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Foreword

During the 3rd IAEA/NEA International Symposium on
Optimisation in Vienna in 1986, a session chairman
observed that European and American approaches to
optimisation were not just separated by the
Atlantic! It should be said from the outset that
our review of the status of achievement is mainly
European orientated and is principally based on
our two organisations' work for a project "Methods
for the Practical Implementation of the ALARA
Principle" being carried out for the Commission of
the European Communities (CEC). As such the
review undoubtedly has some bias and we look to
the Discussants to this paper, J Baum (USA) and
R Hock (FRG) to redress any imbalance. Hopefully
this approach will provide a useful basis for the
following discussion.

1. INTRODUCTION: A DECADE OF ALARA DEVELOPMENTS

The basic conceptual and methodological work on ALARA started with ICRP
Publications 22 and 26(1'2 ' , which recognised that the judgements
inherent in achieving an optimised level of protection could be
structured and helped by decision aiding techniques. The development
towards this can be divided into three phases.

1.1 Theoretical Development

From 1977 to 1982 most efforts were focussed on theoretical aspects and
an evaluation of the possible quantitative decision aiding techniques,
with most emphasis being placed on cost effectiveness and cost-benefit
analyses. These efforts are expressed in the proceedings of the 1st and
2nd IAEA^NEA meetings'3'4' as well as the 1st CEC seminar' 5' on ALARA.
ICRP 37( ' can perhaps be seen as the end point for this theoretical
period.

1.2 Demonstration of Feasibility

The following period from 1982 to 1987 was mainly devoted to the
demonstration of the feasibility of these ALARA approaches through the
carrying out of many case studies in different kinds of installations
for both design and operational problems. These can be found in the
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proceedings of the 2nd CEC seminar17> and the third IAEA/NEA* ' meeting.
The majority of the case studies were carried out 'a posteriori', but
over the years an increasing number have been 'a priori', thus
symbolising the first steps in the move from theory to practical use.
However, it would be wrong to convey the impression that the scientific
community has been of one mind, extolling the virtues of formal ALARA
studies and the use of decision aiding techniques. Indeed, many papers
pointed out the limitations of the techniques and queried whether they
had anything to offer that could not be equalled or surpassed by
engineering judgement or experience. In many cases the latter
contention was a reflection of the fact that controlling authorities or
utilities had set such low targets that the situation was already beyond
ALARA and that, therefore, ALARA studies had little to offer other than
confirming that the target was too low. Nevertheless, from the
conflicting viewpoints has come a better understanding of the
advantages, disadvantages and limitations of using formal ALARA
techniques.

The initial thinking of ICRP had focussed largely on the use of cost
benefit analysis as a technique to be used in analysing protection
problems to determine the optimum solution. Consequently many of the
case studies concentrated on this technique. Although perfectly
adequate for many situations, the limitations of the CBA technique
caused people to more actively pursue and develop the use of other
decision aiding techniques, such as multi-criteria and multi-attribute
analysis. It is perhaps to these techniques that we look to as aids for
future high level decisions.

This period also saw a move to more clearly identify where decision
aiding techniques fit into the scheme of things. In this respect,
perhaps one of the most significant outputs has been the 'ALARA
Procedure' developed by Webb et al( ' . This provides a structured
approach to problems within a general framework for ALARA and provides
an input to decisions. (See Section 2).

1.3 The Present and the Future

We are now entering the third phase of development. As we have already
seen from Webb's11 ' presentation, the report of the ICRP Task Group has
drawn together the experience of the two previous phases, consolidated
it into guidance that shows how the concept of optimisation of
protection can be implemented at different decisional levels and in
different contexts, using appropriate techniques. The report will
address in detail the mechanics, the advantages, disadvantages and
limitations of the various decision aiding techniques and set them
within general frameworks, or "ALARA Procedures' that provide a
structured approach to decision making.

The next objective must be the integration of the 'ALARA Procedure' and
other ALARA elements (covered later) into the overall radiation
protection programmes adopted by organisations and Controlling
Authorities. To date ALARA studies have largely been carried out by
'optimisation experts' often from outside the utilities, but this next
step would necessarily require that the design and operational health
physicists implementing radiological protection programmes are the
people doing the majority of the studies. For convenience we will call
this the 'practitioner level'. The major"difficulties they are likely
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to encounter will be with the quantification process and the costing of
detriment, and it is in this domain that we will need to develop the
'tools' for them to finally put theory into practice. The rest of this
paper outlines in more detail the progress that has been made towards
this next objective, and what has yet to be done. We start first with
the ALARA Procedure and some general observations, then look at
practical implementation in operations and finally at design.

2. GENERAL OBSERVATIONS

In this section our aim is to present some salient points that we
believe have emerged from the pursuance of ALARA in both design and
operations and which have a general applicability.

2.1 The ALARA Procedure

The 'ALARA Procedure'19' (see Fig. 1) forms a major element of the
proposals of the ICRP Task Group and should have a significant role
within Radiation Protection Programmes. It provides a general framework
that is applicable to any field, (e.g. nuclear power, industrial,
medical, waste disposal) and can be used at any level of decision. It
has been dealt with in more detail by Webb but, because of its
fundamental nature, it is worth noting some specific points at this
stage.

(a) It is a structured approach, allowing one to assess and compare
protection options in a systematic and coherent way, with a view to
identifying the one which leads to the best allocation of resources
within the constraints of the situation.

(b) It allows for either a quantitative approach (e.g. using cost
benefit analysis) or, through the 'remaining R.P. factors' route, a
qualitative approach (e.g. an engineering judgement based on
experience), or a mixture of both. The key points are that the
problem is defined and the relevant factors identified. This
explicit recognition of the role of both qualitative and
quantitative inputs must surely go some way towards reconciling some
of the divergent views expressed over the years.

