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INTRODUCTION

In order to discuss optimization of radiation protection as it applies to
radioactive waste management, it is first necessary to make a clear
distinction between the limited application of the optimization principle as
it applies to radiation protection and its more general application to
complete disposal systems or concepts. This paper will focus on the
relationship between these two types of optimization and it will become
apparent that there are fundamental differences between them. In fact there
appears to be a conflict between actual decisions which are made about waste
disposal systems and those which might appear to be justified based on
radiation protection principles alone.

The principle question that this paper seeks to answer is, "Is optimization of
radiation protection a workable or helpful concept or tool with respect to
actual decisions which are necessary in the field of long-term radioactive
waste disposal?" It is not intended to present a definitive summary of all
applications of the optimization principle to waste disposal throughout the
various NEA countries. Examples, however, will be given which characterize
some of the advantages and disadvantages of the optimization principle as
applied to waste disposal decisions. A further emphasis on regulatory aspects
will be evident throughout the paper as in most countries it is the regulators
who are the front-line agencies responsible for most of the real decisions
which are made. It will become evident, however, that the regulatory agencies
are not always able to make these decisions within a narrow technical
perspective but will inevitably become involved in the underlying
social/political framework.

The paper also excludes discussion of optimization as a tool for making
decisions about the operating phases of waste facilities although it has a
useful role to play in balancing costs against dose reductions- Suffice it to
say that this apparently technical tool is underlain by a profoundly social
value judgement implied by assigning a dollar-value to person-slevert dose
reductions.

EXAMPLES OF WASTE MANAGEMENT DECISIONS

In order to provide some perspective it is useful to look at the general
characteristics of three types of radioactive waste and some related
decisions. The wastes chosen are uranium mine tailings, low-level waste, and
high-level waste or spent nuclear fuel. In order to understand the real
environment in which these wastes are addressed by decision—makers, a brief
summary of their characteristics and their potential for producing doses or
risks for the general population are given in Tables 1 and 2. Uranium mine
tailings, for example, are unique because they contain naturally-occurring
nuclides such as uranium, thorium and radium. Furthermore the concentrations
of these elements are only slightly elevated with respect to natural
background levels and the volume of such materials is very large (the current
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quantity of tailings in Canada is approximately 150 million tons). The
normal approach to managing these wastes has been to dispose of them on the
land surface in close proximity to the mine-mill complex. The fact that the
wastes will remain on or near the surface for very long periods of time and
that the half-lives of the dominant radionuclides are extremely long gives
rise to the distinct possibility that exposures to the general public both in
the near term and in the very long term can occur- Such exposures generally
will be dominated by intrusion pathways and in particular the problem of the
tailings placed around the foundations of homes which result in elevated
indoor radon levels. The magnitude of these doses can be considerable for
lifetime exposure- Furthermore, real experience of known intrusions or misuse
of tailings does not give confidence that institutional control, by itself,
will completely prevent such exposures in the future. Therefore in the long
term it is not unreasonable to hypothesize as part of the scenario analysis
surrounding the safety assessment of such disposal facilities that individuals
will receive exposures at levels which are clearly unacceptable by today's
standards. The perception of this particular type of risk is complicated by
the fact that similarly high exposures are known to occur in areas where the
naturally existing level of uranium is high and yet individuals may choose to
ignore the risk rather than disrupt their lives.

At the other extreme of wastes, considered in terms of their specific
activity, is high-level wastes or spent nuclear fuel- It is clear that the
specific activity of high-level fuel is such that as little as a few minutes
direct exposure to unshielded fuel would result in a lethal dose. On the
other hand, fuel which is placed in a deep geological repository is not
expected to result in any dose in the near future. In the long terra, that is
over periods ranging from several thousands of years to several millions of
years, extremely low levels of dose have been predicted in some safety
assessments. Thus while the intrinsic or the inherent risk of high-level
spent nuclear fuel is extremely high, the possibility of people living in the
next several centuries receiving any dose whatsoever is virtually zero. The
third type of waste which is low—level waste clearly falls somewhere between
the others, both in terms of its intrinsic hazard, that is in terms of its
specific activity and in terms of its potential for exposing members of the
general public. It is possible through limitations on the type of waste going
into a low—level waste disposal facility and through the appropriate
application of engineering and natural barriers, to limit the level of dose
received by members of the public to virtually any level which is desired.

To place this discussion of risk or detriment into the context of the
optimization of radiation protection, it is also necessary to consider other
factors such as the cost of the disposal facility or the amount of research
money being devoted to the various types of waste. In the case of uranium
mill tailings within the United States the following general trend is evident.
The remedial action program in the United States has a level of funding of
approximately 350 million dollars U.S. and is aimed at removing potential
hazards from old tailings facilities which are not considered to be acceptable
by today's standards- While this may seem a very large amount of money, it is
interesting to note that the estimates for the high-level waste program are
very much higher. For example, approximately one billion dollars U.S. is
being estimated as the cost of evaluating a potential disposal site for the
high-level wastes. Furthermore the overall costs of the complete high-level
waste program in the United States probably is in the order of twenty to
thirty billion dollars U.S. Therefore, the ratio of the amount of money being
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expended in the area of uranium mill tailings and in the high-level waste is
approximately one or two orders of magnitude* However in the context of
potential for radiation exposures the opposite trend is seen; that is, the
real exposures, the real risks which have occurred in the past and may well
occur in the future, are greatest for uranium mill tailings and virtually zero
for high-level waste. It therefore appears that the real allocation of money
is in contradiction to that which would arise from studies seeking to optimize
radiation protection. The implication is that the balance between the way
funds are currently allocated to high level waste and to tailings needs to be
adjusted so that both the potential exposures and the associated costs are
more consistently addressed. It should also be noted that for the case of
uranium mill tailings the potential for large collective doses is considerably
greater than for high-level wastes. The production of radon which can expose
very large numbers of people, albeit at very low doses, is considerable
whereas for high-level waste well contained within a geological repository the
potential for release of long-lived isotopes such as carbon-14 and iodine-129
is extremely low in the first several thousand years.

It must be clearly understood that this U.S. example is not in anyway unique
and the situation in Canada is very similar. There have been two national
waste research programs established in the last decade. The first has been
completed and was directed at solving some of the problems relating to uranium
mill tailings. This program had a funding level over a five year period of
approximately 9 million dollars- On the other hand, the concept assessment
process in Canada which is aimed at proving the viability of deep geological
disposal of spent nuclear fuel is a ten or twelve-year research program funded
at a level of 300 to 350 million dollars. It is therefore again evident that
in dollar terms, similar amounts of money are not being spent for the two
types of wastes and again, the potential risks from the two types of wastes
appear to be strongly inverted in relationship to the dollar amount being
spent.

The situation for low-level wastes clearly falls somewhere in between the two
other types of wastes. The level of dose which is received by members of the
public can vary over wide limits based on the level of engineering measures
used to contain the waste. Therefore both the dose and the amount of money
being expended to control the dose are variable over considerable ranges. It
is not immediately clear whether the wide scope of dose and containment
possibilities are consistent with the principles of optimization of
protection.

The initial conclusion that could be drawn from these examples is that what is
currently being done in the management of wastes is entirely inconsistent with
optimization of radiation protection. However further reflection indicates
that since the decisions are real and therefore are supported by the overall
societies which are making them, some form of "optimization" has been done.
It is this difference between what appears to be taking place in the real •
world and what might be seen as the logical decision arising out of a pure,
application of optimization principles that merits further analysis.

Several other examples can be cited which illustrate that the pure notion of
optimization of radiation protection proves not to be a particularly useful
overall tool. One such example occurred in the United Kingdom where a recent
report entitled "Assessment of Best Practicable Environmental Options for
Management of Low- and Intermediate-Level Solid Radioactive Wastes"^ )
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was issued. In this study the Department of the Environment applied the
process of optimization of radiation protection using multi-attribute analysis
with many factors including the more traditional ones of cost and benefit.
The result of this multi-attribute optimization showed a clear preference for
near-surface disposal options for low-level wastes. It was, however, unable
to discriminate between the various detailed options within the near-surface
spectrum of disposal facilities due to the generic nature of the study.
Following this report however, a government decision was made which rejected
any near-surface disposal of low—level wastes and recommended that they be
dealt with in a deep facility aimed at both low- and intermadiate-level
wastes. Thus the reality of the decision which the government made did not
bear a direct relationship to a very good and a very comprehensive study based
on the optimization principle. The final decision clearly incorporated
broader factors which were relevant to the government of the day and therefore
political, social and economic factors outside of those covered in the report
must have been brought to bear. The justification of the decision however was
expressed using some of the technical attributes from the study.

A related group of examples arise in those countries who have already opted
for deep disposal of low-level wastes (Sweden and FRG). It is difficult.to
justify deep disposal on purely technical grounds as shown in the recent NEA
study on shallow land burial. This report demonstrated that near surface
disposal can comply with any reasonable dose criterion. Thus the decision to
choose deeper burial must imply other decison-making elements since it is
usually a more expensive option. From a public perception viewpoint deep
burial is clearly more secure and intrusion pathways are virtually eliminated.
There thus seems to be a sense that over-design is actually the most
expeditious approach or the path of least resistance. This seems particularly
apparent if large volumes of concrete are employed since the public regards
this material as somehow more appealing than other barrier materials even
though it may be technically inferior.

A final example of this apparent contradiction is the case of sea dumping. It
is clear that recent technical studies conducted under the auspices of the
IAEA and the NEA have shown that the direct Impact in terms of dose, either
individual or collective, for dumping moderate amounts of radioactive wastes
at sea in the existing dump sites is extremely small. It is therefore a
viable option if only technical factors are taken into consideration. However
the fact that there has been a moratorium placed on any future dumping of
radioactive wastes at sea is a clear indication that many countries consider
that there are factors other than purely technical ones which should dominate
decisions on this waste disposal option.

