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A list of topics covered in lectures follows. Extensive lecture notes

(weighing several kilograms) were provided.

Physics: More advanced radiation physics, particularly interaction with

matter, X-ray and accelerator physics.

Instrumentation: Current developments in radiation detection, radiological

units and health physics instrumentation.

Radiation Biology: More detailed radiopathology, epidemiology and evaluation

of radiation risks including a survey of radiation genetics; detailed
analysis of ICRP metabolic models. Metabolism, toxicity and monitoring

problems of actinides, labelled compounds and other materials.

ICHP: Developments in the philosophy underlying ICRP dose limits: present
trends and new concepts; cost-benefit analysis; technical and managerial

problems of interpretation and application of ICRP recommendations.

Dosimetry: More advanced theoretical and applied dosimetry, particularly
neutron dosimetry, luminescence dosimetry and nuclear accident dosimetry,
and dosimetry problems of high energy radiation. Biological indicators of

absorbed dose.

Occupational Protection: Comparison of philosophy and practice of



- D6 -

regulatory bodies for radioclogical protection; organisation and management
of radiclogical protection services.

Two half-day syndicate excrcises were concerned with the assessment of
population doses from the nuclear power industry, and the operational
handling of a criticality accident. Ior these exercises the class was
divided into teams. For the latter exercise each team was to imagine itself
as being the staff of a control room in charge of a criticality incident
which had just occurred in an experimental fuel reprocessing facility at an
atomic energy establishment. In particular the team was charged with

(1) investigating the radiation hazards that followed from the incident;

(2) ensuring appropriate medical treatment for any exposed people;

(3) advising the Director of the establishment of any hazards to the
remginder of the establishment and to its surroundings. Each team was
isolated and accompanied by an invigilator who supplied the team with
information in a sequence similar to that which might apply in a criticality

incident.

The final syndicate exercise, an emergency district exercise, took place
over one day. For this, teams were divided into control and wmonitoring
groups with roleg being reversed midway through the day when a new emergency
incident was introduced. For the morning exercise I had the role of
emergency controller which required drawing up a district emergency plan and
agsigning roles for members of the team in the control rocom and also the
types and locations of measurements to be made by the monitoring teams.

The type of incident that was to be encountered was not known before the
start of the exercise. The initial message received indicating an incident

had occurred read

"An irradiated fuel element has falleﬁ from its container and has caught
fire during manipulations in building 999 on the southern perimeter of
the establishment. The fire brigade has been called and staff have
been evacuvated from the immediate vicinity. The local situation is
being controlled. Please advise on any hazards in the surrounding
digtrict."
Subsequent enquiries and measurements demonstrated that a short-term release
of mixed fission products had occurred and that the release was dominated by
1—131. Thyroid doses which proved to be the limiting doses were estimated
both from theoretical curves for plume dispersion and also from ground
deposition levels measured by gamma surveys. Advice on emergency procedures
and precautions was required to be given to Police and other organisations.

A total of about 50 incoming and 50 outgoing messages were recorded.
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The exercise provided not only a test of fissile materials health physics
knowledge and monitoring procedures, but also organisational and planning

abilities in a demanding situation.
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THE NUCLEAR POWER INDUSTRY TN GREAT BRITAIN

Tn the UK a research and experimental orgenisation covering all aspects of
the use of atomic energy was set up in 1945. Centres were established at
Harwell and Risley. In 1950 a review of the possibilities of generating
electricity from nuclear reactors led to the start three years later of the
Calder Hall (Cumberland). In that year, 1953, responsibility for atomic

energy, until then resting with the Ministry of Supply, was transferred to a

congtruction of the world's first industrial scale nuclear power station at

non-departmental organisation with the formation of the United Kingdom
Atomic Energy Authority (UKAEA). The design team at Risley which numbered
about 70 began work in April 19%3 and the first reactor of the power gtation
at Calder Hall came into operation on schedule in 1956. The four reactons
of the station generate about 200 megawatbts of electricity (MWe). An
identical station to Calder Hall was built at Chapelcross in the south of

Scotland and commenced operation in January 1959.

In 1955 the UK government announced the first stage of & nuclear power
programme based on improved versions of the Calder Hall station to be builtd
by British industry for the Electricity Generating Boards. The first station
came into operation at Berkeley in 1962. There are now nine of thege twin
reactor stations in operation in the United Kingdom, providing, with Calder
Hall and Chapelcross, a net generating capability of 4132 MW output. Two
single reactor power stations of the same kind have been exported to Italy
and Japan. The reactors of this first stage of the power programme are
carbon-dioxide gas cooled and graphite moderated and use uranium metal as
fuel. The fuel elements are in the form of rods typically about 1 metre long
individually sealed for prolection and strength in finned cans made from a
magnesium alloy called magnox (hence the generic name for this type of
reactor). The core of a typical magnox reactor contains about %0 000 fuel
elements. The last of the magnox stations to be built (at Wylfa) was

comnissioned in 1971.

A second stage of the power programme was announced in 1964 comprising five
twin reactor stations based on the advanced gas cooled reactor (AGR) which
had been developed by the UKAEA as an improvement on the magnox type. fThe
prototype AGR had been commissioned at Windscale in 1962. The first two AGR
stations (Hinkley Point B and Hunterston B) started to supply power to the
grid in 1976 while the other three still under construction are expected to

be operating by the early 1980's.
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The basic concept of the AGR is the same as for the magnox designs. A
graphite moderator is used and carbon-dioxide gas is the coolant. The main
difference is that the fuel used is uranium oxide slightly enriched in
uranium 235. The oxide fuel has a longer useful life and allows the gas
temperature to be about 200°C higher than in the magnox reactors giving a
greater overall efficiency of electricity generation. AGR fuel is in the
form of oxide pellets contained in stainless steel tubes about a metre long
and each fuel element consists of a cluster of 36 of these tubes. A typical

AGR core containg about 25 000 fuel elements.

