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The Research Programmes

About half of the scientific activity at Berkeley is long-term to support
or to influence design decisions which may have to be made by the
Generating Board in the future. Much of itis fundamental and demands
a high standard of scientific ability. The remaining work, which ranks
equally, is directed in support of operations to ensure the safety and
maximum economic life of the power stations. The programmes are
orientated primarily around the components of the reactor system
which are conveniently classified as follows:

Reactor Core—the assembly of moderator control rods and fuel.

Pressure circuit and shielding—stee! and concrete.

Moderator—graphite in both the current programmes.

Coolant—carbon dioxide gas, helium gas and liquid metal in future
systems.

Fuel—the primary heat source containing the fissile uranium.

Reactor Operations—mechanisms and fue! handling. Fuel cycles.
Contro! and instrumentation.

Reactor Safety—Gas circuit physics and Health physics.

In this short account it is impossible to cover all aspects of the work,
but typical examples are given.

Reactor Core In thermal reactors the fast neutrons generated by
fissioning of the fue! U,y atoms are slowed to thermal energy levels by
the moderator. This is graphite, in both the magnox and AGR systems.
The distrubition of the graphite within the core relative to the fuel
decides the reactivity and power spectra. Design and long term opera-
tion requires an extensive knowledge of reactor physics.

The role of Reactor Physics is primarily to study the power
distribution within the core of a reactor. Within the limitations set by the
properties of the core materials, it is difficult to optimise the power
output of the reactor for both minimum cost and maximum safety.
As in many other branches of physics, the essence of the approach
is to develop calculation techniques which are then continually
refined by comparison with experiment. The nature of large nuclear
power stations is such that development must rely to a large extent on
extrapolations from data obtained with small experimental models. At
Berkeley, an unusually versatile experimental facility has been con-
structed in which to investigate particular aspects of core geometry.
The centre of the facility is a concrete building of 35 ft internal
dimensions with b ft thick shield walls. Within this structure—large
enough to accommodate assemblies with fuel elements whose size
approaches that of power station elements—a wide range of
experimental facilities can be constructed.

In conjunction with the experiments, a great deal of allied computation
work is carried out on the Generating Board’s computers. Many of the
programs used are designed to give the histories of neutrons in the
core. Although Monte Carlo methods can explore the life cycle of
individual neutrons, they are expensive in computer time and the many
programs based on neutron diffusion or transport theory, each with
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Not all the programmes are carried out on experimental facilities:;
several projects use actual power stations as their laboratory bench.
A neutron pulse technique, conventionally used for small reactor
systems, has been developed for use on the larger commercial
reactors. Essentially the method consists of injecting a short pulse of
neutrons into a sub-critical reactor and measuring the decay with time
of the neutrons produced in the core. This decay is characteristic of the
reactivity state of the reactor and the techniques will be used to study
the history of the worth of control rods as a function of their irradiation
—an essential factor in the assessment of reactor safety. Another power
station study is concerned with reactor ‘noise’, by which is meant the
small, random fluctuations superimposed upon the mean levels of
many physically measurable parameters such as temperature, neutron
flux and gas flow. Current work includes the development of tech-
niques for the recording on magnetic tape of this random noise. By
using recently developed spectral analysis methods, both analogue
and digital, valuable information about the reactor characteristics can
be obtained.

Pressure Circuit Research A comprehensive programme of
experimental and theoretical research to establish design criteria for
pressure containing structures was initially undertaken to ensure the
integrity of nuclear pressure vessels and associated coolant circuit
equipment, but the basic methods of analysis which have been
developed are equally applicable to conventional plant. The main
CEGB research on stress aspects of turbines, boilers and nuclear plant,
is now centred at Berkeley. Close collaboration is maintained with the
Generating Board’s Design and Operations Departments, and with the
relevant British Standards Committees, to ensure that the results of
research are widely known and applied.

