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This paper outlines the regulatory requirements and stages of the review
in the UK, describes the organisation, management and working procedures
of the Inspectorate and discusses the effort and timescale which have
been found necessary for a satisfactory safety review. A number of
problem areas in the review situation have been identified from experience
and these are discussed and possible solutions proposed. They include the
importance of early review of generic aspects of systems which are being
considered for licensing, the place of safety principles and of detailed
engineering assessment in the review process, the independence of the
regulatory group's activities in its study of major technical issues and
the use which should be msie of outside expertise.

"LORGANISATION ET LA PRATIQUE DE LA REVUE
REGULATRICE AU ROYAUME-UNI"

R Gausden et P B Woods

Ce memoire expose dans ses lignes genlrales les exigences et les ftapes
regulatrices de la revue au Royaume-Uni, il dlcrit I1 organisation, la
gestion, et les proce'de's du travail de l'Inspectorat et il discute l'effort
et la duree du temps dont on a eu besoin pour faire une revue satisfaisante
de surete. Un nombre de sujets probl€matiques, mi ses en question dans la
revue ont €t6 identifie de la pratique, sujets que I1 on discute et aux-
quels on propose des solutions possibles. Parmi ceux-la sont 1'importance
des les premiers temps d'une revue des aspects gene'riques des systemes que
I1 on considere pour autorisation, la position des principes de stbret€ et de
1*evaluation d&fcaillSe de genie dans le proc€de* de la revue, 1'independence
des activites du groupe rigulateur dans son itude des questions techniques
principslas et l'utilisation qu'en devrait faire de l'expertise d'en dehors
de 1'organisation.



1. INTRODUCTION

In the United Kingdom the safety of nuclear installations is regulated "by
the requirements of the Nuclear Installations Act of 1965 as incorporated
into the Health and Safety at Work Act 1974« Under these Acts no site may
"be uBed for the purpose of installing or operating any commercial nuclear
installation unless a licence has been granted to a corporate body by the
Health and Safety Executive and is for the time being in force. HM Nuclear
Installations Inspectorate is that part of the Health and Safety Executive
responsible for administering this licencing function. As a part of thiB
function, the Inspectorate carries out safety assessments of any proposed
nuclear power installation before a licence is issued and also during the
subsequent construction and commissioning phases leading to full power
operation.

The Acts lay down only general requirements for the safety of nuclear power
plants. Specific requirements are a matter for the Health and Safety Execu-
tive to formulate and apply. These may take different forms, for example,
aB conditions, binding in law, which may be attached to the site licence, as
requirements for a safety case related to different stages of the licensing
process or as guidance set out in the safety assessment principles for
nuclear power reactors and associated plant which the Nil have developed for
their own internal use.

The Acts make the licensee or intending licensee such as the Central Elect-
ricity Generating Board or the South of Scotland Electricity Board responsible
for the safety of their plant and hence it is the Boards that are responsible
for putting forward the safety case in support of a licensing application.

The scope and timing of the regulatory review depends on a number of factors
which may vary according to whether or not the design put forward is new to
the UK as a system for licensing. On the one hand there may be a system
which has been developed abroad and is new in its commercial application to
the UK, whilst on the other hand there may be a design which is a straight-
forward extension of one that has already been licensed. The amount of
information which is required, and the timescale for the review, could well
be different in each case. In the case of a design new to the Nil a great
deal needs to be known and accepted before licensing, though this may
essentially be related to safety issues generic to the type rather than
specific to a particular design. For example, one purpose of the generic
review might be to enable safety advice to be put to Government to enable
a decision in principle to be made to proceed further with the design. Once
the design has been accepted in principle then a more detailed assessment
can be carried out of the particular design intended for licensing. In the
case of an established design, already licensed, the Nil are familiar with
the design and safety issues and are more likely to accept that they are
solved or are capable of solution. Hence the amount of information, particu-
larly new information, required and the timescales for the pre-licensing
review should be less than before.

The Nil is at present concerned with four reactor systems, all at a different
stage in development in relation to the nuclear power programme in the United
Kingdom. The organisation of the Inspectorate to meet the demands placed
upon it, the requirements of the review at each stage of development and the
experience gained in carrying out these reviews are described in the paper.



2. ORGANISATION AND RESPONSIBILITIES OF THE
NUCLEAR INSTALLATIONS IliSPECTQRATE

The Nuclear Installations Inspectorate (Nil) was set up in 1959 when the
first four commercial nuclear power stations of the Magnox type were under
construction and when a few small research reactors were in operation.
Since that time nine Magnox stations have gone into operation and the
Advance Gas-cooled Reactor (AGR) programme has got well under way. Two of
the AGR stations have now gone critical and the remaining three are at an
advanced stage of construction. There has also been an increase in the
number of research reactors.

