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1. INTRODUCTION

The reprocessing of irradiated fuel presents a wider range
of safety problems than any other part of the fuel cycle. In
addition to problems similar to those encountered in a large-
scale chemical plant there is need to protect operators from
high levels of external radiation, to contain active materials,
to avoid criticality and to protect members of the general
public and the environment from the effects of radioactive
materials discharged from the plant. These conditions must be
assured during normal operation and any foreseeable accident
situations.

The safety appraisal of a plant must start at the design
stage and procedures must be evolved accordingly.

2. LICENSING AND CONTROL

Legislation specifically relating to the regulation of
safety in major civil nuclear installations has been effective
in the UK since 1960 (1): the most recent specific enactment
being the Nuclear Installations Act, 1965 (2). This Act lays a
duty on the operator of a nuclear facility not to cause harm to
persons or property from ionising radiations emitted from the
site or from nuclear matter consigned or discharged from the
site. The Act requires such operators to obtain a nuclear site



licence before constructing or operating any nuclear facility
and requires them to insure their liabilities for harm caused
by ionising radiations. The detailed control of safety is
implemented through conditions attached to the licence. These
conditions are enforced by the Nuclear Installations Inspectorate
and bear on the design, construction, commissioning, operation
and maintenance of the facility. They require the licensee to
make appropriate administrative arrangements and to bring to
bear sufficient professional technical and scientific expertise
to consider and resolve al] the various safety issues. The
Nuclear Inspectorate surveys the licensee's arrangements and
carries out check safety evaluations in key areas as well as
making regular on-site inspections of plant construction or
operation.

In 1974 a major revision was made of the regulation of
safety in places of work, including nuclear installations, with
the coming into force of the Health and Safety at Work Act
1974 (3).

The new Act embraced the Nuclear Installations Act 1965,
and its regulations, and reinforced the basis of surveillance
of safety by laying a number of general duties on employers,
employees, manufacturers and suppliers of equipment to ensure
that safe, systems of work are practised, that plant and equip-
ment are properly designed and used, that adequate training of
staff is carried out and that proper control is exercised over
hazardous substances and emissions.

The licence conditions bear on the licensee's organisation
to achieve safety, by requiring him to have a safety committee
to assist in the formulation of safety policy and to consider
and advise on technical matters relating to safety: they
require him to formulate procedures to ensure the progressive
implementation of safety requirements as a plant progresses
from the design phase through to operation. Each new plant or
major modification to a plant must have a design safety report
outlining the principles and methods used to achieve safety, a
commissioning programme to confirm the performance of safety
related items, and rules for the operation of the plant within
safe limits. It is also required that appropriate maintenance
and testing of safety equipment is carried out by competent
persons. At each site the licensee is required to arrange and
rehearse measures to deal with accidents at the plant. At
major sites these arrangements extend beyond the site boundary
and link with authorities and other public safety organisations.
These arrangements and rehearsals are subject to evaluation and
surveillance by the Nuclear Inspectorate.

3. RELIABILITY

Nuclear plants should be designed to have a high degree of
reliability since this not only ensures a high plant availa-
bility but simultaneously reduces the need for component
redundancy and can do much to reduce active maintenance.
Reduction of active maintenance can, in turn, have a signifi-
cant influence on waste arisings and on the radiation exposure



of operating staff. Where active maintenance may be unavoid-
able experience indicates that plants should be designed so
that it can be carried out without the necessity of removing
the plant item from the primary containment envelope of the
plant.

Regular inspection and testing of safety related equipment
makes an important contribution not only to safety but also to
plant reliability. Schedules should be drawn up specifying the
frequency of testing and the nature cf the test to be made.
Testing frequency should be related through fault analysis to
the probability of component malfunction and its consequences.

It is becoming increasingly desirable to devise methods of
in-service inspection of plant to improve plant reliability and
safety. The advantage of simple visual examination should not
be underestimated and its usefulness can be enhanced by
appropriate datum marking of the plant. Some in-service
monitoring of plant is also desirable, for example the on-set
and effects of corrosion might be anticipated by provision of
a sample monitoring system. The ability to detect the
migration and deposition of solids is particularly relevant in
plants where high burn-up fuels are being processed.

