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1. BACKGROUND TO THE REVIEW

Total energy consumption in the UK in 1991 was 351.6 million tonnes of coal or coal equivalent (206.8
million tonnes of oil or oil equivalent), an increase of 2.1% on 1990. This is made up as follows:
petroleum 34.1%, coal 30.6%, natural gas 25.5%, nuclear electricity 7.2%, free-flow hydroelectricity (ie
excluding generation from pumped storage systems) 0.7% and imported electricity 1.9%.

Nuclear electricity accounted for 19.5% of the total electricity consumption (from public supply systems') of
about 300 TWh.

Privatisation of the Electricity Supply Industry (ESI), which had been started in England and Wales in
November 1990 with the privatisation of the twelve regional supply companies, and been continued in March
1991 with the privatisation of National Power pic and PowerGen pic, was completed with the privatisation
of the two vertically-integrated Scottish non-nuclear utilities, Scottish Power pic and Scottish Hydro-Electric
pic, in June 1991. The nuclear utilities, Nuclear Electric pic in England and Wales and Scottish Nuclear pic,
remain in state ownership.

Nuclear Electric reported excellent financial results for its first full year of commercial operation in July
1991. On a turnover of £2.2 billion, the company returned an operating profit of £326 million, about 44%
up on the profit levels of the year before when the company was a division of the Central Electricity Generating
Board. Output of electricity during the financial year was 45 TWh, with almost equal contributions being
made by the seven Magnox stations and the five AGR stations. The Magnox stations increased output by
about 8%, and the AGR stations by almost 4%, during the year. Construction of the Sizewell B PWR station
continued to run ahead of schedule and within cost estimates.

Since publication of their first annual report, Nuclear Electric's profits and performance continued to improve
in the first six months of the current financial year, with operating profits up 50% and output up 13% on the
corresponding period last year. Nuclear Electric's Magnox stations at Bradwell (commissioned in 1962),
Dungeness A (1965-6), Sizewell A (1966) and Hinkley Point A (1965) have now been cleared to continue
operation by the Nuclear Installations Inspectorate (Nil), subject to continued monitoring of the steel pressure
vessels and operation of two of the stations (Dungeness and Sizewell) under more restrictive start-up
conditions. The case for extended operation of the Trawsfynydd Magnox station, from which tests on pressure
vessel monitoring samples have shown rather more embrittlement than expected, is still under review. The
Oldbury and Wylfa Magnox stations are unaffected by such problems as they have concrete pressure vessels.
Of particular note during the year was the establishment by the Oldbury 1 Magnox unit (commissioned in
1967) of a new world record for continuous operation - 713 days 21 hours and 30 minutes. The previous
world record of about 700 days was held by the Hinkley Point A station.

Scottish Nuclear also announced its first year results. A total of 12.2 TWh of electricity was generated, with
the Hunterston B AGRs passing the lifetime generation milestone of 50 TWh - the first AGR station to do so
- with an annual load factor of 90.4%. Scottish Nuclear returned an operating profit of £42.9 million on sales
of £423 million from its Hunterston B and Torness AGR stations.

British Nuclear Fuels pic (BNFL) increased its profit by £11 million on static turnover and with a slight
reduction of export sales in the 1990-91 financial year. BNFL completed renovation work on its Calder Hall
and Chapelcross Magnox stations necessary to continue operation to at least 40 years from their commission-
ing dates - 1966 and 1969, respectively. Both Calder Hall and Chapelcross returned annual capacity load
factors in excess of 80%, and'the lifetime capacity factor for Calder Hall, the oldest grid-linked nuclear station
in the world, is still over 93%. BNFL officially opened its new high-level radwaste vitrification plant, built
at a cost of £240 million, at Sellafield. Commissioning of THORP (the Thermal Oxide Reprocessing Plant)
at Sellafield continues on schedule for operation later in 1992. The BNFL/AEA Technology partnership
which is constructing an 8-tonne/year MOX fuel fabrication facility at Windscale for operation early in 1993,
announced its first order - from the Beznau 1 reactor in Switzerland. BNFL's Sellafield Visitor Centre
continues to be the UK's most successful industrial tourist attraction with over 125,000 visitors in 1991.



The United Kingdom Atomic Energy Authority (UKAEA) - now operating as AEA Technology - reported
a significant increase in operating profit. The four nuclear businesses of AEA Technology (AEA Reactor
Services, AEA Fuel Services, AEA Decommissioning and Radwaste and AEA Fusion) - there are also
five non-nuclear businesses - all continued their successful activities.