Under the Atomic Energy Authority Act 1971 the main fuel manufacturing and
processing and isotope separation plants, hitherto a part of the United
Kingdom Atomic Energy Authority (UKAEA), were taken over by specially formed
private companies and thus became subject to the regulatory control of the
Nuclear Installations Acts as did the Magnox type reactors at Calder Hall and
Chapelcross.

The main work of the Nil is in the areas of site examination and evaluation
and control of development around sites; safety assessment of nuclear plant
designs and of their commissioning and operating procedures; and compliance
assurance by means of site inspection during construction, commissioning and
operation. The organisation of the Inspectorate has changed and its size
has increased over the past 20 years to meet changing demands in these areas
as the nuclear programme has developed. In particular additional responsi-
bilities for the fuel processing and isotope separation plants referred to
above led to a considerable increase in staff which now totals almost 90
inspectors. The 1974 Health and Safety Act has involved a further increase
in the Inspectorate's responsibilities in that the UT Atomic 3nergy Authority -
and Government establishments such as those of the Vinistry of Defence fall
within its cope so far as the safety of their nuclear operations are concerned.
In particular, the Inspectorate is now responsible under the Act for ensuring
the safe operation of the UKAEA1s reactors at Winfrith (SGHWR), Windscale
(prototype AGR) and Dounreay (prototype fast reactor).

Figure 1 shows the organisation as it has been over the last few years.

Three branches of the Nil are based in London and are responsible for the
work on commercial nuclear power stations. These branches deal respectively
with safety assessment of established reactor systems and licensing of reactors
under construction; licensing and regulatory control of operating plants,
together with siting and environmental matters; and review of future reactor
systems. A fourth branch (Branch 3) located in Liverpool is responsible for
licensing and operational safety of research reactors, fuel processing and
reprocessing, isotope separation plants and waste management.

It will be seen that responsibility for carrying out the regulatory reviews
is placed with Branches 1 and 4. Branch 1 has within it two Sections consist-
ing of the Section Heads and some thirteen inspectors who are responsible for
inspection and safety assessment of the AGBs which are currently being contruct-
ed and commissioned at Dungeness *B', Hartlepool and Heysham (all twin-reactor
stations) and also for the pre-licensing review of the Pre-Construction Safety
Report for the new AGRs at Heysham »B' and Torness. In addition, they give
advice and carry out specialist assessments for the operating branch, Branch
2, in connection with the operating AGR stations at Hinkley Point fB» and
Hunterston 'B1 and also, to a lesser extent, the operating Magnox stations.



Branch 4 has three Sections, consisting of the Section Heads and some sixteen
inspectors, and is responsible for the safety study of fast reactors, the
generic PWR study, formulation of safety assessment principles and guides,
and a very small effort devoted to the safety of nuclear merchant ships.

It will be appreciated that in carrying out a safety assessment of a nuclear
power plant a wide range of expertise is required. The staff of the Nil
has been built up over the years to reflect this requirement. All are
scientists or engineers professionally qualified at honours degree or chart-
ered engineer level, with suitable experience in an appropriate field and
with a wide range of expertise e.g. in electrical and mechanical engineering,
reactor physics, health physics and in more specialised areas such as
pressure vessel technology, control and instrumentation, heat transfer,
fluid flow, metallurgy and chemical engineering. However, the comparatively
small size of the Inspectorate means that in the two Branches dealing with
assessment work there are only two or three, and sometimes only one, individual
specialising in each area.

This concentration of effort and expertise amongst only some thirty staff,
and yet with responsibilities for several different reactor systems, leads
to a number of problems. One is in management of the different projects
against a timescale which is largely imposed from outside either by Ministers
asking for advice or by licensees or intending licensees who have their own
programmes to meet. Another is to obtain the depth of study which is necessary
in some areas.

» The first problem was solved in Branch 4 by adopting the technique of matrix
management. Etom 1974-78| for example, the Branch had three systems under
review: the fast reactor, the PWR and the commercial SGHWR. Each Head of
Section was made Project Leader for one of these systems and yet employed not
just his section but members of all three sections, so as to provide the
breadth of expertise that was required, on the project. Effort allocated to
each project was controlled by having each assessor account for his time spent
in •§• day units reported by means of weekly time sheets. As a matter of
interest, this showed that little more than half of the total time available
was spent on an assigned major project, the rest was taken up with such matters
as advice to other Branches, management of extra-mural projects, attendance
at conferences, training and leave.

The second problem was solved by obtaining specialist support from independ-
ent individuals or bodies outside the Inspectorate. In a number of cases
this was done by encouraging the building up of centres of expertise in
the universities. The part played by these external bodies is described in
greater detail later in this paper and in the two UK papers in Session VII.
However, in general terms support obtained from outside bodies takes two
forms. Hirst is the extra-mural research work undertaken by universities
and by external consultants from the specialist institutions such as the
Welding Institute, British Hydrodynamics Research Association, Lloyds etc,
which provide the Nil with an independent source of research and advice on
the various topics of concern. Second are those independent experts used by
the Inspectorate as members of study groups convened as necessary to discuss
and advise them on particular aspects of the safety of the system under review
such as the integrity of pressure vessels, loss of coolant accidents and fuel
behaviour. The extra-mural work may be continued over a number of years whilst
it is relevant to the problems which are being assessed by the Nil and the
study groups generally provide their advice in the course of one or two years
study in the form of a report or reports giving their opinion to the Nil on
the specific items they have been asked to look at.



