
Оперативный безотборный контроль примесей,безусловно, должен
развиваться и совершенствоваться. Меры предотвращения утечек натрия
в атмосферу и возникновение пожаров - это задача, которая будет тре-
бовать дальнейшей изобретательности конструкторов и технологов.

Проблемы снятия АЭС с эксплуатации применительно к быстрым ре-
акторам ставят специфическую для них задачу утилизации натрия пер-
вого контура, либо его надежного хранения. Эта задача входит и в
наши планы.
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Abstract

Total energy consumption in the UK in 1989 was 340 million tonnes of
coal or coal equivalent, made up as follows: coal 31%, petroleum 35%,
natural gas 24%, nuclear electricity 8%, hydroelectricity % and imported
electricity 1%. About half of the nuclear electricity generated came
from 14 Advanced Gas-Cooled Reactors (AGRs) and about half from the 24
older gas-cooled Hagnox reactors, one Steam-Generating Heavy-Water
Reactor (SGHHR) and one fast reactor (the Prototype Fast Reactor, PFR, at
Dounreay).

The privatization of the Electricity Supply Industry (ESI) in the UK
is proceeding. On 9 November 1989, however, it was announced by the
Secretary of State for Energy that the privatization plan would be
changed and that the CEGB's nuclear stations were to remain in state
ownership, through the formation of an additional company, Nuclear
Electric. At the same time, the Secretary of State for Scotland
announced the formation of a similar state-owned company, Scottish
Nuclear. Nuclear Electric were asked, In the interim, to examine
priorities in the whole nuclear field with particular reference to the
improvement of the economics and performance of existing reactors, to the
development of the Sizevell and alternative reactors and to the
development of longer-term options such as the fast reactor and fusion.
Nuclear Electric has been asked to formulate its new policy by June 1990.

The PFR programme will continue to be funded by the UK government
until March 1994. AEA Technology is endeavouring to find alternative
funding to maintain the operation of the PFR until at least the year
2000. The House of Commons Select Committee on Energy stated in its
report that the fast reactor "is a matter for the British Government to
foster as a long-term option for the generation of electricity In this
country", and recommended that in the interim the Government reassesses
its position on this new technology in the light of increasing concern
about C0

2
 emissions and the long-term viability of traditional fission.
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1. BACKGROUND TO THE REVIEW

Total energy consumption in the UK in 1989 was 340 million tonnes of coal or coal equivalent, made up as
follows: coal 31%, petroleum 35%, natural gas 24%, nuclear electricity 8%, hydroelectricity % and imported
electricity 1%.

About half of the nuclear electricity generated came from 14 Advanced Gas-cooled Reactors (AGRs) and
about half from the 24 older gas-cooled Magnox reactors, one Steam-Generating Heavy-Water Reactor
(SGHWR) and one fast reactor (the Prototype Fast Reactor, PFR, at Dounreay).

The privatization of the Electricity Supply Industry (ESI) in the UK is proceeding. Although still state-owned,
the industry began operating as a group of independent companies on 1 April 1990, prior to sale later. On
9 November 1989, however, it was announced by the Secretary of State for Energy that the privatization plan
would be changed and that the CEGB's nuclear stations were to remain in state ownership, through the
formation of an additional company. Nuclear Electric. At the same time, the Secretary of State for Scotland
announced the formation of a similar state-owned company, Scottish Nuclear, to own and operate the
Hunterston and Tomess nuclear stations.

The Secretary' of Slate for Energy also announced on 9 November that Nuclear Electric will not be given
permission by HM Government to build any new stations after the Sizewell 'B ' PWR, pending a review of
nuclear policy in 1994. Nuclear Electric were asked, in the interim, to examine priorities in the whole nuclear
field with particular reference to the improvement of the economics and performance of existing reactors, to
the development of the Sizewell and alternative reactors and to the development of longer-term options such
as the fast reactor and fusion. Nuclear Electric has been asked to formulate its new policy by June 1990.