AEA Reactor Services acquired a controlling interest in a US specialist engineering company, O'Donnell Inc,
of Pittsburgh, Penn. The new company, known as AEA-O'Donnell Inc, will provide reviews of the behaviour
of existing and future reactor systems, reviews of performance, and structural integrity and failure analyses.
Some services will also be offered to utilities operating conventional fossil-fired generating plant and to the
petrochemical industry. AEA Reactor Services' contributions to the R&D programme supporting the design
of the European Fast Reactor (EFR) are, as in previous years, reported within a coordinated CEA-KfK-
Siemens-UKAEA report.

The Joint European Torus (JET), which is a collaborative venture involving the European Community,
Switzerland and Sweden and is hosted by the UK Government on a site close to AEA Fusion's Culham
laboratory, produced between 1.5 and 2 MW of power in the first major fusion experiment using a
tritium-deuterium plasma, on 9 November 1991. The peak pulse lasted for about 2 seconds. The first
experiment used 10-20% tritium and further experiments working up to 50:50 mixtures of tritium and
deuterium are planned in a programme extending to 1996.

Following two years of geological and other investigations at Sellafield and Dounreay, UK Nirex Ltd, which
is responsible for the development of the UK's underground repository for low level and intermediate level
radwaste, selected Sellafield as its preferred site. The principal factor influencing the choice was the
generation of about 60% of the material to be stored by BNFL's Sellafield operations. A repository capable
of holding some 2.5 million cubic metres of waste is planned. Construction is expected to begin in 1995,
with the first four (of 24) caverns planned to be ready for use in 2005.

On 25 March 1991, the governments of France, the UK, Belgium and Germany made a joint declaration
asserting their commitment to safe nuclear power as an important and appropriate future energy source for
Western Europe and the world. They expressed their intention to strengthen ties between their nuclear
organisations and to further harmonise nuclear generation, safety and radwaste management policies and
practices.

On 24 September the French and UK governments announced their intention to join Germany (and the US,
Canada and Australia) in insisting on full-scope safeguards as a pre-requisite for all exports of nuclear
material, equipment and technology.

Overall, the UK nuclear industry has been deferring longer-term plans following the announcement, in 1990,
that the UK government intended to undertake a comprehensive review of nuclear power needs in 1994. At
the time of writing, subsequent announcements of any changes in policy by incoming Ministers following
the General Election on 9 April are awaited.

The Nuclear Utilities Chairmen's Group (NUCG, involving Nuclear Electric, Scottish Nuclear, BNFL and
the UKAEA) presented to the Secretary of State for Energy their view that a review of the UK fast reactor
programme is timely, following this with a plan for funding the operation of PFR for three years beyond the
date (31 March 1994) when Department of Energy support funding will end. (The continued operation of
PFR would use SNR-300 fuel, generously offered by SBFC) The hoped-for early resolution of the PFR
operations issue was deferred following announcement of the date of the General Election.

As in previous years, the technical part of the UK's 1991 Report to the IWGFR is principally concerned with
progress with the Prototype Fast Reactor (PFR) and its associated fuel reprocessing plant and with some
aspects of international cooperation on fast reactors.



2. PROGRESS WITH THE PROTOTYPE FAST REACTOR

2.1 HIGHLIGHTS

The total gross electrical generation"for 1991 was 34,767 MWd, equivalent to an annual load factor of 41.6%.
The principal factor depressing the load factor figure was an ingress of lubricating oil from a bearing on
primary sodium pump 2 into the primary coolant on 29 June which led to the station being out of service fry
the remaining six months of the year. During the period January to June, the monthly load factors were
87.4%, 89.0%, 97.2%, 45.8%, 51.2% and 91.0%, an average of 76.9% for the first half of the year. Figure 1
illustrates the station's operating history for the year.

There were 5 trips and 2 controlled shutdowns (one of the latter at the end of Run 23) during the year. The
PFR operators' total radiation dose for 1991 was 298 mSv.

2.2 NOTES ON REACTOR OPERATING EXPERIENCE DURING 1991

At the end of 1990, having been given consent to start up by the Nuclear Installations Inspectorate in
November, PFR had been operating with a gross electrical output in excess of 240 MWe since 13 December.
The station continued to operate at high power until 17 January 1991 when a station trip was initiated by a
high water level in a DC feed heater. The 'turbine run' had lasted 38 days and was the fifth most productive
and the ninth longest in the life of the station.

Immediately following the trip, work was put in hand to try to resolve a developing problem with the
lubricating oil seal system on a bearing in primary sodium pump 2. To gain access, the reactor gas blanket
had to be depressurised. The work was completed expeditiously and the station returned to electrical
generation on 19 January with gross generation above 240 MWe being reached on 21 January.

Generation was reduced on 4 February when a fault developed on one of the high pressure (HP) feed heaters,
and the heater system had to be taken out of service. The maximum gross generation with the HP heater out
of service was 230 MWe.

A transient in the DC heater system occurred during a routine operation to remove a candle filter, initiating
a station trip, on 15 February. During the subsequent outage, the opportunity was taken to repair the fault in
the HP heater system. The station was returned to generation on 16 February and, with the HP heater back
in service, gross generation above 240 MWe was reached on 19 February.

