
The fuel made on the base of thorium has a number of favourable features:

metallic thorium melting point is 1700°C, the first phase transition
temperature is 1700°C, thorium oxide melting point is 3200°C;
radiation stability of metallic thorium is considerably higher than that
of uranium fuel and is near to that of ceramic fuel: 10-15% h.a. burn-up
level is experimentally validated;

- compatibility of metallic thorium with water is substantially better than
that of metallic uranium.

In the nuclear power system sodium cooled fast reactors with passive
protection system and featuring high ecological competitiveness will perform
complex functions:

- electricity production;
- plutonium and uranium-233 output or one of them in proportion or absolute

quantity needed by the system;
actinides burning out (and also plutonium if needed).

4.4. Experimental Studies on Actinides Burning-out

In 1990, the experimental research has been initiated on transuranium
element burning out in fast reactors. Fuel specimens containing Am-241,
Hp-237, Cm-244 have been installed in the BR-350 reactor fuel subassemblies
for long time irradiation. After irradiation the radiochemical
mass-spectrometric and radiometric analyses of the specimens is to be carried
out. The aim of the experiment is the specification of above mentioned
transuranium elements interaction cross section, leading to their burning out.

4.5. Experimental Studies on Improvement of the Cold Traps

Experimental data has been obtained on the characteristics of the new cold
trap model for intensive purification of the sodium with a large impurities
content. Trapping coefficient of the cold trap is as high as 0.8.
Considerable impurities fraction (up to 20-30X) is retained in the recuperator
area of the cold trap.

Experimental data has been obtained on mass transfer coefficients during
combined crystallization of sodium oxide and hydride, that allows to evaluate
the impurities accumulation in the recuperator area of the cold trap. Ways
have been planned to analitical optimization of the cold trap recuperator area
in order to eliminate its plugging.
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Abstract

At the PFR the gross electrical generation for the calendar year 1990
was 23,937 MWd with a load factor of 26.2X. These figures are only about
half of the corresponding figures for 1989, mainly as a consequence of an
outage extending from 24 April to 23 November, when a leak in the Reheater
1 vessel was being repaired. The plant was unavailable for operation on
264 days. However, prior to the April shut-down, the station had operated
with high load factors (upto 85.OX). One reprocessing campaign was
undertaken during the year under review.
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1. BACKGROUND TO THE REVIEW

Total energy consumption in the UK in 1990 was 344.5 million tonnes of coal or coal equivalent, made up
as follows: coal 31.6%, petroleum 35.1%, natural gas 24.1%, nuclear electricity 7.1%, hydroelectricity 0.7%
and imported electricity 1.4%.

Nuclear electricity accounted for about 183% of total electricity consumption.

Privatization of the Electricity Supply Industry (ESI) in England and Wales has now been completed. Shares
in the twelve regional supply companies, which also own the national grid, were sold to the public in
November 1990. Shares in the two non-nuclear utilities, National Power PLC and PowerGen pic, which bad
become Public Limited Companies on 1 April 1990 were sold in March 1991. The other utility, Nuclear
Electric pic, formed as a public limited company on 1 April 1990, remains in state ownership. Sale of the
two vertically integrated Scottish non-nuclear utilities, ScottishPower pic and Scottish Hydro-Electric pic, is
expected to follow in the next few months. Again the nuclear utility, Scottish Nuclear pic, will remain publicly
owned.

Nuclear Electric's seven magnox and five AGR stations broke weekly generating records twice in January
1991. On the first occasion, the previous record output, set in January 1989, was exceeded even though two
units, one magnox and one AGR were off-line for scheduled maintenance. A major factor has been the
improving load factor of the AGRs. However, the older magnox stations continue to operate well, with an
average load factor of about 79%. Total generation from the nuclear stations in the 1990/91 financial year
is likely to be about 44 GWe (also a record), with the magnox stations and the AGR stations contributing
approximately equally to the total.



E(j Scottish Nuclear's two AGR stations, al Hunterston ' B ' and Torness, continue to operate well. The first
annual financial report of Scottish Nuclear covering the year ending on 31 March 1990 showed that these
stations made an operating profit of f 89.4M.

Construction of Nuclear Electric's Sizewell ' B ' PWR is proceeding on schedule for start of operations in
1994. In September 1990, the Secretary of State for Energy endorsed the recommendation of the Inspector
for the Hinkley Point " C Public Inquiry, and granted consent to Nuclear Electric for the siting of its second
PWR there. However, a further application by Nuclear Electric to the Secretary of State for investment
approval will be necessary before construction can begin. It is expected that this will be deferred until
completion of the Government's review of nuclear power in the UK, which is scheduled for 1994.

