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ABSTRACT

There is an increasing appreciation of the need for a consistent
approach to nuclear safety betweon various groups having an interest in
safety and Ъetween various types of installation.

Licensing for construction and ultimate approval to operate any
nuclear installation depend, in the United Kingdom, upon a searching
assessment of the design, construction and operation of the proposed
plant. Criteria of the kind discussed in this paper have been used by
the Nuclear Installations Inspectorate in this assessment process. From
time to time they are subject to comments from other bodies in the UK.

One aim of the criteria is to set out the broad objectives that
should be met regarding the magnitude of radiological consequences of
accidents or normal operation. In addition, the criteria give guidance
on the design philosophy for nuclear safety and the principles of fault
evaluation.

Criteria must be conceived so that while maintaining safety standards
their application does not frustrate design and development. It is
also important that undue formalism is not induced in the assessment
process at the expense of inhibiting the judgement of safety assessors.
A balance must therefore be struck between detailed and generalised
guidance. It is also accepted that experience in the use and interpretation
of criteria will indicate a need for improvement and additions: the
criteria are therefore regarded as living rather than fixed statements
which are expected to develop in response to any need for change in a
safe direction that may arise. In developing them the Inspectorate has
drawn heavily upon the experience accumulated during its 16 years of
operation and has also referred to criteria published by other organisations.

The paper deals specifically with certain of the most important
sections of the criteria and indicates the total range of subjects
which need to be included in such criteria.



1. INTRODUCTION

The evolution of a commercial nuclear power plant and the
associated fuel cycle services has been accompanied by the recognition
that there should be an independent safety assessment as a preliminary
to construction and operation of any installation and subsequently,
as a check on its safety during operation, maintenance and even . *al
de-commi s si oning.

In the United Kingdom, the Nuclear Installations Inspectorate,
which is now part of the more broadly based Health and Safety
Executive, performs the regulatory function with respect to commercial
nuclear installations. This function includes the assessment process.

The structure of the electrical power industry and the scale, of
the nuclear programme in the United Kingdom, has made it possible for
the Nuclear Installations Inspectorate, to evolve its assessment and
inspection techniques in an informal way, in which detailed face to
face discussion plays a large part. Before construction of any
commercial nuclear installation may commence, a licence must have
been issued in respect of that site. Licence issue depends on
satisfactory assessment of the plant design which is particularly
searching in the case of new systems. The licence conditions
eventually attached to a nuclear site licence are drawn in broad terms,
additional powers to vary each condition along with a system of
consents associated with the licence, enable various aspects
of construction, operation and subsequent design changes to the plant
to Ъе regulated.

This licensing process involves the application of a wide range
of technical and scientific knowledge. Teams of professional engineers
and scientists engaged on this work use their own particular expertise
and draw on that of various specialist institutions and consultants in
making judgements as to the adequacy of each part of the plant design,
construction and operation, so far as it affects the radiological
risk presented by each particular plant.

While the insight and informed judgement brought to bear by the
technical experts is an essential element in assessment, guidance as to
the overall objectives is none—the—less necessary. There is a need
to ensure reasonable uniformity of approach to safety within any
particular" plant and between different types of nuclear installation.
Similarly, a common basis of assessment between the various groups of
professional experts needs to be encouraged on a national and international
basis.

The UK Nuclear Installations Inspectorate has therefore developed
a set of criteria, which are intended primarily as guidance for the
Inspectorate's staff. Drafts of the documents have been circulated
outside the Inspectorate for comment and discussion.

Experience of both the application and interpretation of these
criteria and the continuing development of reactor systems, is expected
to reveal a need for periodic revisions and .additions. They should
therefore be regarded as living rather than fixed statements and must
be allowed to develop in response to increasing experience and to the
need for changes. The basis of the criteria is the experience gained
in the review of design, construction and operation of commercial
nuclear power stations. Much of the material is, however, directly
applicable to other forms of nuclear installation such as fuel processing,
manufacturing and. storage facilities*



The scope of the criteria is such that presentation and
discussion of all the topics they cover is not practicable in this paper.
Thus attention is concentrated on a limited number of the more
important issues.

2. POLICY AND OBJECTIVES

The broad policy upon which the criteria are based takes the
form of a requirement that the normal operation of an installation
shall not give rise to levels of exposure to radiation and radioactive
materials that exceed the limits recommended by the International
Commission on Radiological Protection and incorporated into the
Euratom Directive on radiation protection standards. There is a
further, additional requirement also part of the international
recommendations and the Euratom Directive, that any exposure to
radiation should be reduced as far below these limits as can
reasonably be achieved, taking costs into account in judging what
is reasonable.

