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Abstract

This paper discusses HM Nuclear Installations Inspectorate's (Nil) regulation of radioactive waste
management, and in particular the arrangements for long term safe storage, on nuclear licensed sites
in the United Kingdom (UK). The refusal of planning permission for an underground rock
characterisation facility near Sellafield has effectively delayed the availability of a future disposal
facility for intermediate level waste (ILW) in the UK. At the same time it has become increasingly
clear that the public favours the alternative concept of long term storage of radioactive waste rather
than underground disposal. While these circumstances do not cause any immediate safety problems,
nuclear operators in the UK must now plan to store radioactive waste for many decades in the future
pending the development of a long term solution. In response to this developing situation, Nil has
been considering the factors it will take into account in examining the adequacy of nuclear operators'
arrangements for the future long term storage of radioactive waste, and reference is made to guidance
in the field of radioactive waste management which Nil is currently developing for use by it's
inspectors and assessors and for the information of other interested organisations or individuals. Nil's
fundamental requirements are for the production of radioactive wastes to be minimised and either
disposed of or, if this is not practicable, stored in conditions of passive safety. A set of engineering
principles that describe how passive safety may be achieved in practice is presented.

1. INTRODUCTION

The Nil regulates radioactive waste management on all the nuclear licensed sites in the UK
including those operated by British Energy Generation Ltd, (BEGL, nuclear power stations), British
Nuclear Fuels pic (BNFL pic, nuclear power stations and nuclear chemical plant), the United
Kingdom Atomic Energy Authority (UKAEA, historical nuclear plant), the Ministry of Defence
(MOD, weapons facilities and naval dockyards), and smaller sites such as those operated by Nycomed
Amersham pic (isotope production) and others. These sites account for over 99% of the UK's
committed arisings of radioactive waste. Furthermore the extent of decommissioning is increasing in
the UK as more nuclear power stations and nuclear chemical plant reach the end of their operational
life, and as operators address the historical legacies on their sites, this process will inevitably lead to
increases in the quantities of radioactive waste arising. Finally, there are quantities of fuel cycle
material, ie uranium and plutonium, that are held in stock and, although considered to be an asset
now, may be declared as waste in the future.

Low level waste1 (LLW) is currently disposed of to a repository managed by BNFL pic at
Drigg in Cumbria. In 1998 the UK Government upheld the Cumbrian County Council's refusal to
grant planning permission for an underground rock characterisation facility near Sellafield, which was
intended to be the precursor for a deep repository. That decision has effectively delayed the
availability of any future disposal facility for ILW, and made it clear that it will be many decades
before a disposal route, or other long-term management option, is available for ILW and high level

1 In the UK radioactive waste is categorised as LLW, ILW and HLW. These categories are based on historical
practice and do not prescribe how radioactive wastes should be segregated and managed in the future.
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waste (HLW). In addition, evidence has been emerging that public opinion in the UK favours long
term storage and retrievability of radioactive waste rather than deep disposal, a view that is supported
by the pressure groups. This, for example, was one of the main conclusions to emerge from a recent
Citizens' Panel Consensus Conference [1], that addressed the topic of radioactive waste management.

Nil was concerned about the impact of the above decision on the safety of existing radioactive
waste in the UK, and carried out a review of the current situation, the findings of which were
published in 1999 [2]. The review showed that although there was no immediate safety issue, there is
a need for nuclear operators to develop strategies that will ensure that radioactive wastes are stored
safely for much longer periods than previously envisaged, and that there is a considerable legacy from
the past. The review revealed that, if an operating repository is not available within the next 15 to 20
years, up to 20 new stores will be required for the radioactive waste currently accumulated, and if the
delay extends beyond 50 years then a programme of store replacement or refurbishment will be
required, and, possibly, for the handling and repackaging of wastes.

Hence, in the UK a shift in the paradigm for the management of radioactive wastes in the
forseeable future is emerging, from disposal in an underground repository, towards long term storage
pending development of a final management solution. As a result, MI has been developing guidance
in the areas of radioactive waste management and decommissioning which sets the regulatory
framework for assessing the adequacy of nuclear operators arrangements in the light of the current
circumstances. This paper first describes the statutory framework within which Nil regulates the
safety of radioactive waste management on nuclear sites in the UK, and then presents relevant aspects
of the regulatory guidance that Nil is developing, concentrating in particular on a set of engineering
principles that describe how passive safe storage may be achieved in practice.