Computational techniques for the analysis of stresses and strains in
structures of complex shape have been developed in conjunction with
the Board's Computing Branch. Elastic, elastic-plastic and creep
solutions are available for many types of structure. The present phase
of this work is aimed at providing a portfolio of fully compatible pro-
grams with simplified input and graphical output, which can be
used throughout the CEGB.

An equally important aspect of research relates to the formulation of
basic laws governing the behaviour of materials and their failure
criteria that can be used in conjunction with stress and strain analyses.
The main application is in the performance of structures at high
temperature where there is interaction between creep and cyclic
damage. The failure work includes various aspects of cyclic loading on
materials and on welded geometries containing fillet and butt welds.
The approach is an inter-disciplinary one, and involves collaboration
between materials scientists and welding technologists at Berkeley
and other CEGB Laboratories.

Prestressed concrete pressure vessels, which are now universally used
for gas cooled power reactors, present special problems because of the
brittle nature of the concrete. Methods are being developed to analyse
the redistribution of stress which takes place during the life of the
vessel due to creep. From this work, the best disposition of reinforce-
ment round openings and other stress raising features can be
established for specific vessel designs.

In support of the theoretical analyses and to provide information on
real structures, a large experimental facility has been established.
Here, model and full-sized features of pressure vessel plant and tur-
bines can be tested under accelerated conditions and subjected to
simulated service stresses. Current work includes shakedown tests on
boiler drum components, creep tests on nozzles in spherical vessels,
and models to examine transient thermal stresses in turbine casings.

































Health physics Nuclear power involves the production of radiation
and radioactive material, which like other industrial by-products,
can be dangerous if not intelligently controlled. Radiological protec-
tion is a wide field of study covering many disciplines in the physical
and life sciences. The Laboratory does not conduct much biological
research, but maintains close collaboration with experts in this field.

Forms of radiation and radioactive material in nuclear work are such
that a wide range of studies is essential. It is necessary to determine
levels at which the radiation doses are acceptable for workers and
the public. The Laboratory contributes to the work of the International
Commission on Radiological Protection, whose Recommendations are
taken as a basis for legislation and CEGB Rules. The Laboratory
contributes advice to help ensure safety requirements without
extravagance. It is necessary to check that the operations are within the
acceptable safe limits by measuring the public and working environ-
ments, and estimating the personal dose to individual workers. The
safe limits are in terms of radiation dose in specified parts of the body,
and since these cannot be directly measured, skill is required in
specifying external measurements from which these can be estimated
economically. This involves such studies as the physics of radiation
detectors, the electronic engineering of display circuits, and the
physics and chemistry of aerosol filters. A mathematical dosimetry
study showed that the beta ray component of dose was higher than
previously thought. This led to improved dosimetry methods based on
thermoluminescent materials, to the development of a flat ion chamber
monitor, and to the establishment of accurate standards. This example
is typical of the way in which the solution to a practical problem
requires research in a number of different fields.

One important aspect of this work is the maintaining of accurate
standards for all types of radiation. These are compared with the
national standards, and BNL's unique radiological calibration services
are used throughout the Generating Board and elsewhere.
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Collaboration with
Outside Organisations

The Generating Board's policy of wide dissemination of their work is
further stimulated by their encouragement of co-operation and collab-
oration with industrial organisations having allied interests. An
important aspect of this is the excellent relationship with the UKAEA
whose role is to develop reactor systems to the point of practicality, at
which time they are considered by the CEGB as possible means of
electricity generation, and ultimately taken over by the Generating
Board for exploitation.

Close contact with the UKAEA is maintained at all levels and
co-operation takes the form of consultation on programmes of work
and collaboration on particular aspects of work of mutual concern.
Contacts are also maintained with the nuclear construction industry
in association with the Generating Board’s Generation Design Depart-
ment. It is a measure of the success of such co-operation that the
maximum utilisation of effort is maintained by eliminating serious
duplication whilst preserving the Laboratories’ mandatory function of
technically monitoring the design and operational characteristics of
reactor systems for commercial operation.