A similar approach is applied to the limitation of the likelihood
and consequences of reactor accidents. All reasonable steps must be
taken to ensure that faults do not occur and, if they do occur
that their consequences are prevented from being serious. The more
serious the potential consequences, the more onerous is the task of
demonstrating that further precautions are not reasonably practicable..
Thus there is a relationship between the seriousness of the potential
consequences and the degree to which it is regarded as reasonable to
require protective measures to be extended.

However, there is a point at which the chances of a serious accident
jausing injuries or deaths among people outside the plant are such that
they are unacceptable. This may mean that a particular design of plant
cannot be built and operated on an economic basis. This approach obliges
designers and operators of plant to judge every decision they make to see
whether they could 'reasonably' be expected to take measures additional
to the minimum requirements in order to achieve further reduction in
radiation exposure or risk of accidents. There is never a clear point
at which they can say confidently «we have now done enough1. It is
therefore necessary for operators to give specific guidance to the
designers of the plant which they propose to operate, and for the
Nuclear Installations Inspectorate to give guidance to both operators
and designers from the conception of a plant to its eventual decommissioning.
This guidance needs to be expressed in tangible engineering principles that
can be used in a positive way by designers, operators and regulators.

For this reason the criteria discussed here can be considered in
two broad categories. The first category or Basic Criteria comprises a
set of guidelines on the radiological consequences of reactor operation
in normal and fault conditions. Within the same category are included
criteria dealing with general safety principles and with some of the
broader assessment procedures.

For all postulated fault conditions decisions must be made by the
designer and accepted, subject to assessment, by the regulatory group,
as to the extent of protection required in respect of each class of
fault. TJie overall integrity and level of protection in each case
should be such that the probability of a serious release arising from
each fault sequence can be judged not to warrant further action. Such
judgements are in principle made in the light of the overall risk
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presented Ъу the plant, a concept which it is acknowledged presents
fundamental difficulties in practical application. Having recognised
the difficulties in this area it is none-the-less necessary to reach
a common understanding of the principles to be applied in making
judgements» To this end guidelines are set out in the basic criteria.

The second category of the criteria is concerned with these
engineering features upon which the implementation of the basic criteria
depends. This group embraces a wide range of plant design features as
well as environmental and operational considerations

3. BASIC CRITERIA

The basic criteria include guidance on what are considered to be
practicable objectives regarding radiation exposure of individuals and
populations as the result of normal operation and accident conditions.

3.1 Normal Operation

The basic criteria for the limitation of exposure of individuals
and populations in conditions of normal operation in the UK is the
system of dose limitation developed over the years by the International
Commission of Radiological Protection and incorporated into the basic
radiological safety standards of the European Communities. The
essence of this system is threefold:

1. Any exposure to radiation should be justified by the
presence of benefits associated with the source of exposure.

2. Any expesure so justified should be reduced as far as can
reasonably be achieved.

3. Individuals should be further protected by the imposition
of a quantitative dose limit.

Perhaps the most important feature of this system is that the
limits are merely an upper bound on a much more rigorous system
of limitation, in which any exposure that can reasonably be reduced,
should be reduced, the term reasonable being intended to allow
economic and social factors to be taken into account. In any
particular situation it is possible to apply the principles of the
system of dose limitation to arrive at a conclusion as to the
appropriate lvel of individual exposures.

In the United Kingdom this is always done on an individual
case-by-case batis in deciling on the permitted limit of release
of radioactive substances from nuclear installations to the
environment, similar decisions relating to operator exposure can
also be made. The constraints are in the form of design requirements
for each particular type of plant; but it has to be recognised that
conditions will vary from one type to another so that the practicable
level may not always prove to be the same. The criteria do however
include guidance as to the levels of dose and dose rate within and
around an installation which has been found to be practicable for
installations so far built ii, the. UK. These guidelines can be seen
as objectives which are regarded as achievable on the basis of past
experience and which should result in individual doses well within
the upper quantitative limit.
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The onus of demonstrating that all reasonable steps have Ъееп
taken rests in the first instance on the designer and operator, and
it is for them to show cause why detailed guidelines developed for
one type of plant could not reasonably be applied to another. This
approach, which calls upon both designers and operators to make
improvements where these can be achieved at reasonable cost, even in
situations where the expected radiation exposures are below some
pre-determined standard, depends very heavily on the day-to-day
attention to detail by designers and operators and on a commitment
by management to the general principles of the system of dose limitation.

