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REGULATORY OBJECTIVES, REQUIREMENTS
AND GUIDELINES FOR THE DISPOSAL OF
RADIOACTIVE WASTES - LONG-TERM ASPECTS

1. PURPOSE AND SCOPE

It is the purpose of this document to present the regulatory basis for judging
the long-term acceptability of radioactive waste disposal options, assuming that
the operational aspects of waste emplacement and facility closure satisfy the
existing regulatory framework of requirements. Basic objectives of radioactive
waste disposal are given, as are the regulatory requirements which must be
satisfied in order to achieve these objectives. In addition, guidelines are
given on the application of the radiological requirements to assist proponents
in the preparation of submissions to the Atomic Energy Control Board (AECB).

The primary focus of the requirements is on radiation protection, although
environmental protection and institutional controls are also addressed in a more
general way since these factors stem directly from the overall objectives for
radioactive waste disposal. Other types of regulatory requirements such a6
might concern other aspects of conceptual assessments, siting, design,
construction, operation and decommissioning of facilities for the management of
particular waste types are, or will be, addressed in separate regulatory
documents. Examples of these documents are Regulatory Document R-71 on the
concept for deep geological disposal of nuclear fuel waste and Consultative
Document C-36 on the management of uranium and thorium mine and mill tailings.

2. INTRODUCTION

In Canada, a wide variety of radioactive wastes are generated at all steps in
the nuclear fuel cycle from uranium mining and milling to reactor operations for
electricity production, and from the use of radioisotopes in industry, research
and hospitals. The bulk of these wastes are managed in a manner based on the
principles of containment and isolation from people and the environment.
However, the techniques employed rely on the continued need for human
intervention and surveillance whether this be for monitoring, maintenance,
treatment or restriction of public access to assure an acceptable level of
radiological safety. The remaining wastes are disposed of either by controlled
discharge to the environment as gaseous and liquid effluents, or in the case of
small quantities of lightly contaminated material, by treatment as conventional
wastes with no requirement for special radiological precautions.

The current operation of radioactive waste management facilities and the routine
discharge of radioactive effluents from other nuclear facilities are strictly
regulated by the AECB using a comprehensive system of licensing, compliance and
enforcement activities. The specific radiological requirements applied by the
AECB are derived from the system of dose limitation recommended by the
International Commission on Radiological Protection (ICRP). The dose limits
recommended by the ICRP are intended to apply to all practices in which
radiation exposure of workers and the public can be influenced by active
controls but do not apply to exposures from unusual events, medical irradiations
and natural background radiation. For exposures from situations such as
accidents and other unusual events during nuclear facility operations, the
radiological requirements that are applied by the AECB acknowledge the expected
frequency of occurrence of the unusual event or process causing the
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exposure. In summary, for current operations a regulatory framework of
radiological requirements is actively applied, such that procedures of various
types are reliably maintained for monitoring environmental discharges,
conducting remedial actions as necessary, and controlling exposure pathways.

For the long-term management of radioactive wastes, the preferred approach is
disposal, a permanent method of management in which there is no Intention of
retrieval and which, ideally, uses techniques and designs that do not rely for
their success on long-term institutional control beyond a reasonable period of
time. The practical disposal options presently being studied usually involve
containment of the wastes and their isolation from the biosphere for extended
time periods. For some waste types, though, such as the large-volume wastes
from uranium mining and milling, the ideal type of disposal may sometimes not be
practicable. In such instances where there are no practical disposal options
for achieving the ideal goal, chere may be a long-term need for continued
institutional controls to guard against particular exposure scenarios after the
facility has ceased receiving waste and has been closed down.

Whichever option is implemented for the long-term containment and isolation of
radioactive wastes, exposures after the closure of a disposal facility will be
dependent on a range of events and processes with varying probabilities of
occurrence and, in some cases, they will be delayed for considerable periods of
time. Forecasts of the possible doses to humans are subject to additional
uncertainties owing to the range of factors affecting the environmental
transport of radionuclides and to changes which might occur in future living
habits, lifestyles and population distributions. Also, in the case of disposal
with no ongoing requirement for institutional controls, it is not possible to
enforce compliance with present-day forecasts since there would be no operator
for the facility in the future. There is consequently a need to establish
alternative regulatory requirements to ensure the acceptability of waste
disposal options for which there are potential long-term radiological impacts in
the post-operational period. The basic purpose of this document is to establish
these waste management requirements. For reasons of consistency, equity and
fairness, the requirements are based upon an extension of the existing
regulatory framework and should be broadly applicable to all waste types and
disposal options in which long-term containment and isolation are employed.

