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Fast-breeder reactor technology is almost as old as nuclear power. Theoretically at least, fast reactors 

can use plutonium, separated by reprocessing from the spent fuel produced in conventional reactors, 

as a fuel. The central core of plutonium can be surrounded by a ‘blanket’ of non-fissile (the useless 

portion) uranium-238. This uranium captures neutrons during the fissioning of the plutonium and 

converts into yet more plutonium. In this way it can keep recycling its own fuel until all the plutonium 

is gone, generating electricity all the while. Britain's huge plutonium stockpile makes it a vast energy 

resource according to David MacKay, chief scientist at the Department of Energy and Climate 

Change - enough energy to run the country's electricity grid for 500 years.  

 

The trouble is it is very difficult to get these reactors to work properly. One major problem is that they 

need to be cooled with liquid metal – usually a liquid sodium/potassium mix which burns on contact 

with air and explodes if mixed with water. Another problem is that by making plutonium more 

accessible and encouraging other countries to follow suit and start manufacturing plutonium to use as 

a fuel we will inevitably increase the threat of nuclear weapons proliferation. 
 

After almost two decades in the wilderness fast reactors could be poised for a come-back, thanks to 

the Nuclear Decommissioning Authority (NDA). The U.S. corporation GE Hitachi Nuclear Energy 

(GEH) is promoting a reactor design called the PRISM (Power Reactor Innovative Small Modular) 

that its chief consulting engineer and fast-breeder guru, Eric Loewen, says is a safe and secure way to 

power the world using yesterday's nuclear waste – he means plutonium which hasn’t officially been 

classified as waste in the UK. (1) The NDA says it has “engaged” General Electric-Hitachi (GEH) to 

provide further information regarding their proposals. (2) The NDA didn’t say how much it had given 

to GEH, but the company’s Initial Feasibility Proposal dated 16th February 2012 requested a 

contribution of £50,000. (3)  

 

An initial application to build a PRISM reactor at Sellafield was reportedly rejected in January with 

the NDA claiming the technology was years away from being commercially viable. After robust 

lobbying by GEH and a further softening of attitude by the NDA, a Memorandum of Understanding 

with GEH was signed in early April 2012 under which the NDA agreed to pay an undisclosed sum for 

four months of further studies to be undertaken by GEH to demonstrate that PRISM was indeed a 

‘credible alternative’ to the MoX option for dealing with the UK’s plutonium stockpile. The NDA is 

expected to make a recommendation to government by the end of 2012, after which officials will 

select a final proposal. (4) 

 

Converting Plutonium Oxide to Metal 

 

PRISM sceptics include Adrian Simper, the NDA’s strategy director. Simper warned in November 

2011 in an internal memorandum that fast reactors were "not credible" as a solution to Britain's 

plutonium problem because they had "still to be demonstrated commercially" and could not be 

deployed within 25 years. The technical challenges include the fact that it would require converting 
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the plutonium oxide powder into a metal alloy, with uranium and zirconium. This would be a large-

scale industrial activity on its own that would create "a likely large amount of plutonium-

contaminated salt waste". Simper is also concerned that the plutonium metal, once prepared for the 

reactor, would be even more vulnerable to theft for making bombs than the plutonium oxide. (5) This 

view is shared by the Union of Concerned Scientists in the U.S., which argues that plutonium 

liberated from spent fuel in preparation for recycling "would be dangerously vulnerable to theft or 

misuse."  

 

Converting plutonium oxide to plutonium metal usually involves the fluorination of plutonium 

dioxide, normally with highly corrosive hydrogen fluoride, to produce plutonium fluoride, which is 

subsequently reduced using high purity calcium metal to produce metallic plutonium and a calcium 

fluoride slag. (6) GEH says the argument about proliferation risk boils down to timescales. In the long 

term, burning up the plutonium obviously eliminates the risk. But in the short term, there would 

probably be greater security risks. (7) 

 

A come-back for reprocessing too? 

