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The Swedish Radiation Protection Institute's Protection Criteria for
Disposal of Spent Nuclear Fuel

SSI wants to have comments on this document

In this document the Swedish Radiation Protection Institute reports the preliminary protection
criteria for personnel and public concerned with, or in other ways afected by, the disposal of
high level radioactive waste. The document will be submitted for consideration by the parties
concerned and also act as a basis for preparing a Swedish viewpoint which can be asserted in
future international discussions.
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Foreword

In its regulations, the Swedish Radiation Protection Institute, SSI, has issued the conditional
radiation protection criteria for activities with ionising radiation at the existing Swedish nuclear
plants. These mandatory regulations concern the protection of personnel and the public. In the
regulations dose limits are given, and for certain activities also the maximum allowable release
of radioactive substances to the environment.

During the last year, the Swedish nuclear industry has concretised the plans for a system for
final disposal of Swedish spent nuclear fuel. In due time, the nuclear industry must submit
applications concerning an encapsulation plant and a final repository. SSI has not yet defined
the protection criteria that SSI intend to issue as regulations for this activity. Current
regulations on dose limits and protection of personnel at nuclear plants are already applicable,
but clarification with regard to the special problems for a final disposal system is needed. This
also applies for the very long term protection of future generations. The industry's discussions
must ultimately be based on assessments of the society's future development and the function
of the technical systems. SSI has to examine such assessments from a radiation protection
point of view.

SSI forthwith plans to develop such regulations. The purpose of this document is to present
the protection criteria which SSI presently considers essential and which will form the basis for
the future regulations. This also gives environmental/protection organisations, industry and
other interested parties possibilities to obtain information and to influence SSI's current
opinions on the protection level which is sought from radiation protection point of view.

The criteria are preliminary and may be revised on the basis of new facts, amendments to the
legislation and other factors that cannot be identified today. Amongst other things, the criteria
can be influenced by the exisnsive current international work in the field. It is SSI's opinion
that a Swedish viewpoint, which can be asserted in future international discussions, needs to be
developed. These criteria are intended to constitute a part of the basis for formulating the
Swedish viewpoint.

Future regulations will be submitted for consideration by the parties concerned in the usual
way. While awaiting the outcome of this, the present document indicates the level of ambition,
from a radiation protection point of view, for the Swedish disposal system.

On behalf of the Swedish Radiation Protection Institute

Gunnar Bengtsson
Director General



1. Introduction

During 1993 and 1994 protection criteria for approval of a future system for disposal of high
level radioactive waste have been discussed within the Swedish Radiation Protection Institute.
For other nuclear activities, the SSI has already issued regulations, conditions and other rules
for the protection of personnel and public.

In this document, the general rules that are applicable and which the licensees have to abide by,
are given in short, and also specific suggestions for requirements for waste disposal. This
report constitutes a basis for the industry concerning the protection criteria the SSI will use
when examining a future application for a system, or parts of a system for disposal of spent
nuclear fuel.

SSI's protection criteria are based on the Swedish Radiation Protection Act (SFS 1988:220)
and the recommendations of the International Commission of Radiological Protection, ICRP.
These have been applied earlier in SSI's Code of Statutes, e.g. in the dose limit regulations
(SSI FS 1989:1). SSI's considerations are also founded on the conditions for licensing the final
repository at Forsmark, SFR-1, the permits to charge Forsmark 3 and Oskarshamn III, some of
SSI's earlier issued regulations, criteria issued within the Nordic Co-operation (so called
flagbooks), as well as many similar documents from international organisations and other
countries.

The basic requirements for the society's radiation protection ambition is continuously discussed
by SSI's board of directors. Directions in SSI's Code of Statutes are ratified by formal
decisions of the board. This report concerning disposal of high level waste has not yet reached
the stage of decision, but it has been discussed by SSI's board.

2. Background

SSI has adopted ICRP's fundamental principles for protection against ionising radiation. These
state that the practice should be justified, that the radiation protection should be optimised and
that the protection of individuals should be governed by dose limitation. The Swedish
Parliament and Government have already dealt with the question of justification of nuclear
power and since the waste exist, the issue of justification is not applicable in the current
context. However, the other two principles, optimisation and dose limitation, are applicable.

The optimisation principle basically states that all measures, with economical and social factors
taken into account, should be carried out to reduce the total dose burden (see 3.1). Even
people's experienced anxiety concerning the risks with the waste may be considered.

An optimised protection for the vast majority of the public could mean that a few persons
received very high doses. To prevent such unacceptable consequences to individuals, dose
limitation is applied.

