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1. INTRODUCTION

During the past decade a large amount of research work has been carried out in order to establish
a safe technique for the disposal of high level radioactive waste. A safe technique is commonly
identified as one which only gives rise to an acceptable risk to people who are exposed to ionizing
radiation due to leakage from the repository, e.g. risk for death < 10 per year. When evaluating
the consequences of a waste disposal practice it has been usually accepted that no burden should
be placed on future generations that is higher than what we accept for ourselves. To evaluate that
this is the case, the safety assessment nas to be carried out far into the future. As some of the
radionudides in the waste have half-lives of millions of years, this could include very long time
periods, if no cut-off time is considered when evaluating effect on man.

The preferred option today for disposing of radioactive nuclear waste seems to be emplacement of
the waste in undarground repositories at carefully selected and investigated sites. The barriers, en-
gineered and natural, should ensure that no unacceptable harm to human beings arises either
today or in the future. However, there are constraints in the building of a repository, e.g. technical
and economical. The fact that societies resources are limited is a strong incentive not to take the
ambition to protect the environment too far, as there are other conflicting uses of resources, e.g.
the protection of man from other risks such as non-radioactive toxic wastes.

The probability of malfunction of an underground repository is in general expected to be small in
the early stage and therefore only long lived radionuclides are of main interest Since it is expected
that the leakage of radionuclides will occur in the "far* future and also over very long times, the
technical difficulties involved with performance evaluation are very large. !n fact the uncertainties
involved might be so huge that it is not possible to find out if the best of the alternative disposal op-
tions has been chosen.

In this paper, it is suggested that a time cut-off is used for quantitative safety analyses because of
the large uncertainties caused by technical difficulties, limited resources and the significance of the
risk involved relative to that from other toxic substances (ref. 1).

2. TIME PERSPECTIVE

An analyses of the consequences to man should, if burdens to future generations should be taken
into account, consider a time perspective that has never before been discussed in relation to in-
dustrial practices.

By performing experiments and in some cases by speeding up processes in laboratories it might
be possible to extrapolate some physical and chemical processes into the future. That the extrapo-
lated data will be valid for the conditions that exist in the far future, however, is not obvious.
Regardless of research efforts we cannot predict the future evolution of technology, society or
biological life on the basis of knowledge of past events.

To get an "understanding" of the different time scales involved one can look back on the develop-
ment of our world, from the creation of the earth to the present day (cf. Figure 1 and 2). The earth
was created about 4.5 billions of years ago from the gas cloud from which our galaxy was created.
Life appeared probably very early. A type of micro-fossils, very similar to blue-green algae, has
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Figure 1. Schemaiical illustration of earth's development.



been found in rocks which are 3.5 billion years old. During the billions of years thereafter, life ex-
isted in the form of bacteria, which built up the oxygen content of the atmosphere through
"photosynthetic" activity. About 1.5 billion years ago, when the oxygen content of the atmosphere
was half its present level, ceils with nucleus could have been developed. The oldest fossil
evident» for multi-cellular organisms is about 650 million years old. The first vertebrates were
fishes and they appeared about 500 million years ago. Land was colonised about 400 million years
ago, first by plants and thereafter by animals, i.e. insects. The first mammals appeared about 200
million years ago. Apes and precursors to man first appeared about 35 millions year ago and the
best preserved fossil of a man-like being is the famous "Lucy", an australopithea'ne that lived
about 3 million years ago. Real human beings may have appeared as late as 400,000 years ago
and the modem man, homo sapiens, appeared about 200,000 years ago. The end of the last
glaciation is an important milestone because most of man's development has occurred after this
time. Different kinds of art, technology, etc. flourished and the prosperity increased. During the last
40 years larger changes than ever have occurred.

Years Events

9
10 High probability for a nearby supernova explosion and collision between the earth and large

astronomical objects. Large increase in solar intensity sufficient to erase life on earth.
10 Large scale continental movements of die order of thousands kilometers.

10 Significant biological changes, e.g. new families of species appear. Life time of different species
of mammals, e.g. the cat family. Time between Ramapithecus and Homo Sapiens.

