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1. RATIONALE

A wide range of nuclear fuel cycle facilities are in operation. These installations process,
use, store and dispose of radioactive material and cover: mining and milling, conversion,
enrichment, fuel fabrication (including mixed oxide fuel), reactor, interim spent fuel storage,
reprocessing, waste treatment and waste disposal facilities. For the purposes of this paper, reactors
and waste disposal facilities are not considered. The term 'fuel cycle facilities' covers only the
remainder of the installations listed above.

The IAEA Secretariat maintains a database of fuel cycle facilities in its Member States.
Known as the Nuclear Fuel Cycle Information System (NFCIS) [1], it is available as an on-line
service through the Internet [2]. More than 500 such facilities have been reported under this
system. The facilities are listed in Table I [3] by facility type and operating status. Approximately
one third of all of the facilities are located in developing States. About half of all facilities are
reported to be operating, of which approximately 40% are operating in developing States. In
addition, some 60 facilities are either in the design stage or under construction.

Although the radioactive source term for most fuel cycle facilities is lower than the source
term for reactors, which results in less severe consequences to the public from potential accidents
at these fuel cycle installations, recent events at some fuel cycle facilities have given rise to public
concern which has to be addressed adequately by national regulatory bodies and at the
international level. Worldwide, operational experience feedback warrants improvements in the
safety of these facilities.

Some of the hazards are similar for reactor and non-reactor facilities. However, the
differences between these installations give rise to specific safety concerns at fuel cycle facilities.
In particular, these concerns include: criticality, radiation protection of workers, chemical hazards,
fire and explosion hazards. It is recognized that the relative hazards vary from facility to facility
depending upon the processes employed. However, all installations should be designed and
operated so as to keep all sources of radiation exposure under strict technical and administrative
control. The design management should ensure that the structures, systems and components
important to safety have the appropriate characteristics, specifications and material composition to
perform the required safety functions. Emphasis should be placed on the use of proven engineered
safety features in the implementation of the defence in depth concept in the facility design and
operation.

In the last nine years, more than 30 events at fuel cycle facilities were reported under the
International Nuclear Event Scale (INES) system. Since 1945, some 60 criticality accidents of
varying degrees of severity have occurred, 22 of which were in nuclear fuel cycle facilities. The
most notable recent event was the accident at the JCO facility in Tokaimura, Japan, in September
1999. As a result, some countries are currently revising their relevant regulations or standards to
reflect the importance of the lessons learned.



The development of nuclear safety standards is one of the tasks given by the Statute of the
IAEA. Over a number of years, the IAEA has developed a comprehensive set of publications
which address, in a structured manner, the safety of nuclear installations. The Safety
Fundamentals publication entitled "The Safety of Nuclear Installations" [4] presents an
international consensus on the basic concepts underlying the principles for the regulation, design
and operation of nuclear installations, including fuel cycle facilities. Detailed requirements and
guides for activities relating to siting, design, construction, operation, decommissioning and
regulation of nuclear installations are addressed by lower hierarchy safety standards, which cover
nuclear power plants (NPPs) and research reactors. Although some of the IAEA NPP standards
can be adapted and applied to fuel cycle facilities and some standards on criticality safety are
published by the International Organization for Standardization (ISO), in general there is a lack of
international safety standards to cover the safety of such facilities.

With a view to establishing a plan for the development of safety standards for fuel cycle
facilities, the IAEA began to compile information on the status of national regulations and safety
issues concerning such facilities. It also held a Technical Committee Meeting on the topic in May
2000 [3, 5]. This paper draws on information compiled from these activities.

The main objective of this paper is to discuss the specific safety concerns for fuel cycle
facilities and reach a consensus on actions to be taken by the national and international nuclear
communities to ensure the safety of such facilities worldwide. It should be demonstrated that these
facilities are operated and regulated in a similar stringent fashion to NPPs and to bolster public
confidence.

2. STATUS OF TOPICAL ISSUE

Fuel cycle facilities differ from reactors in several important respects. They employ a great
diversity of technologies and processes. Fissile material and wastes for these facilities are handled,
processed, treated and stored throughout the entire installation. These processes use large
quantities of hazardous chemicals, which can be toxic, corrosive or combustible. Consequently,
the materials of interest to nuclear safety are more distributed throughout the nuclear installations,
in contrast to reactors where the bulk of the nuclear material is located in the reactor core or fuel
storage areas. Moreover, the nuclear materials in fuel cycle facilities are often present in solutions
that are transferred between tanks used in different sequences for different parts of the process.
The facilities are often characterized by more frequent changes in operation, equipment and
processes, necessitated by production campaigns, new product development, research and
development, and continuous improvement. Fuel cycle facilities also rely to a great extent on
operator intervention and administrative controls to ensure safety, instead of active or passive
engineered controls. The energy usually released in accidental situations at such facilities is
associated with criticality, decay heat or chemical reactions but its amount is relatively small,
which explains why in general the consequences for the environment are rather limited. The
hazard dependence on different facility and material conditions is illustrated in Table II [3].