For AEA Technology's fast reactor R&D programme, 1989/90 was a year of transition. Following the
Secretary of State for Energy's decision in July 1988. funding has been reduced from a level of about £50M
which applied in 1988/89 down to £30M in 1989/90 to a core programme level of f 10M which will apply
from 1990/91 onwards. The PFR programme will however continue to be funded by the UK government
until March 1994. AEA Technology is endeavouring to find alternative funding to maintain the operation of
the PFR until at least the year 2000.

The UK rationale for developing the fast reactor continues to be the insurance it provides against steep
increases in the price of uranium and/or severe limitations on uranium supplies. The UK nuclear industry's
comparison of the economics of fast and thermal reactors (recently updated) indicates that, for reactors
commissioned in the year 2000, the cost of fast reactor electricity would be some 20% more expensive than
that from a PWR, with most of the difference resulting from 'first of a kind' costs. However, it is expected
that, for reactors commissioned in the year 2020, fast reactor and PWR electricity costs would be about equal.
The more recent trend towards higher rales of return on capital investment has been shown to alter the ratio
of costs from fast and thermal reactors by only a few per cent. The collaborative European programme has
as its principal objective a reduction in the capital cost of the European Fast Reactor (EFR) compared with
previous national designs, such as the Commercial Demonstration Fast Reactor (CDFR). Recent work on
the fast reactor fuel cycle, since the 1987 study, indicates the potential for further reductions in this component
of the generating cost.

In July 1989, the House of Commons Select Commitiec on Energy published a report on 'Energy Implications
of the Greenhouse Effect' which commented on the fast reactor as follows:

•Since we are far from convinced that it is sensible for the UK to wind down
Us contribution to fast reactor research, we have decided that the next major
subject for this Committee to investigate will be the future of this research.
We are inclined to agree with the UKAEA that the fast breeder reactor "is... a mat-
ter for the British Government to foster as a long-term option for the generation of
electricity in this country", and recommend that in the interim the Government

reassesses its position on this new technology in the light of increasing concern
about CO2 emissions and the long term viability of traditional fission. We re-
gard this as an area which must be pursued by government R&D effort, particular-
ly since the privatised electricity industry is highly unlikely to be willing to do so."

in recent months the Select Committee has been taking evidence in preparation for a report on the fast reactor,
to be published shortly.

The Secretary of State for Scotland announced on 25 October 1989 that outline planning permission had been
granted for the building of a European Demonstration Reprocessing Plant (EDRP) at Dounreay, following
the local planning enquiry at which oral evidence was given from April to November 1986. A large plant of
the scale of the EDRP, which was designed to process 80 tonnes of fuel per year, is not now likely to be
needed by the European partners for many years. Nevertheless, the granting of the application would allow
the UK to offer to build the EDRP if the need arose.

Following CEGB "s decision last year to close its Berkeley Magnox station, SSEB closed Hunterston A2 on
31 December 1989 and announced its intention to close Hunterston 'A l ' (both Magnox reactors) by 31 March
1990. At its closure, Hunterston 'A2' ranked 15th in the world table of operating statistics with a lifetime
load factor of 84.7%. Increase in fuel cycle costs and the availability of electricity from the Tomess AGR
have made it difficult for SSEB to find a market for Hunterston 'A"s electricity.

UK Nirex Ltd. began a programme of test drilling on the BNFL Sellafield and AEA Dounreay sites to explore
possibilities for the construction of a repository forlow- and intermediate-level waste. A 12-18 months long
programme of tests is planned. Construction of a repository, costing some £2500-3500M, could begin in
1996 for operation in 2005.

RepresentauvesofthcgovemmentsoflheUKandtheFederalRepublicofC: • - :<cned a joint declaration
on the Peaceful Use of Nuclear Energy on25 July 1989, covering co-op-./J:>C. ,»- -.-' 'm enrichment, and
fuel fabrication and reprocessing.