 

The security risks may indeed be limited if the PRISM reactors are built at Sellafield, but what GEH 

is really trying to do is to demonstrate these reactors so that it can sell its Advanced Recycling Center 

(ARC) idea in the United States and elsewhere. The ARC involves the use of an electrometallurgical 

process which separates spent nuclear fuel into uranium, high-level liquid waste, and actinides 

including plutonium. This actinide fuel is then used in PRISM reactors. GEH claims this actinide fuel 

is more proliferation resistant than plutonium. (8)  Eric Loewen, the chief engineer for GEH's PRISM 

and president of the American Nuclear Society has already persuaded Sir Richard Branson to co-sign 

a letter to the US government to help commercialise this system. (9) 

 

Opponents argue that – because PRISM reactors can be used to "breed" as well as consume plutonium 

– the reactor would actually increase the potential of weapons proliferation, rather than decrease it. In 

other words – even if the actinide fuel was more proliferation resistant than plutonium fuel, the 

reactors could still be used to convert uranium-238 into plutonium. 

 

Arjun Makhijani, president of the Maryland-based Institute for Energy and Environmental Research, 

says recommending the use of sodium cooled-fast neutron reactors to denature plutonium reveals a 

technological optimism that is disconnected from the facts. Some of them have indeed operated well. 

But others, including the most recent — Superphénix in France and Monju in Japan — have miserable 

records. Roughly $100 billion have been spent worldwide to try and commercialize these reactors — 

to no avail. Liquid sodium has proven to be a problem coolant. Even small leaks of a type that would 

cause a mere hiccup in a light-water reactor would result in shutdowns for years in sodium-cooled 

reactors. That is because sodium burns on contact with air and explodes on contact with water. The 

PRISM reactor has a secondary cooling loop in which the fluid on one side is sodium; on the other it 

is water, which turns to steam to drive a turbine. Makhijani says it is fantasy to say a PRISM reactor 

would take five years to license and five years to build. Researchers at Idaho National Laboratory, the 

lead U.S. laboratory for Generation IV reactors, estimate that testing of a suitable fuel form and 

matrix for sodium-cooled breeders would take 20 years. They should know. The Idaho site has been 

the principal center for reactor development in the United States. (10) 

 

US officials farming out reactor development 

 

Despite the fact that President Obama has drastically cut the funding for the Global Nuclear Energy 

Partnership aimed at developing a new generation of reactors some U.S. government officials seem 

quietly keen to help the British experiment get under way. They have approved the export of the 

PRISM technology to Britain and the release of secret technical information from the old research 

program. And the U.S. Export-Import Bank is reportedly ready to provide financing. 
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GEH says it agrees with the NDA that ‘conventional’ fast reactors (large, loop, oxide-fuelled sodium-

cooled  reactors) most commonly thought of when considering fast reactors are likely not credible for 

UK plutonium reuse. But PRISM reactors differ in some important respects. (11) 
 

The PRISM reactor still uses liquid sodium as a coolant, but GEH says it is the use of plutonium 

metal as fuel which is the key, making PRISM reactors better at using up UK plutonium than the 

MoX route. According to GEH the reactor features advanced safety systems, and a design which 

prevents a Loss of Coolant Accident – the design removes decay heat without automatic or operator 

actions. (12) 

 

The Sellafield Proposal 

 

The GEH proposal is that a pair of PRISM units would be built at Sellafield and operated initially so 

as to bring plutonium stockpiles up to the highly-radioactive 'spent fuel standard' of self-protection 

and proliferation resistance. The whole stockpile could be irradiated thus in five years, with some by-

product electricity and the plant would then proceed to re-use that stored fuel over perhaps 55 years 

solely for 600 MWe of electricity generation. Daniel Roderick, senior vice president of GE Hitachi, 

said that if given the go-ahead the company will form a consortium that will build and operate the 

plant at no up-front cost to the UK taxpayer. “We will only charge for each kilogram or tonne of 

plutonium we dispose of. We’re not going to build a several billion pound plant that doesn’t work”. 