In January 1978 it was announced that two further AGR stations would be
ordered and that design work should proceed on a British pressurised water
reactor (PWR), a type developed largely in the USA and used widely there and
elsewhere. PWR's use super-heated water both for heat transfer and for
moderator. Some British experience with water cooled reactors has been
obtained with the UKAEA's 100 MW steam generating heavy water reactor at

Winfrith which hag been in operation for more than 10 years.

The other reactor system which is being developed iﬁ the UK ig of the liquid
metal fast breeder (LMFBR) type. By using plutonium fuel and simultaneously
breeding more of it fast reactors can extract 50-60 times as much energy from
a given amount of uranium as thermal reactors alone can. By dispensing with
the breeding facility fast reactors can act as net users of plutonium which
would otherwise build up as a waste product from the operation of thermal

reactors.

Fast reactors have a high rate of heat production from a small core and

. liquid sodium is used to provide rapid thermal transfer to carry the heat to
primary heat exchangers and thence to the boilers. Fast reactor fuel
consists of small pellets of mixed oxide of wranium and plutonium canned in

narrow stainless steel tubes grouped in clusters.

The potential of fast reactors in the overall fuel economy hasg been understood
since the start of Britain's nuclear power programme. The experimental
Dounreay fast reactor (DFR) was built by the UKAEA and operated from 1959

to 1977. Its successor the 250 MW prototype fast reactor (PFR) at Dounreay

was commissioned in 1975. Its function is to provide information and
experience needed for the design and construction of a commercial demonstration

fast reactor of the size needed for a power programme of fast reactors.

THE NUCLEAR FUEL CYCLE IN BRITAIN

British Nuclear Fuels Limited (BNFL) is Britain's sole manufacturer and
reprocessor of nuclear fuels. BNFL was incorporated as a private limited
company in 1971. Before that time it was known as the Production Group of the

UKAEA. The company is wholly government owned and has its head office at
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Risley. Its work is carried out at three main centres of operation. Nuclear
fuel elements are manufactured at the Springficlds Works near Preston, fuel
enrichment is carried out at the Capenhurst Works near Chester and fuel
reprocessing is done at Windscale. It also owns and operates the two magnox

stationg at Calder Hall and Chapelcross.

BNFL's fuel division at Springfields processes some 10 000 tonnes of uranium
per year. The imported uranium ore concentrates are first dissolved in
nitric acid. Extremely pure uranium nitrate is produced from which is formed
uranium tetrafluoride. For metal fuelled reactors this is converted to
natural uranivm metal pellets from which rods are manufactured. It can also
be made into uranium hexafluoride for enrichment and conversion to the more
efficient enriched uranivm oxide fuel. The enrichment process performed at
the Capenhurst works is based on the use of uranium hexafluoride (UF6) in its .
gas phase and can be carried out in two ways by gaseous diffusion or by the
gas centrifuge process. Both types of plant are operated at Capenhurst.
Most enriched fuel is used in the form of uranium oxide. Enriched uranium
oxide is produced at Springfields in a plant in which the enriched uraniui
hexafluoride from Capenhurst is reacted with steam to form uranyl fluoride
then reduced with steam and hydrogen to uranium oxide in a powder form from
which fuel pellets are fabricated. The oxide fuel pellets enriched to about

% U-235 are camned in stainless steel.

The irradiated or spent fuel which al first is intensely radiocactive is
stored underwater at the power station for several months before being
transferred in heavily shielded flasks to BFNL's reprocessing plant at
Windscale. After a few years of underwater storage to allow further
radiocactive decay the fuel is dissolved in nitric acid and the solution
chemically treated to recover uranium and plutonium. Unused uranium
comprises upwards of 96% of the total. The plutonium and most of the
uranium is being stockpiled for later re-use in fast reactors. The highly
active fission product wastes are at present stored in liquid containment
vessels alt Windscale. It is planned they will be later converted to steel

clad glass blocks for eventual dispogal.
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APPENITE 2

Study Tour ITtincrary

September 12 Arrive in London. Travel to Cambridge.

September 1%-15 Hogpital Physicists? Association Conference, Cambridge.

Septenber 18 Medical Physice, Radiotherapy and Nuclear Medicine
Departments, Addenbrookes Hospital, Cambridge.

Septenmber 19 Travel Cambridge to London. Nuclear Health and Safety
Department, CEGB, London.

Septenber 20-~-21 National Physical Laboratory, Teddington.

September 22 Travel London to Scotland.

September 25 Public Holiday Scotland.

September 26 Scottish Centre NRPB, Glasgow.

September 27 Travel Glasgow to Portsmouth.

Septenber 78 The Imstitute of Naval Medicine, Gosport.

Travel Gosport to Didcotb.

Septeuber 29 NEPB, Barwell.
October 2-27 NRPB Advanced Coursge, Harwell.
October 28 Depart London.

The total hours involved in travel, visits and the Course (but excluding
evening work during the Course) amounted to 335 hours. The period of absence

from the Laboratory was 37 working days.





