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Abstract

Preparations for a LILW repository development in Croatia, conducted by APO -
Hazardous Waste Management Agency, have reached a point where the first safety
assessment of the prospective facility is being attempted. For evaluation of the calculated
radiological impact in the assessed option of repository development, a set of radiological
protection criteria should be included in the definition of the assessment context.

The Croatian regulations do not explicitly require that the repository development be
supported by such safety assessment process, and do not provide a specific set of radiological
criteria intended for the repository assessment which would be suitable for the constrained
optimization of protection.

For the initial safety assessment iterations of the prospective repository, which will
address long term performance of the facility for various design and other safety options, we
propose to use relatively simple radiological protection criteria, consisting only of individual
dose and risk constraints for the general population. The numerical values for these
constraints are established in accordance with the recognized international recommendations
and in compliance with all possibly relevant Croatian safety requirements.

Introduction

Preparations for a LILW repository development in Croatia, conducted by APO -
Hazardous Waste Management Agency, have reached a point where the first safety
assessment of the prospective facility is being attempted. This assessment is addressing only
the repository post-closure performance, and it will have to rely on a number of assumptions
and on largely generic data, but it will be introducing methodologies, identifying resources
and testing the regulatory environment for the more thorough assessments to follow.

A region on Trgovska gora has recently been designated by the Parliament as the
potential site for radioactive waste disposal. On-site research and measurements have become
possible, which are needed before the application for the repository location permit, and
which will facilitate the choice between the two conceptual design variants that are being
considered.

However, public acceptance of radioactive waste repositories has generally become
harder to achieve than the regulatory approval. This is particularly likely prospect for the
Croatian unique case, in which the waste is being generated by the joint venture nuclear
power plant in Slovenia, so that it presently is not actually in Croatia.

Carefully planned, well documented and fully transparent safety assessment of the
prospective repository may be the best basis for the general confidence building, providing
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guidance for the repository establishment through a series of steps which will be most likely
to solicit regulatory as well as public acceptance:

(a) Iterative safety assessment process, carried out in a dynamic interaction with the
repository development, provides the best available means for establishing a reasonable
assurance that the doses or risk associated with the waste disposed can be kept below the
appropriate regulatory limits. _

(b) First iterations of the assessment should be carried out as early as possible, so that the
safety case can be presented in a consistent and uniform manner from the moment the
political decision to build the repository is made. These assessments that will be made
before any safety analyses are formally required for regulatory approval of the repository
development, will be called preliminary assessments. Preliminary safety assessments will
especially focus on data collection needs, such as site and waste characterization and
design specifications, and should be able to provide early warnings of technical gaps to be
filled.

(c) Preliminary safety assessments will be used as a decision-making tool in the early phases
of repository development. The assessment calculations should focus on the long term
repository performance, demonstrating that desirable safety can be achieved by an
appropriate selection of: (1) facility site on the approved wider location, (2) one of the two
proposed facility designs, (3) adequate institutional control arrangements and (4)
reasonable waste acceptance criteria.

Interpretation of a safety assessment results generally involves a'comparison with the
appropriate regulatory criteria. As the Croatian regulations do not specifically address this
issue, we proceed with an outline of the conceptual and regulatory basis for the repository
safety assessment that can be deduced from the relevant national requirements and the
international recommendations, in order to propose a minimum set of radiological protection
criteria which would be sufficient for preliminary assessments.

Regulatory framework for LELW management

Presently, Croatian legislation maintains three basic radiation protection laws, which
do not address the radioactive waste management in a very consistent manner:

(a) The Law on Protection against Ionizing Radiation [1], which is the new Croatian law
adopted in 1999;

(b) The Law on Protection against Ionizing Radiation and on Special Safety Provisions for
Use of Nuclear Energy [2], the former federal law from 1984; and

(c) The Law on Measures for Protection against Ionizing Radiation and for Safety of Nuclear
Objects and Facilities [3], the former republic law from 1981.