REGULATORY PERSPECTIVES

In most countries the regulatory authority is caught in the middle of the
decision-making process. Generally, regulators are technically oriented and
therefore relate to logical and quantitative arguments presented by facility
operators. On the other hand, they are the implementing arm of the broader
social-political process of government. To complicate matters further, they
usually are under legal obligations to make decisions - that is to issue or
refuse to issue permits or licences. They do not have the luxury of
procrastination and gradually develop a trench warfare mentality with its mix
of concern for safety, pragmatism and focus on immediate short-term problems-
Thus theoretical approaches which focus on long-term protection, conceptual

- 178 -



versus real effects and artificial or complex assessment methods have little
intrinsic appeal. Furthermore legal precedents may arise independently of any
logical or conceptual framework which severely limit a regulator's freedom of
action. An example of this occurred recently in the U.S. where a court ruled
that the NRC should not take account of the cost of actions needed to increase
safety performance during its licensing process. Such a ruling makes a
concept such as ALARA virtually unworkable.

Considerations such as these cause the regulator to both simplify and
rationalize his criteria and decision-making process in order to minimize any
opposition to the final decision. Increasingly, regulators have recognized
the difficulties in applying the principle of optimization of radiation
protection and have sought to give it a less prominent role- Table 3 is a
brief'summary of some countries who have taken a position on this issue and
the related one of the time intervals over which long-term assessments need to
be made. Table 4 attempts to illustrate why long time frames tend to be
ignored in real decison making such as the deep lake tailings example
presented later. It is clear that politicians are of necessity forced to act
in a short-sighted manner and most individuals have little concern beyond the
lifetime of their grandchildren. When this social time preference is combined
with the difficulty in validating long-term predictions, and the impossibility
in predicting future human and biological evolution, it is not surprising that
regulators feel driven to limit the time span for predictions to periods of
approximately 1CP years- Even this "limited" period seems a bit absurd
given that it is equivalent to the whole of mankind's recorded history.
Regulators also need reliable tools or aids to help structure information or
perceptions and to help make complex decisions. Multi-attribute analyses is
one specific example which has been given recent prominence in the context of
optimization of protection. While it can be helpful due to its transparency,
it is imprecise since the choice of the attributes used and the weighting
given to them is not unique and may be quite subjective. Thus the overall
ranking which is produced by the technique is rather soft and should be used
with some caution. There is, however, a duality and the soft quality of
multi-attribute analysis may have considerable appeal to regulators. The ease
with which overall rankings can be changed by changing the factors which are
used and their weighting, normally seen as a limitation if the technique is to
be used to guide decision-making, can be a real asset if the purpose is to
rationalize a decision which originates on higher levels. The regulator may
find himself caught trying to accommodate disparate points of view and being
asked to provide a technical basis or justification for what are essentially
non-technical decisions-

DISCUSSION

In the earlier part of this paper several examples have been cited which
suggest a contradiction between proposed decisions based upon the principles
of optimization of radiation protection and those which occurred in real
situations. The remainder of the paper will seek to explore some of the
factors which underlie these contradictions with a focus on the long-term
aspects of waste management and the differing perceptions of the technical and
non-technical communities. It is important to repeat that optimization of
radiation protection is as potentially applicable to the operational phase of
waste management as it is to the operational phase of other parts of the
nuclear fuel cycle. However it should also be noted that the potential for
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large consequences is considerably different for each type of nuclear
facility. The worst case dose in the waste management context will arise from
intrusion scenarios for uranium mill tailings. The dose from tailings in
extreme cases may represent a significant probability that lung cancer will
occur but will not likely expose large numbers of people in a way similar to
that which occurred during the Chernobyl disaster. One implication of this
difference in worst-case dose is that the average dose in a waste environment
is normally well within the stochastic dose range and therefore it is
reasonable imd plausible to talk about an expectation risk value which is the
product of the probability of the scenario multiplied by the consequence.
This is not the case for a major reactor accident where the consequence may be
so large that it is clearly not appropriate from the point of view of public
perception to talk about an average annual dose exposure or risk.

Another important difference in the case of wastes is that there is no direct
benefit although there is clearly an indirect benefit from the power derived.
Traditionally regulators have chosen to look at the overall nuclear fuel iCycle
and tt. justify it on the basis of the benefits of the electricity generated.
Wastes Ai-e not therefore singled out as needing specific justification
although the public may wish to maintain a separate focus. In the case of
uranium tailings, the benefit may also take the form of the jobs and the
gfc^oral economic contribution which arise from mining operations. However,
the lack of direct benefit from waste makes it difficult to offset benefit
against cost or detriment. The only benefit, therefore, in such a context
would be the reduction in the dose as opposed to some more tangible benefit
such as an increase in the standard of living which is more easily grasped by
the general public- Another problem is that some of the radioisotopes
involved have extremely long half-lives- The implication of this is that
active control of a waste facility by the original operator is not possible
and licensing can not continue indefinitely. This lack of a traditional
operator or licence means that if something goes wrong in the future, there is
a need to provide for institutional mechanisms to initiate remedial action and
to accept responsibility for the long-term consequences- There is therefore,
the implicit assumption that the state or the local authorities will assume
this responsibility and will act to prevent any serious consequences from
taking place.

A lack of long-term active controls gives rise to certain perceptions and
apprehensions on the part of the general public. This is manifest as a
difficulty in obtaining approval for both the general concept of long-term
radioactive waste disposal and, in particular, the acceptance of sites for
such facilities. It is difficult to identify clearly the precise nature of
the anxiety but certain general trends appear to be occurring at the present
time. There appears to be a general distrust of all technical organizations
whether they are the power reactor or waste facility operators or the
regulators who normally employ a technical approach. To put this into its
simplest form it would appear that the general public are not particularly
interested in what the technical facts are and do not trust what the technical
experts are telling them. This perception is compounded when the public sees
experts engaged in heated technical debates involving relatively
incomprehensible physical and chemical processes- Furthermore the public
display a natural tendency to resist the imposition of a site on a community
when they have not been consulted until after a decision has been made on
technical-optimization grounda- They see this as a loss of control arising
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from a perceived arrogance on the part of technocrats who choose to give more
weight to technically-based aspects of decision-making rather than human and
social elements. The immediate result of this is an increasing preference to
store wastes in a visible form for long periods until greater confidence in
long-term (i.e. invisible) disposal can be demonstrated. Such an attitude
perhaps could be cited as one of the factors which underlay the decision in
the U.K. to defer for approximately fifty years a definitive disposal facility
for the high-level waste.

Other examples of the way the public would choose to factor elements into the
decision-making process can be cited with respect to time preferences. An
example of this occurred several years ago in Canada where a proposal was put
forward to place uranium tailings deep underwater in a large northern lake.
The technical analysis of this showed fairly clearly that there were long-term
benefits from the use of such a system. However, there was a slight
short-term disadvantage in that the water in the lakes and the rivers leading
from that facility would have slightly elevated levels of radium and other
radionuclides for a period of perhaps twenty-five or thirty years. Although
the amount of radioactivity present would have been well below the appropriate
drinking water standards and other regulatory criteria, it was deemed by the
local authority to be an unacceptable situation and, by inference, a decision
was made to accept a short-term benefit as opposed to a long-term benefit.
This is a particularly clear example of where a real decision was made on the
basis of a social time preference. Such decisions clearly have important
implications for the ICRP optimization system which gives equal weight to
exposures regardless of their time of occurrence.

The final aspect of public perception that perhaps should be considered at
this stage is its relative volatility. It is fairly clear for anyone who
cares to look back at the last ten or fifteen years that the issues which
dominate public opinion and perception have changed on a fairly frequent
basis. This is particularly awkward when the lead time for large complex
systems may be as much as a generation. It is therefore virtually impossible
to design a system and gain acceptance for it over a period of twenty or
thirty years since the basis against which it is being judged will likely
change several times over that same period.

In order to understand the apparent conflict which exists between technical
and non-technical groups it is helpful to turn to the field of psychology and
in particular that part dealing with personality profiles. The Myers-Briggs
method^ ' of characterizing personal preferences and the basis for
judging events makes a distinction between those individuals who are dominant
"thinkers" and those who are "feelers". This relates to the way they judge
situations or make decisions and assimilate or analyze information- The
"thinkers" tend to be logical, linear, impersonal and seek to validate
judgements on the basis of truth while the "feelers" tend to be personal,
wholistic, associative and judge via more loosely structured humanistic
processes aimed at determining whether the decision is good. Most scientists
and technical professionals tend to be thinkers (68%) while the population as
a whole is equally divided. Women, however, are 65% feelers^ ' which
links to studies which have shown that typically more women than men are
opposed to nuclear energy^ '. Thus techniques which appeal within
technical circles are neither appealing nor easily understood by the general
population. Therefore, it is not just a matter of educating the public or
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simplifying our jargon- We, as technical professionals, must ultimately
become aware of these underlying differences in approach and value systems and
accept them as real and important, without judgement as to which might be
"best" or "correct". Without such an awareness we will continue to be
frustrated by the skew between our technical recommendations and real world
decisions. We will also continue to delude ourselves that if we could just
add one more piece of information or add one more term to our equations, or
help the public to understand the beauty of our arguments, all would suddenly
become resolved and harmony would be restored.

FUTURE DEVELOPMENTS

The previous sections have attempted to demonstrate that a contradiction
exists between the theory of optimization of radiation protection and its
relevance to real decision-making. It is therefore necessary to ask if it is
possible to adjust or fine tune the theory to account for the observed
discrepancies. Such an adjustment is clearly only appropriate if the
underlying problem is of a technical nature. The examples and discussion
given earlier suggest that the problem is more complex and that a technical
fix would not work very well since it would ignore a fundamentally different
way of thinking used by a large segment of the population.