10 Development of the human race from apelike primates such as Australopithecus.

10 Approximate duration of glaciations.

4
10 Time between glaciations during periods of glaciations. The precession of the earth is of this

order of time.
10 Large ecological changes, e.g. lakes may be filled up with sediments and dry out. Mineral and

energy sources may be exhausted.
10 Most of the industrial production has taken place the last 100 years. Beyond 100 years from today

we hardly can foresee the development in medicine, technology, economy and social structure.
10 Political and economic planning is seldom longer than 10 years.

10 Time of the earth to orbit the sun.

10 Approximate time for the moon to orbit the earth.

10 Approximate upper limit for weather forecasting.

Figure 2. Illustration of time scales for different events.

During the earth's evolution, continents have been created and large "scale intercontinental move-
ments have taken place. Climatic, changes such as glaciations separated by warmer periods have



not been uncommon. Most of the plants and animals that have existed are extinct. This develop-
ment still continues. Man could be said to be a "new-comer" who, in a short period of time, has
strongly influenced conditions on earth.

What will the future look like? The answer will depend on the time scales we are interested in. The
development of the sun can, according to astrophysicists, be predicted over very long times. E.g.
over the next five billion years the sun will increase its radiation and size and consequently all
biological life will be erased. However, before this occurs, events that have a drastic effect on
biological life on earth will take place, e.g. supernova explosions, continental drift and meteorite
impact (cf. Figure 2). In strong contrast to this very long time perspective, unpredictable activities
of man could cause more immediate effects on the ecosystem, e.g. forestry, agriculture, industrial
releases and urbanization.

The conclusion drawn by the authors is that only limited guidance can be gained by taking our
earth's history into account if we want to perform a safety assessment which considers all parts of
the assessment chain, e.g. from source term to risk tor cancer or hereditary diseases.

Figure 2 can be compared with the time scales considered in safety assessment calculations, e.g.
wnen evaluating the perfc
sphere was considered fo
years from today (ref. 1).

wnen evaluating the performance of the Swedish KBS-3 concept, inflow of radionudides to the bio-
sphere was considered for 10 years from today, while dose calculations were carried out for 10

3. UNCERTAINTIES IN SAFETY ASSESSMENT

3.1 Stages where uncertainties are introduced

A full safety assessment, whose result could be interpreted so as to predict the health effects must
be quantitative. All the future events that will take place in the repository, the surrounding rock and
tho radionudide redpient must be fully known. In fact, if we want to calculate the collective effec-
tive dose equivalent committed we have to include all changes on a global scale. However, it is
obvious that this is not meaningful. We have no possibility of predicting future events when longer
time scales are being considered. What we can do is to formulate series of more or less likely
events (scenarios) and discuss what the consequences will be assuming that these particular
events will become a reality.

As it is impossible to evaluate all the scenarios that we can "invent" we are forced to choose those
scenarios that we believe have a large likelihood of occurrence. This introduces already, at the
starting point of our safety assessment, an uncertainty that should not be overlooked. One has
also to keep in mind that the real future series of events might be overlooked and not induded in
the scenarios selected.

The next step in the safety assessment is scenario interpretation. As it is not possible to stipulate
in every detail the present and future environmental conditions, events and processes at a par-
ticular site, the model users will interpret the scenario according to their earlier experiences or
other reasons. This leads to uncertainty. In addition, scenariointerpretations for modelling studies
of different parts of the assessment chain may not be compatible.



The model user has then to identify and understand the processes that are of importance for the
analysis. This conceptualising of the processes around us introduces uncertainty as we can not
claim to have full understanding of nature. This conceptual understanding has to be simplified in
order to express the processes in mathematical terms. We can not express all processes linked
together in detail. Consequently we represent processes in a simplified way and in manageable
groups, introducing more uncertainties in our assessment. The mathematical expression, H not
oversimplified, has often to be solved numerically. The numerical solution wtt not be exactly the
same as the analytical one (which may not existl) and more uncertainties are introduced.

