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THE APPROACH TO INDIVIDUAL AND COLJ.ECTIVE RISK IN REGARD TO
RADIATION AND ITS APPLICATION TO DISPOSAL OF HIGH LEVEL WASTE

ByJanOlofSnihs
Swedish Radiation Protection Institute

171 16 STOCKHOLM

Introduction

The radiation safety problems in relation to disposal of high level waste, HLW, include a
number of aspects, some of which are the same as for safety problems related to other
practices and others, specific because of the long term aspects of the disposal. The protection
of individuals, optimization of protection, performance and safety analysis are some general,
basic requirements applicable also to HLW. That the level of protection in principle should be
independent of time and space, that there are great uncertainties of potential exposures in
future, that validation and verification of assumed models and environmental factors are
difficult/impossible are some examples of conditions and problems specific to disposal of
HLW.

In international and national criteria on disposal of HLW there are at present a number of
requirements directed to the protection of individuals now and in the future. The protection of
society (or environment) is directly or indirectly addressed in some criteria but the number of
people exposed, potentially exposed or at risk is not considered as a specific issue or quantity
with constraints and implications.

In order to put the two quantities "number of people" and "collective risk" in perspective in
comparison with individual constraints, and to illustrate their use in radiation safety
considerations of present activities there will below be a general discussion of these issues
followed by'. ->scussion of their applications and implications to the problems of disposal of
HLW.

Intemati( i r commendations and conventions

hi curreU /. ommendations (ICRP, 1991) of the International Commission on Radiological
Protector ' CRP, the system of radiation protection includes justification of practice,
optimiz a >n of protection and individual dose and risk limitation, hi the optimization principle
the nu£ "'• < of people exposed is particularly considered by saying that "in relation to any
particuL i source within a practice, the magnitude of individual doses, the number of people
exposed jnd the likelihood of incurring exposures where these are not certain to be received
should ai be kept as low as reasonably achievable, economic and social factors being taken
into acct at". In earlier ICRP publications the number of people was not so directly addressed.

The combination of individual doses and number of people is contained in the concept
collective dose, which is of particular interest in radiation protection and which also is a useful
quantity in relation to other quantities used for judgement of various options of disposal of
HLW (see below).

Nuclear safety policy as expressed e.g. in 1AEA/INSAG document INSAG-3 (INSAG, 1988)
and in the IAEA Convention on Nuclear Safety (IAEA 1994) includes the objectives to achieve



and maintain a high level of nuclear safety, to establish and maintain effective defences in
nuclear installations against potential radiological hazards in order to protect individuals,
society and the environment from harmful effects of ionizing radiation and to prevent accidents
with radiological consequences and to mitigate such consequences should they occur. In an
article on radiation protection in the convention the basic principle of ALARA (As Low As
Reasonably Achievable) is stated.

The protection of society, mitigation of consequences and ALARA are all directly or indirectly
correlated to the number of people concerned, which in principle should be minimized (see
below).

Collective dose

The dosimetric quantities absorbed dose, (in a tissue or organ), equivalent dose (radiation
weighted absorbed dose in a tissue or organ) and effective dose (sum of tissue/organ weighted
equivalent doses in all tissues and organs) all relate to the exposure of an individual. A quantity
that relates to exposed groups or populations is collective effective dose. It takes account of
the number of people exposed to a source by multiplying the average dose of the exposed
group from the source with the number of individuals of the group. The unit is the man sievert.

The collective dose should always be stated with a clear indication of the time period over
which the dose is accumulated. The quantity collective dose commitment is the total collective
dose over all future years from a given practice e.g. collective dose commitment per reactor-
year. The collective dose commitment is always related to a particular source or practice.

The most common applications of collective effective dose (here called collective dose) are
the following

a) The assessment of the highest per caput dose rate in the future from a continued practice
for the limitation of present radiation sources.

The assessment of the highest per caput dose rate in the future from a practice that
continues for T years with constant practice rate and a constant rate of release of
radioactive elements, that are instantaneously dispersed in the environment, is made by
assessing the incomplete collective dose commitment (integrated over T years) of one year
of practice divided by the population size. The alternative use of a special computation
tool, the dose commitment, makes assumptions of the population size unnecessary
(B. Lindell, 1985).