(c) The results of optimisation on radiological protection grounds, the
'analytical solution' is clearly separated from the 'final decision'
which would take into account non-radiological protection factors.

2.1.1 Decision Levels

There has perhaps been a tendency to think that a formal ALARA approach
is much more adapted to the design stage than the operational one. In
reality if distinctions have to be made they are related to the level of
decision and the complexity of the problem rather than the different
areas of application. The general framework of the 'ALARA Procedure' is
applicable to all levels of radiological protection management; all
that changes is the degree of formality, and hence effort and
sophistication that is relevant.

2.1.2 Role of the ALARA Procedure

The ICRP Task Group has chosen to make a distinction between the
schematic representation of the 'ALARA Procedure' they have used for
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Design work and a modified and simplified one applicable to Operations.
We believe that whilst such a distinction may be appropriate in some
instances, it would be better to have one general framework that could
be pursued in varying degress of formality dependent on the specific
circumstances. In essence we regard the ALARA Procedure as just one
available tool or plug-in element within any overall radiation
protection programme irrespective of whether we are at the design or the
operational stage (represented schematically in figure 2).

2.2 Identification of Protection Options

The ALARA approach has undoubtedly resulted in a widening of the
spectrum of options to be considered for dose reductions, especially for
occupational exposure. With respect to public exposure the potential
actions to further control the production, management and releases of
radioactive effluents seem relatively limited, being primarily confined
to investment in plant and technology, so that this is evolving slowly.
Conversely, for occupational exposure the ALARA approach has forced
analysts to look not only at the traditional area of additional
protective equipment, but to consider in more detail other parameters
such as the size of the workforce, their training and scheduling of the
work. In short work management is becoming recognised as a key element.

2.3 Identification and quantification of factors

The factors to be considered within an ALARA framework are closely
related to the decision level. It is possible to divide ALARA studies
into two broad categories, corresponding to an economic or
socio-politcal perspective. Another way of expressing this,difference
would be to say that the decision making follows either the logic of
investment appraisal or technological and environmental impact analysis.
Whilst the distinctions are not always clear cut/ broadly the lower
level decisions of whether or not to implement an option, or the choice
of priorities within a limited set, can usually be resolved following
the logic of investment appraisal, e.g. using cost benefit analysis. On
the contrary as soon as the problem is related to choices about the type
of technology to be used or its location we obtain a large set of
relevant factors in which the protection costs and exposures may not
play dominant roles. Here other decision aiding techniques such as
multicriteria and multi- attribute analysis may be used, for example the
study on steam generator repair policy at the Beznau nuclear power
plant1x '. Whilst one can envisage CBA becoming a routine technique for
the practitioner level, the complexities of these other techniques are
such that for the foreseeable future they will remain the province of
specialists.

Even for the lower level decisions confined to costs and doses, as in
CBA, these quantities can have a complex structure within which there
are trade-offs to be made. Two of the more common are:

(a) risk transfers between different groups. The case of increases in
occupational exposures due to the implementation of radwaste
treatment systems'x is the classic illustration of the problem.

(b) equity in the distribution of doses. Here the question is whether
the aggregation of individual doses to the public in the
microsievert range carry the same weight as occupational doses of a
few millisieverts or even annual doses approaching the dose limit?
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As seen later these trade-offs can be quantitatively addressed within
comprehensive costing systems using what is known as extended cost
benefit analysis. However the key point is that the interplay of the
factors must be recognised, even if they have to be dealt with
qualitatively.

When ICRP first promoted CBA, the simple approach used assumed the
production costs to be independent of protection costs. In many
practical situations there is a marked production-protection cost
interdependency which needs to be recognised (13#1 ' . Recently generic
studies covering the costs and effectiveness of the application of
robotics and the use of remote tools in nuclear power plants have
emphasised this interdependency'15'1 fl ' . Working in a hostile
environment involves lower productivity and as a consequence extra
labour costs, which can be significant. The use of robotics to reduce
labour costs could therefore be a productive investment. Indeed in some
circumstances we could be reducing doses and saving money!

2.4 Costing of Detriment

It is axiomatic that if one is to use quantitative decision aiding
techniques such as cost effectiveness and cost benefit analysis, one
must have at least reference levels of the cost of the man.Sievert. The
past decade has seen great debates on this topic, but there has been
little international agreement, which, given the 3 component of costing
and the differences in our national characteristics and social make-ups,
is only to be expected. The major exception to this has been the IAEA's
guidance on costing transboundary radiation exposure'18> . Each country,
and indeed sometimes different national agencies within a country, have
pursued costing of unit collective dose to varying degrees.

Where only the objective health detriment, or a value, has been
considered, then values around $5,000 to $10,000 (US) have generally
been used. A study119) carried out for the Nordic Committee for Atomic
Energy looked specifically at the 'Applicability of Optimisation
Principles Related to Plant Systems and Constructions'. The study
analysed Dose Reducing Actions from a number of Nordic nuclear power
stations over a number of years. They concluded that 'formal
optimisation of dose reducing actions is almost never performed' and
that retrospective reviews indicated that the Dose Reducing Actions were
not cost effective from a purely radiation protection viewpoint. Here
it appears that the 'a' value of detriment had been used. It was
identified that 'The social and psychological (emotional) factor as well
as operational availability (P in the optimisation formula) play an
important role'. Certainly the social factors inherent in the (3
component are important, being manifestations of different national
approaches; but they are potentially amenable to inclusion in a
quantitative approach. Some work has been done to provide a rationale
and numeric guidance on 3 components. For example the NRPB has given
advice in the UK on a costing scheme that includes a component for
individual's risk aversion and allows for other factors to be
included'201. However, utilities have tended to simply refer to the
amounts of money they currently spend per man.Sv; these are typically of
the order of $10 man.Sv"1 (US). The combined effect of 'nuclear
protesters' and a desire for a cleaner, safer image constantly ratchets
this figure upwards. Looking outside the nuclear industry very much
different figures are found with medical exposure often struggling to
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get beyond implied values of $100 man.Sv"1 (US). In many ways the very
fact that the existence of such large differences has been identified is
a significant step forward, as it causes us to question resource
allocation and clearly identify the current dominent parameters.