It is intended that the requirements and guidelines presented here will come
into effect immediately for those facilities designed specifically for the
disposal of radioactive wastes* Where a facility may change from an operational
storage facility to a disposal facility at some time in the future, the
requirements and guidelines are intended to apply at the time disposal is
considered to begin. This would normally occur as soon as practical after
operations at the facility cease and would likely include a period of
institutional control determined by waste and site-specific issues.

3. OBJECTIVES OF RADIOACTIVE WASTE DISPOSAL

The objectives of radioactive waste disposal are to:

- minimize any burden placed on future generations,
- protect the environment,
- protect human health,

taking into account social and economic factors.
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Many factors must be considered in meeting these objectives in an effective and
reliable way over the long term. The disposal of radioactive wastes on the
basis of containment and isolation requires safety features to restrict the
release of radionuclides into the environment and to reduce the likelihood of
inadvertent public access to the waste. These safety features may Incorporate a
suitable combination of processes, barriers and institutional controls. The
processes include radioactive decay, adsorption, chemical precipitation,
dilution, dispersion and other phenomena which influence the transport of
radionuclides. The barriers may be provided by engineered design or by the
natural geological setting of the site. Such a system of passive multiple
barriers gives an increased degree of assurance of containment and isolation and
of assurance that any release of radioactive material to the environment will
occur at an acceptably low rate. Institutional controls on the other hand are
active mechanisms established by society to ensure the continued implementation
and achievement of a desired course of action. These controls could include the
monitoring and treatment of contaminated releases, the keeping of records, and
the imposition of land-use restrictions registered in property deeds and
by-laws•

A. BASIC REGULATORY REQUIREMENTS

4.1 Burden on Future Generations

The burden on future generations shall be minimized by:

(a) selecting disposal options for radioactive wastes which to
the extent reasonably achievable do not rely on long-term
institutional controls as a necessary safety feature;

(b) implementing these disposal options at an appropriate
time, technical, social and economic factors being taken into
account; and

(a) ensuring that there are no -predicted future risks to
human health and the environment that would not be currently
accepted.

The requirement to minimize the burdens on future generations Is based on three
matters of principle. The first reflects a pessimistic view of the longevity of
institutional controls and concern for the possible consequences should they
lapse. Where reasonable disposal alternatives clearly exist, those options
which rely on monitoring, surveillance or other institutional controls as a
primary safety feature for very long periods are not recommended. This is not
because of concern that future generations will be technologically incompetent,
but rather because methods of ensuring the continuity of controls are not
considered very reliable beyond a few hundred years. Similarly, it Is not meant
to imply that means to preserve the identity and location of waste disposal
facilities or to monitor their performance should not be attempted. It is
expected that records will be kept and that in some cases monitoring will be
carried out, but, where reasonably possible, safety should not rely on these
measures.

The second principle concerns the responsibility of the present generation, as
the primary beneficiary of the current exploitation of nuclear energy, to bear
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the financial burden associated with the implementation of waste disposal
options. It has also been argued, however, that it should be recognized that
the current use of nuclear energy contributes to an improved standard of living
that will benefit future generations. In any case, the timing of the
implementstion of waste disposal options will depend on a number of technical,
social and economic factors. These include the availability and development of
suitable sites and technology, the technical advantages to be gained from
interim storage of short-lived wastes and, in the case of used nuclear fuel, the
desire not to discard prematurely various constituents that are of potential
value to future generations.

The third principle concerns the level of risk that may be imposed on future
generations since it 16 not possible to ensure total containment and isolation
and absolute safety. On ethical grounds, and in keeping with the
recommendations of the ICRP, the radiological risks to future individuals should
be limited on the same basis as are the risks to individuals living now.
Moreover, the judgement is made that the level of protection to be afforded to
future individuals shall not be less than that which is currently provided.

A.2 Protection of the Environment

Radioactive waste disposal options shall be implemented in a
manner such that there are no predicted future impacts on the
environment that would not be currently accepted and euch that
the future use of natural resources is not prevented by either
radioactive or non-radioactive contaminants.