In addition to those groups which advise the Nil directly, there is also a
senior independent tody, the Advisory Committee on the Safety of Nuclear
Installations, which advises the Health and Safety Commission, and Ministers,
on major issues affecting the safety of nuclear installations including
design, siting, operation and maintenance which are referred to it or which
it considers requires attention. This Committee convenes working groups as
necessary to look into specific questions in greater detail than can the
main Committee. At present, for example, there are working groups on fast
reactor safety and radioactive waste. Of course, these working groups report
to the main Committee rather than to the Nuclear Inspectorate "but the Nil has
access to their reports. The Advisory Committee's function is to provide
advice on policy matters rather than become involved in the regulatory review
as such but it does have a part to play in monitoring the work and advice
provided by the Nuclear Inspectorate.

3. BACKGROUND TO THE REGULATORY Ktii/iEW

The power to attach enforceable conditions to a site licence and to vary them
at any time or to withdraw the licence itself provides a very flexible regime
of statutory control in the UK. Yet it should be noted that in the period
prior to issue of a licence the Executive and hence the Nil has no formal
powers over what is proposed for any site. However in practice a licence
would not be granted unless sufficient assurances were obtained on the Buit-
ability of the site itself and on the proposed installations. Applicants
wishing to construct a nuclear installation consult the Inspectorate on the
information required and discussions are always held before formal procedures
.begin. The Nil's assessment of the site and the siting policy which is
followed have been fully described elsewhere [refs 1 and 2] and will not be
discussed here. The nature and extent of the Nil's assessment of the design
of an installation before issue of a licence depends on whether the plant is
of an established or a new type. In the case of the Magnox and AGR nuclear
power stations, the design of which have followed a pattern of steady develop-
ment in the UK and which are owned and operated by only two licensees, it may
be possible to avoid extensive pre—licence examination or to specify the
Inspectorate's information requirements in detail. In general however these
requirements are similar to those given in IAEA Safety Series No 34 [ref 3].
For reactor types on which no operational experience in the UK is available
or where, as in the case of the fast reactor, the system is still at the proto-
type development stage, pre-licence negotiations and information requirements
are necessarily very much more extensive and protracted.

When the Inspectorate is satisfied that the proposed installations nhould be
capable of being engineered to meet its requirements for licensing, the
applicant is advised of this and he may then make formal application to the
appropriate Secretary of State. On receiving the application, which will be
for the construction and operation of a particular reactor system on a speci-
fied site, the Secretary of State will normally direct the applicant to
publicise the proposal and give notice to specified Public and Local Authorities
including River Boards who have the right to make representation regarding the
proposal within 3 months. The procedure to be followed is laid down by the
Electric Lighting Act 1909 under which the Secretary of State's Consent is
required before a power station of any type can be built or extended. When all
interested parties have been given an opportunity to comment or object to the
proposed station, the Secretary of State decides whether or not the proposals
affect their interests to an extent which makes it desirable to hold a public
inquiry. If, however, the Local Planning Authority objects, the Secretary of
State is obliged to hold such an inquiry. A nuclear site licence will not be
granted until the Secretary of State gives his Consent to build a nuclear
station under the Electric Lighting Act.



Having obtained Consent for use of the Bite, the applicant then requires
a licence and for this to be granted a satisfactory safety case must have
"been provided for review by the Inspectorate.

4. REQUIREMENTS FOR LICENSING

At the prototype stage in a design which is being developed for eventual
inclusion in the nuclear power programme, or where a reactor system has been
so developed elsewhere but is new to the UK, the safety review carried out
by the Nil is less formalised than would be the case for a system which was
well established in the UK. The aims in such a situation are to build up
sufficient expertise to be able to independently assess the safety of the
new system, to explore and become familiar with the main safety issues in
relation to a generic design and to advise the nuclear industry on aspects
of the design or the safety argument being put forward where these might
prejudice future acceptance for licensing. Hence a flexible approach is
required, dependent upon the system being reviewed and the stage of develop-
ment which has been reached.