Clearly a lot more work is required to clarify the position on costing
of detriment. If we are to achieve the objective of moving ALARA
studies from the realm of the expert to that of the practitioner, it is
almost a pre-requisite that the advice on costing detriment is available
and simple.

3. OPTIMISATION IN OPERATIONS

The operational and design phases are obviously interlinked, but it is
often convenient to split them and in this instance we have chosen to
review the operational phase first. Obviously in the implementation of
ALARA there will be a large range of situations, each with its own
problem, and it would be impossible to cover all the problem areas. For
convenience and clarity we have chosen to present our review from two
different viewpoints in time. Firstly, there is the point of view of
ALARA Audits that provide a snapshot of the ALARA aspects of Radiation
Protection Programmes. Secondly there are 'Predictive ALARA Plans' that
cover the time stream of the progress of normal or special maintenance
operations.

3.1 ALARA audits

To reach the starting point of the 'ALARA Procedure' one has to be able
to identify the problems. This in itself requires a structured
approach, which is often referred to as an "ALARA Audit" (or 'ALARA
Appraisal'). Once a facility is built and operating there is not
necessarily an obvious incentive to examine the mode of operation and
the results except when problems occur. Similarly operational
procedures tend to develop and evolve with time. One of the main
contributions of the ideas underlying the optimisation requirement is
that existing situations should be examined from time to time because
some of the inputs to the original optimisation or some of the design
criteria may have changed or because the procedures were not necessarily
optimised initially. In other words, implementation of the optimisation
principle provides a rationale for looking systematically at situations
which otherwise might remain inadequately assessed. There may also be
some stimulus for an ALARA Audit study provided by internal management
initiatives, regulatory authority requirements or the outcome of
appraisals of the plant. These could be associated with increasing
levels of individual or collective dose, costs rising, dose rates in
areas rising, or simply a requirement for a periodic review.

Carrying out ALARA Audits can be based either on 'check lists''211 or on
'analytical trees' allowing for a systematic screening process to be
applied at any step of the operation. In practice they would include
all factors that would affect doses plus other factors such as
conventional hazards that may also affect decisions.

These techniques are certainly not universally used but are gaining
wider acceptance. They are, however, widely used in the USA where
regulatory controls122 have required demonstrable ALARA elements in
the radiation protection programmes. This has lead to the development
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of so called 'station ALARA committees' and ALARA co-ordinators in
nuclear power plants. It has also led to the foundation of ALARA
Centres, such as that headed by one of the discussants, John Baum of the
Brookhaven National Laboratory. This form of structured approach is also
being developed within the IAEA1 '24).

The 'ALARA Audit' in itself does not optimise radiation protection; it
identifies problem areas which need consideration. The application of
the 'ALARA Procedure' then takes us to the decision making on achieving
ALARA.. Whilst the procedure is presented as a formal framework, it must
again be emphasised that this is to provide a visualisation of the
logic. In many practical situations there will be no need to have formal
ALARA studies using cost benefit analysis. Intuitive decisions, or
qualitative optimisation using the 'remaining factors' route of the
'ALARA Procedure', will suffice.

There will be some situations, however, that can benefit from a more
formal approach using cost benefit analysis. This may range from no
more than a 'back of an envelope' set of calculations using approximate
quantifications of cost and doses, to major studies. The case studies
reported in the various international meetings provide examples of
these, and many utilities have developed their own guidance on how to
carry out these studies'25' '• Despite the previously noted
reservations of some groups, we believe that this component of our past
experience database is expanding, and will continue to do so.

3.2 Role of a predictive ALARA plan

The 'ALARA Audit' produces a snapshot of the elements of a radiation
protection programme. However, many of the larger operational problems,
such as those related to maintenance work during power station outages,
have long timescales from conception to completion. The 'ALARA Audit'
should review the general procedures involved in such maintenance work,
however, it has been suggested12 ' that a key element in all such
situations should be a 'Predictive ALARA plan'. To appreciate the role
of this it is necessary to consider the various phases of an operation,
as shown in fig. 3.

3.2.1 Planning

At the planning stage, the planners will usually have a number of
alternative protection options, eg. choice of technology, choice of the
type and layout of equipment, special tools, whether to try to decontam-
inate the working area, trade-offs between individual and collective
doses. This is why most ALARA studies are carried out at this stage.
Also, because of the level of decision, they may warrant significant
attention. Again the structured approach of the 'ALARA Procedure' can
help in evaluating the options. Many of the basic parameters
characterising the operation may be well known or readily attainable,
eg. dose rate profiles, working time and conditions. Assumptions will
have to be made about some parameters both in terms of their magnitude
and uncertainty. It is important that these assumptions and other basic
facts are recorded, together with the basis of decisions on ALARA, to
facilitate feedback for future similar operations.

