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ABSTRACT

In the United Kingdom, the Nuclear Installations Inspectorate
(Nil) licenses nuclear facilities, including research
reactors, on behalf of the Health and Safety Executive (HSE).
The legislation, the regulatory organisations and the methods
of operation that have been developed over the last 30 years
result in a largely non-prescriptive form of control that is
well suited to research reactors. The most important part of
this regulatory system is the licence and the attachment of
conditions which it permits. These conditions require the
licensee to prepare arrangements to control the safety of the
facility. In doing so the licensee is encouraged to develop
a "safety culture" within its organisation. This is
particularly important for research reactors which may have
limited staff resources and where the ability, and at times
the need, to have access to the core is much greater than for
nuclear power plants. Present day issues such as the ageing
of nuclear facilities, public access to the rationale behind
regulatory decisions, and the emergence of more stringent
safety requirements, which include a need for quantified
safety criteria, have been addressed by the Nil. This paper
explores the relevance of such issues to the regulation of
research reactors. In particular, it discusses some of the
factors associated with research reactors that should be
considered in developing criteria for the tolerability of
risk from these nuclear facilities. From a consideration of
these factors, it is the authors1 view that the range of
tolerable risk to the public from the operation of new
research reactors may be expected to be more stringent than
similiar criteria for new nuclear power plants. Whereas the
criteria for tolerable risk for research reactor workers are
expected to be about the same as those for power reactor
workers.
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1. BACKGROUND

In the United Kingdom (UK) the main legislation governing the
safety of nuclear installations, including research reactors
and associated facilities, is the Health and Safety at Work
etc Act 1974 (HSAW), [1], the relevant statutory provisions
of the Nuclear Installations Act 1965 (NIA), [2], and the
Ionising Radiation Regulations 1985 (IRRs), [3], made under
the HSAW.

Under these Acts no site in the UK may be used for the
purpose of installing or operating a research reactor, except
for sites operated by the United Kingdom Atomic Energy
Authority (UKAEA) or a government department, unless a
nuclear site licence has been granted to a corporate body by
the Health and Safety Executive (HSE) and is for the time
being in force.

While at present the UKAEA research reactors do not operate
on the basis of a licence granted by the HSE, it is intended
that they will do so in the very near future. However, they
have been required by a Ministerial Directive to have regard
to any safety requirements ordinarily imposed on licensed
operators. In addition, the UKAEA"s establishments are
regularly inspected by HSE inspectors under the general
powers in the HSAW Act and to ensure compliance with the
IRR's (see ref. [4]).

Similarly, government departments who may wish to operate a
research reactor are obliged to have regard to the safety
standards and requirements imposed on licensed facilities.

The UK regulatory system for research reactors is no
different from that for other types of nuclear facilities in
the UK; the same laws apply, the same regulations and
regulators are involved and the same fundamental safety
principles and licensing requirements are applied. However,
as with all nuclear facilities, the extent and depth of the
provisions necessary to ensure safety and of the safety
analysis depends upon the hazard potential of the facility.
The responsibility for the safety of the facility and for
demonstrating the adequacy of the provisions and arrangements
for safety rests with the licensee. Nevertheless, the
regulators must ultimately make a judgement on the adequacy
of these provisions and of the licensee's safety case.

The primary safety principle that the HSAW Act sets down is
that the employer who controls an industrial plant must do
whatever is reasonably practicable to ensure that the plant
is safe and without risk to health. This has had the
benefit of legal interpretation (see ref. [5]) as implying:
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that a computation must be made in which the
quantum of risk is placed in one scale and the
sacrifice, whether in money, time or trouble,
involved in the measures necessary to avert the
risk is placed in the other; and that, if it be
shown that there is a gross disproportion between
them, the risk being insignificant in relation to
the sacrifice, the person upon whom the duty is
laid discharges the burden of proving that
compliance was not reasonably practicable ... "

2. REGULATORY ORGANISATIONS

The HSAW Act, as well as laying down general principles and
requirements to control safety in the UK, provides the
present basis for the regulatory organisation for safety. Two
bodies were set up under this Act; the Health and Safety
Commission (HSC) and the Health and Safety Executive (HSE).