2.1. SAFETY HAZARDS

2.1.1. Criticality

Criticality is integral to nuclear engineering safety for all installations including nuclear
power and research reactors. The prevention of criticality incidents includes, but is not limited to,
any one or a combination of the following: control of the mass of fissile material present in the
process; control of the geometry (limitation of the dimensions or shape) of processing equipment;
control of the concentration of fissile material in solutions; and the presence of appropriate
neutron absorbers [6].

For fuel cycle facilities, criticality prevention is a dominant safety issue. Radioactive
material can be widely distributed throughout a fuel cycle facility. Fissile material may exist in
different forms (fuel pellets, fuel elements, fuel rods, fuel assemblies and so on), and phases (e.g.
different kinds of solutions, slurries, gases, powders, and so on). As a result, fissile material may
easily accumulate in different parts of the equipment and may also escape from its primary
containment through leakage and gather in unexpected places, not designed to ensure criticality
prevention. The distribution and transfer of potentially critical nuclear material requires operator
attention to account for this material throughout the installation and thus ensure that nuclear
criticality safety is maintained.

The hazards associated with criticality were reviewed at a conference in France in 1999 on
"The Risks of Criticality in the Nuclear Industry" [7], sponsored by the French nuclear safety
advisory body (IPSN). The conference reported that nearly 60 criticality accidents of varying
degrees of severity have occurred since 1945. About one third occurred at nuclear fuel cycle
facilities. Of these, 21 accidents killed 7 people and resulted in significant radiation exposure to
another 40 individuals. Although most of the accidents occurred before the early 1980s, two
occurred as recently as 1997 and 1999. Twenty of these accidents involved processing liquid
solutions of fissile materials, while none involved any failure of safety equipment or faulty
calculations. The conference identified the main cause of criticality accidents as the failure to
identify the range of possible accident scenarios, particularly those involving potential human
error. This finding is especially significant for fuel cycle facilities, given their extensive reliance
on operator and administrative controls to ensure safety.

A detailed review of the causes, progression and consequences of 60 criticality accidents
which occurred in Japan, the Russian Federation, the UK and the USA is provided in the Los
Alamos National Laboratory publication "A Review of Criticality Accidents" [8]. Two categories
of events have been analysed, those that occurred in process facilities and those that occurred
during critical experiments or operations with research reactors. It was noted that process
facilities, carrying out operations with fissile material, are generally designed to avoid criticality
accidents through physical and administrative controls. For these types of facilities, the operating
personnel are usually not technical experts in criticality physics, but under normal working
conditions operating personnel can be very close to potentially critical configurations. From the
analysis of the criticality accidents it has been concluded that the 'human element' represents the
dominant cause in all of the accidents. In many cases inadequate supervision, inattentive upper
management, and a lack of appropriate regulatory control contributed to the development of
undesirable practices which eventually led to an initiating event causing the criticality accident.



Many of the accidents occurred during non-routine operations for which the operators were not
adequately trained and were not able to recognize the development of abnormal conditions. In
some cases the operators, on their own initiative, took actions after the initial emergency
evacuation and received significant radiation doses.

Fuel cycle facilities, which process or contain fissile material, need to be evaluated for
criticality hazards. The evaluation must show whether the presence of nuclear materials with
greater than natural enrichment presents a credible scenario for inadvertent criticality during the
processing being conducted at the facility. As regards nuclear criticality, fuel cycle facilities may
be split into two groups: (1) facilities where a criticality hazard is not credible, e.g. mining,
milling and conversion of natural uranium facilities; and (2) those where the criticality hazards
may be credible e.g. enrichment, reprocessing, uranium fuel fabrication, mixed oxide fuel
fabrication, fresh fuel storage (and transportation), spent fuel storage (and transportation) and
waste treatment facilities. Facilities in the second group need to be designed and operated in a
manner that provides a high level of assurance that good controls are in place and maintained. The
designs of such facilities need to ensure subcriticality in all areas, first by engineering design,
utilizing where possible 'criticality safe designed equipment'. The facilities need to be operated in
a manner that ensures that excessive amounts of fissile material do not accumulate above the
specified limits in vessels, transfer pipes and other parts of the facilities. To prevent an inadvertent
nuclear criticality, process safe operating limits and conditions must be determined and should not
be violated. These limits should contain sufficient margin to preclude criticality during any
postulated abnormal or accident conditions. Particular attention should be paid to: fissile material
in waste streams and storage at the facilities; process changes or modifications which may impact
on criticality prevention; fissile material accounting and control procedures; and controls which
are used to prevent the accumulation of fissile materials in zones which are not included within
the installations (equipment) design parameters.

In addition to preventing criticality accident, fuel cycle facilities with credible criticality
hazards should make adequate emergency preparedness provisions commensurate to the hazards
posed.

2.1.2. Radiation hazards

Radiation safety is an important consideration at nuclear fuel cycle facilities. Special
attention is warranted, when developing and using standards and establishing operational
practices, to ensure worker safety in the operational process, which may include the open handling
and transfer of nuclear material in routine processing. Although external exposures may be
limited, potential intakes of radioactive material require careful control to prevent and minimize
internal and external contamination and to adhere to operational dose limits. In addition, releases
of radioactive material into the facilities and through monitored and unmonitored pathways can
result in significant exposures to workers, particularly from long lived radiotoxic isotopes. Some
facilities, such as MOX fuel fabrication, reprocessing, and vitrification facilities, require shielding
design, containment, ventilation and maintenance measures to reduce potential exposures to
workers.