A key point as far as ALARA is concerned is that the planning stage
should produce a "Predictive ALARA Plan" which includes a profile of
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the doses expected to be associated with the work, together with
acceptable levels of variation and trigger levels for action. The
latter could be individual dose reference levels warranting consider-
ation of removal of the man from the work, or collective dose reference
levels that could trigger a change in the operational procedures.

3.2.2 Preparation

In the 'preparation for the work' phase it is important to verify the
correct operation of the equipment and to train workers in its use,
taking into account the expected working conditions. Past experience
has shown how beneficial this pre-operational training is in dose
reduction. At this stage the management may need to refer back to the
ALARA plan from the planning phase to see if the equipment performance
and the performance of the trained staff are within the assumptions or
criteria previously adopted. This may identify further protection
options, but the decision level will be lower, often restricted to the
question of 'doing' or 'not doing' a proposed protection measure. Here
a simple comparison of the incremental cost effectiveness relative to a
reference monetary value of unit collective dose might be all that is
required, and in many cases a qualitative judgement would suffice.

3.2.3 Performance

During the actual maintenance operation it is obviously important to
follow the evolution of both individual and collective doses to be in a
position to take rapid corrective action. This requires the previously
mentioned predictive dose profile, and a compatible dose data collection
system. This is dealt with more fully later (see Section 5).

3.2.4 Feedback and Learning Curves

Comparisons also have to be made at the 'feedback' phase, but can
perhaps be made in more detail over a more relaxed time scale. One
aspect of this phase is the retrospective judgment of whether or not
ALARA was achieved. Indeed, this may be needed to demonstrate that
regulatory requirements have been met. For example, in the UK whenever
an employee's dose exceeds three-tenths of any dose limit, the employer
has to carry out an investigation to determine if all that was
reasonably practicable had been done to restrict exposure'28> . The
feedback phase is particularly important, both for routine maintenance
and ultimately for optimisation in the design of plant. It is
instructive to look at the evolution of collective doses for both
special maintenance work and high dose routine maintenance. Figures 4
and 5 are typical of what is found for major tasks or backfitting
performed repetitively either at one site or a series of sites. Figure
4 shows how the collective dose for the repeated task of. eddy current
testing at Ringhals 2 has decreased over the years even though the
ambient dose rates have increased'29' . Similarly Figure 5 shows how the
collective dose has decreased with experience for the shotpeening of
steam generator tubes in French PWR's 30).

In this context the objective is to reduce this learning dose to be as
low as reasonably achievable. Apart from completely changing the
technique, this reduction can be achieved by many different means.
Experience shows that the major ones are the development of training on
mock-ups to shorten the learning process, stringent checks on the
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operation of equipment before entry in order to reduce mishaps, and
accelerating the feedback process for implementing the corrective
protection actions.

3.2.5 Effort Involved

As identified previously, the planning phase with an end point of a
predictive 'ALARA Plan' will provide the most scope for the use of the
'ALARA Procedure'. Whether quantitative decision aiding techniques can
or need to be used will depend on the situation. The amount of effort
devoted to the 'Predictive ALARA Plan' must reflect the levels of dose
and the potential dose savings. In this respect there is benefit in
setting reference levels of dose which determine the management level at
which the plan can be sanctioned, and hence the amount of effort
involved.

4. OPTIMISATION IN DESIGN

The design process is a complex one that in theory brings together all
relevant past experience to enable us to meet our desired objectives.
Over the decades of nuclear power design a number of design criteria,
standards and targets have evolved which give practical expression to
past experience. The development of the optimisation principle and in
particular the formalisation of approaches and the use of cost benefit
analysis were seen by many as questioning the validity of this past
experience. To the designer there was the spectre of having to formally
justify in detail each decision in the design process. A requirement
that would not make optimum use of scarce design resources. What we are
moving towards, albeit slowly, is to engender in designers a state of
thinking that right from the start of the design process is continuously
asking, "Have I done all that is reasonably practicable to reduce
radiation doses?" In the vast majority of cases engineering judgement
is sufficient for them to answer this question, but the overall approach
now identifies protection problems that the more formal 'ALARA
Procedure' can help with.

Authorised limits, set by national authorities, and design targets, set
by the operator, play an important part in the design process. The ICRP
Task Group indicates that these should be linked to optimisation
studies. In the case of authorised limits they suggest that the -

"authorised limit can be somewhat higher than the result of the
optimi dation study to achieve nearer optimal levels in the actual
procedure and to provide some operational flexibility.
It is necessary to recognise that authorised limits should not form a
binding constraint on subsequent optimisation studies. If these
demonstrate that the optimum is above the authorised limits, they
should be revised upwards".

In the case of design targets the Task Group suggests that -
"Specific design targets should be the output of optimisation studies
not constraints upon them".

These suggestions reflect the position we would perhaps like to achieve,
because at present there have not been enough generic or specific
optimisation studies to provide the input to the choice of authorised
limits or design targets. However, design work is continually
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identifying problems for which optimisation studies are providing an
input to decisions. In turn such decisions become part of our 'past
experience' which forms a major input to design targets, etc. This
process is being helped by regulatory authorities realising that cost
benefit analysis and other similar techniques can in some circumstances
provide a focus around which difficult problems can be discussed with
the designer. The current status of this and the interplay of design
targets and optimisation is perhaps best shown by reference to some
examples. Although related to the UK situation, these examples give an
insight into the complexity of combining both the design targets and the
ALARA objective.