The stages of the regulatory review and the areas to be covered once a
design has been accepted in principle for licensing generally follow the
timetable of safety submissions required from the intending licensee. The
basic elements have been developed over the years but are now essentially
as follows:-

(i) Design safety principles and criteria. These set down the criteria
and requirements used to provide for an acceptable standard of nuclear
safety and hence radiological protection to the public and to the
operating staff during normal and abnormal operating conditions. They
provide guidelines for the type, standard and performance of the
protection equipment which is provided in the design to meet the
radiological principles, and embody design safety criteria to demon-
strate that the completed plant will meet the safety standards required
by the Nil;

(ii) Preliminary Safety Report (PSR) - Stage A Submission. This is prepared
on completion of the main features of the reference desii-n and gives a
preliminary description with outline drawings including iayoux^ main and
auxiliary plant, electrical and control and ir^Lrumentation systems
together with a comprehensive set of reactor- parameters. It shows the
principles by which the reference design can meet the design safety
criteria and provides a preliminary safety analysis of the critical
fault conditions and preliminary assessment of the performance and
standard of the proposed protection equipment;

(iii) Safety case and fault studies: information provided in the PSR has to
be supplemented by safety cases and fault studies covering the main
safety issues;

(iv) Detailed research and development and component development programmes
are required including information concerning timescale and objectives;

(v) Quality assurance and in-service inspection proposals including the
intending licensee's QA programme and management scheme and the QA and
QC schemes for the main contractor and for their sub-contractors, for
the main safety related items;

(vi) Contract design. Details of all safety related items i.e. the specific
design intended for licensing;



(vii) Pre-construction Safety Report (PCSR) - Stage B Submission. This
consists of a description of the contract design and a more extensive
safety assessment of the design of the nuclear station than Stage A.
It will include a detailed safety case covering all foreseeable fault
conditions for which protection is provided and for those parts of
the plant where a very high integrity is claimed.

The timing of these stages will vary from case to case. For a system new to
commercial operation in the UK (i) and (ii) would be required about 2 years
before the date of licensing; (iii) and (iv) about 12-15 months before
licensing; and (v) and (vi) about 6 months before licensing. For a system
already licensed the period of review could be much shorter than this.

The information provided by the time the Nil are required to give advice to
the Executive on licensing should be such that detailed design, manufacture
and construction can proceed with Bmall risk of significant modifications
Subsequently being required for safety reasons. The attainment of this
objective, seen as highly desirable so that both the Nil and the intending
licensee are confident that the design intent and safety principles will
produce an acceptable reactor installation, may require, especially in the
case of a system not previously licensed, that stage (vii), the PCSR, has
been received and examined.

It is worth mentioning that at about the time the Contract Design details
are received, if not before, any queries relating to siting should have been
cleared e.g. with regard to external hazards and control of housing and other
development around the site.

The topics covered by the PSR and the PCSR are essentially the same in each
case, but with more detail and a greater number of supporting documents in
the PCSR as is appropriate for this later stage. A typical list of the
contents of these submissions is given in Appendix I.

It is fundamental to the regulatory review and assessment that it should be
based on the design information, safety case and supporting data provided by
the intending licensee as part of their safety submission, and they are
expected to make this as comprehensive and searching as might be required.
Sources of technical information will include the UKAEA (who provide Bupport-
ing R & D for all reactor systems developed in the UK) the Systems Reliability
Service (for reliability data) and the designers (vendors) own development
programmes. The intending licensees, especially the CEGB, also have their
own research laboratories which they will use as a source of data. In addition,
however, the Nil will obtain independent data from its own extra-mural contracts,
consultants and study groups should this be thought necessary. Both the
licensees and the M I make use of data obtained worldwide where this is relevant.

It has to be demonstrated in the intending licensee's safety submissions that
the proposed designs meet their criteria, and these submissions are in turn
assessed by the Inspectorate whose staff apply the Nil's safety assessment
principles [ref 4] in their review. It is a requirement of the Nil's prinoi-
ples, for example, that international and national recommendations on health
and safety are followed and that the design is engineered to a sufficiently
high safety standard which will satisfy the relevant codes.

5. ASSESSMENT FOLLOWING LICENSING

Once a licence has been granted, the licensee may start construction of the
plant. The Nil maintains regulatory control over construction, commissioning
and subsequent operation by means of conditions attached to the licence. The
various stages of this work, related to site construction and commissioning,



are described in a paper presented in Session IV. At the same time, assess-
ment of the licensee's safety case continues in detail and further stages of
the safety case are submitted.

The Stage B submission will be subject to amendment and further review as
contruction proceeds to cater for any design modifications which are subse-
quently required. More importantly, it is at this stage that the Nil carries
out a comprehensive assessment of the engineering details of the design to
ensure that the construction, commissioning and operation of the plant meets
the agreed design intent.

As assessment proceeds on the detailed design, and results of longer term
experimental work and final development tests become available, and as
defined sections of the plant reach completion the licensee is required to
present safety reports for each Bection in turn. In due course these will
be included with an updated and more detailed fault analysis in a single
comprehensive document, the Station Safety Report or Stage C Submission,
which will form an authoritative report by the licensee to be used through-
out the life of the plant and will form the basis for the Nil's own acceptance
of the station. When approval is required to raise power this safety report
will have been updated as necessary following commissioning tests and further
lengthy experimental programmes and will therefore include more specific
information on certain safety topics than was available previously. More
information may also be required on matters relating to plant operation.
Hence the Stage C Safety Report should be a complete and comprehensive docu-
ment by the time the station reaches commercial power operation.

