissioned by Greenpeace, has highlighted numerous risks of failure that could 
result in radioactive waste being released into groundwater or seas. Problems 
include: corrosion of containers; heat and gas formation leading to pressurisation and 
cracking of the storage chamber; unexpected chemical reactions; geological 
uncertainties; future ice ages, earthquakes and human interference. The concern is 
that copper or steel canisters and overpacks could corrode more quickly than 
expected and the effects of intense heat generated by radioactive decay, and of 
chemical and physical disturbance due to corrosion, gas generation and 
biomineralisation, could impair the ability of backfill material to trap some 
radionuclides (Wallace, 2010).  
 
It is also important to note that CoRWM 1 made a very clear distinction between 
legacy and any proposed new-build waste – concluding that their recommendations 
would need to be revisited for any planned new-build waste. Sites for a GDF for 
legacy waste would be selected through ‘volunteerism’ in geologically suitable areas 
(Greenhalgh and Azapagic 2009). However, the recent decision to withdraw Cumbria 
County Council from the government’s search for a site for a nuclear waste 
repository was upheld by the council’s Environment Scrutiny Panel – implying that 
local communities may not prove amenable to the location of a deep disposal facility 
for long-lived radioactive waste in their region. 
 

http://www.theecologist.org/News/news_round_up/599919/eu_nuclear_waste_disposal_plans_not_safe_claim_scientists.html
http://www.theecologist.org/News/news_round_up/599919/eu_nuclear_waste_disposal_plans_not_safe_claim_scientists.html
http://www.guardian.co.uk/environment/2009/apr/19/sellafield-nuclear-plant-cumbria-hazards
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In Japan and Germany, proposals for deep disposal facilities have also encountered 
strong opposition - and in France, research on deep underground burial has proved 
inconclusive. Under the Obama Administration, funding for development of the US 
GDF at Yucca Mountain waste site has been terminated, leaving the US without any 
long term storage site for high-level radioactive waste, which is now currently stored 
on-site at various nuclear facilities around the US.  
 
9.2 Waste from Mining and Milling 
 
There remain key concerns about environmental and human health effects from 
Uranium mining. Research undertaken by the World Information Service on Energy 
(WISE) and Stichting Onderzoek Multinationale Ondernemingen (SOMO) Centre for 
Research on Multinational Corporations, suggests that environmental regulation is 
lax in most developing nations where Uranium mining is undertaken. They report 
concerns that current operational sites may not be managed properly, and see little 
evidence that Uranium tailings will be adequately rehabilitated (Scheele et al, 2011).   
 
9.3 New Nuclear High Burn-up Fuel 
 
It should be noted that although the waste volume estimates suggest that any new 
build would increase the waste burden by circa 10%, the radioactive waste burden 
would increase by around 265% per unit of electricity. This is because Generation III 
reactors propose to deploy ‘High Burn-up Fuel’, with more enriched uranium used as 
reactor fuel to increase burn-up rate, resulting in considerably hotter and more 
radioactive spent fuel. 
 
Following the liberalisation of the EU energy market, it was realized that a decrease 
in nuclear costs could be achieved if reactor power could be optimized by using more 
uranium as reactor fuel and keeping the fuel rods in longer. This means that 
generation III reactor high burn-up spent fuel will be significantly more radioactive 
than conventional spent fuel. Five years after discharge, each square metre of spent 
fuel in the proposed EPR cooling ponds may generate up to 17 kW of heat compared 
with 11 kW from more conventional spent fuel pool. Safety could depend on the 
effective and continuous removal of the significant thermal power of high burn-up 
spent fuel, potentially requiring additional pumps, back-up electricity supplies and 
back-up water supplies: all systems potentially vulnerable to mechanical failure or 
deliberate disruption. It is also likely that densely packed high burn-up spent fuel may 
require additional neutron absorbers, and greater radiation shielding during 
encapsulation and storage (Richards, 2009). 
 

10. Climate Change Impact 
 
Proposed new reactors, together with radioactive waste stores including spent fuel, 
will be generally located on coasts, will be vulnerable to sea-level rise, flooding, 
storm surge and tsunami. According to the UK Institute of Mechanical Engineers 
(2009), nuclear sites, based on the coastline, may need considerable investment to 
protect them against rising sea levels, or even abandonment or relocation in the long 
term. These risks are as yet undefined, since although there is potential for flooding 
to occur in the near vicinity of nuclear sites, the actual flooding risk is unknown 
because the detailed specific likelihood and consequences of flooding have not been 
assessed by the regulators (ONR [Office of Nuclear Regulation], 2011). Never the 
less, predicted sea level rise, shoreline erosion, coastal storms, floods, tidal surges 
and the evolution of ‘nuclear islands’ stand out as primary concerns at coastal 
locations, while inland locations may encounter problems with interrupted operation 
due to cooling water resource depletion. In this sense, adapting nuclear power to 

http://en.wikipedia.org/wiki/Obama_Administration
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climate change is likely to entail either greatly increased expense for construction, 
operation, waste storage and decommissioning; or the incurring of significant costs to 
the environment, public health and welfare (Kopytko and Perkins, 2011).  
 