It is therefore necessary to reconsider the role of technical information in
the decision-making process. Clearly this type of information continues to be
needed as an input to decision making and equally clearly, it will be
difficult to communicate. However certain approaches can help ease the
difficulties. For example, it is important to convey a sense that the
technical community recognizes the limitations of its contribution and that
technical "facts" are in no way special and therefore do not merit any
favoured status. We often fail to convey this and thus are seen as arrogant
and unwilling to listen to what we might regard as soft information. In
specific terms it is important to admit that we do not have a definitive
understanding of how waste disposal facilities will perform in the longer
term, nor do we have any reasonable expectation that we ever will. It is also
necessary to admit candidly the existence of large uncertainties in some
cases. In order to deal with the impact of this type of admission, it seems
appropriate to stress those types of technical analyses which provide
information on the bounds to consequences rather than to stress those which
purport to predict them accurately. Thus bounding and worst-case analyses
using simple deterministic models continue to have important roles to play.
Also the use of both natural and human analogues can help people relate to, as
well as understand, what the technical information is telling us about system
performance. Such analogues must be presented candidly so that any negative
aspects are admitted and explained in a way which demonstrates circumstances
under which each process is active and how it may impact on the potential dose
received. Finally it is necessary to keep matters as simple as possible so
that there is some hope of communicating the essential part of our
understanding to non-technical groups. We must also be aware that increased
complexity and sophistication are not necessarily associated with greater
understanding- They are however, most certainly associated with greater
difficulty in gaining public understanding and ultimately in gaining the
confidence of the public-
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In summary, it is evident that radioactive waste management decisions made using
narrowly based techniques such as optimization of radiation protection do not
correspond to real-life decisions made in many countries. It is suggested that
the origin of these differences lies in a fundamental differences of approach
between technical and non-technical communities. The hope for the future
therefore lies in establishing an effective dialogue between these communities
rather than in refining our technical tools-

CONCLUSIONS

1. Politically-based considerations and processes including public perception
and confidence appear to be the basis for real decisions affecting waste
management activities such as siting, construction, operation and monitoring.

2. Optimization of radiation protection is not a useful general tool for
waste disposal decision making-

3. Optimization of radiation protection is essentially a technical tool which
can, under appropriate circumstances, provide a clear preference among major
management options- The level of discrimination will be case-specific but, in
general, only fairly coarse differences can be discriminated.

4. The preferences determined by optimization of protection tend not to be
related to the final choices made for disposal of radioactive wastes-

5. Tools such as multi-attribute analysis are very useful as they provide a
convenient means to rationalize the real decisions and give them some air of
technical respectability. They do not, however, provide the primary basis for
the decisions.

6. Technical experts must develop an awareness of the non-technical approach to
decision making and attempt to adjust their method of analyses and their
presentation of information to encourage dialogue rather than confrontation.

7. Simple expressions of technical information will be needed and the use of
analogues should prove helpful.
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TABLE 1. RISK FROM WASTE TYPES

Waste

Mine Tailings

Low Level

High Level/
Spent Fuel

Specific

Activitity

Low

Low-Medium

Very High

Scenario

Intrusion

Intrusion

Well/Surface
Water
Ingestion

Potential Dose

Individual

High

Low-Medium

Zero-Low

Collective

High

Low

Very Low

Probability

High

Medium

Low

TABLE 2. WASTE CHARACTERISTICS AND PERCEPTION

Waste

Mine Tailings

Low Level Waste

High Level Waste

Waste Volume

Very Large

Medium

Low

Public Perception

-Sand
-Remote

-Controllable
-Use concrete
-NIMBY

-Lethal
-Eternal
-Linked to bombs

Money Expended

Low

Medium

High
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TABLE 3. ROLE OF OPTIMIZATION IN REGULATORY PROCESSES FOR
LONG LIVED RADIOACTIVE WASTES

Canada

FRG

Switzerland

Sweden

UK

USA

Is Formal Optimization Used?

No*

No

No

Yes

No

No

Time Frame

104 - all wastes

104 - HL waste

*Possibility of a secondary role

TABLE 4. TIME SCALE PERSPECTIVES

Type of Scale

Political

Advocacy

Social

Biological

Geological

Time Frame
(Years)

1 - 5

3 - 1 0

25 - 70

102 - IO*

103 - 109

Perception

-Next election

-Public attention
span

-Life time
-One - two

generations

-Human history

-Erosion
-Ice age
-Tectonic

movement
-Life of earth

Importance to
Decisions

Very High

Medium - High

Medium

Low

Very Low

Disclaimer: The statements made in this paper do not
necessarily represent the official regulatory policies of
the AECB.
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Comments by Mr. A. Duncan,
(Department of Environment, United Kingdom)

on the paper by Mr. K. Bragg

DISTINCTION BETWEEN APPLICATIONS OF OPTIMISATION

1. "Optimisation of Radiation Protection" : Observation shows that in
practice this is usually cost benefit analysis, on ICRP 37 lines, using more
or less sophisticated ways of evaluating the unit of collective dose.

2. "Optimisation as applied to Waste Management Decisions" : This is the
procedure implicit in the regulatory judgement whereby the social, economic
and other, non-radiological technical factors are balanced. (See NEA publica-
tion "Long Term Objectives for Radioactive Waste Management".) The radiation
protection factor is only one input to this procedure.

EXAMPLES OF WASTE MANAGEMENT DECISIONS

Examples given in the paper show that actual decisions tend not to
follow the results of optimisation of radiation protection. The UK BPEO study,
referred to in this paper, was actually more of a cost benefit analysis than a
true multi-attribute-analysis as envisaged in our earlier work and, as
reported in this paper, subsequent decisions have not directly followed its
results. Another UK example tends to support Mr. Bragg's general observation.

This concerned the choice of procedures for dealing with liquid dis-
charges from the UK reprocessing plant at Sellafield. Details of the options
are given at Annex 1. With no treatment of liquid discharges, individual doses
to members of the critical group were estimated at 20 per cent of the contem-
porary individual dose limit and the collective dose was equivalent in statis-
tical terms to 3 cancer deaths. Yet the decision was taken in 1985 to spend
£ 25OM to reduce the individual doses and to save two statistical cancer
deaths. With hindsight we can see clearly that this was the right thing to do
in view of subsequently reduced individual dose limits, but cost benefit
analysis would have suggested no action at the time. What is significant in
this context is the reason given for the decision. This is shown in the note
at the bottom of the table.

REGULATORY PERSPECTIVES

The message which seems to emerge from all of these examples is that,
in general, there is pressure for decisions to go beyond the cost benefit
balance point, in the direction of reduced radiological impact. This seems to
suggest that few people outside the radiation protection community have much
faith in the optimisation of radiation protection as applied in practice and
we might even conclude that there are considerable reservations about the
collective dose concept on which it is based. (Annex 2 contains a recent UK
critique of the collective dose concept.)

- 186 -



Mr. Bragg observes, that regulators give optimisation of radiation
protection a less prominent role. I agree with that observation although I
would not accept the rather pessimistic description of the regulators'
position. Regulators must be technically oriented, of course, but this must
bring additional skills to implementing of Government policy and must not be
in conflict with it. It is here that true multi-attribute-analysis may be of
value if, as implied in the paper, it is carefully used, not oversold and not
expected to be a prescription for producing decisions. It cannot be more than
a discipline for structuring, and making transparent, the decision making
process.

DISCUSSION, FUTURE DEVELOPMENTS, CONCLUSIONS

The paper attempts to analyse the dichotomy between technical and non-
technical perceptions of radioactive waste management. It concludes, broadly,
that optimisation of radiation protection is not the complete answer to the
problem ; nor is increased complexity or sophistication of analysis. It
suggests, rather,the need for a more effective dialogue between the technical
and non-technical communities but concludes without suggesting what might be
the topic for discussion. I think it would have to include something along the
following lines.

Examination of the various factors and pressures arising from public
perception seems to suggest that the public at large are concerned about un-
certainty of the consequences of releasing radioactivity into the environment.
It would seem to follow that this difficulty could be reduced by :

a) preventing release of activity to the environment as far as is
practicable,

b) doing nothing which is irreversible.

Policy a) could be costly and some would argue that it is unjustified.
The question is whether or not there is a practical alternative. Insofar as b)
might be applied to disposal of radioactive waste most engineers would argue
against it, but it may be that the technical skills have to be applied to
meeting such a specification to the satisfaction of both technical and non-
technical communities.

Clearly, such a discussion goes well beyond the single issue of
optimising radiation protection.
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COMPARISON OF OPTIONS FOR THE REDUCTION OF SELLAFIELD

DISCHARGES BETWEEN 1989 AND 2005

ANNEX 1

CD
00

Cumulative discharges, 1989 to 2005.
TBq

alpha

beta/gamma

Lifetime cost.
£M in 1984 MV

Health risk from collective doses,
calculated cancer deaths in UK
over 10,000 years

Mid 1990's critical group
exposure, % of ICRP annual dose
limit of 5 msv

NO
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122

17,000

0
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20

1

26

5,200

250

1

3
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2

26

3,700

520

1

3

3

37

2,200

2,500

<1

1

Note:

Option 1 was adopted "in the light of uncertainties in assessing the exposure in
the far distant future of members of the public resulting from current discharges

as well as the obvious requirement to satisfy public concern".
(Radioactive Waste Management Advisory Committee, 1985)



CHAPTER 2: DOSES AND RISKS - THE PROBLEMS OF
COMMUNICATING WITH THE PUBLIC

ANNEX 2
intelligible to the non-expert and which directly addressed the concerns of the
individual. When being informed about risks, the public are seeking familiar standards
vj relate them to.

oo

Introduction

2.1 In the 1981 Annual Report, the Committee commented on public information
ind perception of risk. In the intervening years, proper and responsible comrnuni-
.alion with the public has become a central issue surrounding events such as the
i'izcurll I) inquiry, the NIREX repository site invcsligations, llic cessation of sca-
iumping of solid radioactive wastes and, latterly, the Chernobyl accident. During
he past twelve months, the Committee has discussed the problems of communication
it some length because of its concern that, in many instances, a sense of perspective
)f risk is lost when information is presented to the general public.

2.2 For many years, it was common practice to use the dose to an individual to
.-ontrol and describe the impact of a radiation source. For waste disposal practices
jr other events where populations may be exposed, the dose to the individual in the
•o-callcd critical group has been - and still is - a controlling parameter. In this
ipproach, it is possible to use natural background as a widely-understood comparative
itandard to which the public could relate.