4.1 Sizewell B

The radiation protection elements of the design of what will be
Britain's first PWR, Sizewell B, have been the subject of an extensive
assessment, the most detailed for any UK reactor. This has taken place
within the scope of the normal regulatory licensing process and the
longest Public Planning Inquiry in UK history (340 days)'31' . At the
beginning of the project the operator, the Central Electricity
Generating Board (CEGB), set down safety criteria covering occupational
and public exposure and for the prevention of accidental releases. For
example, the principal design targets for occupational exposure were -

(a) the maximum individual dose should not exceed 10 mSv.y"1; and
(b) the station annual collective dose should not exceed 0.002 man.Sv

per MW(e) installed. For Sizewell B this equates to approximately
2.4 man.Sv.

The individual dose target was considered by CEGB to be 'the lower limit
of what is reasonably achievable'. The collective dose target was also
considered to be stringent. It was based on experience of design of AGR
reactors and was lower than the average actually achieved. The design
that was eventually put forward met the design targets and as they
considered these stringent the CEGB in essence concluded that in meeting
them they had achieved ALARA in design. In its review of the design the
regulatory body, the Nuclear Installations Inspectorate (Nil), concluded
that it did not give a sufficient description of the design strategy for
keeping doses as low as reasonably practicable (referred to as an 'ALARP
strategy'). The following points made by Nil13 ' are particularly
relevant:

(i) the Nil did not accept a predetermined design dose target as a
suitable basis for demonstrating that the ALARA requirement had
been achieved.

(ii) the predicted doses were based largely on a review by CEGB of
relevant PWR experience. Whilst it was accepted that this had
given the CEGB a good insight into the problem of reducing doses
from a PWR, it considered this approach to be too qualitative to
be of use in demonstrating that the doses would be ALARA.

(iii) In discussions with CEGB the Nil pointed out that the ALARA case
needed to be set down in a more quantified manner.

The CEGB was therefore asked to furnish the Nil with details of its
ALARA strategy demonstrating that it had made reasonable attempts to
quantify its judgements by the use of cost benefit analysis along the
lines recommended by ICRP. In response an ALARA Strategy document was
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prepared. This covered a wide spectrum of protection options related to
both occupational and public exposure. The analyses were based on a
projected 40 year plant life and used the then current NRPB
recommendations on the value of unit collective dose. The basic method
used by CEGB was to estimate the costs and dose savings, on an
annualised basis, and then calculate the incremental cost effectiveness
figure in E.manSv"1. This was then compared to an appropriate reference
figure from the NRPB recommendations.

The Nil observed132' that despite the limitations of the approach and
the practical difficulties encountered with its application (i.e. lack
of suitable databases), the CBA study provided much valuable information
on the costs and benefits of the available options which allowed their
relative impacts to be assessed. Whilst clearly identifying limits to
the techniques, they concluded that there would appear to be an
increasing role for quantitative techniques such as CBA as part of a
licensee's safety case and in the regulator's assessment of the plant.

4.2 UKAEA Guidelines

The United Kingdom Atomic Energy Authority (UKAEA) has developed an
internal Code of Practice*25', "Radiological Guidelines for the Design
and Operation of UKAEA Plant", together with an associated Guidance
Note. The Code sets down the principles by which the UKAEA complies
with the statutory duty of ALARA. The Code specifies design targets for
radiation doses from normal operations for workers and members of the
public. They are employed as targets in the initial design of new plant
and major modifications. Importantly the guidance points out that
whilst the targets will ensure that individual doses are well below
statutory dose limits, it will be necessary to confirm that they are
ALARA using engineering judgement or CBA.

Irrespective of whether the targets are met it is stated that some form
of CBA would be required in all cases where significant expenditure is
proposed on additional dose reduction measures. It is indicated that
the degree of detail required in the analysis would vary widely
depending on the circumstances of the case. Guidance is given on how to
derive a cost effectiveness figure and its significance. For the latter
a 'CBA Banded Scheme' (fig. 6) is used. Relevant points are -

(a) For each design proposal approximate cost effectiveness figures are
derived.

(b) Proposals which cost less than £3,000/man Sv should be implemented.
(c) For proposals in the range £3,000 to £30,000/man Sv a management

decision would be required, which took into account other factors
such as avoidance of high individual doses, collective dose trends,
etc.

(d) In cases where dose targets are met the approximate CBA values are
considered an adequate input to the management decision.

(e) Where dose targets are not met a more detailed CBA assessment would
be required either to justify the expenditure or to provide a sound
case for arguing that dose levels which are above the design targets
but within statutory limits, are justified in an unusual set of
circumstances.

(f) If the cost per man Sv is confirmed to lie above £30,000 the
proposal would not be implemented in normal circumstances unless it
is the only design capable of meeting regulatory requirements or the

- 123 -



decision is subject to overriding social or economic arguments. A
decision to commit resources under these circumstances would be
authorised at senior management level.

Overall the Code of Practice provides an example of how optimisation
procedures are being integrated into design processes, with guidance on
the significance of numerical benchmarks such as design targets and on
relating the effort and the decision level to the nature of the problem.

4.3 General

The above examples indicate that optimisation techniques are being
slowly integrated into the design process. The motivation for this
stems either from the designer wanting to have, or being required by the
regulatory authority to have some means of justifying, preferably
quantitatively, judgements on MARA. With few exceptions the various
analyses are related to normal operation of the plant or low consequence
accidents. The methodologies for assessing probabilistic events is
still developing and is more appropriately addressed in the next paper
by Bengtsson 3 .