Generation remained at this level until 13 April when another station trip occurred due to a high water level
in a DC feed heater. In this case the trip was caused by a transient in the feed heater system while carrying
out an end-of-run experimental programme (power coefficient measurements and exercising of the absorber
over their full stroke). The station was returned to high power operation on 14 April to allow the experimental
programme to be completed, and the station was then shut down two days later for Reload 22.

Run 24 officially started when the reactor was taken critical on 6 May, but the start of electrical generation
had to be delayed until 10 May because of the need to clean the magnet face of a shut-off rod and to fit a new
shaft to the steam inlet valve on the superheater of steam generator unit 1.

Gross electrical output had reached 226 MWe by 12 May when a steam/water leak associated with the turbine
blowdown vessel occurred. A controlled shutdown was carried out on 13 May to allow repairs to be carried
out.

The station was returned to electrical generation on 16 May and was operating at a gross output in excess of
240 MWe, when the station tripped on 20 May as a result of maintenance work affecting the control system
of the feed regulator vale on steam generator unit 2. The station was returned to electrical generation within
12 hours of the trip on 20 May, and gross generation was in excess of 240 MWe until 29 June when the reactor
was manually tripped following observation of overheating on the top bearing of primary sodium pump 2.



(The 'turbine run' from 20 May to 29 June was the tenth largest and fourth most productive continuous run
in PFR's history.) Remedial work was expected to take more than a week and, with the shutdown for
Reload 24 scheduled for 12 July it was decided to advance the shutdown and to begin preparatory work for
the planned refuelling and annual maintenance.

It soon became clear that a significant quantity of oil (possibly up to 35 litres) had been lost from the primary
pump bearing and had entered the primary sodium circuit. Replacement of the pump bearing and cleaning
of the primary sodium would be required before the reactor could return to power. To clean the primary
sodium, it was necessary to rebuild the cold trap loop, which required procurement of a new basket, which
was installed early in November. The impurity burden in the primary circuit could be monitored through the
plugging temperature of coolant within the cold trap. When clean-up began this was 225°C but reduced
steadily to below 170cC by the end of the year, when the primary circuit was temperature cycled up to 420°C
and then back to 310°C. This caused the plugging temperature to rise to 180°C, but a further phase of clean-up
which reduced the plugging temperature to 150cC was completed by the end of January 1992.

The top bearing of primary sodium pump 2 was replaced in September and the pump was successfully run-in
at half speed in early November, but when full speed tests were attempted, these had to be stopped as a result
of high pressure in the oil drains tank - over five times the corresponding pressure on primary sodium pump 3.
Further tests showed that the flow route from the bottom bearing and out through the pump case was restricted.
Variations in pump speed cleared the blockage, which is believed to have been caused by oil degradation
products.

Further suspicions of deposition of oil degradation products arose from observations that just before the
shutdown on 29 June there had been indications of temperature increases in a number of core sub-assemblies,
suggesting reduction of coolant flow through the inlet filters.

Attention therefore turned to the primary pump filters and it has been decided, as a precautionary measure
to examine all three of these, as well as some of the core sub-assembly filters, to check their condition.
Removal of the pump filters is a major task never before attempted and further operation of PFR will be
delayed for some months until this work is completed.

In parallel with this work on the primary sodium circuit and the pump, it was also discovered during routine
inspection that a further series of repairs were required to a steam generator vessel. These, and the scheduled
refuelling and planned maintenance, were all completed by November, and reassurance of the Nuclear
Installations Inspectorate that the oil ingress problem has been satisfactorily dealt with is now the principal
task.

When PFR was first licensed by the Nil in 1990 it was recommended that a device should be installed in the
primary vessel to monitor the position, relative to the reactor roof, of the top of a neutron shield rod, any
change in this position being an indicator of incipient failure of the core support structure. This device was
installed in December 1991.

3. PROGRESS WITH PFR FUEL REPROCESSING

Two PFR fuel reprocessinE campaigns were undertaken during the year. In the first, 18 subassemblies at
burn-up levels up to 12%, plus some loose pins from the fuel post-irradiation examination facility, were
processed. In the second, a further 7 subassemblies at burn-up levels up to 17.3%. plus some more loose
pins, were dealt with. At times during the second campaign a plant daily throughput rate of 21 kg of heavy
metal - about 82% of the flowsheet capability - was achieved.

The cumulative total amount of fuel reprocessed to date is now 17.99 tonnes of heavy metal, containing
3.17 tonnes of Plutonium.



4. FUEL CYCLE R&D

As was observed in last year's Report, the reduction of Government funding to the fast reactor R&D
programme since 1989 has led to termination of fuel cycle R&D work. However, valuable information
continues to be obtained from operation of the PFR fuel reprocessing plant and its support facilities and from
development work on the manufacture of thermal MOX fuel.