2.3 During the last decade, the term "collective dose" has emerged as a concept in
radiation protection; as shown below, this is the total dose received by a population
.luring a specified period of time. Collective dose alone says nothing about the doses
icceivcd by individuals, but it is commonly used to indicate the total number of
Jclctcrious effects, particularly death, to be expected in a given population by
multiplying the collective dose by the estimated risk coefficient (ic the probability of
she induction of harmful radiation effect per unit dose received). Values for this
-•oefficicnt have been estimated for various possible health effects, (n recent years
-•ommunications with the public on doses and risks have tended to move away from
comparisons with background towards statements of collective dose and number of
.lealhs. Such apparently absolute statements give a misplaced impression of certainty
ibout harmful effects because we cannot be certain about risk estimates at low doses
ind dose rates. Moreover, the relationship of man made doses being additional to
hose received from background radiation has also been lost. The Committee has
•'iewed with some regret the communications gap which appears to have resulted.
)nc of the many things revealed by the Chernobyl accident was the urgent demand
rom the public for reliable information in a form which was both precise and

Background Radiation

2.4 Exposure of the population has two components, artificial and natural. The latter
constitutes by far (87%) the larger proportion of the total. We are all exposed to
this to various extents depending principally on where we live. The various sources
comprising natural radiation are shown in Table 1 together with the average and the
range, where available, of the annual dose.1

Table 1

Source

Cosmic radiation
Terrestrial gamma radiation
Internal irradiation

Radon (Rn 222) and decay products
Thoron (Rn 220) and decay products

Annual individual dose (mSv/y)

Avenge Approi
Range In UK

0.3
0.4
0.37

0.7
0.1

0.280.31
0.2 -1.0-

small

1.07
0.1 -100

1.87

L JL

2.5 The first three are'broadly similar because they all uniformly irradiate the body.
Both cosmic and terrestrial radiations are of the penetrating type and irradiate the
body from outside, while the internal irradiation is due principally to ingested
naturally-occurring radionuclidcs which distribute themselves throughout - and
uniformly irradiate - body tissues. Furthermore, there are no means by which any
control can be exerted over these components. Dose from radon and thoron gases,
on the other hand, is delivered almost entirely to the lungs and bronchii. More
importantly perhaps, their relative magnitude has become a feature only-in (he last
half century or so with improvements in draught-proofing of dwellings and is to
some extent controllable. It is for these reasons - the recency, the non-uniformity
and the controllability - that the Committee feels that doses from radon and thoron
gases should not be included and the dose from other sources (cosmic, terrestrial
and internal components), collectively called "basic background", forms a belter
standard for comparison purposes. The average dose to an individual from (his
source is approximately / millisicvcrl (mSv) per annum.



2.6 The continuing doses to members of the public from the management of
radioactive waste of all kinds arc always less than I mSv per year and for most
people very much less - by many factors of 10. In assessing the significance of the
additional, dose, it is necessary to know whether background radiation, and any small
additions to it, are likely to cause any risk to health.

•ompromisc. The assumptions underlying this practice remain, however, and to apply
risk estimates in regions of low dose rates takes the linear dose response hypothesis
far away from situations for which there is scientific evidence for it. The resulting
estimates of health detriment are, therefore, upper limits and possibly very crude
upper limits.

a
t

Risk to Health

2.7 The probability of contracting a radiation-induced health effect is estimated by
the use of a risk coefficient - which for the induction of fatal cancers is taken to be
approximately 10~J Sv~'. That is, if a person were to receive a dose of ImSv, there
is a 99.999% chance that he would not contract such a cancer as a result of the
jxposurc. Risk estimates, however, have to be based on data from populations where
there have been identifiable and measurable effects and this has always involved doses
md dose rates far removed from those typical of processes or undertakings which
ixercisc public concern. The populations principally studied have been those who
have received x ray exposures for medical diagnosis and treatment; in addition, we
have data from the use of atomic bombs on Hiroshima and Nagasaki, and from
occupational exposure to early radiation workers (eg dial painting with luminous
radium paint).2 In all these cases, the individual doses suffered usually over a short
period were in the region of one hundred to ten thousand times that received by an
individual per year from natural sources. The ratio of dose-rates would be even
higher than this. The use, at low values of dose and dose rates (sometimes very small
fractions of natural background), of risk estimates derived from data at high values
is a drastic simplifying assumption and the International Commission on Radiological
Protection (ICRP)J has advised great caution in their use. The basis of tlicir
recommendations is the assumption of a linear relationship between dose and risk,
but they clearly point out that "the actual risk at low dose may be lower than that
implied by a deliberately cautious assumption of proportionality".

2.8 There is a wide range of opinion on appropriate risk coefficients and the shape
of the dose-response curve at low dose rates. On the one hand, it is argued that for
fast neutron and alpha radiations, a linear relationship is realistic but may slightly
underestimate the risk in this region. On the other hand, there is evidence that a
lower risk coefficient is more appropriate for low doses of the more common beta,
X and gamma radiations, even to the extent of possible beneficial effects.*- s What
one is essentially considering is the range of (he slope of Ihs dose-rcsponsc curve at
background dose rates; it is the additional risk which is determined by application of
a risk coefficient at this point and over which there must be considerable uncertainly.
Given this, however, the adoption of a direct proportionality between dose/dose rate
and risk of harm is currently considered to be (he simplest and most prudent

Collective Dose

2.9 The practice in this country is to ensure that the exposure of individuals in the
most highly exposed groups (the critical groups) Is suitably limited, however smalt
that group may be. The additional weight given to this low exposure in deciding
about further safeguards is influenced both by the magnitude of the dose and the
number of people exposed. The simplest way of combining these two features -
exposure and number - is to use a quantity called the collective dose.

2.10 In very general terms, "collective dose" is the total radiation dose received by
a population during a defined time period, from a defined source. It is the product
of the number of people in that population and the mean individual dose* that each
person receives from the source. It is expressed in units of man sievert (man Sv).
Put as a simple expression,

S = N x R x t

where S is the collective dpsc
N is the number of people in 'he population considered, and
R is the mean dosc^ratc over the population and over the period t.

This simple quantity ignores any differentiation between people within the population
receiving different dose-rates (as would be included in a more rigorous analysis).

2.11 The collective dose S may be calculated for any process, any population and
any time period one may care to choose. It is usually given as a stand-alone figure
which describes an overall state of affairs in respect of a number (usually large) of
people. By itself, it gives no information about either (i) the mean dose rate R unless
the time period t is specified, or (ii) the mean individual dose unless the population
N is given. To illustrate this, if one were told that the collective dose due to a process
(eg a waste repository or a nuclear power station) is 50 man Sv and population N
was also given as, say, 10,000, it follows that the mean dose to each member of the
population would be 5 mSv. If, however, N is I ,'000,000, the mean individual dose
would be 0.0S mSv, a factor of a hundred lower. Even with this information, one
cannot deduce the mean annual dose rale unless I he time period over which the

* For simplification, tlic term "dose" is taken to mean "cfTcctivc close equivalent".
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collective dose is calculated is given. Equally, one cannot surmise the distribution q
dose throughout the affected population.

2.12 When waste management operations give rise to radiation doses to members of
the public, there is always a very wide variation in the dose received by individuals,
and it is an identifiable sector of the community (because or location or consumption
of certain foods) which is subject to the highest dose talc. The population of such a
sector is always very small indeed compared with the total number of people who
may be affected. This is illustrated in Figure 1 which shows the combined populations
of UK, Europe and Scandinavia divided into dosc-ratc bands due, in this instance,
to noble gas emissions from a UK nuclear power station. The critical group is
composed of a small number of people within the highest band. It is immediately
obvious that the largest proportion is delivered at the lower individual dose rates,
and that by far the greater component of the collective dose is comprised of people
suffering only a minute additional radiation dose over that already received from
natural background.

2.13 To illustrate this, one may cite the discharge of liquid waste via the Scllaficld
pipeline; the essential data are summarised, together with the ICRP recommended
limits in Table 2. It will be readily seen that only a very, very small number of
people form the critical group and that their collective dose is approximately 0.03%
of the total.

2.14 Collective and individual doses may be compared with those due to basic
background radiation. One of its components, terrestrial gamma radiation from soil
and rocks varies geographically, 0.03 mSv/ycar (approximately) being recorded at
Studland in Dorset and 0.96 mSv/year (approximately) on Dartmoor.* This represents
a difference of more than 0.9 mSv/ycar, a figure far in excess of the mean individual
dose shown in Table 3 from the operation of nuclear power stations - greater, even,
than the mean annual dose to the Sellafield liquid discharge critical group (0.7S mSv)
shown in Table 2. Yet few people would consider the change in basic background
dose due, for instance, to moving house - even though it can be appreciable.

2. IS Similarly, one might consider a county of half a million inhabitants in which a
waste repository, designed to ensure that no person received more lhan 0.1 mSv in a
year," is to be situated. Then pessimistically - and only for the sake of example -
assuming the average was one hundredth of this, a collective dose of 0.S man Sv for
any year for that county would result. Consideration of the basic background for
the same population and period would give a collective dose from that source of
about 500 man Sv, a much larger figure. The total annual collective dose from basic
background and repository would then be 500.5 man Sv; however, this figure would

be 700.5 man Sv if the county selected possessed a tcrrcslial gamma background
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Annual Individual Effective Doso Equivalent (mSv)

Figure 1 Typical distribution of annual dose in a population
from a nuclear source

twice the national average (a situation not uncommon in the UK). This difference of
200 man Sv causes no concern, whereas the 0.5 man Sv increase appears to. Rarely,
if ever, is such a comparison made.