These fundamental principles are the foundation on which SSI establishes the level of
protection. They also constitute the foundation of the Swedish Radiation Protection Act and
are internationally accepted.



Other important issues are the precautionary principle and the demand for protection of the
environment, especially biodiversity. These issues are particularly important in areas where we
lack knowledge, for example, concerning the effects of ionising radiation on the environment.

Another viewpoint concerning waste management is that the protection criteria should be
compatible with those for other activities with ionising radiation, e.g. normal releases to the
environment. The sensitive nature of the issue and the great uneasiness experienced by many
people place prominent demands on SSI for information and for putting the waste disposal
risks in the perspective. However, this does not mean that the demands for protection related
to waste disposal should be treated in a special way.

The criteria presented by SSI in this report are meant to be applicable in the licensing
procedure and in decision making related to supervision. No authority can demand that the
applicant proves beyond doubt that doses are within the regulatory limits 100 000 years after
closure. But the applicant may be asked to report in detail the probability of meeting the level
of protection demanded by SSI. This viewpoint was instrumental in the earlier change in the
legislation from demanding an "absolutely safe" disposal to demanding a disposal "which can
be accepted with safety and radiation protection taken into account".

An additional viewpoint concerns harmonisation - in applicable parts - of demands for different
types of waste. SSI expects that the criteria for radioactive waste disposal given in this
document may influence future criteria for disposal of other hazardous waste, and that further
development of the latter can affect the criteria presented in this document.

3. SSI's criteria for protection against ionising radiation

The protection criteria apply to all activities related to final disposal of spent nuclear fuel, i.e.
encapsulation plant, possible facility for interim storage of encapsulated fuel, final repository
and pertaining transport systems. Before the decommissioning of nuclear power plants, SSI
plans to issue separate detailed protection criteria. These criteria will consider the special
circumstances which exist at each installation.

3.1 Comprehensive view, optimisation and other general requirements

SSI requires, in accordance with the most prominent section in the Radiation Protection Act,
that all activities approved by SSI are performed in such manner that people, animals and the
environment are adequately protected, now and in the future, against all radiation risks
associated with the activities. The total, summed radiation risk for people and the environment
shall account for all components of the practice, now and in the future, and for radiation doses
within as well as outside the country. It is not sufficient to focus on one component, i.e.
transports, encapsulation or the long term performance of the repository. A comprehensive
presentation is a part of the material needed for SSI's assessment if a proposed method and
site for disposal of spent nuclear fuel is acceptable. However, SSI suggests different demands
on the applicant's argumentation for different time epochs (see section 3.6).

According to SSI, the protection shall cover the human health as well as biodiversity and the
productivity of natural resources. Regarding protection of the environment the applicant



should report all effects known, that may occur on organisms and ecosystems, both at the site
and at other areas that might be affected by ionising radiation emanating from the practice.

The applicant's report on the protection of human health must include an estimation of
expected doses to the personnel and the public. The protection must be optimised and expected
doses shall be lower than stipulated limits. Accordingly, necessary precautionary measures
should be taken as far as is practically and economically reasonable, to reduce the risk of
severe radiation accidents in the different parts of the waste management and disposal for
different epochs after closure of the repository (see section 3.6).

In some scenarios predicted future doses may exceed stipulated limits. For such cases, the
probability for the chain of events causing the dose should be discussed. SSI may under certain
circumstances accept an activity that may lead to a situation where calculations indicate doses
exceeding SSI's dose limits, provided that the probability of the events can be considered to be
low (see also section 3.6).

3.2 The precautionary principle

According to preparatory documents to the Radiation Protection Act, a practice may be
reconsidered if there exists a suspicion of risk for harmful effects, that is based on reliable
scientific evidence. This interpretation of the precautionary principle is particularly important
when the knowledge about the radiation risks is uncertain, e.g. protection of the environment
in the long term perspective. For these cases, the applicant should by using analogies or
hypothetical reasoning, with reasonable certainty ensure that the precautionary principle is
complied with.

3.3 Doses to personnel

Facilities and necessary transport systems must be designed and constructed so the
requirements for protection against ionising radiation, according to SSI FS 1989:1, are
fulfilled. Thus, the same dose limits as for personnel within other activities with radiation are
applicable (a maximum of 50 mSv per year, a maximum of 100 mSv for a 5 year period and
700 mSv as a lifetime dose).