5. AIARA AND DATA COLLECTION

One of the basic requirements in the pursuance of optimisation (whether
one uses qualitative or quantitative techniques) is to be able to
quantify the doses predicted to be associated with the various
components of a persons work, or with a variety of protection options.
From our own experience, and the many case studies reported in the
literature, there has been a common problem of lack of cost and dose
data in an appropriate format. This is relevant to both the operational
phase and, by the feedback mechanism, to design; and we regard it as a
major problem area. Indeed we believe that, over the years, many
discussions on the impracticability of ALARA could have been avoided if
it had been clearly identified from the beginning that a major obstacle
to implementing the ALARA principle was the inability of some of the
monitoring systems to produce appropriate databases on which to base
ALARA decisions.

There are two potential inputs to predicting doses; modelling of the
situation and dose data from past experience. Modelling techniques are
the most common route for public exposure, whilst for occupational
exposure both are used, but with past experience predominating. It is
axiomatic that to maximise the benefit of these inputs, they should be
appropriately and compatibly formulated. For example in operations, the
dosimetry used should be capable of being task specific, and the coding
of the tasks should be compatible with that used in any modelling, and
preferably with that used on other plants, in order to facilitate
intercomparisons.

5.1 Dose Modelling

For external irradiation, dose modelling can use the equation

S = d x t x N x f

where S is the collective dose, d is the ambient dose rate, t is the
task time, N is the number of workers and f is the number of times the
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task is done. For N = 1 the individual doses can be extracted.

This is a very simple equation, but quantifying the parameters is not
simple. For example mapping of the ambient dose rates inside a reactor
containment is very difficult. Similarly the time (t) required will
depend heavily on the training and experience of the staff, the
radiological protection management structure and the effort put into
planning and preparation. One important factor underlying the equation
is the choice of how to break the work programme into discrete tasks.
In making this choice notice must be taken of the capabilities of the
dosimetry system used to confirm the predictions and the spread of work
over which available protection options will have an effect.

These problems are being addressed by some groups. An example is a
system under development by Service Etudes de Projets Thermiques et
Nucleaires [SEPTEN] of Electricite de France'34). This is a computer
based system for estimating ambient dose rates at any distance from
components within the various areas in nuclear power plants. The system
relies on "transfer functions" allowing the expression of any ambient
dose rate as a function of a few contact dose rates measured
on reference components (steam generators, primary loop etc). These
"transfer functions" have been previously established with specific
computer codes taking into account the whole past experience related to
source evolution in the various French reactors as well as the exact
geometry and plans of the areas and components they include like pumps
and tanks. Estimates of the ambient dose rates for a given working area
are given with the relative contributions of the different components
present in the area. This allows the estimation of doses with a high
degree of confidence for a variety of work schedules and protection
options, such as local shielding, removal of active components, etc.
This provides a direct input to the quantification stage of the 'ALARA
Procedure'.

The above is in fact one module of a system being developed by CEPN(35>

in collaboration with Electricite de France. This system, named 'AIDRP'
is a computer based analytical dosimetric system for large scale
maintenance programmes in nuclear power stations in France. It covers
all the phases from planning to feedback. It allows daily compilations
of individual and collective dose for comparison with the predicted
doses.

5.2 Task specific dosimetry

Until recently the dosimetry in use in most installations relied on
individual monitoring systems, the main objectives of which were to
control doses so that no worker exceeded the individual dose limits
or site specific authorised limits, and to provide lifetime dose
histories. Such systems, which have proved to be acceptable for
decades, are unfortunately not able to provide the kind of data required
in optimisation studies because no link can be reasonably established
between the doses, generally evaluated every month, and the different
jobs performed by workers day after day.

The weakness of these systems pushed the operators of large facilities .
to develop in the early eighties new dosimetric systems such as the
so-called "automatic job dosimetry" based on TLDs or integrating dose
meters. This type of dosimetry allows a link to be made between the
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daily or "shift" doses received by workers having entered the controlled
area and a set of generic operations taking place during the maintenance
of the installations. Although this system represents a real
improvement, its usefulness for MARA evaluation depends critically on
the tasks being undertaken and their coding.

Based on the need for more relevant monitoring systems, operators are
pushing towards the development of a third generation dosimetry able to
fit the ALARA process. One of interest is the SIMVIDOSE system
currently being developed by the Safety and Reliability Directorate
(SRD) of the U.K. Atomic Energy Authority. This utilises individual
dose rate meters and video recording of the operation. A worker wears a
dose rate meter and transmitter which transmits exposure information
over a high frequency radio link to a receiving aerial situated well
away from the worker. The signal is processed and can be both stored on
a microcomputer for future analysis and displayed superimposed on a
chosen part of the video picture. The data displayed can include
elapsed time, dose rate and accumulated dose. The system has already
been used to identify possible improvements in a number of routine
operations in high dose rate environments at the PLUTO reactor, Harwell,
and an experimental facility at Dounreay. Not only does it provide
detailed task specific dose data that aids the management in optimising
exposures, but it is evident that having watched the video tapes the
operators themselves have become more aware of the exposure pattern
which in turn has caused them to take steps to reduce their own dose.