2.16 The term "collective dose commitment" (that is, the collective dose S for all
time, ie t equal to infinity) is also quoted when describing various radioactive waste
disposal scenarios. This is particularly significant for long-lived radionuclidcs, and

U



Table 2 Collective and Individuai Doses due to Sellafield
Liquid Discharge7- "

Sellafitld Liquid Discharges
Annual collective dose lo UK population (55 X10*) 30 man Sv*
Mean annual individual dose to UK population 0.0005 mSv*
Annual collective dose to critical group (10-20) 0.01 man Sv*
Mean annual individual dose to critical group 0.15 mSv*

Limits for General Public
ICRP short term annual limit 5 mSv
ICRP principal (lifetime) annual limit 1 mSv
RWMAC recommended opcwional annual limit (see footnote) 0.5 mSv
'These are additional to that due to background radiation

Footnote to Table 2
RWMAC recommended' that it should be an objective of waste management practice to keep
doses to individuals in critical groups below 107« of the 1CRP short term limit of 5 mSv/y. In
practice nuclear power stations arc generally operating with annual doses lo the local critical
group less than 0.03 mSv. The Scllaficld pipeline is now giving rise to a dose lo the crilica'.
group as shown and a programme is already in hand lo reduce this progressively lo well below
0.5 mSv during the next eight years.10

carbon 14 (half life 5736 years) is a good example. The collective dose commitment
to the world's population due to all Sellafield discharges (up to 1985) is some 30,000
man Sv; of this, the largest component is 20,000 man Sv due to I4C12 - yet this
gives rise to no individual dose greater than 0.0002 mSv/y." Also, the collective dose
commitment from sea disposal of solid radioactive waste" (potentially some 26,000
man Sv) would be principally due lo regional and global dispersion of '4C; yet the
associated individual doses would be in the range 0.00000003 to 0.0000001 mSv/y
and ihis has been a key factor in the Committee's consistent and continuing support
for the technical case for this method of disposal of appropriate categories of waste.

2.17 Table 3 shows mean individual and collective doses for some common sources
compared with those due to background radiation. The figures for the possible health
detriment assume a linear dose-response relationship and, bearing in mind our
previous comments (paragraph 8) should be treated as crude upper limits. They
should also be read in the context of the normal incidence of death through cancer
in the UK (population approximately 55 million) which is in the region of 150,000
per annum - about one quarter of annual deaths from all sources. H will be seen
immediately that the 140 notional "deaths" due to medical exposures represents a
25% increase on the 550 or so attributable to basic background, and the O.0G due to
nuclear power stations discharges is only an additio-al 0.01%. Equally, if the general
public had been told that the possible death toll it. • •* UK over the next 50 years
dtic to Chernobyl amounted to a 0.14% addition l- .iiat due to basic background
(or si 0.0005% addition lo all cancer deaths over that period), the significance of the
risk would have been more readily appreciated.

'Table 3 Comparative Notional Health Detriments

Source

Uasic background
radiation

Medical exposures
Coal-fired power

stations
Nuclear power

stations

Basic background
radiation

Chernobyl accident

Mean UK individual
annual dose

(approx)
(mSv)

1
0.25

0.002

0.0001

Mean UK individual
total dose over

50 years
(approx)

(mSv)

50
0.05""

Annual UK
collective dose

(approx)
(man Sv)

55.000
14.000

110

5

UK collective dose
over 50 years

(approx)
(man Sv)

2.80O.0Q0
3.000""

Notional
deaths in UK
per annum*

550
140

I.I

0.05

Notional
deaths in UK

over next
50 years*

28.000
30

* Assuming a fatal cancer risk coefficient of I0"2 Sv"1

** The major proportion of this was delivered within the first 12 months and was not uniform
over the UK

Conclusion

2.18 Collective dose evolved in ICRP Publication 26' as a means by which application
of the concept of "as low as reasonably achieveabie" CALARA). economic and social
factors being taken into account, could be judged, and this principle must remain an
integral part of radiation protection. However, the logic of basing a decision solely
on different collective doses resulting from various options, particularly when some
of these arise from tiny dose rates delivered to large populations over long lime
periods, must be questionable. Equally, when informing the public about risks, the
use of a single figure for collective dose combined with a risk coefficient conceals a
considerable amount of valuable information which, properly presented, would aid
the understanding of risk to the individual.

2.19 It is important to avoid the suggestion that the comparison of collective doses
from natural and artificial sources provide any justification for the doses from the
latter. Given the simple linear relationship between dose and risk, the artificial sources
will carry some risk of doing harm. That risk is independent of the larger risks from
natural exposures and from other features of life and the environment. The value of
the comparison lies in putting the risk from artificial sources into perspective and in
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showing that if the individuals are adequately protected, the risk to society will be.
small, usually very small, addition to the risk already carried as a result or the
natural background of radiation.

2.20 Tiie main points to be drawn from this discussion are:

(i) Uy using the comparison of individual dose rate resulting from an artificial,
man-made source with that due to basic background radiation (approximately
1 mSv/y), one has immediately established a link with an easily understandable
concept.

(ii) Comparisons of dose rate and collective dose with variations in the back-
ground radiation dose rate and its associated collective dose are particularly
useful.

(iii) There is little value in quoting absolute figures for possible health effects from
a nuclear source or from background radiation given the uncertainly in both
the shape of the dose response curve and the magnitude of the risk coefficient
at the background radiation dose rate point. Absolute numbers give an
impression of precision unwarranted by a very imprecise extrapolation, how-
ever, there is greater certainty in the ratio of the respective mean individual
dose rates, and such a comparison may be both more realistic and helpful in
guiding the general public.

(iv) Quoting a collective dose, or a collective dose commitment, alone fails to
indicate whether it - and (lie possible consequential number of hcnlili clfcm
- occurs in a large or small population, in a period of decades or of millcnia.

2.21 It is hoped that this discussion will assist any debate on the means of improving
communications with the public. It has centred on a comparison of radiation from
the nuclear industry with radiation that has been present throughout mankind's
evolution, and ii is realised that it must be only one of a number of options available
for the industry, government and the media to pursue.
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Comments by Mr. T. Papp
Swedish Nuclear Fuel and Waste Management Co., Sweden

on the paper by Mr. K. Bragg

In the last paper Ken Bragg has looked at the optimization
requirement as seen from the regulators point of view and he
discusses a number of discrepancies between how decisions are
made or how various factors have been weighted in the political
process and how it would look according to the optimization
process.

In general I agree with most of his comments but instead of
concluding that optimization plays no role in waste management
decisions, my conclusion is that there is a need for a lot of
development before the tools recommended by ICRP for radiation
protection optimization can be used in a meaningful way in waste
disposal. There is a need to discuss how many of the qualitative
factors that constitute the detriment of long term disposal
should be addressed in the optimization process and how they are
affected by the social and economic factors talked about in the
ALARA process. There is, furthermore, a need to develop methodo-
logies for applying the ALARA process to low probabilities, high
uncertainties etc.

My arguments will be illustrated with the final disposal of high
level waste, because it emphasises some of the most problematic
factors in waste management, like the long time perspectives and
high uncertainties. Moreover, the high level disposal is only in
an early design phase there will most probably only one or very
few unique facilities in every country.

What factors shall go into ALARA?

Figure 1 shows in the centre the traditional sequence of a
performance assessment resulting in a prediction of how the
repository meets the formal acceptance criteria. By evaluating
the various design alternatives the basis for an optimization is
achieved. The influence of the repository on its environment has
however many attributes that seem to be important from the public
point of view, but will not, or only partially, influence the
formal acceptance. A number of these attributes, some quite clear
cut and simple, others rather nebulous, are shown surrounding the
central part of the figure.

Is it possible to find a reasonable balance between perceived
detriment and benefits without addressing these attributes? How
important are the radiation protection factors for the general
acceptance of a facility as safe enough? If the optimal use of
resources available for reducing the perceived detriment to man
is seen as the main value of the ALARA principle, the meaning of
the "perceived detriment" becomes a dominating issue.
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The main dilemma is: If only technical and quantitative factors
are taken into account the result will not be seen as relevant
for the public understanding of safety of the repository, if a
lot of qualitative and socioeconomic factors are included the
optimization might be seen as outside of the "jurisdiction" of
Radiation Protection.

ALARA at the design stage and over long times.

The optimization of the long term protection level must be done
already during the design or construction stage.

This means that you are not able to use conventional methods
for optimization, i e start with an existing facility and
successively add features that provide more benefits than
cost.

Since the far future entails a substantial uncertainty in
many parameters that are important for the evaluation of the
dose or risk, you must decide on how to take account of both
large uncertainties and mutually excluding scenarios.

Also, the value man will ascribe to both the detriment and
the benefit, or the value of alternative use of your monetary
resources, might (or most probably will) change quite
drastically with time.

The multiple barrier concept - redundancy.

A basic principle in many repository concepts for long lived
radioactive waste has been to try to take account of the fact that
mans knowledge is not complete. To reduce the probability that
misunderstandings will influence the safety of the repository,
there often is an effort to only use such barriers for which the
long term function has been supported by eg natural analogues,
and to try to use mainly such phenomena which can be evaluated by
data that are basic and well established in the natural sciences.

Moreover, to still allow for misunderstandings, the multiple
barrier concept requires that the safety of the repository should
not be dependant on only one barrier. The safety level should be
reached by the function of two or more different barriers or
phenomena each providing a substantial part of the protection.

Since we tend to regard the reevaluation of our understanding of
how the world "works" as a very improbable future event (based on
our present understanding - anyway) it is very difficult to
assign a value to the multiple barrier concept in the comparison
of various repository alternatives.

Retrievability.

The value of making future remedial actions possible is another
quality difficult to quantify. By having a retrievable disposal
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the application of the ALARA concept on a repository will be more
"conventional". It will be possible to take action if something
goes very much wrong, although it is normally coupled to a very
high threshold cost.

On the other hand, retrievability or the possibility to make
adjustments in a repository can only be provided by special
conceptual features in the disposal zone of the repository. These
features will also influence the performance of the barriers, the
scenarios that must be taken into account and the applicability
of geologic evidence to the processes in the repository. Seen
theoretically this often turns into the difficult problem of
comparing low probability/high consequence risks with high
probability/low consequence risks.

Naturally existing radionuclides.

Basically, the total fuel cycle entails the production of fuel
from long lived naturally existing radionuclides, the creation of
new radioactive nuclides and the isolation (and dilution) of the
waste until it will not cause harm to man or his environment.
Studies show that it is possible to achieve such a degree of
isolation that the radiological consequences in the environment
are mainly due to the same long lived natural radionuclides that
where originally mined for fuel production.

