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Abstract

The Swedish regulations on radiation protection in connection with spent fuel and nuclear waste
disposal concern protection of human health and the environment. The reasoning behind the
regulations is in observance with the Rio declaration, in the sense that they take into consideration
sustainable development also in continued presence of multiple sources of radioactive effluents.
Optimisation and best available technique are used as methods for risk reduction. For human health, a
risk concept is used, whereas for environmental protection, focus is set on protection of biological
resources and diversity. Compliance with the health and environmental goals is discussed using
generic definition of the environment. The hypothetical outflow from a repository takes place in the
different compartments and the resulting spread in doses are discussed and compared to the
requirements of the individual dose standard, and other environmental effects are assessed.

1. INTRODUCTION

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management [1] include the requirement that "the design and construction of a spent fuel
management facility (radioactive waste management facility) provide for suitable measures to limit
possible radiological impacts on individuals, society and the environment, including those from
discharges or uncontrolled releases" (articles 7 and 14 of the Convention).

This requirement sets focus on the radiation protection criteria, and on compliance with such criteria
and standards. In this paper, generic radiation protection standards developed by the Swedish
Radiation Protection Institute for repositories for spent fuel and nuclear waste are discussed.
Furthermore, an account is made on compliance, bearing in mind that the authorities must advise on
this process as well as be in possession of scientifically based assessment methodologies and
rationales, in order to be prepared to accept or reject proposals.

2. SUSTAINABILITY AND RADIATION PROTECTION IN THE REGULATIONS

The 'Swedish Radiation Protection Institute's Regulations Concerning Protection of Human Health
and the Environment in connection with the Final Management of Spent Nuclear Fuel and Nuclear
Waste' [2] build on ICRP radiation protection principles [3,4], other international recommendations
and opinions [5,6], as well as on the Joint Convention itself [1].
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However, in the regulations, the SSI also seeks to couple the question of final management of spent
fuel and radioactive waste to the concept of sustainability, which now is the underlying principle for
work related to environmental protection in Sweden [7,8].

The requirement regarding sustainable development [9] means that scope must be left for other energy
sources in the future. If an energy source which is used in, e.g., fifty years' time can restrict the scope
of accepted harmful effects of energy production for thousands of years, it follows that the source
must be regulated by very stringent requirements, i.e. that the impact from the repository must be in
balance with the time that the energy source is used. The impact which thus occurs can be visualised
using a hypothetical case of a large number of centres for risk impact (such as new waste repositories)
scattered over the surface of a country, in this case Sweden. To comply with the Convention, the
standard must make allowance for future use of resources. This is achieved by the assumption that in
a certain region, there were 10 repositories, each with an inventory corresponding to that which is
currently expected in the case of the Swedish repository. In this case, hypothetical outflows from the
various repositories could overlap with each other and result in a greater impact on the population of
the region. Other forms of future energy production can also, in the same way, result in a greater
impact.

In order to take into account the interaction between various future risk sources, of which the
repository is one, SSI requires that the risk from the repository for individuals who are representative
for an exposed group must be lower than the risk which applies to the critical group at nuclear
facilities in operation. Thus, SSI has decided to specify, in the existing regulations, that the annual
risk for harmful effects (all cancer and hereditary effects) as a result of the repository must not exceed
10"6 (corresponding to an annual expected dose of about 15 uSv).

In the case of environmental protection, SSI has not defined quantitative standards. SSI considers that
scientific information at this stage is sufficient, given a certain safety margin to account for
uncertainties and variations between species and ecosystems (i.e the precautionary principle), but
there is no 'system' currently in use for environmental radiation protection that assists in setting dose
standards for non-human biota. The Rio documents emphasise protection of biological diversity and
biological resources as parts of the sustainability concept. The Swedish Regulations [2] state that the
final management of spent nuclear fuel or nuclear waste shall not, in radiological terms, be
detrimental to biodiversity or the sustainable use of biological resources

3. OPTIMISATION AND BEST AVAILABLE TECHNIQUE AS METHODS TO ACHIEVE
RADIATION PROTECTION GOALS

Within certain areas, SSI wishes to issue general requirements regarding the quality of work relating
to technical solutions and designs. To this aim, SSI has decided to adopt the concept of best available
technique (BAT). This refers to techniques that have been tried and tested in accordance with
accepted scientific methods, but may also mean techniques which are considered to have development
potential with an economic input which is reasonable in relation to the benefit to be gained from the
development.

Optimisation assumes an object whose protection can be placed in relation to the cost of the work, i.e.
that an exposed group of people can be identified and that the effects can be quantified so that the
benefits of the protection measures can be converted into costs. An optimisation cannot be carried out
as simply when the benefit from protection cannot be quantified, e.g. in connection with a release, the
probability of which is difficult to define, or whose consequences affect the environment in a way that
cannot be quantified using the collective dose. On the other hand, the best available technique can be
used to achieve a generally high level in the work involving environmental and health protection
which.is considered to be valuable to society without being able to quantify the value in greater detail.
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The difficulties of predicting the development of society in a long-term perspective are another major
obstacle to optimisation with respect to final management. It is not possible to predict what the
biosphere will look like within ten or one hundred thousand years. Our lack of knowledge makes it
impossible to achieve an optimisation of a repository (or an optimisation of any other type of
radioactive waste management) for these time periods. At the same time it is possible to use, as a
general premise, the assumption that a minor release under all conditions is better than a major
release, even if the society which is affected is unknown. For this reason, a reasonable requirement for
a repository should be that the barrier system must be as robust as possible.