11. Key Conclusions 
 
11.1 Health Risks 
 
The precise estimation of acute and long-term health effects as a result of the many 
accidents, incidents and planned releases, discharges and emissions from operating 
nuclear plant remains problematic and subject to ongoing critique. This is because 
epidemiological evidence on health impacts is contradictory and conflicting. The link 
between radiation and the aetiology of cancer and leukaemia is well established – 
but the debate continues about the risks of those diseases, in particular childhood 
cancer and leukaemia, from radioactive releases and in the vicinity of operational 
nuclear installations. In particular, recent research suggests that differing people may 
have differing responses, susceptibilities and vulnerabilities to radiation insult 
associated with nuclear power plant pollution. 
 
All current UK and international regulation of radiation risk is built around one single 
unifying fact – that there exists no safe threshold for radiation exposure. Although it is 
contested by some (some argue that the risks are greater and some that the risks 
are smaller), this linear no-threshold (LNT) radiation risk philosophy uniquely informs 
all world-wide regulation of the nuclear sector. In this context, the suggestion that any 
‘threshold’ for radiation exists seems deeply heroic. 
 
In the context of the very great and sustained radiation releases, and the time-lag for 
key indicators (e.g. circa 20 years for cancer induction) it is too clearly far too early to 
accurately determine the extent of the health impact following the Fukushima 
accident. 
 
11.2 Reactor Safety 
 
Relatively simplified chain-of-event fault-tree models may not be sufficient to account 
for the indirect, non-linear, and feedback relationships common for ‘beyond design-
based’ accidents in complex systems. Here, modeled common-cause, common-
mode, and dependent failures have proved problematic; partly due to data limitation 
(since major failures occur infrequently), and because failure mechanisms are often 
plant specific. In this context, its worth reflecting that although UK civil nuclear 
infrastructures are uniquely implicated in all four ‘tier one’ threats identified in the 
recent Defence White Paper, resilience to commercial-size aircraft crash is not a 
clearly standardized regulatory requirement in the UK.  
 
11.3 Nuclear Liability 
 
The risk to people, the environment and to the future of nuclear energy as a 
consequence of a major incident is significant. Recent events at Fukushima support 
the conclusion that reactor accidents prove the single largest financial risk facing the 
nuclear industry, far outweighing the combined effect of market, credit, and 
operational risks. It is very unlikely that current and planned major accident liability 
regimes will prove adequate, and a significant re-adjustment may be essential. 
 
11.4 Risk Assessment  
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Since Fukushima, estimated probabilities of major nuclear accidents have increased 
significantly. Whereas earlier estimates assumed a probability of one major nuclear 
accident over a 100-year period, reoccurrence of these events can be expected once 
every 20 years. 
 
11.5 Post-Fukushima EU Nuclear Prospects 
 
Post-Fukushima, England and Wales are almost alone in Europe in seeking nuclear 
new-build. Although Finland is going ahead and Czechoslovakia has plans for new-
build, France is cutting its nuclear capacity by 25%, and other EU states with nuclear 
capacity (Switzerland, Holland, Belgium, Italy) have all decided to phase-out nuclear, 
with Spain and Sweden continuing a moratorium on new-build. Given that Germany 
uses around 20% of all EU electricity, their decision to phase out nuclear power by 
2022 and to invest in renewables, energy efficiency, grid network infrastructure, and 
plan for trans-boundary pumped-storage hydroelectricity, may prove significant for 
European energy policy as a whole. 
 
11.6 Nuclear Costs 
 
A key challenge for nuclear power has been the high cost of construction. Nuclear 
new builds are high value and high risk construction projects with a marked tendency 
for significant delay and delay claims, cost growth and investor risk. Nuclear plants, 
which are among the largest and most complex engineering projects in the world, 
also carry high technical and regulatory risks. These costs and risks mean that plants 
may only be built with implicit and explicit public subsidy, including long-term power 
purchase agreements. 
 
11.7 Radioactive Waste Management 
 
Cost estimates for UK radioactive waste and decommissioning are circa £80-100 
billion and rising. There are no secure cost estimates for a deep disposal repository. 
The recent decision to withdraw Cumbria County Council from the government’s 
search for a site for a nuclear waste repository implies that local communities may 
not prove amenable to the location of a deep disposal facility for long-lived 
radioactive waste in their region. 
 
Although proposed new-build would increase UK total waste volume by only 10%, 
the concentrated radioactivity of that waste would increase exponentially. This is 
because Generation III reactors propose to deploy ‘High Burn-up Fuel’, with more 
enriched uranium used as reactor fuel to increase burn-up rate, resulting in 
considerably hotter and more radioactive spent fuel. 
 
11.8 Climate Change Impact 
 
Proposed new reactors, together with radioactive waste stores including spent fuel, 
generally located on coasts, will be vulnerable to sea-level rise, flooding, storm surge 
and tsunami. According to the UK Institute of Mechanical Engineers, nuclear sites, 
based on the coastline, may need considerable investment to protect them against 
rising sea levels, or even abandonment or relocation. 
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