
XA0201764
Factors determining the UK's back-end nuclear fuel cycle strategy
and future nuclear systems

M.J. Dunn, Z.E. Ainsworth
Thorp Group,
British Nuclear Fuels pic,
Risley, Warrington, Cheshire,
United Kingdom

Abstract. Nuclear generating capacity in the UK is static with no units currently under construction.
The AGRs and the UK's only PWR, Sizewell B, are operated by British Energy Generation Ltd
(BEGL) and British Energy Generation (UK) Ltd (BEG(UK)L), who are subsidiaries of British
Energy pic (BE) which was privatised in July 1996. Ownership of the Magnox stations, which were
excluded from this privatisation, has now been transferred to BNFL.Government policy on spent fuel
management in the UK is that it is for the owners of the spent fuel to decide on the appropriate spent
fuel management options, based on their own commercial judgement, subject to meeting the necessary
regulatory requirements. The main factors which have predominantly determined UK utility decisions
on spent fuel management, to date, have been based on the technical considerations of the spent fuel
characteristics, economic attractiveness of the options and at reactor site spent fuel storage capacities.
To date, reprocessing has been the dominant form of spent fuel treatment in the UK. Spent fuel
storage facilities consist of a mixture of at-reactor stores and large, centralised ponds associated with
the reprocessing activities which take place at the Sellafield site. BEGL and BEG(UK)L have
contracts for the lifetime arisings of AGR fuel which allow for all AGR spent fuel to be sent to
Sellafield for reprocessing or long-term storage. The prompt reprocessing of all Magnox fuel will
continue, and spent PWR fuel will continue to be stored at the reactor site in the short to medium term.
It is likely that a combination of factors, which are discussed later in this paper, will continue to affect
back-end nuclear fuel cycle strategy and future nuclear systems.

1. BACKGROUND AND GENERAL ISSUES

Nuclear power in the UK represents some 18% of installed capacity but currently produces
some 31% of electricity supplied. The generating capacity comprises some 8 320 MW AGR
and one 1 200MW PWR operated by British Energy's (BE) subsidiaries British Energy
Generation Ltd (BEGL) and British Energy Generation (UK) Ltd (BEG(UK)L), and
3 350MW Magnox operated by British Nuclear Fuels pic (BNFL). The details of the nuclear
power stations currently in operation in the UK are given in Table 1.

No new nuclear capacity is currently under construction, however, a joint Royal Society and
the Royal Academy of Engineering report on the future of nuclear power, published in June
1999, concluded that 'it is vital to keep the nuclear option open.' The report contained some
important conclusions and recommendations on how nuclear power should play a continuing
long-term role in the UK's energy mix.

2. CURRENT UK SPENT FUEL MANAGEMENT POLICY

Current UK Government policy is that it is for the owners of the spent fuel to decide on the
appropriate spent fuel management option based on their own commercial judgement, subject
to meeting the necessary regulatory requirements.

The main factors which have determined UK utility decisions on spent fuel management, to
date, have been based predominantly on the technical considerations of the spent fuel
characteristics, economic attractiveness of the options and at reactor site spent fuel storage
capacities.
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TABLE I. OPERATIONAL NUCLEAR POWER STATIONS IN THE UK

Calder Hall
Chapelcross
Bradwell
Dungeness A
Hinkley Point A
Oldbury
Sizewell A
Wylfa
Dungeness B
Hartlepool
Heysham 1
Heysham 2
Hinkley Point B
Hunterston B
Torness
Sizewell B

Type

Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
AGR
AGR
AGR
AGR
AGR
AGR
AGR
PWR

No. of
Reactors

4
4
2
2
2
2
2
2
2
2
2
2
2
2
2
1

Net Capacity
(MW)

200
200
240
440
460
440
420
950

1 140
1 180
1 100
1240
1 170
1240
1250
1200

Start of
Operation

1956
1959
1962
1965
1965
1967
1966
1971
1983
1983
1983
1988
1976
1976
1988
1994

Current
Accountancy
Lifetime (Years)
50
50
T
Average of
37 years
Operating
Lifetime
4,
25
25
25
35
35
35
35
40

Magnox - Spent Fuel Management Strategy

The reprocessing of UK spent fuel, at the Windscale piles, was initially prompted by
plutonium requirements for military purposes. A large scale reprocessing facility was
constructed at Sellafield in the early 1950s and a second reprocessing plant was built and
commissioned at Sellafield in 1964. This plant serves the requirements of the UK's Magnox
nuclear power programme and has also reprocessed spent Magnox fuel from Italy and Japan.

The UK does not have uranium reserves which are economically extractable, therefore
reprocessing was seen as the key to the UK's energy independence, and during the formative
years of its development and implementation the concept and practice of reprocessing became
an established stage of the UK's spent fuel management strategy.