By using the incomplete (collective) dose commitment per unit of practice it is
possible to limit the future individual doses below a given maximum dose.

b) As an input to justification assessments.

A justification assessment is a comparison of total detriment and tota! benefit. With the
assumption that the radiation doses are less than the threshold values for deterministic
effects and with the assumption of linearity between radiation dose and stochastic effects
the radiation detriment, which is only a part of the total detriment, is defined as the
product of collective dose commitment and a proportionality factor for radiation
detriment, see below (ICRP, 1991).
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The miniiTnini requirement on justification means that there is a positive net benefit.
Another minimum requirement on justification is that resulting individual doses because of
multiple sources and continued practice do not exceed given dose 'limits.

c) As an input to optimization assessments.

Optimization of radiation protection can be made with various methods. In the differential
cost-benefit analysis there is a comparison between the incremental increase of the cost of
protection and the associated incremental decrease of the "cost" of the health detriment.
The cost of the detriment is calculated by putting a price on the collective dose, e.g. a
dollar per mansievert

Individual risk

Risk is a complicated concept particularly if one has to quantify its magnitude, relevance and
acceptability. It is beyond this report to explore the risk concept and reference is made to
literature in this area (see e.g. B. Lindell, 1994).

Sometimes, risk is defined as a product of two factors, the probability of occurrence of an
unwanted event and the consequence of the event. This is equivalent to the expectation of
consequence and is not a useful quantity particularly if the probability is small and there is not
sufficient repetition of the risk situation (e.g. not sufficient long periods of time) to make the
expectation a likely outcome.

It is often difficult to quantify the risk with one numerical value. It must be described by using
several inputs, particularly as regards the size and nature of the consequences. The concept risk
is also perceived differently by different groups of people. By experts it is often understood as
probability and by members of the public as the consequence (L. Sjöberg, 1994).

In ICRP Publication 26 (ICRP, 1977) the concept detriment was defined as the expectation of
consequence after every measure of harm is weighted with regard to the extent or seriousness
of the harm, e.g. death or a light harm. In the case of small individual exposures the effective
dose, unit sievert, is a relevant quantity as an indirect measure of detriment to people In ICRP
60 (ICRP, 1991) the detriment is a more involved quantity and has been presented as similarly
weighted probabilities. When, for an average member of the public, ICRP 60 gives a
proportionality factor of 5 * 10'2 per sievert for lethal cancer the corresponding factor for total
detriment is given as 7.3 * 10'2 per sievert.

From the individual's point of view, the risk ciused by a radiation dose may be perceived as a
risk of dying in cancer caused by the radiation. If that risk is acceptable or not depends on
many factors like voluntariness to be exposed, benefits from the sources or operations giving
the exposure etc. It has been suggested (ENSAG 1994) that individual risk should be divided in
three classes. An example is given in a report on tolerabihty of risk from the U.K. Health and
safety Executive (HSE, 1992). A region of unacceptable risk is defined as being constrained in
the lower part by a level of risk that cannot be accepted as safe in extraordinary circumstances.
This lower level of unacceptable risk is for members of the public certainly no higher than an
annual probability of attributable death of about 10"4. There is also a low region of widely
acceptable risk, where the risk is broadly acceptable without need to consider further
improvements. The upper part of that region corresponds most likely to a level of risk that is
less than an annual probability of attributable death of about 10*6to 10"7. Between these
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extreme levels the risk might be tolerable or even acceptable if all reasonable etiorts to reduce
the risk have been taken and if there is some benefit with the practice that causes the risk.

The ICRP dose limit for member of the public is lmSv a"1 which corresponds to a lifetime
probability of attributable death of about 5 l 10 •3, caused by all regulated sources affecting the
same individual. More restrictive constraints are used for single sources, like a nuclear power
plant, and a criterion on lifetime probability of attributable death would be of the order of
5 * 10"*, which roughly corresponds to an annual dose of 0.1 mSv.