3,2 Accident Conditions

The establishment of criteria against which to judge potential
accidents causing exposure to members of the public above the normal
limits is fraught with difficulties. These difficulties are of two
distinct kinds. First, since even severe accidents cannot be made
totally impossible, there must be an understanding that there is some
level of probability below which the risk of any accident can be
accepted.

Relationships between the scale of accident consequences and
acceptable limits on the probability of such consequences can readily
be proposed but there are fundamental difficulties in establishing
such a criterion as official policy, regulatory bodies across the
world have been in no hurry to commit themselves to any particular
definition of acceptability in this way.

The second difficulty arises from the practical application
of such a criterion even if it can be agreed. While in principle a
methodology is available for systematic and rigorous fault analysis,
major difficulties arise in selecting numerical data appropriate not
only to physical variables but also particularly to event
probabilities. Only if all, or at least a reasonably large
fraction of the initiating causes can be identified and if the
course of the subsequent behaviour of the system can be predicted
with reasonable confidence, can such analysis yield an estimate
of the overall relationship between accident consequences and
their probability for the reactor system as a whole. It is always
difficult to achieve this degree of completeness in accident analysis
and it may well be impossible at the design stage of a new system.

A further complication is introduced by the general objective
of reducing risks 'so far as is reasonably practicable' - a general
duty imposed in Great Britain by the Health and Safety at Work Act,
1974. The quoted phrase, which has been a major intrinsic part of
British Health and Safety strategy for many years, is identical in
intent to the phrase 'as low as reasonably achievable' used
internationally for limiting radiation exposures. Finally it must
be recognised that to be of use, criteria must be capable of
interpretation into practical engineering terms.

Faced with these difficulties the Nuclear Installations
Inspectorate has adopted an essentially practical course. Overall
risk of severe accident consequences is restricted to a very low
level of probability by ensuring that a high standard of design,
construction and operation is applied to each installation. The
effectiveness of these measures is established by examination at the
assessment stage of the plant response to a wide range of postulated



fault conditions which are believed, to be representative and
limiting cases, in the overall spectrum of possible fault sequences.
In examining the performance of the plant in this way both the
system integrity and the consequences of each fault sequence are
considered. Successful termination of any postulated fault
sequence by an appropriate set of engineered safeguards or
'effective barriers' (see section 4) is judged against practical,
but non mandatory, guides related to the dose which could be
received by any member of the public in the event of an accident
without, in the judgement of any competent authorities, any
counter measures, including interference with public freedom
being justified. In the United Kingdom

 c
Emergency Reference

Levels' (ERL) have been established, which have been put forward
as guides in relation to action of this kind in any accident
situation and as such can be conveniently applied as the basis
for judging the performance of engineered safeguards :.n nuclear
plant. As an example of this approach the design objective in
providing an engineered safeguard to control a given fault would
be to limit the release such that nc member of the puolic would
receive a dose to the whole body greater than 10 rem or pro rata
for other organs. i

The probability of a serious accident is reduced to the lowest
reasonably practicable level as possible by the application of
the engineering principles of appropriate high standards.
Judgement in this area is based on past established practice in
the nuclear engineering field, adapted to new circumutances in
any novel system and, where practicable, taking acco'jmt of advances
in science and technology which might be beneficial to safety.
In this field as in others the aim of the Inspectorate is to ensure
that the designers, constructors and operators have done all that
is reasonably practicable to reduce the risk of веггоив accident
consequences. Section 4 of this paper contains ал outline of the
approach used by the Inspectorate in making judgements about plant
integrity* This procedure forms a part of the comprehensive set
of general and engineering criteria being developed within the
Nuclear Installations Inspectorate.

4.0 THE ASSESSMENT PROCESS

The application of the basic principles described in section
3 is best achieved by the setting out of methodology and general
principles. The main problems are those posed in the assessment
of fault sequences and the consequential releases. The approach
adopted in the criteria is not to specify actual numerical values
of reliability targets but rather to give guidance on the principles
to be applied in making judgements concerning the adequacy of
protective and other safety features in any given design for a range
of postulated faults.



Certain rules are laid down upon which che procedures are Ъased,
which can be summarised as follows. Reliability analysis using
statistical data is admissible provided valid data are available
from representative populations. Physical data used in „.escribing
fault sequences and their termination should also be x: ' cant,
valid and demonstrable. Fault sequences cannot; .Ъс de'emcd to occur
with a very low probability arbitrarily and in>assessment, due
allowance must be made for the quality of the .iata and nature of
the risk presented by the individual fault sequence.