6. CONCLUSION

The increased emphasis in recent years on the ALARA principle and its
practical implementation has opened new perspectives in the organisation
of radiological protection. This change could be characterised as a
shift from an 'a posteriori' control, (i.e. demonstrating that dose
limits had not been exceeded), towards an 'a priori' management or dose
predictive approach. Undoubtedly in both operation and design conscious
efforts are made to achieve ALARA. However, there are certainly differ-
ences in various organisations' perceptions of what this practically
entails and there is scope for us all to learn. If the 'ALARA Procedure'
remains only a tool used at the early stage of design or as an elegant
means of justifying past choices, it will have missed its main objective
which is to give more rational and coherent management of practical
protection at both the design and operational stages. We feel that the
integration of the structured approaches of the ALARA Procedure and the
ALARA Audit, into radiation protection programmes provides the best way
forward. This would require ALARA studies moving from the province of
the 'experts' to the 'practitioners'. This in turn will require us to
provide them with the tools to do the job. The methodology is secure
but the areas of dose data collection and the costing of detriment need
to be addressed further. Similarly, there is perhaps a need for the
'experts' to develop further experience of using the multiattribute and
multicriteria techniques for the higher level decisions.
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Comments by Mr. S. Benassai,
(ENEA/DISP, Italy)

on the paper by Messrs Croft and Lochard

1. The role of quantitative decision-aiding techniques

In the presentation of the ALARA Procedure it is clearly recognized
that only some of the factors to be taken into account in the decision process
can be evaluated according to quantitative decision-aiding techniques. That
leaves open the question of the usefulness of such techniques when the results
need to be compared with the qualitative judgements that characterize the
other factors.

However, the quantification of quantifiable parameters can be useful,
more than as an input to cost-benefit, multi-attribute or multicriteria
analysis, as a tool to guarantee a more transparent process, i.e., as it is
clearly stated in the paper, "... the problem is defined and the relevant
factors identified".

In my opinion, it is something similar to the use of probabilistic
analysis (such as level 1 PRA) in the field of nuclear safety : the relevance
and usefulness of such a technique results from its availability as a tool to
put into evidence basic hypotheses and to let a relative comparison to be
made, more than from its capacity of evaluation of absolute values for the
event probabilities.

Beyond that, I would like to emphasize that cost of protection and cost
of detriment (as used in CBA) are far from being the more relevant factors in
the ALARA procedure. For instance, I do not think that our meeting could be
evaluated as "optimized" on the basis of a radiation protection optimization
performed with a CBA.

On this point, I would conclude that, while the comparison in homoge-
nous terms (dollars or utility functions) of different factors is quite
questionable, the identification and quantification (in its proper units) of
these factors is a very relevant task.

2. Data collection and evaluation

The lack of data, mainly on job-related dosimetry and in an appropriate
format, is reported in the paper as a major obstacle to implementing ALARA
principle.

Of course I agree with such a statement, but it seems to me that some
problems have still to be solved : for instance, the mutual relevance of indi-
vidual and collective doses, or the exact meaning of collective doses.

Looking at the operational experience we can find, comparing data on
workers exposure in different years (see table), that sometimes, while
individual mean doses and collective doses per GWy are decreasing, collective
doses per reactor are increasing. It is then open to question which kind of
data has to be referred to in optimization procedure and evaluation.
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Table 1

SUMMARY OF ANNUAL INFORMATION REPORTED
BY COMMERCIAL LIGHT WATER COOLED REACTORS (US)

1969 - 1983

Year

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

Number of
reactors
included

7
10
13
18
24
34
44
53
57
64
67
68
70
74
75

Average*
dose per
worker

(rems)

0.89
0.60
0.71
1.02
0.94
0.74
0.82
0.75
0.77
0.69
0.62
0.67
0.66
0.62
0.66

Average
collective
dose per
reactor
(manSv)

1.78
3.50
2.80
3.65
5.82
4.04
1.75
4.99
5.70
4.97
5.97
7.91
7.73
7.05
7.53

Average
collective

dose
(manSv per

GWy)

10
19
11
12
19
13
12
12
12
10
13
18
17
17
17

Average
rated

capacity
net
(MWe)

247
300
367
408
496
575
630
663
677
702
705
699
719
738
742

* The average is calculated over the workers having received a measurable dose.

From NUREG-0713, Vol. 5, March 1985.
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Comments by Dr. R. Hock,
(Siemens KWU, Federal Republic, of Germany)
on the paper by Messrs Croft and Lochard

In their foreword the authors stated that they felt their review had
some bias and they hoped the discussants would redress that imbalance.
Unfortunately, I found all the pros and cons addressed in their paper - at
least in principle. So I have to exaggerate some points which in reality I do
not judge too differently from the authors, in order to do the job expected
from me : to put some hot pepper in their well-balanced menu.

I restrict my comments to what has been said with regard to nuclear
installations. At least, their practical examples have been mainly in this
area and even restricted to the design aspects of normal operation and normal
operations themselves.

They make the correct statement that there is not much room for more
optimisation in the field of exposures to the public. I agree with that point
of view, unless you do not want to discuss the removal of equipment in future
designs which is already what they called BALARA (Beyond ALARA).

What remains is optimisation with respect to professional risk caused
by normal operation of a nuclear power plant. But there we have to ask the
question : Are the levels of exposure reached today really such that improve-
ments are urgent ? Aren't these levels already so low that the conventional
risks of such jobs are at least of the same order of magnitude as the risk
caused by exposure. This is even more true if we take into account the possi-
bility of repair mechanisms at low levels of dose rate. If one discussed the
appropriate allocation of resources with the help of optimisation procedures,
that possibility should not be completely neglected. Doubtful harm should be
evaluated differently from certain harm unless we are talking about limits
vhich certainly have to be on the safe side.

For all these reasons, I cannot support the authors' conclusions : "The
next objective must be integration of ALARA into programmes adopted by
authorities" and "ALARA is applicable at all levels ; all that changes is the
level of formality".