5. COOPERATION INVOLVING COUNTRIES
OUTSIDE WESTERN EUROPE

Information exchanges and cooperative work programmes conducted under the UKAEA's agreements with
Japan (Power Reactor and Nuclear Fuel Development Corporation, PNC, and Japan Atomic Energy Research
Institute, JAERI), the USA (US Department of Energy) and the CIS (the former Soviet Ministry of Nuclear
Power and Industry) are now coordinated with those of the UKAEA's European Fast Reactor R&D partners.

The occasion of the International Conference on Fast Reactors and Related Fuel Cycles, FR'91, held in Kyoto
in October-November, provided the opportunity for signature of a Memorandum of Understanding to promote
cooperative activities between the European and Japanese Fast Reactor R&D Steering Committees. At a
formal ceremony on 28 October 1991, the Memorandum was signed by Prof. H H Hennies of KfK, the
then-Chairman of the European Steering Committee and Mr J Bouchard of CEA and Mr A M Broomfield of
UKAEA who were at that time Deputy Chairmen. The Japanese Steering Committee signatories were
Mr T Ishiwatari, President of PNC, and Mr M Okabe, President of Japan Atomic Power Company, JAPC,
Co-Chainnen of the Committee. Work to establish a formal agreement structure under the MoU is now in
progress.

Cooperation between the European R&D partners and the Japanese R&D organisations currently proceeds
through a coordinated programme agreed at the November 1990 review meeting of the 1970 UKAEA/PNC-
JAERI and the 1978 CEA-KfK-Siemens (Interatom)/PNC Fast Reactor R&D Cooperation Agreements.
During the period under review, specialists' information exchange meetings on fuel and core materials
development, on HCDA code development and on structural integrity code development have been held.

A review of cooperation proceeding through coordinated actions under the 1976 UKAEA/USDOE, 1976
BMFT/USDOE and 1977 CEA/USDOE Fast Reactor R&D Cooperation Agreements was held in Paris in
June 1991. New cooperations on EFR and ALMR economics and on the validation of core-mechanics codes
were initiated. During the period under review two specialists' information exchange meetings were held on
EFR and ALMR design concepts. A meeting of CEA, KfK and AEA representatives with a US team Jed by
Tom Hendrikson, Principal Deputy Assistant Secretary for Nuclear Energy in USDOE, to discuss Westing-
house-Hanford plans for future operations of FFTF, was also held.

Negotiations of a new multisignatory single agreement between the European R&D organisations and
USDOE, to replace the 1976/7 agreements mentioned in the previous paragraph, have been temporarily
suspended pending the outcome of discussions at US Government/European Community level of legal terms
for the protection and sharing of interest in jointly-developed intellectual property. It has been agreed in
principle that a Memorandum of Understanding to promote closer cooperation on fast/liquid-metal reactor
R&D will be signed by representatives of the US and European programmes to re-establish the negotiation
processes.

The first formal meeting in the series of multinational specialists' meetings agreed by the European partners
and CIS (Russia) at a meeting in Karlsruhe in January 1991, a meeting on structural integrity, was held in the
UK in December. Further meetings on reactor operational experience, safety, steam generators, sodium fires,
wrapper and cladding materials, reactor physics and sodium technology are scheduled. A number of other
specialists' meetings, on safety, reactor operations, steam generators and decommissioning, remaining from
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earlier bilateral programmes initiated by CEA, KfK and UKAEA were held during the year, with joint
participation by all three partners. The UK provided organisation and leadership for the meetings on reactor
operations and on decommissioning.

Under agreements promoted by the World Association of Nuclear Operators (WANO) a 'twinning' arrange-
ment between PFR and BN 600 has been set up. The first visits in each direction of small teams to discuss
operational and safety practices were held in the summer of 1991.

As in previous years, the UKAEA provided the UK delegate to the 24th Annual Meeting of the International
Working Group on Fast Reactors, held in Tsuruga, Japan in April 1991. UK representatives were also
provided for IAEA Specialists' Meetings on 'Mechanical Properties of Structural Materials in Liquid Metal
Environments' (Karlsruhe June 1991), 'Development Goals for Fast Reactors' (Vienna, October 1991) and
'Passive and Active Safety Features of LMFRs' (O-arai, November 1991). The UKAEA hosted a progress
meeting for the IWGFR's Coordinated Research Programme on 'Acoustic Signal Processing for the Detection
of Sodium Boiling or Sodium/Water Reactions in LMFBRs' at Chester in September 1991. The UKAEA is
providing the technical lead for this Programme.



OOUNREAY AEA TECHNOLOGY

WEEKLY ELECTRICAL GENERATION

1991

Week starting Monday

FIG. l