BNFL won the contract to supply fuel to the Sizewcll 'B' PWR. At BNFL's Seiidfield plant, construction of
a vitrification plant for high-level waste was completed. The construction of the THORP thermal oxide fuel
reprocessing plant continues on schedule for operation in 1992.

The Health and Safety Commission issued draft guidance on limiting occupational exposure to ionizing
radiations. This recommends investigation when any employee reaches a total cumulative dose of 150 mSv
in any period of ten years. Current regulations stipulate an annual individual dose limit of 50 mSv. The
effects of occupational doses continue to be a subject of discussion, most particularly following the recent
publication of a report indicating a correlation of the incidence of leukemia, among children of BNFL's
Sellaficld staff, with doses received by their fathers.

The UK Atomic Energy Authority was reorganized on 1 April 1990 into nine Businesses, operating under
the general title of AEA Technology, each Business having responsibility for a particular field of work, five
of them in the nuclear area and four in the non-nucleararea. Fast reactordevelopment is now the responsibility
of 'AEA Fast Reactors'. The Chief Executive of AEA Fast Reactors is Tony Broomfield, formerly the
Authority's Fast Reactor Programme Director.

The UK R&D work supporting the requircmenis of EFR is now integrated into a co-ordinated programme
also involving CEA, KfK and Interaiom and, as with last year's report, the UKAEA is reporting its work in
this area within a joint report on the European programme. The joint report for 1989/90 covers all the work
carried out by the AGTs (i.e. working groups) reporting to the European Reactor R&D S leering Committee
(with the exception of AGT8 - Reactor Operations) and the topics are not duplicated here. The UK's report
is therefore concerned only with progress with the PFR and its associated fuel reprocessing plant, with fuel
cycle R&D and with other topics which are more appropriate to a UK, rather than a European report



ANNUAL OPERATING STATISTICS: 1974 to 1989

Year

1974

1975

1976

1977

1978

1979

I980

1981

1982

1983

1984

1985

1986

1987

1988

1989

GROSS mention GEHERUION

MW-rfayt

-

141

4.711

9,380

11.159

8.231

3.560

10,513

5.058

6.413

18,586

37,217

40,022

38,170

27.423

47,231

-

0.2

5.1

10.3

12.2

9.0

3.9

11.5

5.5

7.0

20.3

40.0

43.9

41.8

30.0

51.8

Hoi Etacfckal G»imotion

(MW-doyi)

-

79

3,890

7.308

9,678

6,585

2,927

8.939

3,958

5,325

16,991

34,401

37,058

35,076

25,440

43,439

GENERATOR AVULUlIimf

Hcvreonllne

-

372

1,616

3,682

2,538

2,855

1.219

3,225

2,971

3.542

3,097

4,466

4,669

4,804

2,906

5.526

s

-

0.4

18.4

42.0

29.0

32.6

13.9

36.8

33.9

40.4

35.3

51.0

53.3

54.8

33.1
63.1

Rtotlor Thumci tutgy Fiodxilai

MW-Jayj

932

4.864

22.172

43,087

41.286

35.607

17.815

40,837

23,024

27,062

54.335

101,283

108,420

104.472

74,072

131,673

UWhdoK

1.3

2.2

10.1

19.7

18.9

16.3

8.1

18.6

10.5

12.4

24.7

46.2

49.5

47.7

33.7

60.1

RiBkjf Aiaflabllty

How» Critical

2,673

7.716

7,306

6,987

4,781

4,960

7.455

7.005

4,100

5.664

5.835

6.256

6,023

6,790

3.884

6.385

%

40.5

88.1

83.2

79.8

54.6

56.5

84.9

80.0

46.8

64.7

66.4

71.4

68.8

77.5

44.2

72.9

Declared Tliermal Otpacity of Reactor: 600 MWt

Declared Electrical Output of Station: 250 MWe
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90 2. PROGRESS WITH THE PFR

2.1 HIGHLIGHTS

Gross electrical generation for the calendar year 1989 was 47 231 MWd, an increase of 18% over the previous
best, achieved in 1986. In-run load factors of 82 and 86% were achieved, and were the first to exceed the
80% target; the load factor for the whole year was 52 %. Annual operating and electrical generation statistics
for the PFR from 1974 to 1989 are summarized in Table 1 and Figure 1.