For such a fuel cycle the environmental effect is in reality a
relocation of naturally occurring radioactive substances from one
place to another. Perhaps also a relocation in time. Should such
doses be regarded the same way as other doses?

Concluding comments.

So where does this lead us? My conclusions are:

An orderly and transparent process of evaluating the cost for
society of the safety in long time disposal of waste is of
great value.

You can't be too restrictive when talking about factors of
importance to radiation protection.

The ALARA tool is not yet developed for many of the special
features that are essential to final disposal.

A reasonable balance between benefit and cost for final
disposal that will be valid for time periods over thousands
of years might be impossible to achieve.
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GENERAL CONCLUSIONS OP THE MEETING

The discussions of the meeting spanned over a broad scope of issues and
involved all the main areas where optimisation of protection is considered to
be relevant. The main conclusions presented in the following reflect the con-
sensus reached and some areas of disagreement resulting from the broad range
of opinions expressed by the participants, who represented many different
professional areas.

The discussions were addressed to different orders of issues:

A. General and conceptual questions-

B. Problems of application in specific areas.

A. GENERAL QUESTIONS

The discussion of general and conceptual questions revolved essentially
around the two papers by Messrs. Gonzalez and Webb, although a number of
general issues were raised during the discussion of the other papers. The
principal considerations emerging from this are the following.

- The concept of optimisation of protection, after years of debate and
misinterpretation, seems to have reached a reasonable level of com-
mon understanding in the various interested technical communities.
It is now recognised, in particular, that the principle of optimisa-
tion of protection, or ALARA, should be a "state of thinking" under-
lying all assessments, actions and decisions affecting the protec-
tion of people. Participants agreed that this attitude should
permeate all levels involved, from the regulatory authorities to the
industry operators and the technical experts.

- It is also understood, as a consequence, that optimisation of
protection is not merely an analytical technique for decision-making
or for decising-aiding. In other words, any formal procedure and
analytical technique used in implementing the principle of optimisa-
tion of protection is not in itself "optimisation", but is only a
helpful mechanism to structure information, rationalise assessments
and assist in preparing decisions by making transparent the judge-
ments necessary for these decisions.

- It is to be pointed out that radiation protection is not usually the
only relevant factor in a decision-making process. Therefore,
optimisation of protection is to be seen simply as one contribution

- 201 -



offered by the radiation protection community to the solution of
problems which involve radiation hazards but have, very often, a
much broader dimension where many other factors, non-radiological,
often play a much more important role in decision-making.

As a consequence, optimisation of protection ^n a practice or activ-
ity is only a part of the optimisation of the practice or activity
itself, of which it is often a minor component, and should not be
confounded with it.

The frequently observed confusion between optimisation of practice
and optimisation of protection suggests the opportunity of revising
the terminology initially proposed by the ICRP. For example, one of
the sources of confusion and varied interpretations is the difficul-
ty of distinguishing "social and economical" factors relevant to
radiation protection (and, therefore, to the process of optimisation
of protection) from social and economical factors in general.

Moreover, it is often difficult to distinguish, among the radiation
protection factors, those which are purely scientific and objective
and those which are based on subjective judgement.

The participants expressed concern that, if a clearcut distinction
is not made between these different concepts, there is the risk that
some factors (e.g. social factors) might be given double considera-
tion, when an optimisation (of protection) analysis executed at the
technical level is factored into the decision-making process carried
out at the political level. In conclusion, there is a need to iden-
tify and document what are the "social and economical" factors which
have a direct bearing on radiation protection and have a place in
optimisation assessments and distinguish them from the other factors
which must, instead, be considered only in the final decision-making.

It is recognised that the current state of development and applica-
tion of optimisation of protection in different practices is very
uneven, and there are areas (such as, for example, in some medical
applications or in some working activities at nuclear plants) where
the level of protection achieved offers still large scope for
optimisation. Moreover, the costs of protection involved in some
cases (i.e. in nuclear plants) are much higher than those which
could be justified by a pure radiation protection optimisation
approach, whilst in others (i.e. in medical applications) dramatic
improvements of the level of protection could be obtained with much
smaller costs. All this suggests the opportunity to consider some
form of prioritisation of efforts in optimisation of protection in
the different practices.

The current approach to optimisation of protection implies the
application of optimisation methods on a case-by-case basis. It was
pointed out that in many situations such an approach may be unneces-
sarily heavy and expensive. There is some consensus, therefore,
that in the case of simple, repetitive activities or of similar
plants and equipment, some form of standardisation could be benefi-
cial. This could be obtained by the use of generic optimisation
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analyses using generic assumptions and models. The results would be
expressed in terms of generic optimised values of appropriate para-
meters which could be used as design or operation targets.

Participants noted that the levels of protection should be constant-
ly adapted to the advancing state of the art in science and technol-
ogy. The results of optimisation (of protection) assessments should,
therefore, take into account this continuous evolution, which affects
both the range of protection options available at any given time and
the associated costs.

B. PROBLEMS OF APPLICATION IN SPECIFIC AREAS

B.I Application in Regulatory Systems

There is a consensus on the view that optimisation of protection must
be seen in the context of the total requirement placed on the operator by the
regulatory authority and, to an extent, on the need for the operator to
operate in a cost-effective manner.

In this context, it is recognised that the principle of optimisation of
protection as a conceptual requirement is progessively being incorporated into
national regulations, although there appears to be different views in the
various caountries about how and when optimisation of protection fits into the
regulatory process.

In particular, it is noted that this concept is not amenable to a
system of strict legal obligations and a formal regulatory language, such as
in laws and regulations which require rigid and precisely defined rules.
Therefore, a law can only contain optimisation as a general requirement, but
flexibility is needed in its regulatory application, supplemented by the use
of guideline documents.

In this respect, it was noted that the resources of regulatory bodies,
particularly in small countries, are sometimes limited. Thus, participants
emphasised the importance of international co-operation in the development of
tools and methods for optimisation of protection. Attention should also be
paid to the need for an adequate training of regulators and licensees on the
concepts, procedures and methods of optimisation of protection.

Moreover, regulatory authorities need a mechanism to assess compliance
with the requirement of optimisation. A useful tool for this may be the use
of "performance indicators" describing the values of appropriate operational
and design parameters. These performance indicators should be evaluated by
comparison against quantitative criteria represented, for example, by the
generic optimised values mentioned in Section A.

B.2 Application in Design and Operation

There is consensus that optimisation of protection as a conceptual
approach is applicable in the design and operation of facilities involving
radiation hazards for workers and members of the public.
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The main requirement here is to generalise the commitment of designers
and operators to include ALARA consideration as from the beginning in their
mental and logical process of setting up a plant design or planning an
operation. The introduction of appropriate organisational arrangements (ALARA
Committees, ALARA procedures,- ALARA audits) in the institutions concerned can
be instrumental in achieving such a result. In particular, the ALARA proce-
dure is to be seen as a structural approach to problems that should accommo-
date both quantitative and qualitative inputs to decisions. It is recognised
that over the years optimisation studies have been carried out which demon-
strate the feasibility of using quantitative decision-aiding techniques in
well defined situations. However, there are still strong reservations by many
designers and operators about the possibility of supplementing the ALARA
"thinking" and procedures with analytical methods of the kinds being suggested
by the ICRP as decision-aiding tools.

In particular, some reservations were expressed concerning:

a) the ability of methods such as cost-benefit analysis to accommodate
such factors as social values, risks trade-off between different
exposed groups(i.e. workers and members of the public) and equity in
dose distribution.

b) the practical difficulties to identify and assess the cost relevance
to specific protection options.

Strong fears were also expressed that what is a useful tool for the
designers, health physicists, etc. might become enshrined in law as a strict
prescribed element of radiation protection, which is seen as counter
productive.

Nevertheless, there is general agreement that the ALARA procedure sug-
gested by the ICRP provides a very useful approach to structure and rational-
ise the assessment and evaluation of technical solutions or operational
practices.

B.3 Application in the Prevention and Mitigation of Accidents

On the basis of the present experience, it is recognised that optimisa-
tion of protection, intended as a unified approach to a balance between
detriments and costs, which takes into account radiological and technical
issues, has not been a major factor in policy decisions on prevention and
mitigation of nuclear accidents. Moreover, a strong reluctance was shown by
several participants to accept that optimisation of protection could play a
role in this field, particularly when severe accidents are considered.
Arguments invoked to support this view included:

- The impossibility or difficulty to make sufficiently accurate ana-
lytical assessments of the probabilities and consequences associated
with accidental sequences of events. Such kinds of assessments
would be needed if an optimisation procedure were to be applied to
the evaluation of nuclear safety requirements to be imposed on the
design and operation of a nuclear plant;
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- The unresolved difficulty of combining the impact of high
probability/low consequence events and low probability/high
consequence events into a unified analytical assessment;

- The recognition that consideration of plant capital investment
protection, power replacements and contaminated land reclamation
costs, for example, are absolutely overwhelming in the assessment of
the consequences of an accident, in comparison with the cost-saving
resulting from any radiation detriment saved (if calculated at the
usual rates suggested for the value of the man sievert in
optimisation studies);

- The overriding weight that some non-quantifiable factors (e.g.
public perception of risk and political acceptance) have in
decisions concerning nuclear safety requirements and accident
mitigation measures. One example of this is the difficulty to make
a balanced trade-off between the exposure of workers from the
implementation of nuclear safety requirements and the potential
accidental exposure of the public.

Another example which was put forward to support this view concerns
the issue of intervention levels for nuclear accidents. In this
field there are strong views, also based on recent experience, that
intervention levels and decision criteria can only be established on
the basis of the factual situation of an accident, where factors
other than those based on optimisation of protection may be
overriding.

- The lack of consensus on the possibility of including the basic
nuclear safety concept of the "defence-in-depth" into a unified
optimisation approach and on the relative degree of priority to be
attributed to accident prevention or, respectively, consequence
mitigation.