General principles whose effective application will ensure appropriate protection and safety
in any situation which involves or might involve exposure to radiation, are defined in the IAEA
Safety Fundamentals on 'Radiation Protection and the Safety of Radiation Sources' [9]. Based on
these principles and objectives, requirements with respect to radiation safety are established in the
International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety
of Radiation Sources [10], which are applicable to all type of nuclear installations. However, fuel
cycle facilities pose a higher risk to facility operators than to the public and this fact should be
given proper consideration when establishing relevant safety criteria and developing safety guides.

2.1.3. Chemical hazards

Fuel cycle facilities may also pose hazards to workers and members of the public from
releases of chemically toxic and corrosive materials. Such facilities may be considered as
chemical plants, with construction and operation conducted according to appropriate chemical
safety standards. However, major steps in the nuclear fuel cycle consist of chemical processing of
fissile materials, which, if not properly managed, may lead to the inadvertent release of radioactive
substances.

Chemical hazards differ considerably from facility to facility. The production of uranium
hexafluoride (UFe) involves the use of significant quantities of hydrogen fluoride, which is both a
powerful reducing agent and is chemotoxic. This poses a significant hazard to workers, although
the hydrogen fluoride is not in itself a radioactive material. Other examples include the use of
strong chemical acids to dissolve uranium and other materials and to remove, in some cases, the
fuel cladding. These acids are also used to chemically dissolve the spent fuel during reactor fuel
element reprocessing, enabling the separation of the plutonium and uranium from the residual
fission products. In addition, the residual fission products, which comprise approximately 99% of
the total radioactivity and toxicity in the spent fuel, pose a significant radiological hazard in what
is typically a complex chemical slurry. During the solvent extraction processes, strong acids and
organic solvents are used to remove the plutonium and uranium from the slurries. These processes
can generate toxic chemical by-products that must be sampled, monitored and controlled. Other
chemicals encountered at fuel cycle facilities in significant quantities include such chemicals as
ammonia, nitric acid, sulphuric acid, phosphoric acid and hydrazine. It is important to recognize
that unplanned releases of the chemicals may adversely affect safety controls. For example, a
release of hydrogen fluoride could disable an operator who may be relied upon to ensure safe
processing.

Chemical hazards have caused operational problems and accidents at many facilities
worldwide. The chemical toxicity hazards associated with UF6 processing were evident in two
accidents in 1986 in the USA and Germany [3].

The chemical risks in fuel cycle facilities are integral to the nuclear processing. Assurance of
safety requires control of both the chemical and nuclear hazards. This close relation between
chemical and nuclear hazards needs to be covered in the safety standards, design and operational
measures and process procedures.



2.1.4. Fire and explosion hazards

Many fuel cycle facilities use flammable, combustible and explosive material in their
process operations, such as a tributyl phosphate-dodecane mixture for solvent extraction, bitumen
for conditioning radioactive wastes, hydrogen in calcining furnaces and chemical reactors for
oxide reduction. Some flammable and explosive substances may also be generated as bypass
products in the production process or as a result of fault operation when unexpected chemical
reactions take place.

Fire and explosion hazards have been recorded at fuel cycle facilities. In 1990, for example,
there was an ammonium-nitrate reaction in an off-gas scrubber at a low enriched uranium (LEU)
scrap recovery plant in Germany which injured two workers and destroyed the scrubber [3]. Fire is
an especially significant accident scenario because it can be both an initiating event for the
accident sequence and can also disrupt safety systems. It can also provide an energy source to
transport radiological and chemical contaminants into uncontrolled areas where they may pose
risks to both workers and members of the public. An example of this is the fire and explosion at
the Tokaimura reprocessing plant in Japan in March 1997, which contaminated 37 workers with
radioactive material.

The design of the facilities should provide for minimum inventories of combustible
materials and should ensure adequate control of thermal processes and ignition sources to reduce
the potential for fire and explosions. For example, extreme care should be taken to prevent the
accumulation of radiolytic hydrogen, which is generated in high activity waste tanks in fuel
reprocessing plants. In addition, fire can become a motive force for significant releases of
radioactive and toxic material from the facilities. Consequently, fire detection, suppression, and
mitigation controls are usually required.

A fuel cycle facility design and operation should consider the radiological and other
consequences from fires and explosions. Suitable safety controls should be instituted to protect
against the potential consequences of fire and explosive hazards. These safety controls should be
designed to provide the requisite protection during normal operations, anticipated operational
occurrences and credible accidents at a facility. Similar to the chemical hazards, fires and
explosions which might adversely affect any nuclear safety measures should be given adequate
consideration.

2.2. MANAGEMENT ISSUES

Good quality management includes development, implementation and maintenance of an
adequate quality assurance programme, which describes how the work is to be managed,
performed and assessed. It is important to recognize that all work is a process that can be planned,
performed, assessed and improved in order to enhance facility safety.