The selection of parameter values for the model is difficult as future conditions have to be con-
sidered. Today's values derived from experiments might not be relevant for future conditions. It is
also often the case that no value can be estimated from today's knowledge and therefore the
model user, in order to get an output from the model, is forced to assume an arbitrary value. Both
these circumstances introduce uncertainty into the assessment.

There are different ways of estimating the size of uncertainty associated with the predictions.
Today stochastic models are often used in order to evaluate the contributions to the overall uncer-
tainty by different parameters. Probabilistic and other techniques focus on the evaluation of
uncertainty caused by parameter uncertainty and do not consider the uncertainty due to concep-
tualisation or due to the mathematical simplification. In order to evaluate the total uncertainty, the
model user must take the above causes of uncertainty into account There is no quantitative
method for doing such an analysis.

The last step would be to interpret the results. Depending on the role in society or scientific back-
ground of a person and depending on the purpose of the modelling study, the result could be
interpreted differently.

3.2 Types of uncertainties

In principle the uncertainties, according to the discussion in this paper, can be divided into two dif-
ferent main categories:

// Uncertainties that are reducible by performing more research. We can improve our knowledge
about physical and chemical processes and about different present day environmental conditions.
We can extrapolate results from this research to an unknown future. Such extrapolations would
probably be acceptable in the short term, but for longer time periods we will not know If our ex-
perimental data are relevant.

0/ Uncertainties that cannot be reduced, regardless of scientific research, e.g. we cannot predict
cultural and technical development in the future, nor can we predict the future evolution of species.

One also must keep in mind that the fundamental assumption which formulates the basis for our
safety efforts - the assumption that ionizing radiation, even in very small doses, can cause
damage to man and that the risk of damage increases linearly with the dose • has not been
proven. This is of course an uncertainty not to be forgotten when the final decision is taken on dis-
posal options.



4. THE POTENTIAL HARM OF WASTE

The reason for carrying out a safety assessment which consider very long time periods is that the
waste constitutes a potential harm to mankind of unprecedented duration. However, radioactive
substances are not alone in their potential for causing harm to man. There is much evidence to
suggest that DNA of so.natic cells is the primary target for at least the initiation step of both chemi-
cal and radiation carcinogenesis (ref. 2). Thus, it may be possible to adopt a uniform approach to
estimating risks following exposure to radiation and chemical ONA reactive genotoxicants, despite
differences in interaction with the exposed cell, and differences in the distribution of dose at or-
ganismal. cellular and molecular level.

Today only a few percent of all chemicals in our surroundings have been tested for genotoxicity.
We know that 200 - 300 have shown to be carcinogenic in test and that about 20 -30 have shown
to be carcinogenic to man. Provided that radioactive waste does not constitute an unique risk to
man, it is reasonable to expect that genotoxic chemical wastes should be treated with the same
caution as radioactive wastes. Nevertheless, decision makers as well as the public are more con-
cerned with the risks associated with radioactive waste than the risks associated with other
hazardous industrial wastes that can give rise to genotoxic effects.

If one accepts that radioactive substances form a subgroup among others that have genotoxic ef-
fect it can be questioned if the radioactive substances do actually constitute a potential harm to
mankind of unprecedented duration. Living organisms have always been exposed to ionizing radia-
tion originating from naturally occurring radionudides and cosmic radiation. In fact, the radiation
field in the early days of the earth probably was more intense than it is today. Perhaps it would be
better to treat the radioactive agents by accepting the same risk philosophy as that accepted for
other genotoxic substances: it can be suggested that toxic substances made available by man
which are present in concentrations comparable with naturally occurring toxic substances on earth
should not be considered harmful.

It was stated in the beginning of this paper that no burden should be placed on future generations
that is higher that we can accept today. From this it follows that when the risk from a disposal
facility is comparable to the risk from the undisturbed uranium ore body, from which the uranium
originally was extracted, the disposal would be safe. The time it will take before this happen, i.e.
the cross over time, strongly depends on for example the dosimetric data used. According to
Cohen et at. (ref. 3) this time can vary from a few centuries tn several hundreds of thousands of
years. However, if we can accept the thought that the man made barriers around the waste reduce
the availability of radioactivity as compared to the undisturbed uranium ore body the cross over
time will appear earlier. From this point of view a cut-off in dose calculations is strongly
encouraged. However, the quantification of this cut-off time could be in dispute. Other means could
also be used for specifying a cut-off in time, e.g. a coming gladation.