There were four planned outages during the yean

Reload 17 1-16 April 1989

Reload 17A 26 June - 4 July 1989

Reload 18 (Incorporated into 17A - see text)

Reload 19 21 July - 26 September 1989

Reload 19A 24 November - 4 December 1989

The annual maintenance and refuelling outage (Reload 19) was planned for 60 days and was completed in
66 days, the overrun being the result of late delivery of components and a fault during recommissioning of
the secondary cold trap.

The number of plant trips during 1989 was 18. This was an increase on the previous year but it is significant
that the total outage forthe yearof 135 days is a substantial reduction on previous years, when the figure was
in excess of 200 days.

2.2 NOTES ON REACTOR OPERATING EXPERIENCE DURING 1989

In mid-February 1989, during a period of severe gales, a fault on the 275 kV transmission line resulted in a
station trip. Subsequently the 132 kV line failed, resulting in a complete loss of grid supplies to the Dounreay
site which were only restored 12 hours later. The PFR's automatic protection system worked as designed
and the stand-by diesels started automatically providing essential power. Nevertheless because of the length
of time the external supplies were lost, the steam in the steam generator circuits had to be dumped and this
delayed the restart.

Two problems with the main boiler feed pump in early 1989 also caused interruptions to generation. However
the stand-by start-up boiler feed pump allowed power generation to be continued close to 200 MWe. This
clearly demonstrated the advantage of having a stand-by pump.

For the first three months of the year, the PFR operated with indications of between one and three fuel failures
in the reactor. After an initial rise, the delayed neutron signal (as seen by the detectors in the IHXs) levelled
out and remained more or less constant at a value well below the action level.

In the period April to June, there were two shutdowns for refuelling: Reload 17, beginning on 1 April, and
Reload 17A, beginning on 25 June. During Reload 17 sufficient reactivity was added to permit operation
until early August. Work carried out during the shutdown included the replacement of the journal bearing
on the Number 3 secondary sodium pump, statutory inspection of the d.c. feed heaters, reinstatement of the
main boiler feed pump and cleaning of the magnet faces of three shut-off rods.

Reload 17A was initiated primarily to discharge two failed fuel subassemblies, not because they had reached
delayed neutron detection limits but because they resulted in gaseous releases liable to infringe new limits
set by the Scottish Development Department. On completion of the reload, the station returned to electrical
generation on 4 July and the power was raised to a maximum output of 235 MWe.

The main tasks carried out during Reload 19 (beginning on 21 July) were:

reactor refuelling;

• inspection of the superheater and rchcater vessels in all three secondary solium circuits;

• the fitting of new reverse buckling bursting discs to two of the four assemblies on each of
the evaporator effluent systems in order to increase the diversity of this component of the
steam generator protection system; and

• amajorprogramme of maintenance overhaul work on steam valves, steam traps and sodium
valves.

The refuelling programme increased reactivity sufficiently to allow Run 20 to last 120 equivalent full power
days (efpd). Some difficulties were experienced with fuel handling equipment and with component handling.
These were overcome except in the case of one fuel subassembly and one radial blanket subassembly with
cold worked En58B stainless steel wrappers. These could not be rotated as planned and were replaced by
new components.

Modifications were carried out on the stand-by/start-up boiler feed pump ancillary cooling water and
auto-control systems. The plant is now capable of operating with only one main cooling water circulating
pump in service and with a pennanently-installcd auto-control system.