One of the primary goals of environmental protection is to ensure appropriately
safe conditions for human activities. This includes the impacts on human health
arising from non-radioactive substances which may also be released from waste
disposal facilities. It is thought likely that the level of radiation
protection afforded all human individuals ensures adequate protection of other
living species in the environment, although not necessarily individual members
of those species. It follows then that by establishing the requirements found
in this document concerning the radiation health burden on future generations,
an appropriate requirement for environmental radiation protection is also
formulated.

However, there is also a need to provide adequate protection for the general
environment from the impacts that might arise from either radioactive or
non-radioactive contaminants. The disposal of radioactive wastes must therefore
comply with the appropriate requirements governing land-use and the protection
of natural resources, such as water, wildlife, fish, soil, forests, minerals and
other economically viable commodities. This basic requirement applies both to
the environment surrounding a waste disposal facility and to the materials
consumed in its construction and operation.

A.3 Protection of Human Health

The primary focus in this section is on radiological aspects of human health.
It must however be recognized that some non-radioactive substances also may have
detrimental effects on health. These effects have already been addressed in
Section A.2.
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4.3.1 General Requirement

The predicted radiological risk to individuals from a waste
disposal facility shall not exceed 10"^ fatal cancers
and serious genetic effects in a year, calculated without
taking advantage of long-term institutional controls as a
safety feature.

In judging the acceptability of a disposal facility for which forecasts of
hypothetical exposures of individuals in the future are made, it is not
appropriate to apply dose limits in the manner practised today for the current
operation of nuclear facilities* This is because it will not generally be
possible in the long term to enforce compliance with any preselected dose
limits. There is also considerable uncertainty as to whether the doses forecast
will actually be received. This is due to the assumptions and uncertainties in
predictive assessments concerning, for example, the location of the exposed
Individuals* It is also clear that waste disposal facilities may be subject to
unlikely events and processes which could cause doses in excess of an individual
dose limit. For example, seismic or tectonic phenomena can modify groundwater
flow characteristics, and flooding and erosion may have a disruptive effect on
near-surface facilities. Similarly, future human activities such as
well-drilling, mineral exploitation, building and farming could give rise to
immediate radiation impacts and could modify the characteristics of existing
environmental pathways as well as introduce new pathways.

In order to take into account the hypothetical exposures committed in a year
from both highly probable and less probable events and processes, the
appropriate expression of the requirement is in terras of risk, where risk is
defined as the probability that a fatal cancer or serious genetic effect will
occur to an individual or his or her descendants. Risk, when defined in this
way, is the sum over all significant scenarios of the products of the
probability of the scenario, the magnitude of the resultant dose and the
probability of the health effect per unit dose. Where it is reasonable to
assume that the probability of the scenario approximates unity, the risk is
simply the product of the dose and the probability of the health effect per unit
dose. This is often assumed to be the case for groundwater transport of
radionuclides to the human environment in the long term from a waste disposal
facility.

For lifelong continuous exposures, the present view of the ICRP is that the
principal limit on effective dose equivalent to members of the public should be
1 millisievert (1 mSv) in a year, taking into account exposures from all sources
and facilities excluding medical irradiations and natural background radiation.
Since the probability of fatal cancers and serious genetic effects is
approximately 2 x 10~2 per sievert, the probability of these health effects
associated with a dose of 1 mSv is 2 x 10"^.

In the case of a single waste disposal facility, there is a need to ensure that
the predicted radiological risks associated with it are sufficiently low so as
to allow for uncertainties in exposure scenarios and their consequences, and
also to allow for future nuclear activities which might impact on the same
individuals. An appropriate and prudent risk level for individuals must
therefore be chosen in keeping with the objective concerning the radiological
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health burden on future generations. The level of risk selected, 1 x 10~6,
or 1 in a million, in a year, is a level of risk from other activities that
is considered to be insignificant by individuals in their daily lives.

To put the foregoing into perspective, a risk of 10~& in a year is the risk
associated with a dose of 0.05 mSv in a year. Individual doses of 0.05 mSv in a
year are a small fraction (approximately 2.5%) of the annual dose received by
the general population in Canada from natural background radiation and are also
of the same order of magnitude as the doses to critical groups predicted from
the routine release of radioactive effluents from nuclear power reactors in
Canada.

4.3.2 Variance From the General Requirement

If there ie no practicable method of fully meeting the
requirements of Section 4.3.1, an optimisation study
shall be performed in order to determine the preferred
option. A disposal facility, under these circumstances,
shall be:

(a) compatible with the results of such a study, and

(b) such that the predicted risk to individuals does
not exceed that which is presently accepted from current
operations involving the same wastes.