2. REGULATORY BACKGROUND

The main legislation covering the safety of workers and the general public at nuclear
installations, in the UK, is the Health and Safety at Work Act 1974 (HSWA74) and associated
statutory provisions, which include the Nuclear Installations Act 1965 (as amended, NIA65). Under
NIA65, no site may be used for installing or operating any nuclear installation unless a site licence has
been granted by the Health and Safety Executive (HSE), Nil is that part of HSE responsible for
administering this licensing function. Nil aims to secure the maintenance and improvement of
standards of safety at licensed nuclear installations, including the protection of workers and members
of the public from ionizing radiation, hi regulating radioactive waste management and other aspects
in accordance with statutory powers, Nil has a duty to ensure consistency with UK Government
policy [3].

NLA 65, requires a site licence to be issued before prescribed activities may be undertaken,
and allows Nil to attach such conditions to the site licence as it may think fit with respect to the
handling, treatment and disposal of nuclear matter, or as may appear to Nil to be necessary or
desirable in the interests of safety. It is largely through this route that Nil achieves it's regulatory
aims. The conditions which are attached to a licence are essentially non-prescriptive and generally
require the nuclear operator to make and implement adequate arrangements to address safety and
waste management issues. The non-prescriptive nature of the licence conditions enables a continuous
and flexible form of regulation, which can be applied throughout the life-cycle of a nuclear
installation.

Licence conditions related to radioactive waste management require arrangements to:
control the introduction and storage of nuclear matter, nuclear matter being fuel, radioactive materials
and waste; ensure that the production rate of radioactive waste is minimized, and that it is
accumulated under suitable arrangements, with adequate records; dispose of radioactive waste, in
accordance with an appropriate authorization, if so directed at the discretion of Nil; control and
contain radioactive material and waste so as to prevent leaks, and to detect and report unauthorized



leakage, ensure that waste arisings are minimized and properly contained, and that appropriate use is
made of available disposal routes.

A further fundamental requirement of the nuclear site licence is for nuclear operators to
produce safety cases for all operations which may affect safety, and this includes radioactive waste
management. In addition to routine verification that the safety case is consistent with plant and its
future operation, nuclear operators are required to carry out a periodic review of the safety case which
is much more comprehensive. This review, which is typically required at least every 10 years, is
intended to consider previous operational history, provide a comparison with modern safety standards
and justify any differences or concerns.

Nil continuously reviews its regulatory approach, including the adequacy of the site licence
conditions, and will respond to developments and changing circumstances, both national and
international.

The disposal of radioactive waste and discharge of radioactive material in airborne and liquid
discharges from any facility, including nuclear licensed sites, is regulated, under powers derived from
the Radioactive Substances Act 1993, by the Environment Agency (EA) in England and Wales and
the Scottish Environment Protection Agency (SEPA) in Scotland. All other aspects of radioactive
waste management on licensed nuclear sites, including its generation, accumulation, treatment and
storage, are regulated by Nil using it's various powers. The vast majority of radioactive waste in
storage in the UK is located at nuclear licensed sites. Liaison is maintained between Nil and the two
environment agencies, through interdepartmental agreements, with the aim of ensuring that waste
management aspects are regulated in an effective and consistent manner.

UK Government policy on radioactive waste management was reviewed in 1994/95 and the
conclusions of that review were set out in "Review of Radioactive Waste Management Policy, Final
Conclusions (Cm 2919)" [3]. Two basic principles of UK Government policy that are relevant to the
context of this paper are the concepts of sustainable development and storing radioactive waste in
accordance with passive safety. The future national strategy for radioactive waste management is
under review and the latest statement is given in the UK Government's recent response [4] to a report
on this subject by the House of Lords Select Committee on Science and Technology [5]. The UK
Government has made clear that it wishes to "take account of the Committee's views and undertake
wide consultation before announcing how it wishes to proceed". The UK Government, and devolved
administrations in Scotland and Wales, plan to publish a wide-ranging consultation paper in 2000 to
"discuss the processes that would be involved in the various management options for radioactive
waste, rather than the relative merits of the options themselves".