The superheater and reheater vessels in the secondary circuits were inspected by using the same ultrasonic
inspection techniques as were used in 1987 and 1988, and also by using an improved technique using twin
crystals which give better sensitivity to defects in certain orientations. The inspection showed that the defect
of most concern, on Superheater 3 (Weld D at Position 1317 mm) had not grown in either cross-section or
length. A second large defect, on Reheater 2 (Weld C at Position 960 mm), also does not appear to have
grown. The greater resolution provided by twin-crystal probes showed the defect to have one longer and two
shorter components on slightly different planes. A third defect, on Reheatcr 1 (Weld C at Position 540 mm),
was shown to have been a spurious indication. The inspection confirmed that there is no general growth of
the defects previously located in 1988 and no significant new defects were found. Accordingly operation
will continue to Reload 21, planned for the summer of 1990, when it is proposed to repeat the inspections
with the twin-crystal probes.

The station returned to electrical generation following completion of Reload 19 on 26 September, an output
of 200 MWe gross being reached on 29 September. The shutdown had lasted 66 days, one week having been
lost because of the late delivery of components for the new bursting discs which were on the critical path for
the rccommissioning of the station, and because of a minor problem with the secondary cold trap.

Electrical generation continued until 28 October when the station was shut down to rectify a fault on the
turbine on-load overspeed test equipment. The station was returned to generation following an outage of 21
hours.

On 5 November a spurious trip from the hydrogen detection equipment resulted in the dumping of steam,
water and sodium from Steam Generator No. 3. Electrical generation was again interrupted, but was resumed
using Steam Generators 1 and 2 following an outage of 21 hours. Two-circuit operation was maintained until
the station was shut down to recommission Steam Generator 3 on 17 November. The length of time operating
on two circuits was dictated by the time required to 'batch cold trap" the sodium in the dump tank. (The
sodium must be cooled to 150°C to precipitate oxide.) Recommissioning of Steam Generator 3, i.e. sodium
filling of the secondary circuit and water filling of the evaporator, took 2 days. Electrical generation was
resumed on 20 November.

At the end of October a rise of signal was observed from the reactor delayed neutron monitoring equipment.
The level of signal remained within the operating limits until, on 20 November, it indicated a failure in a
second subassembly, and the new signal rose up to the action level. Replacement of the two subassemblies



91

and a few additional transfers of core components were carried out during Reload 19A beginning on
24 November. The station was recommissioned and electrical generation resumed on 4 December. Reload
19A lasted 9 days 5 hours.

Operation at high power, with a maximum gross output of 240 MWe, was maintained into 1990.

3. PROGRESS WITH PFR FUEL REPROCESSING

One reprocessing campaign was planned for 1989/90. This began in November 1989 and handled a total of
9.5 subassemblies (9 full subassemblies plus loose pins) containing 109 kg of plutonium. The total amount
of fuel reprocessed to date is now 15.075 tonnes of heavy metal, containing 2.68 tonnes of plutonium. The
reprocessing campaign was a short one because the increasing bumup levels of the PFR driver fuel are
reducing the amounts of fuel being discharged at each reactor shutdown.

During the year the opportunity was taken to make a detailed inspection of the plant. This showed that the
plant is in very good condition; most particularly, the welds in the dissolver are in excellent condition with
no visible signs of attack.

The extended shutdown periods also provided the opportunity to test the silver(Il) (Ag *) method for treating
normally insoluble plutonium on a plant scale. Approximately 500 grams of insoluble material (recovered
from the dissolver in 1985) was taken into solution in a few days of operation.

4. FUEL CYCLE R&D

After the cut-backs in fast reactor R&D funding announced by the UK government in 1988, the fuel cycle
R&D programme was significantly reduced with effect from April 1989 and will be curtailed with the
exception of continuing assessment work from 1990 which will be underpinned by technical information
obtained from other relevant continuing development programmes, as for example the manufacture and
reprocessing of thermal MOX fuel.

Work during the current year has continued to bring several topics to an orderly conclusion where they may
be put aside for consideration as part of a future fuel cycle plant programme.