In a report published in July 1990, the House of Commons Select Committee on Energy questioned the need
for continued development of the fast reactor in the UK, after hearing evidence that a scarcity of uranium is
unlikely in the next century. However, there is a widespread beli... in the UK nuclear industry that the Select
Committee failed to give sufficient weight to the environmentally-friendly, long-term strategic base-load role
of the fast reactor. (In the UK, Parliamentary Select Committee reports are intended as a contribution to
debate and have no mandatory authority.)

During the year under review, the UKAEA ended operation of the world's oldest continuously-operating
nuclear reactor, the Graphite Low-Energy Experimental Pile, GLEEP, at Harwell after 43 years of service.
GT.F.F.P became operational on 15 August 1947; it was the first nuclear reactor in Western Europe. The first
stage of decommissioning, involving removal of the fuel wDl take about two years. The UKAEA prototype
Steam-Generating Heavy Water Reactor, SGHWR, at Winfrith was also shut down, after a review of projected
operating costs and expected income from electricity sales had indicated that further operation would not be
viable.

British Nuclear Fuels pic (BNFL) and the UKAEA are collaborating on the design, construction and operation
of a thermal MOX demonstration manufacturing facility, capable of producing about 5 tonnes of PWR fuel
as finished assemblies per year. The facility will be sited at AEA Windscaje adjacent to BNFL's Sellafield
site and will be operalional in 1993. During the year under review, BNFL obtained approval from the Nuclear
Installations Inspectorate (Nil) for continued operation of its eight magnox reactors at Calder Hall and
Chapelcross (480 MWe) for another six to nine years; the reactors were brought into operation in 1956-59,
and the latest extension of operations wDl allow the reactors to complete 40 years of operation. BNFL is
considering their eventual replacement by PWRs.

The UKAEA's exemption from NTI licensing procedures under the 1965 Nuclear Installations Act was
repealed. The AEA was originally exempted because of the wide range of its activities, and a separate internal
licensing system was set up to ensure operations to standards comparable to those of licensed organizations.
Al! UK civil nuclear sites are now subject to the same system of regulation. Licensing of all the UKAEA site
services, including PFR, was completed during the year.

As a development of the April 1990 reorganization of the UK Atomic Energy Authority into nine Businesses,
operating under the general title of AEA Technology, it was decided in December to amalgamate 'AEAFast
Reactors' and 'AEAThermal Reactor Services' into a single business, 'AEA Reactor Services'. The Chief
Executive of the new business is Tony Broomfield.

The UK R.& D. work supporting the design of EFR is again reported within a co-ordinated CEA-KfK-Inter-
atom-UKAEA report. This report covers all the work carried out by the working groups reporting to the
Reactor R.& D. steering committee (with the exception of reactor operations) and the topics are not duplicated
here. The technical part of the UK's 1991 Report to the IWGFR is, therefore, principally concerned with
progress with the PFR and its associated fuel reprocessing plant.

2. PROGRESS WITH THE PFR

2.1 HIGHLIGHTS

Gross electrical generation for the calendar year 1990 was 23,937 MWd with a load factor of 26.2%. These
figures are only about half of the corresponding figures for 1989, mainly as a consequence of an outage
extending from 24 April to 23 November, when a leak in the Reheater 1 vessel was being repaired. The plant
was unavailable for operation on 264 days. However, prior to the April shutdown, the station had operated
with load factors of 85.0% in January, 36.2% (with Reload 20 taking place) in February, 59.0% in March,
and 70.2% in April, and following the restart a load factor of 63.9% was achieved in December. There were
8 plant trips during the year, half of them originating in the conventional plant. Annual operating and electrical
generation statistics for the PFR from 1974 to 1990 are summarized in Table 1. The F?R operators' total
radiation dose for 1990 was 197 mSV.

TABLE 1. PROTOTYPE FAST REACTOR ANNUAL OPERATING STATISTICS, 1974-1990
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2.2 NOTES ON REACTOR OPERATING EXPERIENCE DURING 1990

The station operated at high power from 4 December 1989 until 11 February 1990 with only two short
interruptions to electrical generation due to trips caused by an instrument fault and a drum high water level.