2.2.1. Maintenance and modifications

Although fuel cycle facilities all require some degree of maintenance for operation and
safety, the maintenance of such facilities as vitrification, reprocessing and MOX fuel fabrication
plants requires special care during design and operation due to the expected high radiation or toxic
hazards present and the required use of hot cells and glove boxes for some maintenance
operations. In addition, maintenance may in itself pose special hazards because it may lead to an
initiating event for accident sequences if it is not performed in an adequate manner.

Maintenance measures are normally performed at a facility on a continuing basis, with
emphasis on equipment needed for safety to ensure that the equipment is available and able to
perform its functions, including those functions required to prevent accidents or mitigate the
consequences of accidents, when needed. Most facilities have commitments relative to how
equipment required for safety is inspected, calibrated, tested and maintained to the level
commensurate with the equipment's importance to safety, to ensure its ability to perform its safety
functions.

A facility maintenance programme should generally address the following maintenance
activities: corrective maintenance; preventive maintenance; surveillance and monitoring; and
functional testing. Adequate management of maintenance activities is essential for ensuring the
safety of fuel cycle facilities and for addressing ageing phenomena.

Nuclear fuel cycle facilities may be modified many times during their life-cycle. Changes in
design or operation are implemented for many reasons, including the need to increase production,
improve product quality, allow handling of a different feed material, adjust plant facilities to
accommodate new regulatory requirements or reduce or alter the resulting waste or by-product
stream.

It is well known from experience in many facilities that incorporating design or operational
modifications can result in unforeseen outcomes with complicating adverse effects on health and
safety. Such effects may be due to the introduction of new hazards, to variations in existing
hazards or because of changes in risks or consequences from existing hazardous conditions. In
some cases a change to one part of a facility can result in a corresponding hazard increase in
another part of the facility which may not be adequately analysed or constrained. In light of these
possibilities, to ensure safe operation of fuel cycle facilities it is important that a good
management system is in place to control the planning and implementation of any design or
operational modifications.

Modifications at fuel cycle facilities are typically controlled to assure consistency amongst
the facility design and operational requirements, the physical configuration, and the facility
documentation. Many fuel cycle facilities have in place a formal documentation process which
governs the design and continued modification of the site structures, processes, systems,
equipment, components, computer programmes, personnel activities and other supporting
management oversight activities. These documentation processes typically provide reasonable
assurance for the disciplined documentation of: engineering, installation and commissioning of
modifications; the training and qualification of affected staff; the revision and distribution of
operating, test, calibration, surveillance and maintenance procedures and drawings; post-
modification testing; and readiness review.



2.2.2. Human factors

The production processes of most fuel cycle facilities are designed and exercised in a
manner which involves extensive human/machine interface. The operator's 'hands on'
involvement in the production process is typical for such facilities. Human factors need to be
considered for fuel cycle facilities to alleviate potential safety issues at all stages of the facility's
life. Since most of the abnormal operational occurrences at fuel cycle facilities result from human
error, human factor considerations are of paramount importance during fuel cycle facility
operation. This is particularly true when technology changes are introduced or when equipment
modifications are performed. The practices for the formal licensing of fuel cycle facility operators
differ from country to country, but it is recognized that an adequate authorization process should
be in place to ensure that the operational staff has the proper qualification to perform the work in a
safe manner.

A central aspect of human factors is the training and qualification of the personnel who
operate fuel cycle facilities. The scope and extent of the training programme for a fuel cycle
facility should be related to the safety issues encountered at the facility. However, in comparison
with the training programmes established for personnel at NPPs, the training practices for
operators at fuel cycle facilities in some countries are weak. Some lack a systematic approach in
the development and application of training programmes for the particular facilities, and when
modifications are made inadequate procedures are in place for staff training. Human factors
should also be taken into account when developing operational and safety procedures, and the
wider ergonomic factors of the working environment such as labelling, access, lighting,
temperature and user interface design also make an important contribution to reducing the
likelihood of human error. The establishment of a good safety culture is considered an important
factor which contributes to the safe operation of all types of fuel cycle facilities. Recent
experience in this field for NPPs has shown that implementation of a good safety culture can
result in significant safety improvements. It is evident that further work is necessary to set out and
promote safety culture philosophy through the whole fuel cycle.

2.2.3. Emergency preparedness

Although the consequences of potential accidents are in general less severe for fuel cycle
facilities than for NPPs, consideration should be given to the establishment of adequate emergency
preparedness for fuel cycle facilities as well.

In spite of all precautions that are taken in the design to ensure operation without undue
radiological or other hazard to the general public, the remote possibility of failures or conditions
leading to an emergency situation cannot be excluded for some facilities. The operating
organizations therefore should make efforts to carefully analyse hazardous situations, identify the
ways in which accidents can develop and estimate the potential consequences to the workers and
the public. Adequate emergency preparedness provisions, commensurate to the hazards posed by
the particular facility, should be made. Emergency plans for a fuel cycle facility site, which poses
significant hazards, should be prepared to cover all activities planned to be carried out in the event
of an emergency. Emergency exercises and drills should also be performed, as necessary.