However, participants agreed on the fact that the overall objective of
radiation protection is the control of radiological risks. This includes the
control of certain exposures, through the existing system of dose limitation,
but there is a feeling that it should also include, conceptually, the control
of uncertain (or probabilistic) exposures, such as those associated with a
nuclear accident.

The current optimisation approach and techniques which have been
developed for normal conditions and certain exposures are not suited to the
prevention of accidents and any attempt to apply them to such situations would
inevitably be unsuccessful. A new conceptual and technical framework to apply
optimisation of protection to this field needs to be developed, and a reflec-
tion on this issue is presently being carried out in various international
organisations. Until this reflection is terminated, no general conclusions
can be drawn on the applicability, or inapplicability, of optimisation of
protection considerations in the field of nuclear safety.
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B.4 Application in Radioactive Waste Management

Application of optimisation of protection in radioactive waste manage-
ment has been attempted in different areas, particularly in the design of
uranium mill tailings and low level waste disposal systems. Isolated attempts
have also been made in the field of design of high level waste disposal repos-
itories.

There were different opinions among the participants on the success of
these attempts.

On one side, it was felt that radiation protection optimisation tech-
niques are not particularly useful in aiding decisions in the field of waste
management. Reasons for this opinion are mainly the following:

- Radiation protection optimisation considerations are generally a
minor component of the whole of the parameters affecting decisions
in waste management. In fact, politically based considerations,
including the influence of public perception and confidence, appear
to be the main factors controlling decisions on waste management
strategies and options;

- Analytical techniques for optimisation do not give useful results if
applied to waste disposal, due to the large uncertainties involved
in the assessment of the probabilities and radiological consequences
associated with events spread over very long time spans;

- The very concept of ALARA is difficult to apply to the optimisation
of long term disposal options, because the society's definition of
what is a "reasonable balance between relevant factors" can change
over time.

On the other hand, many experts believe that optimisation techniques
may be a valuable tool which, under appropriate circumstances, could provide
indications for a preference among different waste management options. In any
event, there appears to be a large convergence of opinions on the fact that
the approach of structuring information and data in order to allow a ratio-
nalised balance of the different factors involved, as suggested by the ALARA
concept, is applicable and useful in the field of waste management as in other
fields. This approach may also assist in identifying weaknesses in the as-
sessments and/or disposal systems which may require further insight at the
national and international levels.

However, although the ALARA approach appears applicable in principle to
wa5.a management, the real problem here is to define if, and how, the ALARA
methodology should be modified or adapted to match the particular requirements
of waste management, particularly long term waste disposal.
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CONCLUSIONS GENERALES DE LA REUNION

Les débats au cours de la réunion ont couvert un large éventail de
questions et porté sur tous les principaux domaines dans lesquels on estime
que l'optimisation de la protection entre en ligne de compte. Les conclusions
essentielles présentées ci-après reflètent le consensus qui s'est dégagé ainsi
que certains points de désaccord qui ressortent de la vaste gamme d'opinions
exprimées par les participants représentant de nombreux secteurs profession-
nels différents.

Au cours des débats, des questions de différents ordres ont été

traitées :

A. Questions générales et conceptuelles ;

B. Problèmes d'application dans des domaines particuliers.

A. QUESTIONS GENERALES

L'examen des questions générales et conceptuelles s'est essentiellement
articulé autour des deux communications présentées respectivement par
M. Gonzales et H. Webb, encore qu'un certain nombre de questions générales
aient été évoquées lors des échanges de vues sur les autres communications.
Les principales considérations qui s'en sont dégagées sont les suivantes :

- Il semble qu'après des années de discussions et de mauvaises inter-
prétations, les divers milieux techniques intéressés soient parvenus
à se mettre raisonnablement d'accord sur ce que recouvre la notion
d'optimisation de la protection. Il est désormais admis, en parti-
culier, que le principe d'optimisation de la protection, autrement
dit le principe ÀLARA, doit constituer un "état d'esprit" sous-
tendant toutes les évaluations, interventions et décisions ayant une
influence sur la protection des personnes. Les participants sont
convenus que cette attitude devrait inspirer tous les intervenants,
qu'il s'agisse des autorités chargées de la réglementation ou des
exploitants de l'industrie et des experts techniques.

Il est également entendu, par conséquent, que l'optimisation de la
protection ne constitue pas simplement une technique analytique de
prise de décision ou d'aide à la décision. En d'autres termes, toute
procédure formelle et toute technique analytique utilisée pour met-
tre en oeuvre le principe d'optimisation de la protection n'est pas
en elle-même l'"optimisation", mais constitue seulement un mécanisme
utile pour structurer l'information, rationaliser les évaluations et
aider à préparer les décisions en rendant transparents les jugements
requis pour ces décisions.
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Il y a lieu de relever que la radioprotection n'est pas habituel-
lement le seul facteur pertinent dans le processus de décision.
L'optimisation de la protection doit donc être considérée simplement
comme une contribution offerte par les milieux de la radioprotection
à la solution de problèmes liés aux dangers dus aux rayonnements
mais qui, très souvent, ont une dimension beaucoup plus large, de
nombreux autres facteurs non radiologiques jouant fréquemment un
rôle bien plus important dans la prise de décision.

Il s'ensuit que l'optimisation de la protection dans une pratique ou
une activité ne constitue qu'une partie de l'optimisation de cette
pratique ou activité, dont elle n'est souvent qu'un élément mineur,
et ne doit pas être confondue avec elle.

La confusion fréquemment observée entre l'optimisation de la pra-
tique et 1'optimisation de la protection laisse penser qu'il serait
opportun de réviser la terminologie initialement proposée par la
CIPR. Par exemple, l'une des sources de confusion et d'interpréta-
tions variées tient à la difficulté de distinguer les facteurs
"sociaux et économiques" intéressant la radioprotection (et donc le
processus d'optimisation de la protection) des facteurs sociaux et
économiques en général.

En outre, il est souvent difficile d'isoler, parmi les facteurs de
radioprotection, ceux qui sont purement scientifiques et objectifs
de ceux qui reposent sur un jugement subjectif.

Les participants ont exprimé la crainte que, si une distinction
nette n'est pas établie entre ces différentes notions, il y ait un
risque que certains facteurs (les facteurs sociaux, par exemple)
puissent être doublement pris en considération, lorsqu'une analyse
d'optimisation (de la protection) exécutée au niveau technique est
intégrée dans le processus de décision mené au niveau politique. En
conclusion, il est nécessaire de définir et d'étayer par une docu-
mentation ce que l'on entend par facteurs "sociaux et économiques"
qui ont une incidence directe sur la radioprotection et ont une
place dans les évaluations de l'optimisation, et de les distinguer
des autres facteurs qui doivent au contraire n'être pris en consi-
dération que dans le processus final de décision.

On admet que l'état actuel de développement et d'application de
l'optimisation de la protection dans les différentes pratiques est
très inégal et il existe des domaines (tels que certaines applica-
tions médicales ou certaines activités professionnelles dans les
installations nucléaires, par exemple) dans lesquels le niveau de
protection atteint offre encore largement matière à optimisation. En
outre, les coûts de la protection en jeu dans certains cas (autre-
ment dit dans les centrales nucléaires) sont beaucoup plus élevés
que ceux qui pourraient se justifier d'un point de vue exclusivement
fondé sur l'optimisation de la radioprotection, alors que dans d'au-
tres (par exemple dans les applications médicales) des améliorations
spectaculaires due niveau de protection pourraient être obtenues
moyennant des coûts bien moindres. Ainsi, tout laisse penser qu'il y
aurait lieu d'envisager une certaine hiérarchisation des efforts
d'optimisation de la protection dans les différentes pratiques.
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La démarche actuelle à l'égard de l'optimisation de la protection
implique l'application des méthodes d'optimisation au cas par cas.
On a fait valoir que dans de nombreuses situations, une telle démar-
che peut être inutilement lourde et coûteuse. Un certain consensus
s'est donc dégagé pour considérer que dans le cas d'activités sim-
ples et répétitives ou d'instalations et équipements semblables, une
certaines forme de standardisation pourraient être avantageuse. Cela
pourrait être obtenu par le recours à des analyses génériques d'op-
timisation utilisant des hypothèses et des modèles génériques. Les
résultats seraient exprimés en termes de valeurs optimisées généri-
ques de paramètres appropriés qui pourraient servir d'objectifs de
conception ou d'exploitation.

Les participants ont noté que les niveaux de protection devraient
être constamment adaptés aux progrès de l'état des connaissances
scientifiques et technologiques. Les résultats des évaluations d'op-
timisation (de la protection) devraient par conséquent tenir compte
de cette évolution continue, qui touche aussi bien la gamme des
options de protection disponibles à un moment déterminé que les
coûts connexes.

B. PROBLEMES D'APPLICATION DANS DES DOMAINES SPECIFIQUES

B.l Application aux régimes réglementaires

II existe un consensus pour considérer que l'optimisation de la pro-
tection doit être envisagée dans le contexte de l'ensemble des exigences
imposées à l'exploitant par l'autorité chargée de la réglementation et, dans
une certaine mesure, par la nécessité dans laquelle il se trouve d'exploiter
son installation d'une manière efficace par rapport aux coûts.

Dans ce contexte, il est admis que le principe de l'optimisation de la
protection en tant qu'exigence conceptuelle est en train d'être progressive-
ment intégré dans les réglementations nationales, bien qu'il existe, semble-
t-il, des opinions différentes dans les divers pays sur la manière dont et le
moment où l'optimisation de la protection doit trouver sa place dans le pro-
cessus réglementaire.

En particulier, il est noté que cette notion ne se prête pas à un ré-
gime d'obligations juridiques strictes et à un langage réglementaire formel,
comme dans des lois et règlements qui exigent des règles rigides définies avec
précision. C'est pourquoi une législation ne peut faire intervenir l'optimi-
sation que comme une exigence générale, de la souplesse étant au contraire
requise dans son application au plan réglementaire, complétée par le recours à
des documents d'orientation.