Magnox fuel elements consist of bars of natural uranium metal, approximately 1 metre long,
clad in Magnesium alloy. The Magnox reactor system was designed with a wet discharge
route and interim pond storage in anticipation of early reprocessing. Both the uranium metal
and the magnesium alloy cladding are susceptible to corrosion during pond storage and as a
consequence Magnox fuel is generally reprocessed within a year of discharge. Although in
principle Magnox fuel could be dry stored, the retrofitting of expensive drying facilities or
modifications to station fuel discharge routes, such that fuel could be discharged dry, would
prove uneconomic given the limited lifetime of the Magnox stations. This fact was
acknowledged by the UK Government Select Committee, in 1986, which concluded that,
"continuation of fuel reprocessing to the end of the Magnox programme remains prudent
policy", this situation remains to date. The only dry store for Magnox fuel was constructed at
the Wlyfa site to provide a contingency buffer prior to fuel being sent to Sellafield for
reprocessing.

Recycle of the uranium recovered during Magnox reprocessing in AGR initial cores
continued to support the reprocessing of Magnox fuel and as a result, 1 650tU of AGR fuel
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was produced from over 15 OOOtHM of Magnox Depleted Uranium (MDU). Current uranium
market conditions are such that further MDU recycle is not economic at present.

All Magnox fuel will continue to be reprocessed at BNFL's facility at Sellafield following a
short period of interim storage.

AGR - Spent Fuel Management Strategy

An AGR fuel element contains 36 pins, consisting of UO2 pellets clad in a stainless steel tube,
arranged in a circular lattice and sheathed in a graphite sleeve. As early reprocessing was
envisaged during the design of the reactors the AGR stations have small at-reactor pond
stores, hence all spent AGR fuel is sent to Sellafield.

Following a public inquiry in 1977 approval was given for the construction at Sellafield of a
reprocessing plant, THORP. The plant, which began operation in 1994, has the capability to
reprocess oxide fuel from AGR and LWR stations.

Historically reprocessing contracts were signed, predominantly, on a cost-plus basis i.e. cost
of providing the product/service plus a percentage profit for the reprocessor. The contracts for
the majority of Thorp baseload business were signed on a cost-plus basis, however, post-
baseload contracts are likely to be fixed price.

The cost plus contracts that were signed between BNFL, CEGB and SSEB for reprocessing
were renegotiated in the early 1990s, resulting in a fixed price agreement between BNFL and
the UK utilities for baseload and post-baseload reprocessing.

AGR fuel could theoretically be stored in dry stores and indeed, Scottish Nuclear (now part of
British Energy pic) undertook a study of the feasibility of this option and applied for planning
permission to build a dry store at their Torness site. However, following a review of options
they concluded that a mixture of reprocessing and long term storage at Sellafield provided the
most cost-effective spent fuel management solution.

The current situation in the UK is that all AGR spent fuel will be sent to Sellafield where it
will be reprocessed or stored underwater. On signing the 1997 British Energy Spent Fuel
Management Contract, British Energy Chief Executive Bob Hawley announced that "The
contracts have been awarded to BNFL following a thorough review by Nuclear Electric Ltd.
of the economics of alternative spent fuel management strategies including dry storage".
British Energy's current contracts with BNFL are all fixed price contracts.

PWR - Spent Fuel Management Strategy

Currently there is only one PWR in the UK, Sizewell B. The spent fuel storage pond can
accommodate 30 years spent fuel arisings. British Energy pic will consider in due course
arrangements for further management of spent PWR fuel in the light of the prevailing
commercial and regulatory environment.

Fast Reactor - Spent Fuel Management Strategy

Fuel from the Dounreay Prototype Fast Reactor (PFR) has been reprocessed at Dounreay
since 1979, with the plutonium arisings transferred to Sellafield for storage. The UKAEA are
currently evaluating options for the future management of the remaining PFR fuel.
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3. KEY FACTORS IN DETERMINING A BACK-END STRATEGY

It is difficult to say specifically which factors have played a major part in the decision of a
particular utility in determining a spent fuel management route. The combination and
weighting of factors will be different for each country, and each utility within a country.
Some utilities are bound by national government strategies whereas others, such as those in
the UK, have the freedom to choose the most appropriate strategy based on their own analysis
and conclusions.

The following factors are just some of those which might be taken into account when
determining future back-end fuel cycle strategy.

Economics

As electricity utilities strive to reduce the cost of electricity generation the economics of the
nuclear fuel cycle play an ever increasing role in utility decisions. However, back-end costs
currently represent no more than about 20% of the total fuel cycle costs, and fuel cycle costs
represent no more than about 20% of overall generation costs. Therefore, overall back-end
costs are only a few percent of generating cost, and are likely to remain insignificant in the
context of overall costs.