Any fault sequence which, in the absence of protection designed
to terminate it safely, could lead to an undue level of release
of radioactive material to the environment at too great a frequency
would be expected to be controlled by appropriate engineered
safeguards. In judging the adequacy of safety features the guideline
of 1 ERL is used in evaluating physical processes in a fault
sequence and the effectiveness of the safety systems. The
reliability with which the safety features are expected to perform
their designed functions would be evaluated using the general
guidelines described in this section under which the concept
of an 'effective barrier' is introduced.

4.1 Effective Barriers

Overall protection against many classes of fault may depend
on the combined action of more than one engineered safeguard; for
example shut down and emergency cooling are in some cases both
necessary to the safe termination of a fault sequence. The
combination of all necessary engineered systems provided to
intercept and safely terminate any given fault is termed an
•effective barrier

1
. In judging the adequacy of any 'effective

barrier' the following factors would be taken into consideration.

a) Well established and accepted standards applied in the
protective systems of nuclear plant already constructed and
in operation form the basis for judging the adequacy of
design action taken in any new designs which have a bearing
on the reliability with which the new system performs its
design safety function.

b)Assessment of effective barriers must be based on either
valid physical and statistical data or demonstrably
conservative estimates. Fault tree and probability analysis
can be expected to provide a powerful means of conducting
these assessments.



c) Relevant advances in Science and Technology should be
taken into account in the evaluation of any new system
where the application of feuch an advance would be beneficial
to safety. Designers or licensees should be required to
show good cause for not taking advantage of any such
advance.

d) Practical experience with nuclear or other plant should
Ъе taken into account in consideration of standards set
to achieve reliable performance.

e) The possibility for improvements in safety by whatever
means that is practicable should always be borne in mind.

f) It is unlikely that the reliability of any 'effective
barrier

1
 in performing its design function could be claimed

to be much better than 1 failure in 10 demands. However,
the standards of protection envisaged as being desirable
would be expected to be of this order for well developed
and proven systems. These general guidelines are based

on this assumption.

g) The design authority will be expected to demonstrate
that the standard of design and construction of any
proposed effective barrier

1
 was to the best reasonably

practical standards.

The procedure involves acceptance and elimination from further
consideration all those fault sequences which can be satisfactorily
shown to terminate with releases which are within guidelines set
out in the criteria. In making this demonstration it is expected
that the principles sot out above would be applied. Where data
are inadequate conservative assumptions consistent with the likely
physical conditions and expected probabilities of events must be
made in assessing the outcome of any particular fault sequence.

4«2 Application of Effective Barriers

In general fault sequences having potential consequences
greater than a dose of 1 ERL at any frequency require two
independent and diverse 'effective barriers' designed to limit
the consequences of that fault sequence to a level within the
guideline set out in ths criteria. Consideration however, of
what is reasonably practicable would apply in such cases and, as
a result, more or less stringent measures may be indicated in particular



circumstances. If the fault sequence would not be expected to Ъе
initiated more frequently than say once in 10 years the pressure
for two independent barriers would Ъе less. In most instances
even for the most frequent accident conditions, it would be
expected that any serious outcome would be moved to an acceptably
low level by the addition to the plant, or the existence of,
two 'effective barriers

1
 designed to suppress that fault

independently of each other. It is assumed that each •effective
barrier

1
 could be shown to be capable of performing its function

with the level of reliability indicated above, i.e. as good as
well established reactor protection practice will allow.

4«3 Special Provisions

It is possible that having reviewed the bulk of all
foreseeable fault sequences there will be a residue of cases
which cannot readily be dealt with by the procedures already
outlined and therefore cannot, on that basis, be considered
to contribute a sufficiently element to the overall risk. In
such cases an alternative approach is allowed which involves
detailed examination of all relevant scientific factors, if
necessary with the assistance of the independent advice of
an appropriate body of experts. An. in-depth rev..ew of this
kind may form the basis of judging whether the additional risk
associated with the fault concerned is in fact sufficiently
low to be acceptable.

The essence of these procedures is that reliance can only
be placed on valid and relevant evidence and that tried and
proven designs currently employed for reactor protection provide
a primary basis for judging the effectiveness of such systems in
new plant designs, particularly those of an advanced nature. The
concept of an 'effective barrier' is intended to implement this
latter uoint.

5 ENGINEERING CRITERIA

The basic principles of section 3 and the methodology of
section 4 provide inadequate guidance to the designer and operator.
Engineering criteria are intended to help the designer and operator
to meet the basic objective without at the same time inhibiting
their freedom of innovation. Engineering criteria are important
because the key to safety lies not in the basic philosophy which
sets out the raw policy but in tiie quality of the engineering used
to implement that policy.