A cet égard, on a fait observer que les ressources des organismes ré-
glementaires, notamment dans les petits pays, sont parfois limitées. Ainsi,
les participants ont insisté sur l'importance de la coopération internationale
dans la mise au point d'outils et de méthodes en vue de l'optimisation de la
protection. Il convient également de se préoccuper de la nécessité d'assurer
une formation adéquate des responsables de la réglementation et des titulaires
d'autorisation concernant les notions, les procédures et les méthodes d'opti-
misation de la protection.
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En outre, les autorités compétentes en matière de réglementation ont
besoin d'un mécanisme permettant d'évaluer la conformité à la prescription
d'optimisation. Un outil utile à cet effet peut être l'emploi d'"indicateurs
de performances" décrivant les valeurs de paramètres appropriés d'exploitation
et de conception. Ces indicateurs de performances devraient être évalués par
comparaison avec des critères quantitatifs représentés, par exemple, par les
valeurs optimisées génériques mentionnées dans la section A.

B.2 Application dans la conception et l'exploitation

On s'accorde à considérer que l'optimisation de la protection en tant
que démarche conceptuelle, est applicable dans la conception et l'exploitation
d'installations comportant des dangers dus aux rayonnements pour les travail-
leurs et les personnes du public.

La principale exigence en l'occurrence est de généraliser l'engagement
des concepteurs et des exploitants de prendre en compte le principe ALARA dès
le départ dans le processus mental et logique d'établissement des plans d'une
installation ou de planification d'une opération. L'introduction de disposi-
tions appropriées ( Comités ALARA, procédures ALARA, audits ALARA) dans les
établissements concernés peut contribuer à l'obtention d'un tel résultat. En
particulier, la procédure ALARA doit être considérée comme une façon structu-
relle d'aborder les problèmes dans laquelle il conviendrait de prendre en
compte des données d'entrée tant quantitatives que qualitatives pour les dé-
cisions. Il est admis qu'au long des années des études d'optimisation ont été
exécutées qui démontrent la faisabilité du recours à des techniques quantita-
tives d'aide à la décision dans des situations bien définies. Toutefois, de
nombreux concepteurs et exploitants émettent encore de fortes réserves con-
cernant la possibilité de compléter l'"état d'esprit" et les procédures ALARA
par des méthodes analytiques du type de celles actuellement suggérés par la
CIPR en tant qu'outils d'aide à la décision.

En particulier certaines réserves ont été exprimées concernant :

a) l'aptitude de méthodes telles que l'analyse coût-avantage à prendre
en compte des facteurs tels que les valeurs sociales, l'équilibre
des risques à respecter entre les différents groupes exposés (autre-
ment dit travailleurs et personnes du public), et l'équité dans la
répartition des doses.

b) les difficultés pratiques que soulève la définition et l'évaluation
de la pertinence eu égard, aux coûts des différentes options en ma-
tière de protection.

. Certains participants ont également exprimé de fortes craintes que ce
qui constitue un outil utile pour les concepteurs, les responsables de la
radioprotection, etc. puisse se trouver figé dans la législation en tant
qu'élément de radioprotection strictement imposé, ce qui est considéré comme
contraire au but recherché.

Néanmoins, les participants ont en général été d'accord pour estimer
que la procédure ALARA suggérée par la CIPR fournit une méthode très utile
permettant de structurer et de rationaliser la détermination et l'évaluation
de solutions techniques ou de pratiques opérationnelles.
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B.3 Application à la prévention et à l'atténuation des accidents

Sur la base de l'expérience actuelle, on admet que l'optimisation de la
protection, conçue comme une approche unifié permettant d'équilibrer les dé-
triments et les coûts, qui tient compte des aspects radiologiques et techni-
ques, n'a pas constitué un important facteur dans les décisions des pouvoirs
publics concernant la prévention et l'atténuation des accidents nucléaires. En
outre, plusieurs participants ont manifesté de vives réticences à accepter que
l'optimisation puisse jouer un rôle dans ce domaine, en particulier lorsque
des accidents sévères sont envisagés. Les arguments invoqués à l'appui de
cette thèse sont notamment les suivants :

l'impossibilité ou la difficulté de procéder à des évaluations ana-
lytiques suffisamment précises des probabilités et des conséquences
liées à des séquences accidentelles d'événements. Des évaluations de
ce type seraient nécessaires si l'on veut appliquer une procédure
d'optimisation à l'évaluation des prescriptions en matière de sûreté
nucléaire à imposer à la conception et à l'exploitation d'une ins-
tallation nucléaire ;

la difficulté non résolue d'intégrer l'incidence d'événements à
forte probabilité et à faibles conséquences et celle d'événements à
faible probabilité et à fortes conséquences dans une évaluation
analytique unifiée ;

la reconnaissance du fait que la prise en compte des coûts de
protection des investissements en capital dans l'installation, des
moyens de production d'électricité de remplacement et de remise en
état des terrains contaminés est absolument déterminante dans l'éva-
luation des conséquence d'un accident, par rapport aux économies de
coût résultant de toute réduction du détriment dû aux rayonnements
(si on la calcule aux taux habituels suggérés pour la valeur de
l'homme-sievert dans les études d'optimisation) ;

le poids prédominant que certains facteurs non quantifiables (la
perception du risque par le public et l'acceptation au niveau poli-
tique, par exemple) ont dans les décisions concernant les prescrip-
tions en matière de sûreté nucléaire et les mesures d'atténuation
des accidents. Un exemple en est la difficulté de trouver une for-
mule équilibrée conciliant l'exposition des travailleurs imputable à
la mise en oeuvre des prescriptions de sûreté nucléaire et l'exposi-
tion potentielle du public par suite d'accidents.

Un autre exemple, qui a été invoqué pour appuyer cette thèse, con-
cerne la question des niveaux d'intervention applicables aux acci-
dents nucléaires. Dans ce domaine, il existe des opinions affirmées,
reposant également sur l'expérience récente, selon lesquelles des
niveaux d'intervention et des critères de décision ne peuvent être
établis que sur la base de la situation factuelle existant lors d'un
accident, où des facteurs autres que ceux fondés sur l'optimisation
de la protection peuvent l'emporter.

l'absence de consensus concernant la possibilité d'inclure la notion
fondamentale de "défense en profondeur" de la sûreté nucléaire dans
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une méthode unifiée d'optimisation, et concernant le degré relatif
de priorité à assigner respectivement à la prévention des accidents
ou à l'atténuation de leurs conséquences.

Les participants ont toutefois été d'accord sur le fait que l'objectif
global de la radioprotection est la maîtrise des risques radiologiques. Celle-
ci inclut le contrôle des expositions certaines, grâce au système existant de
limitation des doses, mais on a le sentiment qu'elle devrait, également cou-
vrir, sur le plan conceptuel, le contrôle d'expositions incertaines (ou proba-
bilistes), telles que celles liées à un accident nucléaire.

La méthode et les techniques actuelles d'optimisation, qui ont été
mises au point pour des conditions normales et les expositions certaines, ne
conviennent pas à la prévention des accidents et toute tentative en vue de les
appliquer à de telles situations serait inévitablement infructueuse. Un nou-
veau cadre conceptuel et technique en vue d'appliquer l'optimisation de la
protection à ce domaine doit être élaboré et un effort de réflexion est
actuellement consacré à cette question dans diverses organisations interna-
tionales. Tant que cet effort ne sera pas mené à terme, aucune conclusion
générale ne pourra être tirée concernant l'applicabilité ou la non applicabi-
lité des considérations d'optimisation de la protection dans le domaine de la
sûreté nucléaire.

B.4 Application à la gestion des déchets radioactifs

L'application de l'optimisation de la protection à la gestion des dé-
chets radioactifs a été tentée dans différents domaines, en particulier dans
la conception des systèmes d'évacuation des résidus de traitement de l'uranium
et des déchets de faible activité. Des tentatives isolées ont également été
faites dans le domaine de la conception des installations de stockage défini-
tif des déchets de haute activité.

Les opinions des participants diffèrent quant au succès de ces tenta-
tives.

D'une part, on a estimé que les techniques d'optimisation de la radio-
protection ne sont pas particulièrement utiles comme aides à la décision dans
le domaine de la gestion des déchets. Les raisons de cette opinion sont prin-
cipalement les suivantes :

- les considérations d'optimisation de la radioprotection constituent
en général un composant mineur de l'ensemble des paramètres influant
sur les décisions en matière de gestion des déchets. En réalité, des
considérations à fondement politique, notamment l'influence de la
perception et de la confiance du public semblent être les principaux
facteurs régissant les décisions relatives aux stratégies et aux
options de gestion des déchets ;

- les techniques analytiques utilisées pour l'optimisation ne donnent
pas de résultats utiles lorsqu'elles sont appliquées à la gestion
des déchets en raison des importantes incertitudes en jeu dans
l'évaluation des probabilités et des conséquences radiologiques
liées à des événements étalés sur de très long laps de temps ;
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- le principe ALARA lui-même est difficile à appliquer à l'optimisa-
tion des options d'évacuation à long terme, car la définition que la
société donne de ce qui est "un équilibre raisonnable entre les fac-
teurs pertinents" peut se modifier 6a:\*,. le temps.

D'autre part, de nombreux experts sont convaincus que les techniques
d'optimisation peuvent constituer un précieux outil qui, dans des conditions
appropriées, pourrait fournir des indications sur une solution préférable par-
mi différentes options en matière de gestion de déchets. En tout cas, il sem-
ble y avoir une large convergence d'opinions pour considérer que la démarche
consistant à structurer les informations et les données afin de dégager un
équilibre raisonné des différents facteurs en jeu, comme le suggère le prin-
cipe ALARA, est applicable et utile dans le domaine de la gestion des déchets
comme dans d'autres. Cette démarche peut également aider à déceler les points
faibles dans les évaluations et/ou les systèmes d'évacuation, qui peuvent
exiger un complément d'étude au plan national et international.

Toutefois, bien que la méthode ALARA semble applicable en principe à la
gestion des déchets, le véritable problème en l'occurrence est de déterminer
si et de quelle manière la méthodologie ALARA devrait être modifiée ou adaptée
pour répondre aux besoins particuliers de la gestion des déchets, notamment à
ceux de l'évacuation à long terme.
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