Analysis of the data from the plmonium-activc runs on the pulsed column rig at Dounreay has confirmed the
process calculations adopted for the proposed European Demonstration Reprocessing Plant (EDRP). This
work has included the development of a new method forthe determination of mass transfer coefficients from
the pulsed column data in steady state.

An experimental programme has been concluded on oxidation of unirradiated (U,Pu) oxides related to the
breach of a fuel pin during storage or transport. Effort has also been deployed on studying how the presence
of fission products influences the oxidation rate.

The construction of a novel prototype continuous dissolver was completed during the year. The apparatus is
being used for UO2 dissolution trials as well as studies of the transport of hulls through the apparatus.

Work has continued to develop a fluidics-driven continuous precipitation and filtration system for the
treatment of medium-active liquid effluents. Control of the overall system has been successfully demon-
strated.

A facility for the automated dispensing of U and Pu oxide feeds for a fuel fabrication plant has been
demonstrated and equipment is being procured to complete the construction of a high speed non-contacting
pellet inspection rig.

5. COLLABORATION WITH JAPAN, USA AND USSR

Information exchanges and collaborative work programmes have continued under bilateral agreements with
the USA (US Department of Energy), Japan (Power Reactor and Nuclear Fuel Development Corporation and
Japan Atomic Energy Research Institute), and the USSR (State Committee for the Utilization of Atomic
Energy, now incorporated into the Ministry of Atomic Power and Industry).

The European Fast Reactor R&D Agreement signatories (CEA KfK, Intcraiom and UKAEA) have been
co-ordinating their collaborative activities with the USA and Japan since 1985. However, signature of the
R&D Agreement in February 1989 has made possible the first formal steps towards replacing the separate
agreements existing since before UK entry into the European programme (CEA/USDOE. BMFT/USDOE
and UKAEA/USDOE on the one hand, and CEA-KfK-Interatom/PNC and UKAEA/PNC-JAERI on the
other) by multilateral agreements involving, in each case, all the participating organizations on both sides.

A review of collaboration activities with USDOE was held in San Francisco

in November 1989. In the past year, the UK has participated in meetings on natural convection and on sodium
fires and aerosols and comparative studies have been made of safety predictions for metal and oxide fuels.
New activities planned under the collaboration include meetings on structural mechanics, on steam generator
performance, on the design concepts, safety and comparative costs of large and small fast reactors and on
reactor operational experience.

The programme of collaborative activities with Japan, agreed at the review meeting held in Paris in November
1988, has continued. Specialists' meetings in which the UK has participated have been held on fuels and
materials, on reactor physics, on decay heat removal by natural convection, on structural integrity, on safety
and on reactor operating experience. Some joint programmes of work are being planned. The next review
of the collaboration is to be held in Japan in the autumn of 1990.

Until European agreements relating to the fabrication and reprocessing of fast reactor fuel have been
negotiated and signed, UKAEA's information exchanges and collaborative programmes of work in the fuel
cycle area with USDOE and with PNC-JAERI arc continuing on a bilateral basis. A comparative study of
UK and US oxide fuel reprocessing plant design principles has been completed.

Collaboration with the Soviet Union also continues on a bilateral basis and four specialists' meetings have
been held under the 1961 agreement between UKAEA and SCUAE. Topics covered include fast reactor
physics, component development, sodium chemistry and the decommissioning of reactors. During the
specialists' meetings, proposals for collaborative work have arisen and the possibilities of a joint experiment
to measure physics parameters on BN-350 and of comparing the performance of sodium circuit instrumen-
tation devices are under active consideration.

The IAEA's International Working Group on Fast Reactors has, in recent years, organized co-ordinated
research programmes on signal processing techniques for sodium boiling noise detection and on the
comparison of LMFBR core mechanics codes, and UKAEA specialists have actively participated in both.
The Authority also provided the UK representation for a specialists' meeting on 'Instrumentation for the
Supervision of Core Cooling in Fast Reactors' which was held in Kalpakkam, India, in December 1989.