3. Nil'S EXPECTATIONS FOR PASSIVE SAFE STORAGE OF RADIOACTIVE
WASTE

The guidance that Nil is currently developing in the areas of radioactive waste management
and decommissioning is for use by it's inspectors and assessors, but will be made generally accessible
for the information of any interested parties. The guidance amplifies, and does not replace, the safety
assessment principles [6] that Nil use to assess the safety of nuclear operators arrangements. We are
currently undertaking a process of consultation, which involves other UK Government departments,
and which will be extended to other organizations such as the nuclear operators, pressure groups and
the public. This section presents an insight into the content of the guidance, concentrating on some of
the issues that are particularly relevant to this conference.

Nil has four fundamental expectations for the management of radioactive material on nuclear
licensed sites which are: the production of radioactive waste should be avoided and minimized;
radioactive material should be managed and stored safely in a responsible manner, i.e. controlled and
contained; full use should be made of existing routes for the disposal of radioactive waste; remaining



radioactive material should be promptly put into a passively safe state for storage pending future
disposal or other long term solution

Nil believes that the UK nuclear industry should now plan on the assumption that a
repository, or other definitive waste management solution, is unlikely to be available for many
decades. This strategic planning should include all the radioactive material for which nuclear
operators are responsible, including for example fuel cycle materials which are not considered to be
waste, but which require long term storage, the waste that already exists and future arisings from the
operation and eventual decommissioning of nuclear facilities. Nuclear operators should demonstrate
that, in selecting their strategy, they have examined a full range of options, and taken account of all
technical factors and UK Government policy. The strategy should include the provision of an
appropriate organization, infrastructure, and financial provision to support the management of the
radioactive waste.

In accordance with UK Government policy, Nil believes that where it is necessary to store
radioactive waste for long periods, there are benefits from storing it under conditions of passive
safety. In achieving this goal Nil expects nuclear operators to base their proposals on sound
engineering principles, best practice and modern standards taking account of national and
international experience. Whilst there is general agreement on the concept of passive safety, there is
less information as to how it can be achieved in practice. As a result Nil has proposed a set of
engineering principles for passive safety against which it can assess nuclear operators proposals. In
line with the flexible regulatory system in the UK these principles represent a set of expectations,
which should be met so far as is reasonably practicable. Nuclear operators are free to develop
alternative approaches, and justify equivalent levels of safety. These principles are described below:

Multiple barriers against release Passive safe storage will be achieved by a suitable combination
of the radioactive waste form, a package and building, which should be designed to provide effective
containment and prevent leakage of radioactivity to the environment.

Wasteform The primary consideration is to ensure that the radioactivity associated with the waste is
immobile, in order to minimize the potential for dispersal. The wasteform should be physically and
chemically stable and resistant to any significant deterioration over the storage period. In many cases,
the raw waste (such as gases, liquids, powders) will require processing into a passively safe form to
immobilize the radioactivity, other raw wastes may already be in a suitable form. Stored potential
energy, which can exist in a number of forms should, as far as possible, have been removed from the
waste. The wasteform should have low chemical reactivity and be resistant to degradation.

In general, raw waste should be processed into a form that does not unnecessarily foreclose
future management options and that is compatible with and facilitates final disposal. This goal should
be achievable for most wasteforms. Where processing of a particular wasteform does risk foreclosing
future management options, this should be weighed against the safety benefits that will be gained
during the period of storage.

Waste package The waste package should be compatible with the wasteform. It should be resistant
to degradation over the period of storage and to the range of foreseeable internal or external hazards,
and designed to facilitate the future retrieval and transport of the radioactive waste. In the UK,
NEREX has developed and approved the design of a number of standard packages, to assist waste
producers who are managing waste. Waste packages should be uniquely identifiable via appropriate
labelling throughout the period of storage.