The station was shut down on 11 February for Reload 20, which was primarily for refuelling the reactor
although the opportunity was taken to carry out a number of other tasks. These included a repair to the
hydrogen detection sodium phase loop on Secondary Circuit 3 and the plugging of eight leaking condenser
lubes.
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Return to electrical generation was achieved on 2 March, but before maximum power output was achieved
a small flow transient in the primary circuit on 5 March led to a decision to shut down the station to carry out
a series of tests to establish the cause. Following a review of the test results, the station was returned to
electrical generation on 7 March.

On 11 March a station trip occurred when the excess flux/flux ratio automatic protection system tripped. It
was established that there had been a spurious signal due to interference from an earthing fault on associated
cables. After repair the station relumed to electrical generation on 17 March.

The station continued to operate at high power until there was a trip due to high water level in Feed-heater
DC3 on 20 April. Electrical generation was resumed within 10 hours and the station was again operating at
high power when, on 24 April, it was tripped manually following discovery of a sodium leak in the reheater
vessel of Secondary Sodium Circuit 1.

An investigation into the cause found leakage in a circumferential weld in the vessel of Reheater 1.

Although Reload 21 was not scheduled to begin until IS June, it was decided to advance a number of the
maintenance tasks planned for the shut-down and to undertake a full inspection of the superheater and reheater
vessels of all three secondary circuits. The inspection identified defects in the vessels of Superheater 1,
Superheater 2 and Reheater 2. There were no new defects in the vessels of Secondary Circuit 3. All but one
of the defects found were associated with repairs made in 1987. The other defect was at an intersection of
circumferential and longitudinal welds in Reheater 1. A review of potential causes concluded that reheat
cracking driven by high residual stress was the origin of the defects. It was decided that re-welding the defects
would not overcome the problem in the longer term and it was decided that the vessels would be repaired by
patching the wall, using a specially shaped metal plate which totally covered the defective area. It was also
decided to install additional strain gauges to monitor areas where minor defects were observed during the
vessel inspections.

In parallel with these repairs, the work of Reload 21 was completed. This included refuelling the reactor,
statutory inspection of power plant components, a scheduled routine internal inspection of the tubes in
Evaporator 1 and a series of minor plant maintenance and modification tasks.

The steam generator vessel repairs were completed by 29 October after which reinstatement and sodium-fill-
ing of Secondary Circuits 1 and 2 were successfully undertaken. The reactor began operation at the end of
November.

The turbo-altemator was synchronized to the grid on 8 December. There was a trip due to high water level
in one of the DC feed heaters on 9 December, but the station was returned to electrical generation on 10
December and a gross generation greater than 240 MWe was attained on 13 December. At the end of the
year the station was operating at this power, the load factor for the month of December being a very
satisfactory 63.9%.

Reload 22 (outage IS days) is planned for April 1991.

3. PROGRESS WITH PFR FUEL REPROCESSING

One reprocessing campaign was undertaken during the year under review. During this campaign, 11
subassemblies and 993 irradiated loose pins containing 178 kg of plulonium were reprocessed. An average
daily throughput of 19.1 kg of heavy metal was achieved. The highest bum-up PFR subasserably yet, at
17.6% bumup, was reprocessed during the year.

The cumulative total amount of fuel reprocessed to date is now 16.19 tonnes of heavy metal, containing 2.8SS
tonnes of plutonium.

The annual internal inspection of the irradiated fuel dissolver revealed no deterioration of either the vessel
material or its welds.

4. FUELCYCLER.&D.

After the Government cut-backs in fast reactor R.& D. fundingannounced in July 1988, the fuel cycle R.& D.
programme has effectively ended. However, valuable information continues to be obtained from operations
of the PFR fuel reprocessing plant and from other relevant UK work, such as, for example, the manufacture
and reprocessing of thermal MOX fuel.

5. CO-OPERATION INVOLVING COUNTRIES OUTSIDE
WESTERN EUROPE

Information exchanges and cooperative work programmes conducted under the AEA's agreements with Japan
(Power Reactor and Nuclear Fuel Development Corporation and Japan Atomic Energy Research Institute),
tie USA (US Department of Energy) and the USSR (Ministry of Nuclear Power and Industry) are now
co-ordinated with those of the UKAEA's European Fast Reactor R.& D. partners.

A review of co-operation with Japan was held in Tckyo in November 1990. During the period under review
in this report, Europe/Japan specialists' meetings have been held on reactor safety, to complete a programme
arranged at the November 1988 review meeting. The latest review meeting agreed to organize specialists'
meetings on fuel development, safety (including beyond-design-base accidents, decay heat removal and
sodium fires), seismic analysis, in-service inspection, steam generators, advanced reactor control systems,
structural materials and reactor operating experience. It was also agreed to establish several joint programmes
of work.