The basic role of the HSC is to define the standards of
safety to which industry is expected to operate. In
performing this function it advises Ministers of requirements
for legislation and oversees its implementation. The HSC
consists of eight members representing Industry, the Trade
Unions and the general public via Local Authority
representatives. In addition, a chairman is appointed by the
Secretary of State for Employment.

The Health and Safety Executive is responsible for
implementing safety legislation, providing advice to the HSC
and for promoting safety. It is a corporate body of three
people who are appointed by the HSC and has some 3500
employees to assist it in its duties with an annual budget of
around £110,000,000.

Under the HSAW Act the HSE has responsibilities for licensing
nuclear facilities as required by the Nuclear Installations
Act. The Nuclear Installations Inspectorate (Nil) is that
part of the HSE that is responsible, on HSE's behalf, for
undertaking this licensing function and associated duties (eg
inspections, assessments and advising on policy) for nuclear
facilities.

The Nil's organisation reflects these duties in that it has
Branches whose main responsibilities cover either policy
, assessment or inspection. At present it has some 140
professional staff in post to regulate all the licensed
nuclear facilities and UKAEA nuclear sites in the UK. This
is intended to rise to around 160 by early 1990. About 30% of
Nil professional staff are engaged on site inspection duties
although assessment and, to a lesser extent, policy staff
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make site visits. Normally, for the smaller installations,
such as research reactors, one designated Nil inspector (the
Site Inspector) would be responsible for enforcing the
relevant law for several installations. However, he or she
will be backed up by all the resources of the Nil, and
indeed, the HSE.

It can be deduced from the above that the organisations that
have been set up to regulate nuclear facilities in the UK can
form the basis for achieving social and industrial consensus
and which are independent of government departments.

Thus, the Chief Inspector of Nuclear Installations can
decide, on behalf of the HSE, to license or revoke a licence
without interference from government departments or the
nuclear industry. The regulators are answerable,
nevertheless, for their actions to the representatives of the
public via the HSC and ultimately parliament. Furthermore,
by being required to give evidence at public inquiries on
measures taken to regulate risks in respect of proposed
developments of nuclear installations, the workings and
decisions of the Nil are exposed to public scrutiny.

As well as the above regulatory organisation for nuclear
safety there are other bodies, the Authorising Departments,
associated with controlling the activities of nuclear
facilities. These bodies, which are parts of government
departments, have the responsibility for authorising the
disposal of radioactive waste from nuclear sites.

3. LICENSING OF RESEARCH REACTORS

3.1 The Licensing Process

The basis for licensing a research reactor is the same as
that for other nuclear facilities in that the regulator must
be satisfied that the prospective licensee has demonstrated
that all reasonably practicable steps will be taken to
eliminate accidents and to minimise their consequences
should they occur. Similarly, in relation to radiation
exposures from normal operation, it must be shown that doses
will be kept as low as is reasonably practicable (ALARP) and
below the permissible levels set down in the IRRs.

Licensing can be a long and complex process involving
consideration of:

(a) need for a licence;
(b) competence of the applicant,*
(c) siting (see ref. [6]);
(d) type of installation (especially any novel aspects);
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(e) planning concerns;
(f) adequacy of the safety case;
(g) tolerability of the predicted risk to the workers

and the public, etc.

Even when a licence is granted there will still be
constraints on the licensee via the attachment of conditions
to the licence, including a requirement to obtain the HSE's
consent to operating the new facility.

Also, it may be that at some stage, prior to granting a
licence, a public inquiry is called which then involves the
public examination of the proposals. Objectors to the
proposal are able to put forward their views and to question
other witnesses who may be the applicant or, indeed, the
regulators. The regulators position in these matters is one
of neutrality being merely concerned with administering the
law with respect to the safety of nuclear installations.

With regard to proposals to license existing facilities, the
steps and principles are similar but account has to be taken
of the state of the facilities as they exist, their operating
history, design life limitations etc.

In either case, whether it be the licensing of a new facility
or an existing one , the licensee will be obliged to develop
adequate arrangements to address the various requirements of
the nuclear site licence conditions.