It is clearly the intent of this document to have the general requirement used
as the basis for judging the acceptability of human health protection to the
greatest extent practicable. However, for some waste types in a site-specific
situation, there may be no realistic alternative to their disposal in a manner
which requires long-term institutional controls as a safety feature. Uranium
mill tailings are a general class of wastes which are generated in large volumes
and which, in most practicable disposal options, require some form of long-term
institutional control to guard against the occurrence of particular exposure
scenarios. This need arises since the tailings disposal options usually involve
some variation of surface or near-surface containment. In this case, measures
must be implemented to deter inadvertent public access to or misuse of the waste
material. Moreover, monitoring, surveillance and maintenance may be needed to
ensure satisfactory long-term performance. The existence of institutional
controls may also permit future societies to take remedial action if that is
considered desirable. However, in keeping with the requirement concerning the
burden on future generations, the need for such controls must be minimized to
the extent reasonably achievable. The process of determining what is reasonably
achievable is called optimization and is discussed in greater detail in
Section 5.5. The stipulation that the predicted risk to individuals not exceed
that which is presently accepted from current operations involving the same
wastes follows from the requirement concerning the burden on future generations.
It should be ensured that when the long-term risk predicted to .arise from a
waste disposal facility is compared to presently-accepted risks, a similar set
of scenarios, critical groups and overall assumptions are used, so that
artificial differences between predictions of consequences for today's practices
and those in the future are avoided.
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5. GUIDELINES FOR APPLICATION OF THE BASIC RADIOLOGICAL REQUIREMENTS

5.1 Identifying the Individual of Concern

The individual risk requirements in the long term should be
applied to a group of people that is assumed to be located
at a time and place where the risks are likely to be the
greatest, irrespective of national boundaries.

The concept of the critical group is commonly employed when applying Individual
dose limits to members of the public affected by existing nuclear facilities•
This concept involves the identification of a relatively homogeneous group of
people that is expected to receive the greatest exposure because of its
location, age, habits and diet. Owing to the conservative assumptions usually
made in selecting critical groups and in defining their lifestyles, the doses
actually received by members of the group will in most cases be lower than the
estimated mean dose of the critical group. It follows that doses to individuals
outside the critical group are even lower.

When considering potential exposures In the future, the precise identification
of critical groups and their lifestyles is not possible because of
uncertainties about population distributions, living habits, climate and other
aspects of the environment. In these circumstances, the individual risk
requirements in the long term should be applied to a critical group of people
that is assumed to be located at a time and place where the risks are likely to
be the greatest regardless of national boundaries. This ensures that
individuals beyond the national border are afforded a level of radiation
protection at least as stringent as the level afforded residents of Canada.

Definition of the lifestyle of the hypothetical group of people should be based
on present human behaviour using conservative, yet reasonable, assumptions.
Similarly, the diet and metabolic characteristics of the group should be based
on present knowledge, making the assumption that the basic dietary requirements
of future individuals will be the same as those of people at present.

5.2 Probabilities of Exposure Scenarios

The probabilities of exposure scenarios should be assigned
numerical values either on the basis of relative frequency of
occurrence or through best estimates and engineering
Judgements.

In order to apply the risk requirements it is necessary to express the
probabilities of exposure scenarios quantitatively. While the term
"probability" is usually defined in terms of relative frequency of occurrence,
the conventional system for assigning probabilities breaks down as the frequency
of occurrence decreases, since little information exists on which to base
predictions. Low probability exposure scenarios should therefore be assigned
values through best estimates and engineering judgements. These values can be
determined using a subjective probability approach in which a number is assigned
to the likelihood of an event occurring in a defined period of time, as a
measure of the degree of belief that the event will actually occur during that
time. The assignment should be made using quantitative analytical techniques to



-8-

assess as broad a base of expert opinion as reasonably possible. The use of
subjective probability is appropriate as long as the quantitative values
assigned through best estimates and engineering judgements are consistent with
the quantitative values of the actual relative frequencies in situations where
more information is available. The uncertainty of the probability assigned
should also be estimated.

5.3 Timescale of Concern

The period for demonetrating compliance uith the individual risk
requirements using predictive mathematical models need not exceed
10,000 years. Where predicted risks do not peak before 10,000
years, there must be reasoned arguments that beyond 10,000 years
the rate of radionuclide release to the environment will not
suddenly and dramatically increase, and acute radiological risks
will not be encountered by individuals.