I strongly support the concept of optimisation : everybody wants to get
the maximum return for his effort. In this way it is just the common sense of
a person responsible for radiation protection as to whether he applies opti-
misation, or as Dr. Samuel, the health physicist of the Beznau plant in
Switzerland, calls it : c'est une lapalissade. But I object to the formalisa-
tion of that effort. If an authority wants improvements which I feel are not
justifiable because of their insufficient return in safety for the money to be
invested, I am free to show them a cost benefit analysis to prove my case. But
I should not be forced to prove my case this way. In a formalised world I
would even have to turn in the analysis if I am willing to make the invest-
ment, because of other inputs in decisions besides a cost benefit balance.
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Formalities have to be predetermined. You can't change them at free
wheel according to the actual situation you have. At least in my country
people may stop in counting the lines of the formally required analysis.
Radiation protection people already have sufficient paper work. Such
formalities may distract them from more efficient radiation protection.

Also, what if you have shown that a certain decision, which possibly
has already been made, is BALARA. This will often be the case if you don't
apply this {5-trick to make things look worse than they are. Will you then
remove an exposure reducing system which turned out to be too costly for its
returns ?

In addition to the wide point of view only to change horses if their
performance is unsatisfactory, I see a serious problem for a formalised opti-
misation procedure to be demonstrated to a competent authority : That is the
proof of cost. The allocation of doses to specific work items may be a problem,
but it can be solved if you spend money to find out (to which option shall
this cost be added ?). The allocation of cost is much more difficult. Let me
give an example : let's assume you analyse the option of putting additional
equipment in a plant. In an optimised plant you wil not have just unused
space, so you have to rearrange other equipment. Shall that cost be accounted
for that option ? Most people would say : Certainly, yes. But perhaps the
other equipment would have to be rearranged anyway. Soon you end up with the
old problem : What came first, the chicken or the egg ? And how shall the
radiation specialist at the authority find out the facts : shall he come with
an expert from the internal revenue service ?

From our own experience I know how difficult this allocation of cost is
if you just try to find out within a design team what is the appropriate allo-
cation of cost. It is impossible to really prove this point. Or shall the IPSN
expert investigate if EdF could buy an ALARA piece of equipment from Siemens
which they claim is not justified because of the Framatome price they quote ?
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An example of optimization of radiation protection in
design of a commercial reprocessing plant in Japan

Comments by Mr. Y. Okamura,
(Japan Nuclear Fuel Service Co. Ltd.)

on the paper by Messrs Croft and Lochard

1. In Japan, social factors, which are difficult to qualify, play an
important role in optimization of radiation protection, because social
factors, such as the consensus of the public, are important to make licensing,
construction and operation of nuclear facilities smooth, and eventually
influence the indirect cost.

2. To obtain the consensus of the public, the following points have
priority in decision-making in Japan.

Incremental dose to the public arising from the discharge of
radioactivity should be sufficiently small compared with the
level of natural background and dose limit;

No significant accumulation of environmental radioactivity should
occur;

The public should have a feeling of security concerning the
operation of the plant. For example, the low possibility of
trouble occuring which would disturb the stable operation of the
plant.

3. Japan Nuclear Fuel Service Co. Ltd (JNFS) is going to build and
operate a commercial reprocessing plant in Aomori Prefecture in Japan. The
capacity of the reprocessing plant is 800 tU/year.

4. JNFS is now proceeding with the basic design of facilities, and not
even a preliminary hearing for licensing application is being held at present.
The following examples are therefore strictly personal views, and it is not
certain that they are acceptable to the regulatory authorities.

5. Examples of optimization of radiation protection through the system
design of controlling release of radioactive materials from the reprocessing
plant are as follows.

(1) Krypton 85

For the optimization of control of release of krypton-85 in design,
the relevant points are:

dose to the public arising from the discharging of krypton-85 to
the atmosphere from a stack, (which should be sufficiently small
even in the case of no recovery);

no regional accumulation in the environment, since krypton is an
inert gas;
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increase of installation cost of krypton recovery and storage
facility;

increase of running cost of krypton recovery and storage facility;

impact on operational complexity;

possibility of the decreasing availability factor of the plant,
by adopting the krypton recovery system of which the performance
is not demonstrated on a commercial basis;

feeling of anxiety towards the reprocessing plant by decreasing
availability factor;

increase of exposure of workers due to krypton recovery;

probabilistic exposure of the krypton storage facility.

Taking account of these, points, we are planning to discharge
krypton-85 to the atmosphere from a stack of an appropriate height, as a
result of qualitative optimization analysis.

(2) Iodine-129

Iodine is vapourable and will be easily released to the environment
through the ventilation system.

Iodine-129, having a long half-life, has a tendency to accumulate in
the environment after release, and will have a significant impact on exposure
to the public.

Alternatives for the system design of controlling the release of
iodine are as follows. ~~-

Case 1: In this system no equipment for removal of iodine is
installed. No financial cost is needed for this system. The dose to the
public may not exceed the dose limit, but no effort to reduce exposure to the
public caused by the iodine discharge is considered in this system.

Case 2: In this system an iodine desorption vessel and iodine removal
system in the dissolver off-gas are adopted.

A dissolved solution of spent fuel is fed to the iodine desorption
vessel. Almost all the iodine is removed from the solution and goes into the
ventilation system. Removal of iodine is performed by filtration on
Ag-fliters.

A little fraction of iodine still remains in the solution even though
the most efficient desorbers are adopted. This iodine is released to the
environment through the following reprocessing processes.
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Case 3: In this system iodine removal systems are installed to every
ventilation system in the reprocessing plant.

The dose to the public due to the iodine released to the environment
would be well below the variation of natural background, but the installation
cost and operating cost of adopting this system to the large scale plant will
be huge, because of the many extractors and evaporators that must be installed.

Case 1 would not be appropriate from the viewpoint of optimization.
It depends on the scale of a plant which system is optimum, Case 2 or Case 3.

We are planning to adopt Case 2 as the optimum system.
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