Berkeley Nuclear Laboratories
and the Universities

Links with universities and other research centres are strong.
Considerable importance is attached to some of the fundamental
research carried out in university departments which complements
the Generating Board’s own basic work. Contracts are placed
annually with universities for investigations in the nuclear field, and
contact between the CEGB and individual universities is provided by
technical correspondents who are members of the Laboratories’
scientific staff. .

A number of research fellowships, some tenable at the Berkeley
Nuclear Laboratories, are awarded by the Generating Board each year.
The election is made from honours graduates with post-graduate
experience who can show a high standard of research ability. Fellows
undertake research within the field of interest of the particular
laboratory with which they become associated. They work closely
with their colleagues on the permanent staff and one of the great
values of the fellowship scheme lies in the mutual benefit of a free
interchange of ideas and experience between them. A limited number
of these fellowships are available to American nationals wishing to
gain research experience in this country. Research staff are encouraged
to read for higher degrees whilst at the Laboratories, subject to the
necessary arrangements being possible with the universities.
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Information Services
and Publications

Itis the policy of the Generating Board to encourage the wide publica-
tion of its scientific work and about 200 internal reports are issued by
BNL each year. These reports are used to disseminate the results of
research programmes and to make appropriate recommendations
within the CEGB. Often they are accepted with little modification for
external publication in technical and scientific periodicals. Additionally,
papers are written especially for submission to the main scientific
journals in the customary way.

BNL also participates in international conferences both by the
submission of papers and by the attendance of individual research
officers working in the particular field. Reports and publications are
issued by the Berkeley library, which also supplies an information
service in collaboration with the Generating Board’'s Central Library
in London. The usual library facilities are available and close contacts
are maintained with the libraries of other organisations.

Bibliographies of the published works of the scientific staff are
available on application to the Information Officer.



BNL Research Topics
and Organisation

Materials

FUEL ELEMENT Predictions of performance from basic and empirical
studies of irradiated fuel elements.

CERAMICS Physical properties and basic irradiation behaviour of
U0, UC, SiC, Al,O; and graphite.

IRRADIATION DAMAGE Basic mechanisms: general effects on
mechanical properties.

MECHANICAL PROPERTIES Fundamental studies on the aspects of
mechanical properties important in the design and operation of
reactors.

CHEMISTRY Radiolytic reactions CO,/CO/hydro carbons and gra-
phite : gaseous oxidation : analysis of radioactive isotopes : helium and
sodium chemistry.

REACTOR SAFETY Measurements on samples from reactors corre-
lated with basic data to ensure safety.

Physics

REACTOR PHYSICS Studies on the physics of reactor cores: fuel
cycles.

EXPERIMENTAL PHYSICS Radiation physics: gas circuit studies.

HEALTH PHYSICS Research involving the interaction of radiation
with man: dosimeter calibration.

Engineering

APPLIED MECHANICS Stress and vibration analysis of pressure
circuit components : numerical materials laws : environmental tests.

REACTOR HEAT TRANSFER Mechanisms of heat transfer between
fuel element and coolant: fluid mixing in rod clusters : rough surfaces.

REACTOR CHEMICAL ENGINEERING AND MECHANISMS Chemi-
cal engineering studies of circulating reactor coolants: sodium
technology : tribology and its application to mechanisms for hostile
environments.

Services
ADMINISTRATION Personnel : Finance : Purchasing.
LIBRARY Information Services: reports.

OPERATIONAL HEALTH PHYSICS Radiation and contamination
control : compliance with nuclear legislation, personnel dosimetry,
conventional safety.

RESEARCH PLANNING Strategic planning: resource allocation : cost
effectiveness: research on methods.

ENGINEERING SERVICES Design and manufacture for experimental
work : maintenance and plant operation: new works.