The effects of proposed plant or process modification must
be carefully studied, before being implemented, and especially
their potential effects on reliability and safety. Appropriate
administrative procedures must be devised to ensure that both
the effects on plant efficiency and the problems of construc-
tion under active conditions are adequately studied.

4. DETECTION OF MALFUNCTION

It is important that radioactive materials should be con-
fined within the principal plant containment boundary at all
times. The plant should be designed to eliminate the risk of
an accidental release and where this cannot be assured
provision must be made to detect and intercept potential
malfunctions wherever possible and, especially where critica-
lity control is essential, the principle of "multiple contingency
protection" should be applied.

Careful analysis must be made of potential plant mal-
functions and their consequences (5). These must include both
the time scale of the development of a plant aberration and the
time needed со effect a restoration of safe conditions or a
repair. Although an aberration in fuel reprocessing plant may
develop slowly it is equally true that remedial action may only
become effective slowly. It may not be sufficient to monitor
only the feed and extract materials of a process but also be
necessary to monitor at key positions within the process where
a malfunction could develop. In the present irradiated fuel
recovery plant in the UK (6) the basis of criticality control
in relation to plutonium is to maintain the concentration of
plutonium in solution substantially below the least critical
concentration (7). Initially it was anticipated that careful
control of all feed materials to the various stages of plant,



through multiple monitoring systems, together with careful
monitoring of all emergent streams would provide a sufficient
safety margin. However a careful study of stage-by-stage
reactions indicated that plutonium concentration could build up
in a small number of stages and possibly remain undetected. As
a consequence a system of in-stage monitoring of plutcr.ium
concentration was developed. Complementary methods of
measuring other process material concentrations were also
developed as alternatives to plutonium concentration monitoring.

5. CONTAINMENT OF ACTIVITY

PROCESS STREAMS

The most important feature of any process plant in the
fuel cycle is the high degree of containment of radioactive
materials that is necessary not only to protect workers from
exposure but also to ensure the continued efficient operation
of the plant. It is desirable that reliance should be placed
on direct measurement wherever possible. Thus product streams
should be monitored to ensure that they remain within speci-
fication. Equally, feed streams will require to be monitored
to ensure that failure or disturbance does not cause the
initiation of some consequent, more serious, malfunction.

The consequences of an aberration in quality of product
streams should be anticipated in the plant design. For example
provision may be needed to hold up a stream while monitoring or
cross-checking is carried out. The development of a fault may
require the diversion or redistribution of materials within the
plant. Again the provision of suitable plant capacity and
equipment must be anticipated. Should a fault lead to the
leakage or spillage of activity within the plant containment
provision should be mace to ensure that all activity can be
trapped and safely recovered and control restored.

In these respects waste arisings must be treated in the
same way as product. All items о С waste should have a
prescribed route out of the plant and appropriate monitoring
and handling procedures incorporated in the plant design.

VENTILATION

In a plant involving liquid processes there is always a
need for exhausts or "break-pots" if flows are to remain
controlled. Such exhaust gases or vapours will themselves bear
radioactivity, hence the exhaust and ventilation systems must
be regarded as part of the total containment system.
Ventilation flow is characteristically controlled to ensure
flow is always from regions of zero or low activity to regions
of high activity. Before these flows may be discharged from
the plant, measures are incorporated to remove entrained
activity. These measures are equally subjected to analysis of
their reliability and efficiency.

The performance of the ventilation system must be
continuously monitored. The parameters of interest are not
only flow rates and pressure differentials through the system



but also the decontamination factors being achieved by the
filtration or scrubbing system to ensure that discharges from
the plant are properly restrained.

The effects of plant malfunctions on the ventilation
pattern and the possibility of reverse flows must be carefully
studied and attention must extend to the detailed design of the
equipment. The incident in the Head End Plant at Windscale in
1S73 (4) has caused a great deal of attention to be drawn to
the design of penetrations in containment envelopes a,id the
effectiveness of seals. In the incident itself a small amount
of activity escaped from a vessel along a drive shaft which
penetrated both the vessel wall and the wall of the containment
in spite of the fact the ventilation depression in the
containment had been maintained. This has led to the develop-
ment of positive mechanical seals for such rotating shafts.