3.2 Nuclear Site Licence Conditions

The Nuclear Installations Act provides powers to the HSE,
which are delegated to the Nil, to attach such conditions to
a licence as it thinks fit in the interests of safety. These
conditions may be added to, amended or revoked at any time
during the period when a licence is in force. This provides
a very powerful and flexible regime of regulatory control of
nuclear safety without diluting the licensee's absolute
responsibility for nuclear safety under the NIA. The
conditions can be modified to take advantage of the
experience and knowledge gained during the operation of the
facility.

Furthermore, experience of the regulation of a wider range of
nuclear facilities can be brought to bear on a narrower class
of facilities such as research reactors. Indeed, it has been
found from the wide experience of Nil in regulating the whole
range of nuclear installations (zero energy research
reactors, isotope production facilities, fuel fabrication
plants, reprocessing plants, nuclear power plants etc ) that
the same licence conditions, as developed over more than 30
years, can be applied to all different types of nuclear
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facilities. Consequently, the Nil is now moving to a
position where the same licence conditions, embodied in what
is called the "model licence", can be applied to all licensed
sites.

The licence conditions apply to all stages of a research
reactor project including design, construction, installation,
commissioning, operation, maintenance, testing and
inspection, modification and decommissioning. The conditions
are essentially non-prescriptive. Generally, they require
the licensee to prepare adequate arrangements, part of which
the Nil may require to be submitted to the Nil for approval.
These arrangements, amongst other things, cover such matters
as emergency plans, operating rules and instructions,
maintenance, radiological protection, nuclear safety
committees, incidents on the site, safety documentation,
training, construction of new plant, modifications and
experiments on existing plant . Usually, the conditions
include one or more of the following constraints:

(a) approvals - the licensee is required to obtain Nil's
approval of particular arrangements for controlling
specific activities;

(b) consents - the licensee cannot carry out a
particular activity, such as recommissioning the
reactor until the Nil has agreed to it; and

(c) directions - these enable the Nil to require the
licensee to take an action which the Nil considers
necessary (normally only used in extreme
circumstances, e.g. to enforce a reactor shut down).

In specifying a requirement for arrangements for a certain
activity , the Nil does not dictate how to undertake that
activity or how such a requirement can be met. In granting
its approval to the licensee's arrangements the Nil is
stating that it has no objection to them and that it
considers that they are adequate for the particular facility
and circumstances under consideration at that time.

This non-prescriptive nature of the UK licensing and
regulatory system for nuclear facilities allows the same
licence conditions to be applied over a wide range of
facilities and, moreover, maintains the position that the
ultimate responsibility for safety rests with the licensee.

3.3 Benefits and Difficulties Associated with a
Non-prescriptive Licensing Approach

The licensing system in the UK requires each licensee to
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provide a rigorous proof of safe operation in the form of a
safety case for the particular facility under its control.
This may lead to different solutions to the same safety
problem by different licensees. While this may appear
wasteful in overall resource terms it can lead to a faster
development of new and cost effective safety improvements.
The regulator can act as a focal point in this development by
encouraging licensees to think along new lines or adopt
different practices.

However, the regulator in such circumstances must be careful
not to dilute the commitment of the licensee by the transfer
of some part of the licensee's responsibilities for ensuring
safety to the regulator. The regulator must also avoid a
confusion of function by not straying into the province of
the designer or operator. He avoids these pitfalls by
stating, as far as he can, the grounds on which he can be
satisfied and by proceeding by careful guestioning and then
indicating his satisfaction or otherwise, rather than
proposing specific courses of action.

These difficulties are implicit in all forms of safety
regulation, not just that of licensing. However, the
closeness of the interaction between licensee and regulator,
and the complete dependence of the licensee in seeking
permission to proceed with an activity, demands a very high
level of management and technical competence on the
regulator's part . These attributes are required, not least,
to prevent excessive delay and unnecessary "ratchetting" of
the safety reguirement.

Despite these difficulties there are great benefits to be
gained, in safety terms, from adopting a non-prescriptive
licensing approach to the regulation of research reactors.
These benefits relate to the development of a "safety
culture" within the licensee's organisation with "management
for safety" forming a prime objective of the operating
organisation. This requirement is especially important for
research reactor facilities which may have limited staff
resources and where the ability, and at times the need, to
have access to the core is much greater than for power
reactors.