As has been explained, the timing of these stages will vary from case to
case. Whilst the pre-licensing review and assessment could take between
one year for a design of a type already licensed to perhaps two or three
years for a novel design and is a matter for the Nil to decide, the post-
licensing stages will of course depend on progress with the design and its
construction and hence the timing is very much subject to the programme
followed by the project overall. Similarly, whilst the general form of the
safety case and its review procedure is as described it is not laid down as
a statutory requirement but may be varied by the Nil. Thus a flexible
approach is possible and changes may be readily introduced if considered
necessary.

Whilst the above review is proceeding, the Nil also have to report on its
activities. This is done by means of internal safety assessment reports
which set down its view at each stage of a safety case put to it so as to
provide a record of its work and to support the advice it gives to the
Executive and to Ministers. These documents may include: a pre—licensing
generic safety review, a pre-licensing assessment of a specific design
proposal (perhaps based on the Stage A and part of the Stage B Report), a
preliminary assessment of the design details prior to fuel loading based on
the Stage B report and a final assessment of the design safety report (Stages
B and C) either prior to raising to power or prior to commercial operation at
power as appropriate. The NIIfs reports are not normally available outside
the HSE although in some cases a non-classified open executive report is
written summarising their findings.

6. EXPERIENCE OF THE REVIEW

6.1 Prototype Development

In the UK the fast reactor has been developed by the TJKAEA through several
from the original Dounreay PR and the Prototype PR now operating at



Dounreay to the present design study for a Commercial Demonstration East
Reactor. The Nil have kept a watching brief on these early designs but
since 1974 greater effort has been applied in carrying out a review of the
generic issues of fast reactors, with particular attention being paid to
the design concept being developed in the UK.

The main objectives during this early review period have been:-

(i) to build up a sufficient level of expertise to independently assess
the safety case put forward with a licence application;

(ii) to advise Ministers, the HSE and the Health and Safety Commission on
fast reactor safety; and

(iii) to advise the nuclear industry on aspects of the design or the safety
arguments being put forward, in particular where it was felt that
proposals were likely to lead to difficulties at the licensing stage.

To aohieve these objectives a nucleus of expertise has been built up within
the Nil managed by a Head of Section. The work has concentrated on safety
issues which were seen to be fundamental to the fast reactor concept since
a proper scientific and technical understanding of these issues would be
necessary in any subsequent assessment, whatever the detailed design. These
issues were, for example, the whole core accident and the protection and
style of containment which could be provided against such an accident, sub-
assembly faults as a possible trigger for whole core events, and molten fuel/
coolant interactions.

The approach has been to encourage members of the team, and only a small
number of assessors was available, to develop their knowledge of the issues
in some depth through their own study, by contact with industry, the UKAEA
and research bodies, by means of extra—mural contracts placed by the Nil and
through selective attendance at conferences both national and international.
Contact with those in the field is also maintained through committee work and
by means of information exchange agreements with other regulatory bodies.

A problem has been to maintain a sufficient level of expertise over the years
as the possibility of an early commercial fast reactor in the UK has receded.
The matrix management system described earlier has been found to provide a
solution since it allows a larger number of assessors to familiarise them-
selves with the fast reactor system without taking an undue proportion of
the total effort available.

In parallel with this activity of paying attention to the main effects of
an accident in the fast reactor, and its protection, Borne five years ago the
Nil formed a group in the future systems Branch which set out to examine the
system in detail, starting from a fault schedule and the sources of radio-
activity present, and using the techniques of fault and event tree analysis.
This examination was intended to explore the protection provided against
faults or failures associated with the generic plant and hence reveal any
unknown fault sequences not effectively protected against and hence not so
far explored in relation to the proposed design and its safety case. This
group has not yet completed its work but has already pointed to the need to
pay more attention to certain key structural features where in-service
inspection throughout life may not be practicable.

To maintain its interface with industry the Nil iB represented on various
fast reactor committees within the UK, the most senior of which is the Joint
Committee on Past Reactor Safety. This Committee consists of representatives
from the electricity utilities, the design company and the UKAEA and it has,
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within its terms of reference, a requirement to formulate fast reactor
safety criteria as a "basis for future designs. The opportunity is avail-
able, therefore, through this Committee and through its other contacts with
the nuclear industry for the Nil to convey its views, in particular on
matters which are "believed likely to cause difficulty in licensing. Our
role on these committees is advisory only, and the industry is under no
obligation to act upon the Nil's advice. Nor, in giving it, do the Nil
commit themselves in any way. Nevertheless the advice must be sound and
is expected to reflect the view which would be taken in carrying out the
review at the licensing stage. There are difficulties in this, because
developments on the research side leading to a better understanding of the
problems or revealing further problems could change the picture as could
developments in safety philosophy. Also, advice already given could lead
an assessor to prefer one solution rather than another. However, this
approach is seen as the best way of working at this stage of the review so
as to achieve the overall objective of ensuring an acceptable design for
licensing.