2.2.4. Decommissioning strategy

As a way of allaying concerns about the safety of facilities that are no longer in use, it is
desirable to decommission these plants in a timely manner. Although there can be some benefits,
in terms of reduction of the collective exposure of the workers, from delaying decommissioning to
allow radioactive decay after shutdown at facilities with a high concentration level of short and
medium half-life beta and gamma emitters, deferral of decommissioning is generally not the
preferred approach for nuclear fuel cycle facilities. One particular concern with delaying
decommissioning is that with time operators may lose institutional knowledge about the design of
the facilities as well as knowledge of the location and extent of facility contamination. This is
especially pressing for process operations that have been shut down or are in standby mode for a
decade or more prior to the onset of decommissioning, unless complete and accurate records have
been preserved for use in planning and carrying out decommissioning.

2.2.5. Integrated fuel cycle infrastructure

There is a strong interdependency between the facilities that comprise the nuclear fuel cycle.
The products of one facility become the feed material for other facilities later in the cycle. This is
illustrated, for example, by the transfer of spent nuclear fuel from a reactor to storage facilities,
and then to reprocessing facilities. In a similar manner, waste generated from fuel cycle facilities
should be stored at-site or transferred to other waste treatment and storage or disposal facilities.
There are safety concerns related to the use of residue storage at-site and accumulation of large
quantities of radioactive waste with different properties and characteristics. The interdependence
mentioned above is very evident in high level nuclear waste, where a licensed disposal site exists.
This, together with a very limited capacity to dispose of low and intermediate level wastes, has
resulted in a need to extend the temporary storage time and capacity for spent fuel and radioactive
wastes in many countries.

Although short term storage of these materials may be safely accomplished, extended
storage of the materials poses a range of safety concerns. These include storage container
degradation and long term inspectability, contamination control, environmental contamination,
hydrogen generation, criticality control and spent fuel degradation. A related concern is that
uncertainty about future disposal technologies and facility designs has delayed the selection of
acceptable disposal containers. This delay has resulted in the continued storage of radioactive
wastes in containers beyond their original design and operational lifetimes.

2.3. SAFETY ASSESSMENT

A well performed and adequately documented safety assessment of a nuclear facility will
serve as a basis to determine whether the facility complies with the safety objectives, principles
and criteria as stipulated by the national regulatory body of the country where the facility is in
operation. International experience shows that the practices and methodologies used to perform
safety assessments and periodic safety reassessment for fuel cycle facilities differ significantly
from county to country. Most developing countries do not have methods and guidance for safety
assessment prescribed by the regulatory body. Typically, the facility safety evaluation is based on
a case by case assessment. While conservative deterministic analyses are predominantly used as a
licensing basis in many countries, recently probabilistic safety assessment (PSA) techniques can
act as a useful complementary tool for supporting decision making on safety matters.
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In 2000, the IAEA developed a technical document [11] on procedures for conducting a PSA
for non-reactor nuclear fuel cycle facilities. The main emphasis in this guidance is on the general
procedural steps of a PSA specific for a non-reactor nuclear facility rather than the details of the
specific methods. The report is intended to assist technical staff managing or performing such PSAs
and to promote a standardized framework, terminology and form of documentation for these PSAs.
It is understood that the level of detail implied in the tasks presented in this document is not
necessary for all fuel cycle facilities or PSA applications. In fact, it is anticipated that for many
facilities, a 'streamlined' or 'simplified' interpretation of the information presented in this document
will be acceptable. The appropriate level and form of streamlining is dependent upon the specific
objectives of the analysis and the magnitude of the hazard that the facility represents. Facility hazard
can drive the depth of analysis, as it may well be appropriate to analyse a lower hazard facility to less
depth than higher hazard facilities (i.e. the depth of analysis is commensurate to risk). Thus, the
concept of hazard graded depth of PSA analysis is considered as appropriate for fuel cycle facilities.
However, worldwide experience gained in the use of PSA to assess the safety of fuel cycle facilities
shows that in general there is a lack of facility specific data typically required for quantification of
PSA models. In addition, the generic component reliability data relevant to these types of facilities is
also extremely limited due to the diversity of facilities.

The USNRC recently published a guide on integrated safety assessment (ISA) [12], which is
to be used to identify: potential accidents at fuel cycle facilities, the items to be relied upon for the
prevention or mitigation of these accidents, and the appropriate measures to ensure that those
items would be available and perform reliably if called on to operate. Some other countries are
also applying integrated approaches to evaluate the hazards of different natures (e.g. nuclear,
radiation, chemical, fire) and their possible combined adverse consequences to the workers and
public.

2.4. INTERNATIONAL EXCHANGE OF OPERATIONAL EXPERIENCE

The safety of the nuclear fuel cycle is to some extent mirrored by the results of operating
experience during the last fifty years. A recent review of the list of events in OECD/NEA Member
Countries from 1992 to date, taken from the 'Fuel Incident Notification and Analysis System'
(FINAS) database, indicates that there have been more than 90 events reported at fuel cycle
facilities [13]. The number of events reported under this system is much higher compared to the
number of events reported under the IAEA INES system due to the fact that INES contains only
events which might be of interest to the general public, whereas FINAS includes information on
any operational events reported to be of safety importance.