The economics of direct disposal, reprocessing and recycle are specific to each utility i.e. for
some direct disposal is the lowest cost option, for others reprocessing and recycle is the
lowest cost option.

Facility Availability

If fuel is to be stored, a country/utility will have to consider the benefits and disadvantages of
either construction of on-site stores at each reactor compared to a central store. Implications in
terms of public reaction, economics, transport between sites, and final disposal location will
be just some of the issues that will have to be taken into account.

An international storage facility or repository would provide a country, or utility, with an
additional spent fuel management option. As with in-country stores an international facility or
repository will generate a number of issues and factors which will require consideration by
the utility such as public perception, political stability of the repository host country, transport
and costs.

Risk

If utilities are constrained to use only one spent fuel management route, they are at greater
risk of having to close their reactor because of spent fuel management constraints, potentially
resulting in enormous costs. The impact on a utility of any small differences in fuel cycle
costs are insignificant compared to the potential cost of station closure.

No utility has yet committed 100% of fuel arisings to reprocessing and as such these utilities
have two options, whereas some countries/utilities have committed 100% to direct disposal,
and thus have only a single spent fuel management option available.

Anti-nuclear groups target the back-end of the fuel cycle because they see it as the easiest
point of attack that may ultimately lead to the closure of nuclear power stations.

190



Environmental Issues and Waste Management

The radiological impacts of direct disposal and reprocessing are considered to be both small
and broadly comparable.

Changes in regulatory requirements will impact on current spent fuel management routes, and
new systems will have to be designed to be compliant with these e.g. OSPAR.

BNFL believes that it is essential to continue to generate further substantial reductions in the
cost and environmental impact of reprocessing and has set up the Radical Purex programme
to achieve this. Partitioning and Transmutation, and non-aqueous reprocessing methods are
both potential future systems which may reduce the waste implications of reprocessing.

Political Issues

Each country has its own policy on the management of spent fuel which may constrain
utilities to one spent fuel management option or provide freedom for utilities to choose the
most appropriate option to them. Within the UK, Government policy is that it is for the
owners of the spent fuel to decide on the appropriate spent fuel management option based on
their own commercial judgement, subject to meeting the necessary regulatory requirements.

The House of Lords Select Committee on Science and Technology carried out a review of the
management of nuclear waste, following the refusal of planning permission for the
construction of a Rock Characterisation Facility at the potential Nirex repository site in
Cumbria. The recommendations were published in March 1999, and the UK Government
published its response in October 1999 which proposed the publishing of a detailed and wide-
ranging consultation paper in early 2000. A subsequent policy statement (White Paper) will
be issued in light of this.

Safeguards and non-proliferation concerns

Any spent fuel management route must meet the requirements of international safeguards
regimes. Plutonium must be safeguarded whether it has been separated during reprocessing or
if it is unseparated as in the case of directly disposed fuel. The security required for the
safeguarding of plutonium is relatively unchanged irrespective of quantities stored.

Proliferation concerns are a matter of perception regardless of international regimes. No
safeguarded plutonium has ever been diverted from commercial reprocessing operated under
international safeguards.

Resource Utilization/Recycle to fast reactor

The strategic importance of energy independence is another factor that may be taken into
account when determining a back-end strategy, and will be influenced by a country's natural
energy resources and desire for self sufficiency. Direct disposal of spent fuel in encapsulated
form rules out re-use of the plutonium and uranium contained within it, whereas
reprocessing/recycle can provide a country/utility with a future energy source. The energy
content of It of spent fuel varies from 10 000 to 40 OOOt of coal equivalent, depending on the
reactor type from which the spent fuel arises and whether the plutonium and uranium is
recycled in AGRs or PWRs. Recycling in fast reactors would increase these values by a
factor of about 40.
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Reprocessing provides a platform for the development of a future fast reactor programme
which requires some form of thermal reprocessing to provide plutonium for the initial fast
reactor fuel.

The industrialisation of recycle facilities world-wide provides capacity to recycle plutonium
in the form of Mixed Oxide Fuel (MOX), providing utilities with a further consideration in
determining their back-end fuel cycle strategy. In terms of uranium recycle the current low
prices and excess capacity for uranium and enrichment do not favour the recycle of uranium,
however, the expectation is that future use of reprocessed uranium will increase as prices
begin to rise or as availability is reduced.

4. CONCLUSION

Within the UK, Magnox fuel will continue to be reprocessed, AGR fuel will be sent to
Sellafield for reprocessing or long term storage and in the short to medium term PWR fuel
will continue to be stored at the Sizewell B reactor site.

Future UK back-end fuel cycle strategy will continue to be defined by a combination of
factors, some of which may have been mentioned above, others which may arise through
future developments both within the nuclear industry and changes within the external
environment.

192