4. CURRENT AND FUTURE ISSUES

4.1 Public Access to the Rationale behind Regulatory
Decisions

The public's perception of nuclear facilities has changed
over the years to be much more sceptical and demanding in
relation to safety requirements and demonstrating adequate
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safety. This encourages regulators to provide more
information on the background to their judgements.

In the UK this issue has been addressed at a fundamental
level by the regulator providing :

(a) information on the principles that the Nil use
in assessing the safety of nuclear facilities [7,8];

(b) evidence to public inquires on the proposed
development of nuclear power facilities [9,10];

(c) a discussion document on the tolerability of risk
from nuclear power stations for public comment [11],
and a compilation of the comments received [ 12 ];

(d) information on the use of quantified risk assessment
as an input to decision making [13];

(e) public information on the results of a major safety
audit [14] and of Nil assessments of a licensee's
cases for continued operation of ageing plants
[15,16]; and

(f) information on the regulatory basis for allowing
the continued operation of some older research
reactors [4].

These initiatives provide the means for extending the
societal consensus for the regulatory response to the risks
associated with UK nuclear facilities including research
reactors. It is clear that there will be a continuing and
expanding requirement to provide such information which can
have particular relevance to the continued operation of
ageing research reactors.

4.2 Ageing Facilities

4.2.1 General

Of the UK's operating research reactors the youngest is at
least 17 years old and others are significantly older (see
ref.[17]). These reactors are based on the technology and
design concepts that were available in the 1960's. Present
day safety requirements for a new research reactor are likely
to be more stringent than those that existed over 30 years
ago. This results from a general increase in standards and
expectation, and from the development of the technology and
methodology available to both the research reactor designer
and safety assessor. These changes also influence the safety
requirements for the continued operation of existing research
reactors.
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In the UK, the general approach of the regulator to such
issues includes undertaking team audits of ageing facilities
and requiring licensees to produce long term safety reviews
of their facilities.

4.2.2 Long Term Safety Reviews (LTSRs)

This approach to re-assessing the safety of ageing nuclear
facilities has been successfully applied to some of the
oldest operating nuclear power plants in the world [15,16].
It can also be applied to research reactors. In the LTSR the
licensee is expected:

(a) to confirm that the plant is adequately safe for
continued operation;

(b) to identify and evaluate any factors which may
limit the safe operation of the plant in the
forseeable future; and

(c) to assess the plants safety standards and practices
and introduce any improvements which are reasonably
practicable.

As well as reviewing the plant as it is now against the
original safety standards , the LTSR requires the licensee to
compare the existing levels of safety with modern standards
and practices. By comparing with present day standards and
practices shortcomings may be identified. Any improvements
agreed to be reasonably practicable would be introduced
to an agreed programme.

In considering the need to apply such reviews to research
reactors, consideration has to be taken of the operational
history of such facilities, their potential for harm to the
public or workers and any public concern on the safety of
these plants. Furthermore, the scope and necessity for such a
review may be reduced by the periodic updating of the safety
case for the facility.

4.2.3 Periodic Reviews of Safety Cases

A comprehensive safety case is an important starting point
for ensuring safety. It forms the basis for licensing the
site and other regulatory controls . It is one of the
sources for the design, commissioning and operating
contraints, arrangements and requirements. However, the
safety case is not a once and for all time matter. It should
be developed, reviewed and modified throughout the project
life cycle.
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In particular, experience from the operation of the research
reactor can provide an important feedback into the safety
case to test the original assumptions etc. Thus, the safety
case will need to be reviewed periodically throughout the
operating life of the plant to take account of this new
information, new assessment techniques and developments in
safety standards, and any significant plant modifications.

4.3 Safety Criteria and Tolerability of Risk

4.3.1 General Requirements

For many years the Nil has had assessment principles [7,8]
relating to nuclear power plants and nuclear chemical plants
which include quantified safety assessment criteria. The
fundamental safety principles included in these
publications are relevant to all nuclear facilities including
research reactors.