Storage building The role of the storage building is to provide protection from the elements,
radiation shielding and to present a boundary against unauthorized intrusion. Structures should be
designed to be fit for purpose for the whole period of waste storage. However, structures with a
shorter life may be appropriate if they are designed with the capability for refurbishment or
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replacement in the future. The building should be resistant to the range of foreseeable internal and
external hazards.

The dependence on active safety systems, maintenance, monitoring and human intervention to
ensure safety should be minimized. Minimize may not mean zero in every case, but any safety
systems that are still required should be straightforward, robust and long-lived. For example the
building should not be required to provide control of temperature or humidity, cooling of the waste or
an inert atmosphere to ensure safety. A natural circulation ventilation system would be preferred to
driven ventilation. It may, however, be good practice to provide basic monitoring and associated
alarms to confirm that no events are occurring to cause the condition of the waste to deteriorate.
Typical monitoring for this purpose could include radiation detection, fire detection, water ingress,
intruder alarms etc.

Retrieval The design of the building should take into account the future need to retrieve and transfer
the radioactive waste at the end of the period of passively safe storage or at an earlier time should
waste management strategies change.

Inspection The facilities should be designed so that it is practicable to retrieve and inspect any of the
radioactive waste packages in the store, and include provision to undertake remedial action on faulty
packages. In addition, Nil believes that there could be benefits from designing stores to enable
members of the public to view the waste, where necessary through suitable shielding, for reassurance
purposes.

Records The strategy of long term storage will inevitably pass on the responsibility for the
management of the radioactive waste to future generations. It is essential that nuclear operators make
arrangements for recording and preserving all the information that may be required in the future to
continue the safe management of the radioactive waste. The records should be assembled and
maintained in a secure form that is accessible to all those persons who may need to consult them.
They should be comprehensive and include information relating to the radioactive waste, packages
and buildings, including details of the design, facilities for retrieval and safety cases. Records will be
required to be maintained throughout the period of storage and for many years beyond the date of
emplacement in a repository.

As described above, UK Government policy requires radioactive waste to be managed within
a framework of sustainable development. A widely quoted definition [7] of this concept is
'development that meets the needs of the present without compromising the ability of future
generations to meet their own needs'. The principles for passive safety that have been outlined are a
significant step towards achieving sustainable development. If the principles are met then: radioactive
waste will be processed now, by this generation, into a form which is safe for both the present and the
future; the storage arrangements will not impose undue responsibilities on future generations to ensure
the safety of the waste and they will facilitate management by future generations; future generations
will be provided with records containing all the information they may need to manage the waste; as
far as possible future options for managing the waste will not have been foreclosed.

In summary, placing radioactive waste in passive safe storage achieves a high degree of
containment, reduces the risk of uncontrolled dispersion, and contributes to the effective protection of
people, and the environment, in the future.

For a number of years, MI has been using the concept of passive safety in it's regulation of
nuclear operator's practices for the management of radioactive waste. One such instance concerns the
safety audit of the UKAEA site at Dounreay, carried out jointly by Nil and SEPA in 1998 [8].
Amongst other findings, the audit expressed the view that the nuclear operator's radioactive waste
management policy was not putting sufficient emphasis on the storage of waste in accordance with
the principles of passive safety, and required the operator to align it's procedures with modern



practice. As a result work is underway to recover those wastes which are being accumulated in a
number of unsuitable facilities. Plans are being developed to provide new facilities to treat, condition
and package waste in preparation for long term storage in facilities that meet modern standards.
Completion of these actions will represent significant steps towards ensuring that the goals for passive
safety are met.

4. CONCLUSIONS

In the UK we are faced with a changing social and political environment for managing
radioactive waste. For those radioactive wastes for which there is no prospect of a disposal route
being available on a reasonable timescale, nuclear operators must now plan for long term storage
lasting for many decades, pending the development of a final solution

In accordance with UK Government policy, the Nil believes that there are important benefits
from storing radioactive waste under conditions of passive safety. In this paper we propose a set of
engineering principles that describe how passive safe storage may be achieved in practice. These
principles are part of the regulatory guidance that the Nil has developed to provide a consistent basis
for the work of its inspectors and assessors, and to inform nuclear operators, and other bodies, by
setting out our expectations in the field of radioactive waste management.
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