In processes where glove-box operations are involved the
box atmosphere is maintained below atmospheric pressure by a
filtered extraction system which has the capability of over-
coming any loss of depression caused by a burst glove or ether
malfunction. This capability may be achieved by use of either
automatically operating valves or through power fluidic
devices.

It has always been difficult to find materials for gloves
which are sufficiently robust and sufficiently flexible. This,
together with other factors has led to the "sealed face"
concept in which process operations are carried out remotely
and no glove ports are situated so that failure could give rise
to a direct path to the working environment. Access to the
equipment for maintenance which does involve gloves is confined
to areas behind the sealed face. The extension of this concept
is being considered to operations and maintenance in highly
active plants.

6. WASTES

The treatment and storage of wastes arising from fuel
cycle processes is a matter of increasing public concern. A
primary objective in the consideration of any process is to
minimise waste arisings. In some instances this can be done by
modification of the plant process. A great deal can be
achieved to reduce the arisings of slightly contaminated solid
wastes by careful attention to operational procedures. Further
simplification of management can be achieved by volume
reduction of wastes, for example, by evaporation or the
incineration of combustible materials. Such treatment can be
greatly assisted by suitable segregation of wastes at the point
of origin since this practice would reduce or eliminate the
need for further handling and consequential operator exposure.

Two possibilities exist for dealing with these wastes.
The first is to dilute them and disperse them safely into the
environment. This might be adopted for very low level, high
volume arisings. The acceptability of the method will depend
upon the location of the plant, the potential detriment to the



environment and, in the UK, is governed by national regula-
tions (8). Where this practice is possible this is the
preferred solution. It will be necessary to incorporate
suitable delay and monitoring procedures in such arrangements
before the waste is discharged. Some further environmental
monitoring or sampling may also be required.

The second requirement is to process and store the wastes
in engineered structures until such time as an ultimate
disposal method has been established. (Intensive research is
in progress, not only in the UK, to develop a suitable disposal
technique) (9). Experience in the UK has shown that engineered
structures can be designed and operated to ensure the safe
containment of waste for long periods. Further contributions
to safely can be made by the incorporation of wastes in a solid
matrix, for example the glassification of highly active liquid
wastes or the treatment of incinerated ash. Much work is being
devoted to these matters in many countries.

Any engineered structure for the storage of wastes must be
designed to safety and containment standards similar to those
of the processing plants. Provisions must be made for the
retrieval or redistribution of material in the event of a plant
failure, or obsolesence. The plant design should anticipate
the need for retrieval of the waste from the store for ultimate
disposal.

7. EXTERNAL RADIATION

At first sight the control of external radiation hazards
should be a simple matter. The radiation from a vessel con-
taining materials of known composition can be calculated and
the shielding required deduced. In a complex plant, however,
an operator nay be exposed to radiation from various opera-
tions, seme of which may be difficult to predict in advance,
such as unscheduled maintenance involving removal of active
equipment from behind shielding.

Care also needs tc be taken in plant design to ensure that
operators are not exposed to radiation due to operations in
which they are not directly involved. The varying nature of
the radiations that might arise must be anticipated. Where
plutonium compounds are handled neutron shielding is important.
Experience with fuels of higher burn-up has shown that the
growth of americium 241 from the beta decay of plutonium 241
can result :.n an appreciable increase in gamma emission if the
plutonium has been stored for a period. Again, a layer of dust
on the inside surface of a glove box can produce dose rates to
the operator sufficient to require additional shielding to be
incorporated. This problem has led several countries to
research for wet processes to substitute for dry processes in
the manufacture of plutonium.

8. DECOMMISSIONING AND DEMOLITION

At the end of its useful life a processing plant still
posec problems of surveillance to ensure there will be no
leakage of residual activity. There will also be a need



finally to demolish and remove the plant through the actual
timing of such removal will be influenced by the fixed residual
radioactivity and will be a balance of the costs of surveil-
lance, maintenance and demolition. These problems are best
anticipated at the design stage of the plant and consideration
should be given to the decontamination of the plant, the
establishment of sealing and surveillance to permit further
decay of activity, and the means of access and procedures that
might be needed, to effect demolition and removal of equipment.
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