During the year under review, Europe/USDOE specialists' meetings have been held on materials and
structural mechanics, steam generators, the integral fuel cycle; and the safety and economics of PRISM and
EFR.

A number of bilateral activities between the UKAEA and USDOE in the fuel cycle area are continuing.

A meeting to establish co-ordinated co-operation in the fast reactor field with the Soviet Ministry of Nuclear
Power and Industry was held in Karlsruhe in January 1991. A two-year programme of eight specialists'
meetings, on reactor operational experience, safely, steam generators, sodium fires, wrapper and cladding
materials, structural integrity, reactor physics, and sodium technology was agreed. Four meetings will be held
each year, one in each of the participating countries.

In the meantime, the last of the meetings to complete the UKAEA/MNPI bilateral programme organized in
May 1988 were held. A Soviet fuel cladding and wrapper alloy development team visited the UK in June
1990 to participate in a seminar at Dounrcasy and a UK reactor operations team visited the USSR in February
1991 to participate in a seminar at Obninsk and to visit the BOR-60 reactor at Melekess. As a prelude to
co-ordinated co-operation, two CEA observers participated in the latter activity and a UK observer partici-
pated in a CEA/MNPI meeting on steam generators in January 1991.

The IAEA's International Working Group on Fast Reactors' co-ordinated research programme on 'Intercom-
parison of LMFBR Core Mechanics Codes', for which the UKAEA had provided the coordinator, was
completed during the year under review. A report was presented at the BNE3 International Conference on



gg Fast Reactor Core and Fuel Structural Behaviour held in Inverness in June 1990. The UKAEA is now
providing the lead for a new IWGFR co-ordinated research programme on 'Acoustic Signal Processing for
the Detection of Boiling or Sodium/Water Reactions in LMFBRs'.

UKAEA specialists participated in two IWGFR specialists'meetings on 'Sleam Generator Failure and Failure
Propagation Experience' and' Steam Generator Acoustic/Ultrasonic Detect ion of Under-sodium WaterLeaks'
which were held, respectively, in September 1990 and October 1990 in Aix-en-Provencc.

A UKAEA delegation participated in the ANS International Topical Meeting on Fast Reactor Safety, held at
Snowbird in Atgust 1990. A substantial number of papers by UK authors have been submitted, in
co-operation with French and German associates, to the forthcoming International Conference on Fast
Reactors and their Fuel Cycles, which is to be held in Kyoto in October.

As in previous years, (he UKAEA provided the UK represen'"'ive for the annual meeting of the IAEA
International Working Group on Fast Reactors which was held in 'Vienna in April 1990.
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Abstract

An existing network of government and industry research facilities and
engineering teat centers in the United States is currently providing test
capabilities and the technical expertise required to conduct an aggressive
advanced reactor development program. Subseqeunt to the directive to shut
down the Fast Flux Test Facility in early 1990, a variety of activities
were undertaken to provide support for continued operation. The United
States has made substantial progress in achieving ALMR program objectives.
The metal fuel cycle is designed to recycle and burn its own actiniums, and
has the potential to be a very effective burner of actiniums generated in
the LWRs. The current emphasis in the IFB Program is on the comprehensive
development of the IFE technology, to be followed by a period of technology
demonstration which would verify the economic feasibility of the concept.
The United States has been active in international cooperative activities
in the fast reactor sector since 1969.

1. OVERVIEW

The US. civilian nuclear power research and development program continues to focus on advanced large

and mid-size light water reactors, modular high temperature gas cooled reactors and modular liquid met&l

fast reactors. This paper discusses the Advanced liquid Metal Reactor program, which is composed of a

small, passively safe fast reactor coupled with a metal fuel cycle that incorporates actinide recycle, and an.

emerging effort to process LWR spent fuel for LMR fissile material, and to enhance the LWR waste

management.

The liquid metal reactor concept has a sound technology base, with some three decades of research and

development both in this and other countries. An existing network of government and industry research

facilities and engineering test centers in the United States is currently providing test capabilities and the

technical expertise required to conduct an aggressive advanced reactor development program. Notable

among the research facilities is the Experimental Breeder Reactor-D (EBR-II) at Argonne National

Laboratory (ANL) in Idaho and the Fast Flux Test Facility (FFTF) at Hanford, Washington. Subsequent to

the directive to shut down the Fast Flux Test Facility in early 1990, a variety of activities were undertaken to