To review the causes, recovery and corrective actions and lessons learnt from the recent
criticality accident at the JCO facility in Tokaimura, Japan [14], the OECD/NEA held a workshop
on the safety of the nuclear fuel cycle in May 2000 in Tokyo. This meeting proved to be a useful
forum for the exchange of information amongst the OECD/NEA Member Countries on the
technical issues concerning the regulation and safety of fuel cycle facilities and emergency
response concepts.

Some statistics on operational events which have occurred in the past at Russian fuel cycle
facilities have been reported recently [15], but officially published information on these events is
limited.
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In 1996, the IAEA published a report [16] on significant incidents in nuclear fuel facilities.
The report reviews some 58 selected incidents which occurred from 1944 until 1994. The
significant incidents were those of criticality, explosion, fire and release of radioactive materials
or contamination, most of which affected workers and the public or caused serious damage to
property. For each incident, the report describes an outline of the incident, important consequences
and, where possible, root causes, lesson learned and action taken.

Another aspect which is of current interest to many countries is the possible use of safety
performance indicators when assessing the safety of fuel cycle facilities. Recent developments in
the USNRC and IAEA in this particular area show that the experience gained with the application
of safety performance indicators for NPPs can be fairly easily tailored to develop and utilize
indicators specific for fuel cycle facilities.

Due to some recent incidents at fuel cycle facilities, many regulatory bodies are currently
facing the need to address public concerns on the safety of fuel cycle facilities in the same manner
as they do for NPPs. It appears that despite the smaller radioactive source terms for these facilities
when compared to NPPs, the public is interested in receiving prompt and comprehensive
information on any abnormal operational events at these facilities. It is one of the regulatory
body's tasks to help build up public confidence by regulating them such that these facilities are
operated to the high standards generally observed in NPPs.

2.5. INTERNATIONAL SAFETY STANDARDS

Regulatory systems used by Member States for nuclear fuel cycle facilities vary from State
to State. During an IAEA Technical Committee Meeting on the status of regulations for nuclear
fuel cycle facilities in Member States, held in May 2000, information on the relevant regulatory
practices in a number of countries was compiled, showing a range of prescriptive, partially
prescriptive and non-prescriptive systems. These examples demonstrate that many countries apply
different regimes and methods for the effective regulation of fuel cycle facilities which might be
of interest when revising regulatory practices in other countries. Many of the Member States are
currently evolving their regulatory programmes to respond to lessons learnt from the operation of
fuel cycle facilities.

For example, US experience with these facilities has suggested the need for enhanced
regulations for fuel cycle facilities. The rupture of a UF6 cylinder in 1986 and a near criticality
accident in 1991 raised concerns about the control of non-radiological risks and control of facility
changes, respectively. Based on these experiences, the USNRC, in 1994, initiated amendments to
its requirements for fuel processing facilities in lOCFRPart 70 [17]. These amendments, which
were implemented by September 2000, adopt a more risk informed, performance based approach
to regulation. They emphasize the need for an ISA to identify risks, evaluate the consequences of
credible accident sequences, and identify the safety controls and controls systems relied upon for
safety. Similar amendments are proposed in lOCFRPart 63, which will supersede the requirements
for high level waste disposal at the Yucca Mountain site in Nevada. Continued refinement of the
requirements in 10 CFR Parts 40, 50, and 72 is expected, as well.
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Other countries notably the Russian Federation, Japan and France [3, 18], have been
exploring the need for a more effective and efficient regulatory process, and have recently
introduced changes to their regulatory systems which are also affecting the regulatory practices
relevant to their fuel cycle facilities.

At the international level several publications on fuel cycle facility safety are available from
the OECD/NEA. However, these publications have not been designed to serve as safety standards.
To present an up to date analysis of the safety aspects in nuclear fuel cycle facilities in its Member
States, the OECD/NEA published a report entitled "The Safety of the Nuclear Fuel Cycle" [6] in
1981. An updated version was issued in 1993, which is currently under review to include the
lessons learnt from the recent experience gained with the operation of these facilities.

Although some standards on nuclear criticality safety [19-21] exist or are under
development by the ISO, in general, there is a lack of international safety standards specific to fuel
cycle facilities.

Under the terms of Article III of its Statute, the IAEA has the task of establishing standards
of safety for protection against ionizing radiation and to provide for the application of these
standards to peaceful nuclear activities. The regulatory related publications by means of which the
IAEA establishes safety standards and measures are issued in the IAEA Safety Standards Series.
This series covers nuclear safety, radiation safety, transport safety and radioactive waste safety,
and also general safety (that is, of relevance in two or more of the four areas), and the categories
within it are Safety Fundamentals, Safety Requirements and Safety Guides:

• Safety Fundamentals present basic objectives, concepts and principles of safety and
protection in the development and application of nuclear energy for peaceful purposes.

• Safety Requirements establish the requirements that must be met to ensure safety. These
requirements, which are expressed as 'shall' statements, are governed by the objectives and
principles presented in the Safety Fundamentals.

• Safety Guides recommend actions, conditions or procedures for meeting Safety
Requirements. Recommendations in Safety Guides are expressed as 'should' statements, with
the implication that it is necessary to take the measures recommended or equivalent alternative
measures to comply with the requirements.