Higher doses would be acceptable if the probability that they will occur is less than one. For
instance, a predicted dose of 10 rnSv might be acceptable for an individual if the annual
probability of such a dose were lower than about 10~2. However, for events with higher
consequences, the individual risk would not be the major concern but rather the societal risks
because all the consequences other than radiological to be considered. That would impose a
lower tolerable probability of event, by a factor 10 or more particularly for the more severe
accidents causing very serious societal consequences.

Societal and collective risk

The societal risk includes the number of individuals at risk and ths economic and social
implications of an event. The event may be normal or accidental Normal events may be those
correlated to the normal operation or normal expected behaviour of a facility like a waste
disposal facility. In these cases the probability of occurrence is unity and the societal risk may
be limited to the consequence of normal exposures expressed in terms of collective dose which
is a good indicator of the detriment and which is commonly used in optimisation of protection.
In this respect the number of people exposed is a most relevant quantity.

The collective dose may also be used as a constraint for the normal operation/behaviour of a
facility not only in connection with justification but also as a relative limit for the impact. For
instance, it might be considered reasonable that the environmental impact of a radioactive
waste repository should not exceed that caused by the normal releases of the operation giving
rise to the waste.

In nuclear safety and for events, with an annual probability of occurrence less than one, the
relevant concept may be potential collective dose. However that concept is not widely used in
nuclear safety, which more considers the individual dose-risk limitation, hi other "less than one
probability events" the use is uncertain (see below under waste disposal).

If only a few individuals or small groups of people are affected by an accident, the social
impact is not dominant and mitigation is governed by using the principles of intervention in
which the individual dose averted is the most relevant concept. But when large groups of
people or a whole population is concerned, e.g. in case of a large scale contamination of land
with long duration at a level when evacuation and removal of people or other restrictions are
necessary, the issues to be mitigated are not primarely linked to the individual doses but more
to society values like availability of housing and land, communication systems etc. and the
society problems increase when affected land area and number of people at risk increase.

Therefore the economic and social implications of an event are certainly of greater concern
than the individual doses in case of a serious nuclear accident.
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The societal implications may also include the societal cost of intervention and replacement of
lost resources. The former cost is much depending on the number of persons involved. But it is
also depending on the level of people's anxiety and worry and this cost is not related only to
the accident that has occurred but also to potential risk: uncertain conditions and to a small
extent to normal operations and their consequences. These issues are also included in the
problem of perception of risks.

Perception of risks

The risk perception is not only a problem of individual concern but also a societal problem if
large groups of people or a whole population perceive risks in a way that counteracts the
interests of society. The perception of risks (in the widest meaning of the risk concept) is often
not in proportion to the level of harm probability. It depends on a number of factors like
voluntariness, possibility to influence the risk, the kind and size of the consequences, the
knowledge of the risk, the level of education and received information, as well as the attitude
to the source of risk (Riskkollegiet, 1991). Risk perception may reflect the individual's
judgement of the technical society and/or of the source of risk, which he/she might consider
more as a threat than a benefit.

Risk perception may depend on the cultural contexts in which hazards are framed and debated
and in which risk-taking and risk perception occur (K. Drake, 1992). The level of social
welfare may also influence the perception of risks. People would be more concerned about
normal life's problems and risks than an attributable risk This has been experienced in areas of
Russia after the Chernobyl accident (B-M. Drottz-Sjöberg, 1992).

In the light of the great complexity and social implications of risk perception there is a great
responsibility on society, the goverment, relevant authorities and institutions to give the best
conditions for a reasonable and productive risk perception. Which is the most relevant group
to consider: decisionmakers, groups at highest risk or the public in general?

There is no evident answer to that question. However the major interest particularly among
psychologists has hitherto been focussed to the risk perception of individuals among the public
(L. Sjöberg, 1992). An interrelated problem is the psychosomatic effects caused by non-
manageable risk perception after an event that causes health detriments like accidents or
unexpected environmental contamination from a waste repository. These effects may be the
most serious health effects of this event. Their size and societal cost increase when the number
of people concerned increases.

Risk perception as well as psychosomatic effects are also influenced by the behaviour of
decision makers and the massmedia. Social factors in terms of rules and regulations on safety
issued by decision makers in combination with good discipline in the society will probably
decrease the risks, both probabilities and consequences, but not necessarily change the risk
perception and the strength of psychosomatic effects (after an accident for instance) (J.B.
Bento, 1989). A balanced view of the existing situation in perspective, in combination with a
knowledge of actual facts would be the best condi^ons for decision makers to handle these
kind of problems.