The fast reactor review has involved the Nil in some 15 man-years of effort,
mainly spread over the years 1974-date and has incurred a further expenditure
of some £800,000 by HSE in support work such as consultancies and extra-
mural research. The GDPR is likely to be the subject of a public inquiry in
due course and only then will licensing be considered. It is envisaged that
the present commitment will continue for the future until a pre-licensing
review of an actual commercial design is entered into, when an increased
scale of effort will be required.

6.2 SyBtems New to the UK

In 1973 the CEGB declared an interest in a FWR, later confirmed as a Westing-
house design, for the next stage of their nuclear programme. This system
would be new to the UK in terms of commercial application and until that time
the Nil had only kept a watching brief on safety aspects of LWRs in general.

In 1974 "the Government chose the SGWR for the future power programme but
required that the Nil complete the review which it had started on the generic
safety issues of the LWR. In practice this meant a generic review of the
Westinghouse design of PWR. This review was completed in 1978 and a summary
report of the Nil's conclusion has been issued [ref 5]. Work in the Nil is
now continuing in preparation for a formal safety review leading to licensing
together with a possible public inquiry.

Por the purpose of the review the generic aspects of PWR were taken to be
those safety issues which can be regarded as specific to and inherent in
the ooncept and those features which, while common to other nuclear power
systems, have novel safety significance in the PWR.

From the watching brief which had been kept on worldwide experience with
LWRs and on the basis of problem areas inherent in all reactor systems the
generic issues selected for detailed consideration were:—

(i) Potential plant faults and their analyses, including in particular
the loss of coolant accident analysis.

(ii) Integrity of the primary coolant circuit, including reactor pressure
vessel, primary loop pipework and the steam generator.

(iii) luel element behaviour,

(iv) Reactor protection system.



(v) Containment.

(vi) Radiological risk in normal operation,

(vii) Radioactive waste arising on the reactor site.

The objective of this study was to arrive at a view on the safety of the PWR
concept and in particular to determine the technical conditions which would
need to "be satisfied for a PWR to "be acceptable in principle for use as a
commercial nuclear power plant in the United Kingdom. While a particular
plant, the Westinghouse 4 loop 1300 IWe plant as at Trojan, Oregon, was selected
as a reference and much of the detailed study was based on it, the review
was not intended to be, and could not be regarded as, a commentary on a
specific design or a particular plant.

To supplement this study the Kraftwerk Union PWR of similar size was also
considered and discussions held with the Company. The same generic issues
were examined sufficiently to enable a sound appreciation of the important
differences between the two designs to be made. In addition, discussions
were held with regulatory groups in France, Germany and the USA and information
was obtained from relevant world and UK engineering and scientific studies
including the Rasmussen Report [ref 6] and the UKAEA. investigation into
pressure vessel integrity carried out under the chairmanship of Dr W Marshall
[ref 7]-

It was clear at an early stage that the HII staff would need technical
support in considering at least some of the more important generic safety
'issues which had been identified. Hence a substantial programme of extra-
mural work was put in hand covering both theoretical and experimental studies
in these areas. In addition two study groups were set up early in 1974
consisting of independent experts from the universities, research institutions
and industry, one to advise the Chief Inspector on technical and scientific
issues associated with the integrity of pressure vessel parts, the other to
advise on LOCA/ECCS processes. A further, smaller, working group consisting
of representatives from the Inspectorate, the UKAEA and the Authority's
Safety and Reliability Directorate was formed to prepare a fault schedule
and extend the fault analysis of this system to identify any so far unrevealed
faults or faults against which the protection provided in the generic design
was inadequate. Unfortunately from the point of view of the PWR study the
first two of these groups had to turn their attention to SGHWR issues when,
later in the year, this system was chosen for the UK nuclear power programme.
They proved their usefulness in that role, whilst individual members continued
to assist with the PWR review outside of the groups' activities. This switch
of UK effort to the SGHWR alBo meant that the HII had to fall back on its own
resources for the fault studies work.

The review procedure has thus been based on a critical examination of the
generic issues of PWR. Taking account of (i) a study of the safety cases
put forward by W and KWU, (ii) information gained from the various supporting
activities and (iii) the background knowledge acquired from a continuing
study of FWRs over several years, questions were framed and addressed to both
these design organisations. Responses to these questions, coupled with
information obtained from the original technical material and generic back-
ground material available to Nil formed the basis for the conclusions and
recommendations arising out of this study.