The IAEA's safety standards are not legally binding on Member States but may be adopted
by them, at their own discretion, for use in national regulations with respect to their own activities.
The standards are binding on the IAEA in relation to its own operations and on States in relation
to operations assisted by the IAEA.

Over a number of years, the IAEA has developed a comprehensive set of safety series
documents, which addresses, in a structured manner, many of the nuclear fuel cycle safety needs
identified by Member States. The Safety Fundamentals and many of the Requirements and Guides
published under the Safety Series are, in general, applicable to all types of nuclear installations,
including fuel cycle facilities. Some of the IAEA safety standards for NPPs and standards on
radiation protection and radioactive waste safety can also be applied to fuel cycle facilities.
However, their adaptation may not always be easy and some of the specific safety concerns for
these facilities, as described above, are not adequately addressed, if at all, by NPP standards.
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With this in view, and looking for a 'user friendly' set of safety standards to address fuel
cycle facilities, it was proposed to expand the current IAEA safety standards programme by
including one additional Requirements document within the nuclear Safety Standards structure. In
addition five subsidiary Guides were also considered necessary to support these Requirements in
order to cover all of the major fuel cycle facilities, including: mining, milling and refining;
conversion and enrichment; fuel fabrication — uranium; fuel fabrication — MOX; and fuel
reprocessing. Although not part of the nuclear fuel cycle, isotope production facility safety
concerns were also suggested to be covered by an individual Guide.

The Commission for Safety Standards (CSS), which comprises 16 senior regulators from
around the world, discussed during its meetings in 2000 the IAEA Secretariat's proposal for the
development of this limited number of additional standards to address safety in the design and
operation of non-reactor fuel cycle facilities. The proposal was accepted and it was generally
agreed that the guidance to be developed should be facility related rather than theme or subject
related.

In accordance with the decisions of the CSS, the IAEA Department of Nuclear Safety has
developed a new subprogramme on the safety of fuel cycle facilities. This will cover the
development of the required standards as well as other complementary activities needed to support
the enhancement of fuel cycle facility safety in Member States.

3. PROBLEMS IDENTIFIED, ISSUES TO BE RESOLVED

3.1. INTERNATIONAL SAFETY STANDARDS

Work is under way by operators and regulators in several countries with the aim of securing
improvements in the safety of fuel cycle facilities. However, there is no consensus at an
international level of what standards should be applied to the significant number and broad range
of facilities being designed and operated in the world. For NPPs, the IAEA's Safety Standards
series represents the only international nuclear safety standards, developed with consensus. No
such standards exist for non-reactor fuel cycle facilities.

It is expected that the safety standards for fuel cycle facilities, planned to be developed by
the IAEA in the next few years, will build on international consensus with respect to the safety
requirements for different type of such facilities.

3.2. INTERNATIONAL EXCHANGE OF OPERATIONAL EXPERIENCE

It is recognized that an essential factor in ensuring the safety of any nuclear installation is
the continuing worldwide exchange and analysis of safety relevant information and data. It
appears, however, that with respect to fuel cycle facilities this process is somewhat limited to
countries with well developed nuclear power programmes. The lack of records in the international
databases on incidents and accidents in other countries does not of course mean that operational
experience feedback is not considered for the facilities in operation in these countries. However,
for maximum benefit to be gained by the international nuclear community, it would be helpful if
all Member States provided their operational experience feedback so that any valuable lessons
learned can be shared with the wider community.
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3.3. HUMAN FACTORS

One of the major differences, as discussed in this paper, between operating and regulating
reactors as opposed to other fuel cycle facilities is that there are generally fewer engineered safety
features in fuel cycle plants and more direct operator intervention. Thus greater reliance is placed
on the management of safety and human factors to maintain the safe operating envelope in these
facilities. In recognizing this important difference, it is clear that the training and qualification of
the personnel who operate fuel cycle facilities are crucial to safety. The scope and extent of the
training programme for such a facility needs to be thorough and systematic and must be closely
focused on the safety issues encountered at the particular facility.

3.4. SAFETY ASSESSMENT

The hazards posed by different fuel cycle facilities can vary enormously in both form and
magnitude. Clearly the safety assessment required for a small uranium mine will be very different
from that required for a large spent fuel reprocessing plant. There is nevertheless a need for
adequate safety assessment of all fuel cycle facilities which takes into consideration any hazards
they pose, many of which have been mentioned in this paper. The PSA or ISA is used in some
countries in assessing the safety of fuel cycle facilities. However, because of the diversity and
types of technology in use in these facilities and the accompanying lack of plant specific reliability
data, these analyses can have large margins of uncertainty. Thus the results must be used very
cautiously and ideally should complement the deterministic engineering analysis. Improvements
need to be sought in gathering the information which is needed to feed into the PSAs.

3.5. REGULATORY REGIMES

The safety of non-reactor fuel cycle facilities has come to the fore in recent years. Many
countries operate one or more of these facilities and public awareness has been raised and
confidence in them lowered, both as a result of incidents and because of the well documented
problems of how to deal ultimately with radioactive wastes. The criticality accident at Tokaimura
in September 1999 brought into sharp focus on a global scale the importance of avoiding a
repetition of such an event. The innate mistrust of the general public to all things nuclear, together
with the voracious hunger of the media for sensational headlines places a great responsibility on
governments and their designated regulatory authorities.