More recently the HSE has produced a discussion document on
guidelines for tolerable risk from nuclear power stations
[11]. "Tolerable" is by no means the same as "acceptable" in
that it indicates the level of residual risk that society is
prepared to live with in order to obtain certain benefits and
in the confidence that the risk is being properly controlled.
Whereas "acceptable" risk is generally regarded by those who
are exposed to it as not worth worrying about.

While the actual bounding levels of tolerable risk derived in
the discussion document for new nuclear power reactors [11]
may be subject to further development, as a consequence of
the discussion and consultation process, the concepts can
provide a starting point for considering what might be the
tolerable risk from new research reactors. These include the
concepts of different levels of risk which are, in decreasing
magnitude of risk, : an " intolerable level of risk"; the
"ALARP region"; and the lowest risk region - the "broadly
acceptable region".

The "intolerable" level of risk cannot be justified on any
grounds. Regulators would seek to ensure that no one is
exposed to such levels of risk. This level is not immutable,
however, being a matter for political decision based on
society's perception of the hazard and contemporary
realities. Below such levels exposure to the risk is only
tolerated if it brings certain benefits and is reduced to as
low as is reasonably practicable (ALARP). This is the "ALARP
region. As the risk is reduced further the "broadly
acceptable region" is entered where the risk becomes
negligible in that, apart from taking usual precautions, it
is wholly ignored.
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Generally, tolerability of risk will be determined by the
degree to which those exposed to it gain benefits from the
activity and voluntarily incur the risk.

4.3.2 Tolerability of Individual Worker Risk from a
Research Reactor

For a research reactor, it is the view of the authors of this
paper that all those groups associated with the operation of
the facility (eg plant operators, students and
experimentalists) incur the risk from the facility
voluntarily and gain benefits significantly greater than
those arising to the general public from the operation of the
facility. These benefits are similar to those that other
workers in the nuclear industries gain from their employment.
Thus, despite the different benefits to society that the
public may perceive between a research reactor and a power
reactor, the range of tolerable risk for workers is judged to
be about the same in both cases. There may be differences in
the level of safety that the regulator deems to be adequate
in practice, however, amongst different facilities. This is
a consquence of the application of the AIARP principle.

4.3.3 Tolerability of Risk to Members of the Public from a
Research Reactor

Several factors have to be taken into account when applying
"tolerability" concepts to the risk to the public from a
specific new research reactor. These include:

(a) the proximity of the facility to large groups of the
public (eg a research reactor situated in a city);

(b) the need to consider what other nuclear facilities
are on the same site as that proposed for a new
research reactor ( it may be but one of ten such
facilities on a large nuclear research site);

(c) the large range in potential hazards to the public
that "research reactors", as a species of nuclear
facilities, can pose as a consequence of the spread
in power rating that the term " research reactor"
covers, e.g. a factor of around 100,000 from zero
energy to 100 MW facilities - see ref. [14],
(assuming that potential hazard is proportional to
power rating) ; and

(d) differences in the public perception of the. benefits
associated with a group of research reactors to those
arising from a nuclear power plant programme.
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From a consideration of these factors, it is apparent to the
authors of this paper that it may be expected that the range
of tolerable risk to individual members of the public from
the operation of new research reactors is likely to be more
stringent than that derived for new nuclear power reactors.

It is suggested that the application of the ALARP criteria
below the "intolerable risk" region should provide the means
of addressing the wide range of potential hazards associated
with research reactors of vastly different radioactive
inventories (see (c) above). As the inventory increases so
the regulator will expect more design provisions to reduce
the risk to a level that is AIARP.

Furthermore, in relation to societal risk, it is considered
that the public's perception of the benefits associated with
research reactors of a size which could give rise to
significant off-site effects are likely to be considerably
less than those ascribed to a major nuclear power plant
programme. Therefore, it may be expected that the criteria
for the societal risk associated with a research reactor
programme could be much more stringent than those derived
for a nuclear power plant programme •

5. CONCLUSIONS

This paper has illustrated how the flexible, but strict,
non-prescriptive UK regulatory system is particularly
relevant to the regulation of ageing research reactors
operating in a changing social climate. With such a system
regulators have the ability to respond to new issues such as
the development of quantified safety criteria for research
reactors.

(NOTE : This paper represents the views of the authors and
does not necessarily represent those of the Nil nor the HSE.)
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