The expected effective collective dose equivalent for personnel working with high level waste,
e.g. encapsulation of spent fuel, transport and disposal of waste packages should be included in
the current dose limit for the nuclear power plant of 2 mansievert per year and gigawatt
installed electric power according to SSI FS 1994:2. In practice this means that the applicant is
required to present estimated collective dose boundaries. This must be considered in the
operation of the nuclear power plants so that the limit of 2 mansievert/GW a (mansievert per
installed gigawatt electric power and producing year) is not exceeded.

Doses should be assessed for all parts of the waste management and disposal and reported to
SSI for approval before activities with radiation can begin.



3.4 Doses to the public

The facilities and the activities, including transports should be designed so that the conditions
for protection of individuals in the public (the so called critical group) stated in SSI FS 1991:5
are met. Thus, the protection is source-related and the additional dose, due to the licensed
activity, to individuals in the critical group must be less than 0.1 mSv per year.

In addition, the expected global collective dose due to these facilities and associated activities
must be included in the 5 manSv per year and per gigawatt installed electric power, which the
Swedish nuclear power programme should not exceed according to SSI FS 1991:5. Thus, as
for doses to personnel the applicant must report estimated collective dose boundaries (compare
with 3.3). The calculation shall include releases from the operation as well as expected initial
releases due to leakage from the repository under normal conditions. As for the rest of the
nuclear power programme, the doses should be integrated over 500 years for each release
occasion. Consideration for longer time perspectives are discussed below (see 3.6).

In a future revision of the regulations SSI FS 1991:5 and SSI FS 1994:2, SSI will show how
calculations for collective doses for personnel and public should be made in this context, as
well as how new kinds of activities, which has not been included in this document, should be
assessed, e.g. decommissioning of nuclear reactors.

3.5 Protection of the environment

The protection of the environment must be reported and should consider immediate effects in
connection with construction work, transports and operation of a disposal system, and also for
effects caused by releases of radioactive substances from a repository to potential recipients.
The disposition of the report for different time epochs is outlined in section 3.6.

Biodiversity is understood as the existence of many species, that there is a variation between
individuals within a species, that different processes in the ecosystem interact and that the
organisms are existing in harmony with their environment. Protection of diversity was one of
the most important areas of consensus during the conference in Rio 1992, and will probably
govern, or in other ways affect environmental protection work far into the next century.
Protection of the environment does not only imply protection of easily identifiable and publicy
well-known components in the ecosystem (e.g. wolf, eagle, otter) but also of the entire
intricate web of interactions, nutritional pathways, energy flow etc. which constitute the
ecosystem.

The conditions for biodiversity may be considered protected when the organisms in the
ecosystem are protected. To achieve this goal it should suffice to protect populations of
organisms. However, protection of a population means that measures and criteria must aim at
the nearest level below population, i.e. protection of individuals and for these the most
sensitive stage of evolution, generally embryos.

Protection of individuals is particularly important for small populations, marginal populations
with limited gene flow to/from the population's main area of propagation and also for locally
occurring vendemic) organisms, where the population's survival depends on the reproductive
ability of a few individuals.



To assess if the protection of the environment is sufficient and to evaluate the size of the
affected areas, quantitative criteria should in principle be used. The requirements could for
instance be related to the natural cycling of radioactive substances and be compared with
released radioactivity, or they could be related to doses for which biological effects on
individuals can be observed and applied to radiation doses to selected species who are
especially vulnerable and sensitive and that can easily be studied (indicator organisms). If it is
obvious that effects on the environment are relatively small, then detailed quantitative
requirements may be unnecessary.

To evaluate the effects on biological organisms in the environment, analyses of dispersion and
concentration (bioaccumulation) of radioactive substances in the current ecosystems are
required. The scientific background material needed to evaluate these processes and decide
upon quantitative boundary values is incomplete. SSI will, with respect to the above views, in
future regulations specify how the protection of the environment can be evaluated and
reported. In this regulation SSI intends to pay special attention to the current work in the field
of preparing quality standards for the environment. SSI would like to point out that an
adequate report of the protection of the environment is a prerequisite for obtaining approval
from the Institute for activities involving radiation.

3.6 Time perspective and long term aspects

The protection criteria for waste management and disposal should be similar to those for other
activities with radiation. This implies, for example, that the ambition of protection for future
generations should be the same as for the present population.