The interest and ambitions of the news media are not often in proportion to the magnitude of
probabilities or consequences of a given event or accident. Domestic events are often given
more attention than events abroad even if more people are involved in the latter case. The
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attention may also be influenced by emotions and need interest ot sensations and there is no
unambigous approach to accidental events. Also, the effect of the mass media approach on risk
perception and psychosomatic state is ambigous.

Society and risks

The approach to risks by the society, governments, authorities and the exponents of risks Le.
industries, institutions and so on reflects a multidimensional pattern of valuations of life, social
structure, culture, economical conditions, imperative requirements etc. The costs that are
considered reasonable to reduce unnecessary risks are assessed by comparison with other risk
reduction costs and by evaluation of absolute costs in comparison with available national
resources. This includes due consideration of the level of unacceptable risks and often also
includes a direct and indirect valuation in monetary terms of what society should pay
marginally to save a statistical human life.

hi nuclear safety and radiation protection the application of these major elements of basic
safety philosophy has lead to the principles found in the Safety Convention, lNSAG policy,
IAEA Basic Safety Standards and ICRP recommendations to mention the most important
international policy documents (see above). These principles are expressed in words like "to
maintain high level of safety", "to maintain an effective defence against hazards", "to prevent
accidents", "to keep exposures as low as reasonably achievable", "to ensure that individual
exposures are less than prescribed limits".

On a national level, the harmonization of risk in various areas may be achieved by assuming
some realistic cost to save life, to adopt maximum permissible risk levels from sources under
control, and to prescribe a limitation of collective risk. The justified cost to save a statistical
life is in many industrial countries within the range of 0.1 - 5 M.USD. hi radiation protection
this value is an implied part of the optimization process, that is the balancing between a number
of factors including the monetary value of collective dose. This cost increases if the number of
exposed people with the same dose increases. Another way to express the goal of optimisation
is: to avoid unreasonable use of money for protection against one source, and instead allocate
available resources for protection in general in a more reasonable way.

An example of a national approach in limiting individual and collective risks is given in the
Netherlands. The external safety policy in general for Dutch industries (Ministry of Housing,
1985), which is based on the EEC-Directive (Seveso-Directive, 1982), is that a new industrial
establishment is not allowed to be set up if its normal operation results in an increased
(mortality) probability to an individual of more than 1 % of the "natural" risk ie . 10*6 per year.
Risks between 10~8 and 10*6 per year should always be reasonably minimized. Risks less than
10"8 are acceptable.

The collective risk (probability of an event that will harm a group of people) is limited to less
than 10'5 per year for accidents that can cause a maximum of 10 deaths. A collective risk less
than 10'7 per year would be negligable. With n times larger consequences the "risk limit"
decreases n2 times.

A corresponding risk policy is also developed for radiation protection in the Netherlands
(Ministry of Housing, 1991). The maximum permissible individual risk level for all sources
together is 10-5 per year (mortality risk) and for a single source 10"6 per year. With a risk
factor of 5.10'5 per mSv these risk levels would correspond to 0.2 and 0.02 mSv per year
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respectively if the annual risk were constant over life. As it is, however, it increases with age.
The ICRP dose limit of 1 mSv per year would actually keep the annual risk less than 10° for all
ages below 40 years.

In nuclear safety the safety goals are in some countries expressed in terms of probabilities for
serious events. In UK, for instance, the highest tolerable frequency of large radioactive releases
is 10"5 per reactor year and the objective is 10~7. This would be considered as a figure of intent,
which in other countries is not expressed in numbers but as an ALARP principle (CNRA,
1994).

The mitigation of consequences of serious events in a reactor is achieved by accident
management, by technical means (filters etc.), by a limitation of population density around the
site and by interventions within a framework of an emergency pian. The number of people at
risk is here a real issue which is particularly relevant in the choice of sites and the organisation
of the emergency plan.

Generally speaking it can be said that safety goals and efforts are set by having the protection
of individual in mind but the consequences are mitigated by having the protection of society in
mind.