He says PRISM could be licensed and built within 10 years and then deal with all the plutonium on a 

“once-through” basis within five years. A Mox plant would by comparison be subsidised by the UK 

taxpayer and would take far longer to build and will almost certainly not be built to budget, given the 

example of the French-built Mox plant in the US which is nearly ten times over budget and many 

years over schedule. (13)  

 

GEH signed a memorandum of understanding with UK engineering firms Costain, Arup and Pöyry to 

develop the Sellafield proposal in March 2012. Costain, Arup and Pöyry, who have separately joined 

together under the banner of the ‘CAP Alliance,’ and GEH held a nuclear industry suppliers 

conference in the Sellafield area April 4 to explore possibilities for working with local suppliers on 

the proposal. Going ahead with the proposal at Sellafield could create about 900 permanent jobs. 

Apparently the NDA has laid out a path for GEH to demonstrate the credibility of its proposal. The 

criteria for achieving that included providing a disposability assessment for the fuel; demonstrating 

licensability; having a “credible” nuclear utility/operator; showing costs at or below alternative 

options; and “commitment to a commercial structure that insulated government from technology 

deployment risk.” (14) GEH signed a memorandum of understanding for the National Nuclear 

Laboratory (NNL) to provide expert technical input towards the potential deployment of the Prism 

reactor in April. (15) 

 

GEH handed over a feasibility study to the NDA on 9
th
 July that shows how its Prism fast-reactor 

design could use up the UK’s plutonium stockpile. (16) The 1,000 page feasibility report included an 

independent assessment of the licensability of the reactors by DBD Limited who assessed the fast 

reactor design against the UK’s Safety Assessment Principles and found that there was “no 

fundamental impediment” to licensing the reactor in the UK. The US government has approved export 

of the PRISM technology to the UK and is interested in helping to finance the project through the US 

Export-Import Bank. The feasibility study given to the NDA provides significant, previously 

unreleased details on why commercial implementation of PRISM for plutonium reuse is credible, 

GEH said. (17) GEH is adamant its reactor offers a more cost effective solution than building a new 

MoX fuel fabrication plant and has submitted the in an attempt to persuade the NDA to support the 

proposal. (18) 

 

In its recent response to the Government’s consultation on the proposed justification process for the 

reuse of plutonium, the Nuclear Free Local Authorities called for a re-examination of plutonium 

immobilisation options – turning the material into a wasteform. The UK Government has already set 
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out its preferred policy on the UK’s stockpile of around 100 tonnes of ‘weapons-useable’ plutonium – 

re-using it as Mixed Oxide (MoX) fuel. In doing so it ruled out plutonium immobilisation options 

because of its lack of maturity. It does not want to pioneer new technology (although there is 

substantial literature on how to do it). Given the existence of the ‘proven’ MoX option, the 

Government says it doesn’t need to bear such development risk. Clearly something has persuaded the 

NDA to look further into the use of PRISM reactors, even though this is an unproven plutonium 

management technique. If the NDA is prepared to do that it should also look again at plutonium 

immobilization. (19) 

. 
In an article in ‘Nature’ by Prof. Allison Macfarlane, now confirmed as Chair of the US Nuclear 

Regulatory Commission, and others including Professor Frank Von Hippel, say the UK should look 

again at plutonium immobilisation.   

 

“Britain should seriously evaluate the less costly and less risky method of direct plutonium disposal, 

and take the opportunity to lead the world towards a better solution for reducing stockpiles ... The 

United Kingdom is ideally placed to spearhead this effort. It has the world’s largest stockpile of 

separated civilian plutonium and has seen the failure of a MOX plant. It should take the lead in 

developing plutonium immobilization through laboratory-scale tests, a pilot project and then a full-

scale plant. It is time to follow a different path, in which plutonium is treated unambiguously as the 

dangerous weapons material that it is.” (20) 
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