The performance of the repository must be discussed for three different time periods, which -
partly due to the decay of the radioactive substances - cannot be weighted equally.
Furthermore, the different time periods must be evaluated differently since the uncertainties
increase with increasing time. In the very long time perspective, when long-lived radionuclides
dominate, the protection should as far as possible be in harmony with the society's principles
for protection against stable carcinogenic and genotoxic agents, e.g. some heavy metals.

a) the first 1000 years
With respect to the intrinsic (potential) hazard of the waste, the most important time period is
0 - 1000 years. The assessment should emphasise the protection for the period before closure
and the following 1000 years. The report should pay particular attention to populations in the
vicinity of the repository.

b) the time period from 1000 years after closure to the next expected ice age
The next epoch range from 1000 years up to the next glaciation, that is of the order of 10 000
years (depending on where in Sweden the repository will be located). During this time period
the short-lived radioactive substances, including Cs-137 and Sr-90, have decayed. Thus, the
risk for severe irradiation (external dose) in case of an intrusion have diminished significantly.
However, the activity of the long-lived nuclides is large enough to require isolation from the
environment during many thousands of years. With time, the uncertainty increases concerning
the barriers, the society and the environment. After a few thousand years the Scandinavian
peninsula may resemble a cold tundra and the glaciation will begin.



c) the time period from the next glaciation onwards
The difficulties of assessing the repository increase with increasing time. For geological
epochs, from the next glaciation onwards, SSI sees great difficulties in describing the
repository quantitatively and in detail. In particular, fundamental problems originating from
philosophy and the theory of science are added.

SSI will demand quantitative analyses from SKB for the epochs a) and b), including doses to
the critical group under different conditions. The assessment should contain at least a
calculation performed under the assumption that the biospheric conditions at the time of
closure will prevail. All estimates of doses to the critical group, from the closure and 10 000
years onward, should be made using best, not over- nor under-, estimates and include
uncertainties (see section 4). This demand is in line with those by other environmental agencies
in other countries, for instance in the USA, Canada and Germany.

SKB shall perform an assessment for the protection of the environment using the same
timeframe as above.

Assessments must be performed in this timeframe if future development involves technical
evaluations. Such assessments will of course be uncertain, and the Institute will consider these
uncertainties when performing its examination.

SKB should qualitatively discuss what might happen to the repository during epoch c). This
discussion shall consider the risks for increasing releases. Comparison of figures, e.g.
concerning possible releases of radioactive substances, may indicate the level of protection and
might be useful as a basis for qualitative assessment. These comparisons should not conceal the
real existing uncertainty of what might happen far into the future. The acceptance of the design
of the repository cannot be made on purely technical grounds. It must, even more than for
epoch b), be founded on evaluations and judgements. When scrutinising these evaluations, SSI
will discuss the protective systems acceptance from radiation protection point of view.

3.7 Access and intrusion

The concept isolating the highly radioactive waste at a particular site means that intruders may
receive radiation doses exceeding existing dose limits, e.g. by examining a core obtained from
drilling through a waste canister. This risk for intrusion is intrinsic to the concept of
concentration and isolation instead of dispersal. Consequently, the risk must be accepted by the
society.

SSI maintains that there is no alternative to the principle that future societies must take
responsibility for their own intentional actions. An intentional intrusion into the repository
cannot be prevented. It is SSI's opinion that no actions should be taken to facilitate or prevent
intrusion if such actions should impair the protection capability of the repository.

The risk for unintentional intrusion can be reduced if information about the repository's
location, inventory and design is available. SSI plans to issue regulations on preservation of
information.



4. Assessment document

SSI will demand that the application includes a comprehensive assessment for all parts of the
waste management and disposal for all activities at the. facilities involved, and for the post-
closure phase of the repository. The following will be required:

a) dose prognoses for all parts of the waste management and disposal where earlier experience
exists should be reported according to prevailing routines and practice for nuclear activities

b) expected effects from radiation which must be predicted using models, including intrusion,
should be reported using best estimates

c) when experience or data are missing, radiation doses should be estimated from calculations,
and uncertainties in the calculations, assumptions etc. should also be reported

d) a report concerning negative effects on the environment caused by leakage from a
repository after disposal, should be prepared using reasonable calculations, assumptions and
predictions for all parts in the calculation/assessment procedure.

A special report with all the uncertainties inherent in the calculations should be prepared and
submitted to SSI. This report should also include uncertainties in the choice of scenarios,
conceptual uncertainties in the chosen models, uncertainties in the mathematical descriptions,
uncertainties in the data, considerations concerning the reliability of the uncertainty analyses
and how the applicant has chosen to evaluate the calculations and to present the results.

Furthermore, the applicant is required to report how relevant processes has been identified and
possible procedures for extrapolation in the cases where data are insufficient.
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