5.1 General Engineering Criteria

Regardless of the type of nuclear installation being considered
the design of the plant should be such as to minimise its sensitivity
to foreseeable faults. The response of a plant to a mal-function or
mal-operation can be classified into four groups of decreasing
desirability. Following a mal-function or mal-operation there
should be:-

a) No significant change in the normal controlled state of the
plant j or

b) A change in the plant towards a safer condition; or

c) Remedial operations based on effective barriers
which need to be commissioned in response to the fault.

The importance of achieving one of the conditions early in
this list will increase as the severity of the consequences of any
alternative train of events.

It is a fundamental objective that the movement of radioactive
materials away from their normal location both in normal or abnormal
operating conditions should be prevented. Multiple lines of defence
between these radioactive materials and persons in and around the site
should be preserved. It should also be a fundamental objective that
the plant should be so safeguarded as to ensure, within the wide
range of potential faults, that the plant is at all times in a
condition which is understood and can be described and for which
relevant data is available to enable appropriate analysis to be
performed.

Safety related structures, systems and components should so far
as practicable be designed to be inherently safe. Type testing of such
features to prove performance and reliability is an important part of %-ny
safety case. Single failure of any safety related item should not
lead to radiological hazard nor should correct functioning of the
protective system be impaired as a result of such a failure. Common
mode failure mechanisms should be reduced by the use of diversity
and segregation in design.

5.2 The Provision of Data on Plant Status

It is necessary that the operator be provided with information
regarding the condition of safety-related plant components so that
remedial action can be taken to avoid unsafe conditions. This
requirement relates to equipment for moni boving plant operating
conditions as well as various systems and methods employed to monitor
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the status of plant items either not normally in use or, performing
a passive role during normal operation. A further aspect of system
monitoring is to ensure that the plant is at all times maintained
within those operational limits that allow correct operational
response of any protective system or, will ensure that the course
followed Ъу any particular fault sequence should be that which has
Ъееп shown to Ъе safe.

6 CURRENT DEVELOPMENTS

In this paper an outline of the principles embodied in criteria
which have Ъееп and are being developed in the UK has been presented
and discussed. The present state of these criteria is that a substantial
part of the basic work has Ъееп completed within the Nuclear Installations
Inspectorate and this now must be discussed nationally and irternationally.

There is a need for continuing discussion on the fundamental
criteria, their interpretation in practical terms and on the extent
to which probability analysis can play a part. There is the related
problem of the definition of the probability of an accident, either in
terms of the probability of a specific fault chain or in terms of the
total probability of all the foreseen fault chains leading to a
consequence of a given severity. In principle, it is desirable to specify
an upper boundary of overall risk as a relationship between consequences
and their probability. In principle a plant lying on the wrong side
of this relationship would not be acceptable. There are great
difficulties in applying this approach in practice and in any case
it must be supplemented by a consideration of the extent to which risks
can be reduced by means of reasonably practicable measures.

Cost benefit analysis is already playing a part and contributing
to judgements about the appropriate levels of exposure of individual
workers and members of the public to radiation in and around nuclear
installations; At present these techniques are being used in я
circumscribed and, in many cases, naive manner and further sophistication
is to be expected as experience develops. Nevertheless, like the
probability approach to accidents, cost benefit analysis will rarely
play a decisive quantitative part in reaching decisions. It is more
likely to continue as a guiding principle and as a method of
challenging decisions made in a less quantitative way. A decision
challenged on the basis that it is incompatible with cost benefit
analysis studies does not necessarily need to Ъе changed. It does
mean, however, that the reasons for making the decisions should be
re—examined and their validity re—assessed.

The second major area of work is in the engineering criteria
themselves. They have a deceptive simplicity but they are distilled
from a very substantial body of practical experience. Many of the
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disturbing events which have taken place in industrial installations
would have been avoided if quite simple engineering criteria had
Ъееп used during the design, operation and maintenance of the plants.
The process of devising these criteria is essentially one of compromise.
If they are too general and to all-embracing difficulties of interpretation
arise and in the limit the purpose of criteria in interpreting and
communicating basic policy vri.ll Ъе lost. If they are too specific
they will inhibit innovative design. If they deal only with major
issues they will add little to the process of design reviews and
will not cause less o"bvious fault conditions to Ъе identified.
For all these reasons the work on safety criteria is essentially
a collalDorative task involving many people in many organisations.
Such procedures t«nd to Ъе cumbersome and slow moving, but this must
Ъе consciously oombatted because it is important that new experience
should Ъе reflected in criteria as soon as possible.
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