The scale of the review and the tight timescale within which it had to be
carried out, especially when viewed in relation to the limited resources
the Mil had available for this work, gave rise to a number of problems, the
solution of which has provided us with much worthwhile experience. Problems
which arose included:-
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(1) The need to "build up a team of assessors with the right experience
in safety assessment and in water reactor systems so as to be able
to come to an independent view. Some recruitment was necessary and
in the early stages a high proportion of time was spent on monitor-
ing and reviewing experience from operating FWRs, literature surveys,
visits to plants, involvement with EEC and OECD safety working
groups (where the interest was predominantly LWR issues), study of
fundamental scientific data and information e.g. related to fracture
mechanics, heat transfer and two-phase flow, internal discussion
groups to generate ideas and share information and the development
of safety assessment principles and criteria;

(2) A significant difference in this review from similar exercises being
pursued on other UK designed systems arose from the fact that in an
off-the-shelf FWR the major design concepts are effectively frozen,
whilst the Nil is involved and can influence safety design in the UK
systems as they are developed;

(3) There are items of plant or components, which although common to other
reactor types, become wholly or partially specific in the context of
the PUR by virtue of unique modes which may arise, e.g. the containment
and certain aspects of tha protection systems. This required a
detailed understanding of the characteristics of the system under
review;

(4) The original plant will have been designed against certain criteria
or standards. These may be set at different levels from those normally
accepted by the Nil, or they may be aimed at the specific system
being considered. This required assessment of each important case
against the Nil's own safety assessment principles;

(5) It.was essential that the physical behaviour of the plant both in
normal and abnormal situations was adequately understood. It had to
be possible to express this behaviour in recognised and acceptable
scientific or engineering terms. In this context, the plant was
defined to include the fuel, primary coolant, emergency coolant and
any other possible contributor to abnormal behaviour existing as part
of the design. This aspect was particularly difficult for the Nil
since previous experience was with gas-cooled reactors with a single
phase coolant and very different core transient characteristics. To
achieve this understanding considerable scientific and engineering
investigational work was initiated, for example, in single and two-
phase coolant behaviour, circuit materials behaviour, and reliability
studies of components and systems, as already described.

In all, the assessment work has involved the Nil in a total effort of about
24 man-years and has involved a total expenditure to date of some £600,000 by
the HSE on consultancies and associated work.

The general conclusion of the generic review was that there was no fundamental
reason for regarding safety as an obstacle to the selection of a FWR for
commercial generation in the UK. However, a final decision as to accepta-
bility for licensing cannot be given on the basis of a generic study alone.
A more detailed examination of an actual design intended for licensing is now
necessary and this will follow the procedures outlined in Section 4 above.

6.3 Established System

A further system which the Inspectorate is concerned with and which is at
present being considered for licensing is the Advanced Gas-cooled Reactor
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(AGR). This system has been developed within the UK following the success
of the Magnox Gas-cooled Reactor stations and taking the prototype AGR at
Windscale, which went to power in 1963, as a model. The first two twin-
AGR Btations at Hinkley Point 'B' and Hunterston *B' were licensed in 1965
and 1966 and went to power in 1977 and 1978 respectively. Farther stations
were licensed at Dungeness fB* in 1965 and the similar twin-AGR stations
of Heysham and Hartlepool in 1968 and 1969, and these stations are still
commissioning. It should be noted that whilst these stations are all AGRs,
and hence with the main features of this system in common, there are
differences between them. Many of these differences are of importance to
safety.

The current programme consists of two twin_AGR stations to be built at
Heysham, as an extension of the present site, and at Torness. They are to
be replicas of Hinkley Point 'B' in many features but, again, there are
important changes which have been made to reflect the development of safety
philosophy and requirements since this station was first commissioned.

Hence the Inspectorate has to carry out a pre-licence review so as to be
satisfied with the design intent of the new AGRs before a licence can be
granted. The stages of this review are as set out in Section 4 above. The
PSR was received in July 1978 and was reviewed over a period of some 10
months employing the 10 assessors and 2 Heads of Section available for this
work in Branch 1.

The NII*s assessment of the PSR was based on its knowledge and experience
of the safety standards which had been required for, and met by, the
earlier AGRs and on the guidance provided by the Safety Assessment Principles
[ref 4]* From the examination of the PSR which was carried out a number of
safety issues and points which require clarification have been identified
and have been discussed with the Generating Boards (CEGB and SSEB) and
representatives from the designers, the Nuclear Power Company (NPC). As
a result a good many points have been resolved and a more satisfactory
position on many of the remainder should have been reached by the time the
PCSR is submitted to the Inspectorate. The PCSR should therefore reflect
the agreements reached on the outstanding safety issues and if this is the
case then, following the agreed timescales, it should be possible to grant
a licence some 21 weeks after receipt of the PCSR and itB supporting documents.