This dualism in safety is not contradictory. The individual risk and collective, societal risk are
closely connected but the concepts include a conflict between individual valuations and societal
judgements of what is reasonable to achieve in safety. This in turn involves the problems of
communicating risks. Some important elements in this respect are the need of perspectives on
risks, ofinformation to and knowledge by people, recognition of uncertainties and awareness
of particular values of various target groups (G. Bengtsson, 1993). All these factors taken into
account may reduce the tension between people and society.

Safety authorities are the spokesmen of society. In communicating risks they have to explain
the priorities in allocating resources to risk reduction in various areas.

An example is the three-year plan proposed by the Swedish Radiation Protection Institute to
the government 1991 (SSI, 1991). The plan discusses the basis of priorities, the costs of
protection and the cost-effectiveness in various areas. Four priorisation criteria were ranked as
follows:

1. Prevent acute death and other serious acute injury from radiation.
2. Prevent or decrease harmful late effects of radiation on large populations.
3. Pay attention to radiation protection problems relating to societal factors involving large

societal valu is.
4. Further prevent or reduce harmful late effects of radiation for particularly exposed

individuals.

It is interesting to note that the highest priority is given to the prevention of events that are
catastrophic and disastrous for individuals and the next to highest priority to reduce the effects
to large populations i.e. to reduce the collective dose to large populations.

On the basis of these criteria 8 areas of work were given largest attention. Cost-effectiveness is
a relevant factor in decision-making as it concerns the best way of using available national
economic resources. On these bases radon in houses, solar ultraviolet radiation and x-ray
examinations are particularly interesting as areas where protection would be highly urgent.
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Another important factor for consideration in prioritisation is also the public concern and an
important tool in the management of this concern is exactly the communication and
explanation of the basis for prioritisation of the efforts of the society to reduce risks.

An overview of the consideration of individual and collective risk in decision making on
radiological activities

In Table I, a number of examples are given on various kind of decisions that are taken in
radiation protection and nuclear safety by the society (through parliament, government or
authorities). The Table shows whether the number of people concerned is a relevant irswe or if
the protection of the individual is more relevant. The Table also shews whether the number of
sources is relevant in the decision making or not.

Table 1

The relevance of number of people and sources in decision-making. Some examples.

Decision Number of people Individual dose more Number of sources
more relevant relevant relevant?

Yes No

Justification of x - x
a practice

Optimisation of x - - x
radiation protection

Constraints on x x -
optimisation

Dose limits - x - x

Intervention levels - x x

Intervention x x x

Appraisal of x - x -
collective
detriment

Appraisal of - x x

risk

Exemption levels x x x x

Site selection x - (x) x

Nuclear safety x x x

Emergency plans x - - x
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Application to the problems of disposal of HLW

The overview given above shows to-day's values and concern for the protection of the
individual and society in terms of limitation of collective radiological detriments, collective
concern and worry, and of the economic and social impact. The significance of the latter is
much depending on the societal structure, level of welfare and education and the way the
problems are handled by responsible authorities, institutions and mass media. The protection of
people is closely linked to the protection of individuals but the number of people concerned is
many times an issue of major interest for society because it is closely connected to the
economic and social impact.

Current basic criteria on disposal of HLW, national as well as international, stress the general
objective as aiming at protecting human health and the environment and at limiting the burden
to future generations. This is understood so that the risks to human health and effects on the
environment at any time in the future shall be low and not greater than would be acceptable to-
day and the level of protection shall be independent on any national boundaries.

As regards individual protection, the expected doses should not exceed 1 mSv per year, taking
additional account of potential exposures by limiting additionally their probabilities and
resulting doses.

The protection of societies and populations can be expressed in a variety of ways. One is that
the radionuclides expected to be released from a repository should not lead to any significant
changes in that radiation environemnt, which is considered to be natural (Nordic Criteria,
1993).

Many uncertainties adhere to predicting the exact behaviour of the source including its various
barriers, the transportation of nuclides in the rock and in the environment and the future,
radiological detrimental effects as well as the quality of the future population and society.
Despite this, it is quite reasonable, at least from ethical standpoint, to have the ambition to
fullfill the above mentioned objectives.