5. LONG TERM PROTECTION OBJECTIVE

The time horizon discussed for wastes other than radioactive seldom goes beyond 1000 years and
is normally of the order of a few hundred years. However, large parts of the hazardous industrial
waste contains toxic materials whose loxicity will remain over thousands of years or maybe longer.
Industrial waste that contain heavy metals never loses its toxicity. However, so far no well



developed principles for handling and assessing the detriment from type;; of genotoxic wastes
other than radioactive exist.

On the other hand, in order to protect humans from ionizing radiation, internationally established
principles for limiting ihe radiation dose to man have existed many years. These principles, recom-
mended by the International Commission on Radiological Protection, ICRP, assume that all
radiation is harmful. The system of dose limitation comprises three steps: i) justification of practice.
ii) optimization of radiation protection and Hi) limitation of individual radiation doses.

The system of dose limitation is in principle also applicable to radioactive waste. For radioactive
waste which either is short-lived or of low activity, the application of the dose limiting system does
not involve any major problems. However, the opposite is true for long-lived and high activity
waste. This is because of the potential risk this waste constitute in the very far future. Because of
the large uncertainties already discussed, realistic assessment of radiation dose in the far future is
extremely difficult In the absence of realistic dose caicuiations. it is not possible to apply the dose
limitation system as described.

6. DISCUSSION AND CONCLUSION

High level radioactive waste constitutes a risk to all living species not only today but also far into
the future. It is therefore of the utmost importance that society takes safe disposal of radioactive
waste into serious consideration and that what is believed to be the the best available options are
chosen. However, the radioactive waste is not the only sources of potential harm for future man
and society must therefore use its limited resources in such a way that the best protection towards
all genotoxic waste will be in the final result

In the present paper we have briefly discussed some uncertainties involved in an assessment
analysis. The analysis carried out can be illustrated with a chain composed of several links (cf.
Figure 3) and the analysis is not better than the weakest link in this chain. The types of uncer-
tainties discussed in this paper will apply to all links in the assessment chain, although the
uncertainties will increase with time and generally inaease when going from left to right in Rgure
3. >n addition, uncertainties introduced as a result of future changes in conditions may also in-
aease from left to right When coupling the different models in the assessment chain further
difficulties will arise. Uncertainties m one link may affect the next link in the chain where new uncer-
tainties will be generated and possibly compounded. The effect of full coupling of the models in the
assessment chain and the way uncertainties will propagate in the chain are not yet fully clarified.
Today most of the efforts are directed toward two links in this chain, i.e. near-field and far-fieid.
However, so far the link or links that constitute the largest uncertainty in this "assessment chain"
have not been identified. Thus "fine tuning" on the wrong link in the chain may not improve the un-
certainty in the final result, i.e. effects on man (or the environment).

Uncertainties are introduced in every step in the assessment calculations, and as a safety assess-
ment involves scientists from many different disciplines nobody is in a position to evaluate the total
concept and the total uncertainty. The evaluation of a concept and the estimation of uncertainty
must be the result of a group of scientists with all the communication problems involved with such
an exercise.



Figure 3. Different steps when assessing the consequences to man.

In summary, the following points can be made: //the potential risk that the radioactive waste con-
stitutes does not appear to be unique, 0/ limited resources exist for the construction of disposal
systems and Hi/very large difficulties exist in the evaluating of the performance of a disposal sys-
tem. For these reasons, a cut-off in time in the quantitative safety assessment might be justified.
The time period when a cut-off or when a qualitative discussion can replace a quantitative
analyses could be chosen outgoing from e.g. time to the next ice-age, time period considered for
other genotoxic substances or by comparison with natural occurrence of radioactive materials.
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