4. COMPLIANCE

For releases in a remote future, only hypothetical individuals can come into question for calculations.
The hypothetical group cannot be replaced by an existing group of people whose living habits can be
described and for whom both measurements and calculations can be carried out. When calculating a
hypothetical dose in a remote future, it is possible to take into account sex and age distributions.
However, beyond this, the concept of the group does not contribute anything to the reasoning besides
the average value of the dose and risk, calculated with respect to age and sex, for a hypothetical
individual.

The proponent's responsibility with respect to risk limitation concerns a larger group which receives a
dose from the repository. It must be ensured that representative individuals from this group are not
exposed to risks which are greater than 10"6 per year. SSI has decided to allow the hypothetical
regional group to have a risk range which is within a factor of 100

If the proponent wishes to perform calculations with respect to an individual who is estimated to have
a high dose commitment, it may be acceptable to perform the calculations for an individual who
represents the higher risk level within the given range, instead of an individual who is representative
of the commitment of the entire group and thereby let the representative individual, according to the
intention of the regulations, have a risk that is ten times lower. The representatives in the assumed
living and consumption patterns must also be investigated with respect to probability.

As an alternative of using a critical group, a "critical area" may be used for demonstrating
compliance. The consequences of alternative uses of the critical area depending of the type of
ecosystem could be analysed by the applicant. For example forest, farmed land, meadow and urban
environment could form the basis for such a discussion. Some problems related to the uncertainty of
future societal behaviour can be avoided using this approach. In addition, this approach may be used
for taking into account the effect of a hypothetical outflow from the repository on biota, which is also
required by the Swedish regulations.

A small expert's group meeting was convened by SSI in May 1999 to discuss issues of compliance in
connection to SSI Regulation 1998:1 [10]. A number of points were highlighted, some of them briefly
commented below:

Scenarios. It was suggested that SSI may use a few test scenarios as a basis for a discussion of
important parts of the regulations:

1. The central scenario — the most probable outcome.
2. Large earthquakes etc. — low probability scenarios with large consequences. It would be valuable

to describe scenarios which have a very low probability, and to describe individual doses in terms
of doses to the public and to see whether this would imply doses in excess of present-day
intervention values.
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3. Juvenile failure - assumptions that a canister fails immediately after emplacement in the
repository. It is valuable to discuss whether immediate canister failures would violate SSI
requirements in the first 1 000 year period.

4. Human intrusion. It was observed that there are no guidelines in the regulations that the industry
should avoid areas with mineral resources.

Collective doses and optimisation. It was accepted by all parties that a strict cost-benefit analysis,
weighing collective dose against cost, is not realistic for a repository. However, it may be possible to
defend a principle of "as robust as reasonably achievable".

Active Institutional Control Radiation protection must not depend on institutional control. However,
it may be assumed that a repository safety would benefit from institutional control, even if this was
not a formal requirement. "Indefinitely" is a word that has been used which does not indicate endless
time but rather that there is no limitation, in principle, on the wishes of the present-day society ,
regarding the time period. One may indicate the time for which society may benefit from control.
Another period is related to the maximum time period for which we may realistically assume that a
control is credible in terms of projection into the future.

Biosphere. The biosphere is often seen as the single host of all processes outside the geosphere in
connection with a possible discharge of radionuclides from a repository, but the biosphere plays
several roles. It acts as a transport medium and a medium which must itself be protected.

In an early phase of a performance assessment, the endpoint is often taken as a drinking water dose
from a well using a standard rate of intake. This is used in SKI's study Project 90 and in discussions
within NEA [11]. In Sweden, SKB's work must be regulated by using tools to review an integrated
performance assessment. Although SKB has not yet selected a site, efforts will be made to identify a
few candidate sites, and some elements of geosphere-biosphere coupling are necessary.

References

[I] Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management

[2] SSI FS 1998:1, The Swedish Radiation Protection Institute's Regulations on Protection of
Human Health and the Environment in connection with the Final Management of Spent Nuclear
Fuel and Nuclear Waste

[3] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1991, 1990
Recommendations of the ICRP, ICRP Publication 60, Pergamon Press

[4] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1997,
Radiological Protection Policy for the disposal of radioactive waste, ICRP Publication 77,
Pergamon Press

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, 1995, Safety Series 111 F, The principles
of radioactive waste management

[6] NUCLEAR ENERGY AGENCY, 1995, The environmental and ethical basis of geological
disposal

[7] Swedish Governmental Bill 1997/98:145 Swedish Environmental Goals (in Swedish)
[8] SFS 1998:808 The Environmental Code
[9] UNCED, 1992, The Rio Declaration
[10] SSI, 1999, Discussing Compliance, SSI Report 99:16
[II] NUCLEAR ENERGY AGENCY, 1998, PAAG-DOC98-6, Working Group on Biosphere

Analysis in Repository Assessments, The Case for Benchmark Biospheres and De-coupling of
Biosphere and EBS/Geosphere Analyses

226