The phenomenona and observations discussed in this report have to be considered as
integrated in the overall aspects of disposal of HLW. The problem is how to handle them in the
current decision making process.

One way to approach the problem would be to discuss the expected individual and societal
consequences of foreseen, possible environmental contamination caused by expected future
leakage and disruptive events as if they should have happened to day. In doing so we have to
use the values and concern that characterize today's society. This might be a reasonable
approach considering the first 10.000 years.

The conclusions of such an evaluation might be special requirements on the planning and
performance of a disposal option.

Some possible scenarios for an imagined future would be the following

1. There is an increased concern by part or the whole local and national population about the
possible detrimental effects of the disposal.
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2. ITiere is an unexpected, monitored, increase of the activity levels in the environment
(groundwater, sediments, fish, plants, animals on land, air, human beings).

3. There is a sudden discovery of the waste disposal which causes questions and worn

4. There is an unplanned intrusion into the disposal, which causes high individual doses,
contamination and possibly attributed deaths.

5. There is a sudden disruptive event that causes consciousness of the disposal, increased
environmental radiation, high individual doses or a general emergency situation.

If one of these situations would occur to day the expected consequences might be

a. a number of acute casualties, which would cause a strong public concern, probably only
for a quite limited time though (scenario 4, S).

b. a widespread concern of possible detrimental effects on the population and society. A need
of much information.

c. difficulties with risk perception and its psychological and societal consequences.

d. a widespread condemn action of earlier generations, that have created such a situation
without possibilities for current generation to foresee, mitigate and meet such
consequences.

What would be the lessons leamt to prevent such situations and their consequences from
occurring, excluding all technical improvements that might be needed.

As found in observations on today's society, the information of the public and the level of
knowledge have great significance for perception of risks and psychological effects. This in
tum depends on whether the source ofinformation is reliable and given by bodies in whom the
population has confidence. It is of course not possible for our generation to influence the
future society in this respect, otherwise than avoiding destruction of the conditions for
continued prosperity and democracy. But the physical source of information may be
guaranteed by a reliable system of preservation ofinformation given by our generation. This is
presently studied and under development (M. Jensen, 1993). The system should keep people
and/or responsible authorities continously informed, generation by generation, about the place,
contents and qualities of the disposal That would be a reasonable preparedness for such
emergency situations as are described in the scenarios.

However, it should also be reasonable to expect people and authorities to be able to do
something to prevent the consequences or to mitigate them. Therefore the preserved
information should also contain some general advice on caution and methods of protection.
Furthermore, to prevent a paralysing feeling of inability of the society to do anything to a
potential or real source of environmental contamination and of public concern, it should be
possible to reverse the disposal This imposes some requirements on closure, both as regards
time and methods. This is also in good agreement with the general, ethical, approach that each
generation must have the right and possibilities to make their own choice and decisions (SKN
Report 29, 1988).
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Even though a possible leakage from a disposal site is hardly expected to be discemable in the
ground level environment, any indication of an unnorma! radiation situation causing increased
doses to people would be a source of concern in the society of today.

To get things in perspective it would be advantageous for the authorities to be able to explain
that the environmental levels are low as compared to the natural ones. That message would
also be strengthened by referring to old documents saying that in the iisposal criteria this small
contribution in comparison with natural activity was particularly addressed as a requirement on
the quality of the disposal.

Furthermore, the way the authorities should deal with it, beyond information, should reflect
their bases of priorities, which today in many occasions depend on the number of people
concerned. From that point of view it would be a reasonable conclusion that disposal sites
should be chosen in areas with low population density as of today and as expected for the
future. This should also decrease the probability and consequences of intrusion and the
consequences of disruptive events.

Conclusion

This report describes the various attitudes of society and its individuals towards protection of
the individual and the public. In particular, it treats how the number of people concerned by an
irradiation situation influences the involvement of society in social and economical terms. Even
though some conclusions can be drawn that are applicable to the situation of disposal of HLW,
they are not very unique and innovative. However, the discussion as such may illuminate the
problems of disposal of HLW from some new angles and thus further the ambition of the
today's society to present the disposal problems as broadly as possible.
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