Demonstration that a radioactive waste disposal facility complies with the
individual risk requirements can only be done by forecasting future impacts
using predictive mathematical modelling techniques. In any assessment of the
performance of waste disposal options there are several general sources of
uncertainty associated with parameter values, the mathematical models and the
specification of environmental pathways and exposure scenarios- In general,
these uncertainties will increase as the period of prediction increases. On the
other hand, the uncertainties are partially offset in that the potential hazard
associated with radioactive wastes usually decreases with time owing to
radioactive decay of the source, unlike the potential hazard from many types of
toxic chemical wastes which do not decay.

In view of the increasingly speculative and uncertain environmental conditions
that might exist in the future, estimates of individual risk in the far future
may be subject to considerable error, given that environmental modelling is a
key part of risk assessment. For example, if severe changes in global climate
were to occur, the human environment would also drastically change from that
which exists today. It is therefore considered appropriate for regulatory
decision-making purposes to establish an upper bound on the timespan for
individual risk calculations-
Selection of an upper bound, however, is a matter of judgement since there does
not appear to be any objective way of limiting the assessments in a
scientifically satisfying manner. Taking into account the characteristics of
radioactive wastes, the options for their disposal, and the uncertainties in
long-term predictions, it is considered that 10,000 years after the time of
waste emplacement is a reasonable maximum period for assessments of individual
risk.

For some waste types and disposal options, shorter time periods than 10,000
years for predictive modelling are all that are necessary. This is particularly
true where radioactive decay or radionuclide release and dispersion are
predicted to occur to the extent that risks to individuals are clearly on the
decline. For other situations, assessments may show that the predicted risks to
individuals do not peak before 10,000 years. This might occur where long-lived
wastes are contained and isolated in geological formations that are relatively
unaffected by natural surface phenomena and that are likely to remain stable
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over extended timescales. In these cases, there must be reasoned argument
leading to the conclusion that beyond 10,000 years sudden and dramatic increases
in the rate of release to the environment will not occur, acute doses will not
be encountered by individuals and that major impacts will not be imposed on the
biosphere.

To put the maximum period of 10,000 years for assessment into perspective, it
should be recognized that a number of experts believe that the next glacial
episode will commence as early as several to tens of thousands of years from
now* In the event of glaciation, it can be expected that near-surface wastes
in Canada will be dispersed and diluted in the environment by the movement of
ice sheets. It is also reasonable to assume that humans would avoid a heavily
glaciated region during an ice age although they would likely repopulate the
region when glaciers recede many thousands of years later. Wastes at greater
depth will be less affected by glaciation, depending on their depth below the
surface and the nature of the geological host formation. For example, the
evidence suggests chat a deep geological repository for nuclear fuel wastes in
hard crystalline rock would not be breached by the erosional effects of
glaciation, although the regional groundwater flow system would likely be
modified.

5.4 Output From Predictive Modelling

Calculations of individual risks should be made by using
the -risk conversion factor of 2 x 10~2 per sievevt
and the probability of the exposure scenario with either:

(a) the annual individual dose* calculated as the output from
deterministic pathways analysis; or

(b) the arithmetic mean value of annual individual dose
from the distribution of individual doses in a year
• calculated as the output from probabilistic analysis.

There are two general approaches to mathematically modelling the long-term
performance of waste disposal facilities, but it must be recognized that in
either the deterministic or the probabilistic approach the results can only
represent an approximation of the consequences, were releases of radionuclides
to occur. Confidence in the modelling output must then derive from a thorough
examination of the assumptions, input data and mathematical models constructed
to represent the release and transport of radionuclides and the subsequent
exposure of Individuals. Such an examination can be accomplished by a
combination of several complementary methods. These include:

(a) the use of an appropriate quality assurance program in the
development, application and maintenance of computer models and in
the gathering, interpretation and incorporation of data;

(b) the use of experimental laboratory and field techniques for the
validation of models and parameter values to the extent possible;

*dose means the effective dose equivalent committed per year of exposure
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(c) peer review by Independent experts; and

(d) lntercoraparlflon of various modelling approaches.

