Storing up Trouble

Has the public been told the whole truth about spent fuel? 

On 15th February 2007 the High Court ruled that the Government’s 2006 decision to proceed with nuclear power was “unlawful.” The consultation was described as “seriously flawed” and “manifestly inadequate and unfair" 
 because insufficient and "misleading" information had been made available by the government for consultees to make an "intelligent response". 

The purpose of this paper is to show that the public have once again been misled, that it is against the public interest  to allow new nuclear reactors to be built, and that no ‘statement of national need’ for nuclear power can survive scrutiny.

In May 2007 the Government launched a new consultation, “The Future of Nuclear Power: The role of nuclear power in a low carbon UK economy,” 
 to 

“provide the government with information which will help it to take the decision on whether or not to allow energy companies to build new nuclear power stations in this country” and “to ask whether it is in the public interest to allow energy companies to invest in new nuclear power stations” 

The  Health and Safety Executive have stated that they expect that 

“third generation reactor systems will demonstrate appropriate levels of safety with risks no greater than those of existing reactors, and there are therefore no reasons in principle why such reactors cannot be safely operated within the current UK regulatory Framework.”   

In setting out the way in which safety of the new reactor designs is to be assessed reference is made to the integrity of cooling ponds, and to the transport of spent fuel to Sellafield for reprocessing. However no mention is made of the on-site storage of large amounts of spent fuel implied by Government statements.

This matters because underlying the methodology of the HSE is the ‘tolerability of risk’. It is 

“for the public to weigh the benefits of nuclear power with the risks...”

In 1972, a report on the control of pollution commissioned by the then Secretary of State for the Environment- Peter Walker, emphasised the need for completeness and veracity of information: 

"...the public must be told the facts, as far as they are known.

"...the public must be told the truth even if, as the case with the hazards of nuclear power generation, they suggest unpalatable courses of action."

If the risks are ignored, or dismissed as being of little consequence and the benefits are exaggerated the public is unable to weigh the issues objectively.  

The risks of allowing energy companies to build new nuclear power stations in this country derive from the widespread deployment of untried and untested nuclear reactors but also because such deployment would expose the UK population and its land to unacceptable radiological consequences from a deliberate terrorist attack not just on the reactor building itself, but on the spent fuel stored on each site.

The DTI consultation document states that: 
 

“The Government considers that waste should be stored in safe and secure interim storage facilities prior to a geological repository becoming available. 

Taken with the presumed eventual availability of a repository this has enabled the Government to take a preliminary view that: 

“....the balance of ethical considerations does not require ruling out the option of new nuclear power.

The problem with this goes far beyond ethics.  

First the risks associated with it were neither canvassed or received from the government’s own advisors on safety, the Health and Safety Executive. 

Second, the advice that the government did receive on the radioactive waste from a “new build” programme of nuclear reactors (currently assumed to package and dispose of spent fuel with no reprocessing) was on how that data could be presented. The Nuclear Decommissioning Authority advised that: 

“The data concerning the impact of new nuclear build on waste volumes can be presented in a variety of ways, depending on one’s point of view. It is certain that new nuclear build will increase total waste volumes to a small degree. It is also certain that the radioactivity of the UK’ total waste inventory would increase sharply immediately after spent fuel discharge from the ‘new build’ reactors, but would be more proportionate in increase after a relatively short time (100 Years).”

The Committee on Radioactive Waste Management estimate that: “If spent fuel was not reprocessed, but declared a waste, then the spent fuel element of the total waste inventory would be about 5 times greater in volume and radioactivity.” 

Nowhere in the government’s consultation documents are the implications of storing spent fuel at each site addressed honestly. The government acknowledges that for the transport of spent fuel “radioactivity levels, and therefore associated risks, are high.” 
 But then a highly misleading statement is made with the clear intention of presenting reassurance, rather than the truth: 

“......spent fuel would be held in interim storage, during which time, the initial radioactivity would decline as the more active isotopes decay, and only a single movement, of somewhat less radioactive waste, could be made to the repository.”

This together with the presentational advice from the NDA clearly implies that a reduction in the radioactivity takes place during ‘interim storage’, and is simply untrue.  The amount of radioactivity in the interim stores increases steadily, despite radioactive decay, because spent fuel is constantly being transferred into these stores from the spent fuel ponds in the reactor buildings. 