There are particular problems in licensing further reactors of a kind already
licensed. They are mainly concerned with the case for requiring safety
improvements in the next stage of a system which has already been accepted
without them and the question that is then raised as to whether or not to
back fit. Regarding the first, these are argued against the currently desir-
able safety standards as set out in the Inspectorate's safety assessment
principles, it being our view that it is practicable to do more from the
start of a new design and still maintain the advantages of replication. As
for back fitting, this is not normally required unless the matter is judged
to be of appreciable safety importance; in carrying out its review the
Inspectorate would compare the established system with present requirements
and would then decide each case on its merits using the principle of requiring
the licensee to make such changes as are reasonably practicable.

The pre-licensing review of the new AGRs is estimated to require some 12 man-
yearB of Inspectorate effort, supported by some £100,000 of extra-mural
support and advice from consultants.
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7. FUTURE DEVELOPMENTS

An area of particular interest in recent years is the development of
probabilistic analysis as applied to reactor safety. The Nil is of the
view that this is a necessary guide for judgement and a valuable discipline
in the safety assessment process. The design safety criteria which have
been put forward by the Generating Boards for the new AGR stations makes
use of this approach and this has been accepted by the Nil as a part of
the safety CBBS. It is also the intention, as will be seen from Appendix
I, that a station risk assessment will be presented. This is a new feature
of the review and will be looked at with interest. However, the Nil does
not consider that a safety case can be based solely on this approach* The
state of knowledge of reactor systems, particularly the very important
structural and mechanical aspects, is not yet such that this type of
analysis can replace the deterministic methods and the application of
engineering criteria which form the basie of our regulatory review.

We are also now requiring decommissioning to be considered in the safety
case from the earliest stage. At least a statement of intent should be
provided and eventual decommissioning acknowledged e.g. by providing records
of materials used and drawings of the plant for this special purpose if for
no other.

A re-assessment of the plant and its safety caBe following a year or two's
commercial operation has also been carried out by the Inspectorate for the
first two AGR stations. This provides a further check on late plant modifi-
cations and early operating experience and has been found to be well worth-
while. It is likely to be a requirement of the review process for all future
stations.

Finally, we are now firmly of the view that the regulatory safety review
has to be a continuing feature of the life of a nuclear power station.
Operationally we have biennial shutdowns of one reactor (of each twin-
reactor station) and this reactor cannot be started up again until a review
of experience from the maintenance schedule has been carried out. As a
reactor ages so it becomes necessary to include more detail in this review
and also to consider a long-term review, extrapolating to a further 5 or

10 years operation to be further satisfied that safety problems can be
anticipated and corrected without coming up against operational or economic
pressures.

8. CONCLUDING REMARKS

During the last six cr seven years the Nil has had to develop the expertise
and ability to carry out safety reviews for regulatory purposes of three
different reactor systems (four if -|he SGHWR is included) each presenting
different problems not just because of their different characteristics but
also because of their different stages of commercial development in the UK.
We are reasonably satisfied with the form of review which is now required
and it is hoped that this account of our experience and requirements will
be of value to others with similar responsibilities.
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APPENDIX Ii TYPICAL COMTEOTS OF SAFETY REPORT

Section 1 - Introduction: includes the objectives, the arrangement and
layout of the safety report, the location of the site and a general
description of the reactor.

Section 2 - Safety Principles: includes the design safety criteria and the
safety principles and an outline of the safety case.

Section 3 — Site Description: may include meteorology, geology, ecology,
district radiological monitoring programme, design requirements determined
"by the environment, and civil engineering design.

Section 4 - The Reactor: includes a description of the reactor core its
nuclear characteristics, thermal and hydraulic characteristics.

Section 5 - Fuel: mechanical design and criteria.

Section 6 - Radiological Protection and Shielding.

Section 7 - Fuel Handling and Storage.

Section 8 - Reactivity Control Systems.

Section 9 - Reactor Cooling System: includes pressure circuit design.

Section 10 - Engineered Safety Systems.

Section 11 — Auxiliary Systems and Services: includes the reactor coolant
circuit de-contamination systems, fire protection, instrument and general
service systems, communication systems.

Section 12 - Containment.

Section 13 - Control and Instrumentation: includes the main control room
and emergency centre, safety systems, direct alarm system, on-line computer
system. •

Section 14 - Radioactive Waste Management.

Section 15 - Station Layout.

Section 16 - Post Trip Operation.

Section 17 - Electrical Systems.

Section 18 - Steam and Peed Systems including turbine hall systems, main
feed system, water chemistry.

Section 19 - Main Turbine Generators.

Section 20 - Initiating Faults.

Section 21 - Analysis of Faults: includes internal and external hazards.

Section 22 - Station Risk Assessment.



Section 23 - Safety Related R & D Programme.

Section 24 - Safety Related Technical Work Programme.

Section 25 - Quality Assurance.

Section 26 - Operations Intent.
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