4. RECOMMENDATIONS FOR STRATEGIC ACTIONS/PRIORITIES
FOR FUTURE WORK

4.1. SAFETY OF FUEL CYCLE FACILITIES

The safety of fuel cycle facilities should be improved by promoting: the establishment and
implementation of adequate safety standards; the application of the defence in depth concept in
design and operation; the use of better training practices focused on particular safety concerns
identified for each type of facility; the introduction of a safety culture philosophy throughout the
entire fuel cycle; and the development and application of integrated safety assessment techniques
and methods for evaluation of the design and operational safety of fuel cycle facilities.
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4.2. INTERNATIONAL SAFETY STANDARDS

Member States should contribute to the drafting and review of the new standards on the
safety of the fuel cycle included in the IAEA programme for 2002-2003. During the time that
these international standards are being developed, expert meetings should continue to be
organized on a periodic basis to provide focus for standards development, and safety services
should be performed by the IAEA, if requested by Member States.

4.3. INTERNATIONAL EXCHANGE OF OPERATIONAL EXPERIENCE

The Agency should continue its work of fostering the international exchange of information
on regulatory and safety concerns for fuel cycle facilities. Compiling information on operational
events worldwide should be considered and organized in co-operation with the OECD/NEA (e.g.
operation of the FINAS database jointly with the OECD/NEA).

4.4. REGULATORY REGIMES

The regulation of these facilities in some countries could be strengthened by implementing
enhanced licensing procedures and inspection practices. Effective and efficient fuel cycle facility
oversight programmes should be in place to help build public confidence.

5. QUESTIONS TO THE CONFERENCE

5.1. What actions should be taken by the IAEA to enhance fuel cycle facility safety?

5.2. What are Member State needs with respect to fuel cycle facilities? Does technical
support need to be provided to some Member States, e.g. is it necessary to offer
training courses specially designed to address specific safety concerns as identified
above for these types of facilities?

5.3. How can the capabilities in some Member States be strengthened for regulatory
supervision of these types of facility? Is specific training needed for the regulators?
Should activities be designed specially to meet this need?

5.4. How can IAEA safety services, developed for the assessment of NPP safety, be
adapted to make them applicable to fuel cycle facilities?

5.5. Is the available guidance for the safety assessment of fuel cycle facilities sufficient? Is
there a need to develop additional integrated safety assessment guidance for such
facilities?

5.6. Is it worthwhile to develop a framework of safety performance indicators for these
facilities, using the experience gained with the application of safety performance
indicators for NPPs? Can these indicators be considered as monitors of the safety
trends at fuel cycle facilities?
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5.7. Is there a need for an additional international event reporting system? If so, can the
FINAS database be used as a basis, and can it be operated in co-operation with the
OECD/NEA, as is the Advanced Incident Reporting System for NPPs?

5.8. What kind of documents are needed to provide guidance on how to communicate the
decisions of the regulatory body for fuel cycle facilities to the general public? Do any
further documents on this subject need to be developed, or should the focus be on
providing assistance to Member States in adapting the available IAEA publications on
this subject for NPPs?
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TABLE I. ANALYSIS OF THE NUMBER AND TYPE OF FUEL CYCLE FACILITIES

Milling (incl. P04)

Conversion

Enrichment

Fuel fabrication

Interim storage

Reprocessing

MOX fuel Fabrication

Total

Total

189

45

39

72

99

38

22

504

Developing
States

77

11

14

19

16

9

1

147

Operating
(number in
developing

States)
58 (31)

31(7)

22(6)

49 (13)

67 (10)

13(3)

10(1)

250 (71)

Planned
(number in
developing

States)
20(6)

4(0)

4(3)

4(2)

26(4)

3(2)

3(0)

64 (17)

Shutdown/standby
/

Decommissioning

53

8

6

10

4

11

4

96

Decommissioned

55

1

2

9

2

7

1

77

Status unknown
(not reported in

database)

3

1

5

0

0

4

4

17
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TABLE II. SAFETY ASPECTS FOR FUEL CYCLE FACILITIES

Mining/
milling

Conversion

Enrichment

Fuel
fabrication
Interim
storage
Reprocessing

MOX fuel
fabrication
Waste
disposal
Transportation

Vitrification

Criticality

O

O

®

®

®

®

o

o

o

Radiation

®

®

®

®

®

®

®

®

®

®

Chemical
toxicity

®

®

®

®

®

0

TTiro/

explosion

O

®

®

®

®

®

®

®

®

Product/
residue
storage

®

O

®

®

®

®

Waste
storage

®

®

®

®

®

®

®

Ageing
facilities

®

®

O

O

®

®

®

®

Decommis-
sioning

®

O

®

®

o
®

®

o

o
®

Effluents

®

®

®

®

®

®

Maintenance

O

®

®

®

O — May be a concern depending on specific conditions (enrichments, composition, etc.).
Concern at most facilities.
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