The Terrorist Threat

The Government appears to believe that its policy to dispose of radioactive waste in a repository deep underground at some unknown time in the future assists the case for a new nuclear programme by removing a burden to future generations and removing nuclear material from the attention of terrorists.

But the storage of even larger amounts of nuclear material above ground in a more vulnerable form vitiates both radwaste ‘disposal’ and any efforts that are being made to protect the new reactors from attack. A nuclear power programme would, through the interim storage of spent nuclear fuel on each reactor site, draw the attention of terrorists to a very large and significant potential weakness.

The likelihood that deliberate terrorist attack on nuclear facilities may be attempted over the coming decades is ignored by the DTI and Office of Civil Nuclear Security (OCNS), who state: 

“Although nuclear power stations pose some unavoidable terrorism risks, the Office for Civil Nuclear Security, the security regulator, is satisfied that the existing security regime is robust and effective and that allowing new nuclear power stations to be built would be unlikely to materially increase the risks to the UK.

The Ministry of Defence Development, Doctrine and Concepts Centre (DDCC) takes a rather more realistic view 
  and is confident that the security situation will change for the worse and the terrorist threat: 

“ is likely to become more widespread, extreme, international and autonomous.”

It may be argued that to even discuss the security aspects of nuclear power may, in an age of terrorism, stimulate and direct such activity, but the Royal Commission on Environmental Pollution (RCEP) commented in 1976 
 that if: 

“...the security risks are long term and likely to become increasingly severe as development progresses, then information that would enable the public to reach an informed view on the issues should be made available before the major decisions  are made so that it can be fully taken into account.”

RCEP identified this as a major factor  to consider when deciding whether to use nuclear power 
. If such advice is ignored,  the interim spent fuel stores will become hostages to malevolent individuals or organisations that wish to harm the UK and its people.  It is a matter of great concern that the public have been served up meaningless platitudes about security rather than being told the truth. 

It should be a fundamental objective of government to defend the health and well-being of its population, to guard against emerging threats and to remove unnecessary vulnerabilities. The implications of actually adding to those vulnerabilities are so grave that they should preclude the further development of nuclear power.

The Truth about Spent Fuel in the ‘Interim Stores’

No details of the ‘interim stores’ have been given by the government or by the ‘developer’ companies seeking  ‘generic design assessment’(GDA). In north America dry-cask stores are sometimes used which are comprised of no more than stacks of concrete containers exposed to the elements.  

It has been difficult to discern sufficient information from the GDA submissions about the four candidate reactor designs. The following calculations are therefore based on information collected from a variety of sources ranging from the US DoE to the International Nuclear Safety Center.

Operating reactors are of course the most concentrated sources of radioactivity, but after discharge, the spent fuel is still intensely radioactive and that is why it is placed in cooling ponds at each reactor.  
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Chart 1 indicates the typical radioactive decay curve for spent fuel removed from three types of reactors: the PWR with a 50,000 MWd/tonne burn-up (equivalent to the EPR and the AP 1000); the BWR with a 40,000 MWd/tonne burn-up (equivalent to the ESBWR), and the CANDU reactor with slightly enriched Uranium fuel and a 21,000 MWd/tonne burn-up (equivalent to the ACR 1000). The US Dept of Energy is the source of the PWR and BWR data, but that for the ACR comes from MIT (Lab2solution).

To understand the size of the radioactive inventory that will accumulate in interim spent fuel stores the total Chernobyl discharge inventory is indicated by the broken red line in Chart 2.  It is estimated that, in April 1986 reactor unit 4 at Chernobyl discharged over 50,000,000 Curies of radiation. (about 2,000,000,000,000,000,000 Bq)   

For each of the four candidate reactors the thin line on the left indicates the cumulative radioactivity of the spent fuel that is planned by the reactor vendors to be accommodated in the spent fuel ponds within the reactor building. 
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This length of time varies from seven years for the EPR to 20 years for the AP 1000. The thick lines indicate the radioactivity in the spent fuel that has accumulated in the ‘interim stores’ for each reactor. Thirty years after ‘start-up’ of each reactor the radioactivity resulting from the ACR 1000 is approximately 22 times that released by Chernobyl, while that stored for each ESBWR or AP1000 is approximately five times that released by Chernobyl. The accumulated radioactivity from the EPR is 7 times as much as that released by Chernobyl.