In the traditional deterministic approach, a single value for each of the model
parameters is selected from a range of input values to produce a single value of
model output, usually in terms of annual Individual dose which is the
consequence of primary interest. When using this technique, conservative
assumptions are usually made to compensate for the uncertainty in modelling and
to ensure that the calculations overestimate the potential doses from possible
releases from a facility. Excessive conservatism however is not to be used and
a balanced choice of assumptions is to be made to ensure that the overall
assessment describes reasonable situations encompassing the full spectrum of
exposure pathways, and assesses their impacts in a rational manner. Where
complex systems are being modelled, sensitivity analyses should be conducted to
investigate the effect of changes in the values of model parameters on the
magnitude of the dose estimate, particularly when the estimated dose is judged
to be significant. Comparisons with the risk requirements are then
straightforward provided that the probabilities of exposure scenarios have been
properly assigned.

Another approach now available Involves probabilistic assessment techniques in
which each parameter value is randomly selected from its probability
distribution for input to the model. By repeating the analysis many times, a
distribution of consequences is obtained which represents the spread and
variation of outcomes as a result of variability and uncertainty in input
parameter values for a particular scenario. This approach has certain
advantages over the traditional deterministic approach by providing more
information. A frequency distribution of individual dose will usually display a
most probable dose value and a maximum dose value in the high-tail extremity of
the distribution and thus it is necessary to specify a means of comparing the
output to the risk requirement. In this case, the arithmetic mean value of the
distribution should be calculated and should be taken as being representative of
the consequences predicted for an exposure scenario, such as that involving
groundwater transport of radionuclides to the environment. In the same way as
for deterministic assessments, sensitivity analyses should also be conducted to
investigate the effect of changes in input assumptions and model parameters on
the mean value of dose. The latter should then be combined with both the
probability of the exposure scenario and the risk conversion factor for
comparison with the individual risk requirements.

By calculating the arithmetic mean value of the frequency distribution of dose,
the significance of the extreme values may be overlooked. Since some of these
could conceivably result from combinations of reasonable parameter values, this
would clearly be undesirable even though the fact that such combinations
generate consequences in the tail-end of the distribution is indicative that
their relative frequency of occurrence is low. Nonetheless, the relative
frequencies of occurrence of high consequences may differ significantly between
frequency distributions having the same mean value. An additional criterion
appears to be needed to help judge the acceptability of an option for. which
probabilistic environmental pathways analysis calculates high doses, albeit with
a low relative frequency. It is judged acceptable to allow 5% of the estimated
doses to exceed a dose of 1 mSv per year to take account of normal statistical
variations which are inherent in the probabilistic assessment process. However
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the choice of the general risk requirement takes account of this since a 5%
occurrence of a dose of 1 mSv corresponds to an average dose of 0.05 raSv. If
more than a 5% level of occurrence is predicted at 1 mSv or higher doses, then
the criterion for the arithmetic average itself cannot be met. Thus for the
numbers chosen in this regulatory policy statement a secondary requirement is
not specifically needed but is implied and needs to be specifically addressed in
proposals.

5.5 Optimization

When an optimisation etudy ie required in accordance
with Section 4.J.2, it should take account of all
relevant radiological and non-radiological factors.

The ICRP principle that all exposures should be as low as reasonably
achievable, taking social and economic factors into account, may be regarded as
being generally applicable. However, for the purposes of this regulatory
document it is to be applied only to the disposal of radioactive wastes where
the general risk requirement 1B not likely to be met and thus where continuing
long-term institutional controls are necessary. In other cases, the risk limit
is sufficiently low to be the primary requirement with optimization playing at
most a secondary role to help guide broader choices between options.
Application of the optimization principle is intended to ensure that all
reasonable or practical opportunities to reduce doses are explored in a broad
way. The factors to be considered may include both radiological and
non-radiological aspects, human health and environmental protection, as well as
a broad range of social and economic issues. For example, it is appropriate to
consider both public and worker risks associated with each step of the sequence
of activities involved in waste disposal and not simply the risks to individuals
in the long term. Also it may be necessary to weight some factors to take
account of preferences such as might apply to spatial and temporal distributions
of risk and other radiological parameters. Some non-radiological factors
include, but are not limited to, conventional safety, environmental impacts,
transportation, the nature and length of any institutional controls and the
susceptibility of disposal options to naturally occurring disruptive events and
to human intrusion. Some of these factors will not be amenable to rigorous
quantification and thus a full optimization study will require the use of
considered judgement. There are various techniques which can help structure
this type of analysis so that the choices which need to be made are clear and
the rationale for each choice can be fully documented. Generally, optimization
in this broad sense does not result in clear or unambiguous choices between
disposal options in the long term- It is for this reason, and the fact that the
general risk requirement is so low, that optimzation has not been given a
prominent role in this document.