It is possible that the reactor will operate for longer than 30 years. In fact the vendors all claim that they will last twice that length of time. If they do keep discharging spent fuel over 60 years then towards the end of their lives, if there is no off-site facility for the spent fuel, between 7 and 26 Chernobyl’s worth of radioactivity will be stored on site for each reactor.   

It is true that for each individual spent fuel assembly held in interim storage, the initial radioactivity declines as the more active isotopes decay. The problem is as each refuelling takes place, every 18 months or so depending on the reactor, further highly radioactive spent fuel consignments are added to the store, and as a result the accumulated radioactivity keeps increasing over time. Chart 3 shows how this radioactivity builds up over the life of the EPR.
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A large scale release of radioactivity from an interim spent fuel store, following a deliberate terrorist attack using an aircraft, would render large areas of the country uninhabitable. Only a fraction of the radioactivity in such stores, could if released in this way, jeopardize the security of the nation.

To put this in the context of the country’s current spent fuel storage commitments the Nuclear Decommissioning Authority forsees some 4,500 tonnes of spent fuel from the remaining life of the AGR nuclear reactors that will be stored in ponds at Sellafield rather than reprocessed, and a further 1000 tonnes of spent fuel that will be stored in ponds at Sizewell B. 
  At Wylfa, where the dry stores accommodate spent fuel, only threequarters of the reactor inventory can be stored, but all Magnox spent fuel is intended for reprocessing. 

In the absence of a deep geological disposal facility being constructed, the proposed nuclear power stations would, at the end of 60 years operation, each have between ten and seventeen  full reactor inventories of spent fuel on their sites for each reactor. Depending on the reactor design, between eight and twelve of these spent fuel reactor inventories would be stored in external ‘interim stores’ following periods from seven to twenty years in cooling ponds within the main buildings.

The proposed programme of new nuclear reactors involves between 1200 and 3200 tonnes of spent fuel for each reactor, and between 10,000 and 30,000 tonnes of spent fuel for a 10 GW programme over 60 years.

Thus for a 10GW nuclear programme there would be, after 60 years, between 60 and 100 reactors worth of spent fuel in interim stores in addition to at least 14 reactors worth in spent fuel ponds and the reactors themselves. 

Although a degree of protection from deliberate aircraft attack is claimed by their designers for the reactors themselves, and in some cases for the spent fuel pool stores associated with them, no information is given, in the vendors GDA submissions, about the protection of the highly radioactive spent fuel that is to be stored at each site.

	Basic Data on Spent Fuel for Each Candidate Reactor Design

	
	EPR
	AP1000
	ESBWR
	ACR1000

	MW (net)
	1,660
	1,117
	1,550
	1,085

	No. of reactors for 10GW programme
	6
	9
	7
	9

	Mass of HM in core tonnes
	140
	70
	163
	120

	Radioactivity of 1st tonne of fuel at 60 yrs Ci
	2278000
	2856000
	1155000
	2700000

	No. of reactors worth

	in pool store  when full
	1.4
	5.6
	2.1
	4.5

	in interim store at 60 yrs
	12
	11.2
	8.4
	22.5

	Total cumulative radioactivity after 60 yrs Ci 
	560660000
	356960000
	368940000
	1409200000


Conclusion

A letter from a former CoRWM member to the government 
 has emphasized that the need to review the adequacy of current storage arrangements in terms of robustness against terrorist attack was supported unanimously by CoRWM’s security experts. Current arrangements which were considered to be particularly inadequate were the Sizewell B PWR storage ponds which currently hold 300 tonnes of spent fuel which is zirconium-clad material, prone to spontaneous ignition under extreme conditions and which represents a prime terrorist target. This security review has apparently been side-lined.  

There is no evidence that the ominous consequences of accumulating large quantities of spent fuel in interim stores at each reactor site have been considered by the government either as part of its nuclear power consultation or its programme of ‘managing radioactive waste safely’.

The accumulation of a huge radioactive inventory in interim spent fuel stores at each reactor site would be against the public interest. The decision ‘in principle’ to permit energy companies to build new nuclear power stations represents the casual acceptance of unnecessary hazards before their gravity is fully recognised.

In these circumstances no ‘statement of need’ for nuclear power has any credibility.
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