The 1981 law specified mainly the regulatory authority to be exercised by the former
Republic within Yugoslav Federation, and was not affected by the 1984 revision of the basic
federal law. The new Croatian law updated concepts and requirements of radiation protection,
but did not address nuclear safety at all, explicitly retaining in power the segments of the two
older laws which regulate safety of nuclear facilities.

Regarding radioactive waste management, the new law empowers the Minister of
Health to prescribe all the relevant regulations based on most recent internationally
recognized standards and recommendations. However, the waste management facilities are
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designated as nuclear facilities, and therefore also subject to the old laws and their subordinate
regulations.

The old federal law deals with radioactive waste management and disposal in a
prescriptive but not really systematic manner, through regulations designed for nuclear
facilities in general and primarily focused on the nuclear power plant safe operation. The
subordinate codes of practice did later address LELW disposal more specifically, but have
rather inappropriately retained parallelism with the concepts of NPP operations safety.

Requirements on the repository performance safety analyses

Croatian regulations do not use the term safety assessment. For evaluation of the
safety of nuclear facilities, the old federal law first requires a non-specific procedure simply
designated as an analysis. Then, for a few specific steps in a facility approval procedure
(starting with authorization for the construction of a nuclear facility), a safety report is
introduced. The safety report requires safety analyses of the facility expected performance.
Instructions on the report preparation and some other specific safety requirements for
repository development can be found in several codes of practice subordinated to the basic
law. In particular, The Code of Practice on Preparation and Contents of Safety Reports [4]
specifies the standard form and contents of safety reports for the radioactive waste
repositories. Safety analyses should be presented towards the end of the meticulously
prescribed document, and for their presentation only one out of 13 safety report chapters is
proposed.

Generally, the regulations do not put very much emphasis on the safety analyses, but
prefer to specify a great number of safety features prescriptively, in advance and for all
repository types. These analyses are not intended to play any significant role in the repository
planning and development, and even less in assessing the real needs for the detailed facility
characterization. So, their role appears to be limited to regulatory approval, but even there (in
the safety report) it would better be described as a supplementary than as the decisive role.

Clearly, Croatian regulations do not explicitly require that the repository development
be supported by such a safety assessment process as we have planned. The assessment
planning was based upon the recommendations of the International Basic Safety Standards
for Protection against Ionizing Radiation and for the Safety of Radiation Sources [5] (the
BSS), and upon the IAEA's RADWASS program publications, to which the BSS refer for
consistent application of the standards in the field of radioactive waste management. Further
and more specific guidance on the safety assessment procedure we sought in the IAEA
BIOMASS [6] and ISAM [7] projects.

The safety assessment approach to repository establishment, described in the
Introduction, was the only choice consistent with the ever-present commitment of the
Croatian regulations that internationally recognized developments in the field should be
followed and observed even when they are not yet reflected in domestic requirements.1

Additional arguments for such an approach come from the Joint Convention on the Safety of
Spent Fuel Management and on the Safety of Radioactive Waste Management, which Croatia
has recently ratified. Its Preamble commitment to "keep in mind the principles contained in
the interagency BSS", as well as the RADWASS waste management principles, suggests that

' Such commitment, as already mentioned, pertains to pending regulations subordinated to the new radiation
protection law, but it was also present, for instance, in the old Code of Practice on safety reports, when it
declares that the investor and the user of the nuclear facility are required to keep up with the domestic and
foreign experiences related to similar nuclear facilities.
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the safety assessment it requires has the same meaning [8] which consistently appears in
RADWASS publications.2

The concept of the assessment related radiological criteria

The RADWASS publication Safety Assessment for Near Surface Disposal [9]
contributes to the clarification of the safety assessment concept, inter alia, the following
remark:

Performance assessment becomes a safety assessment when the system under
consideration is the overall waste disposal system and the performance measure
is radiological impact or some other global measure of impact on safety.

The measure of impact to be calculated in a given assessment will be specified when
the assessment context is defined; in the case of our planned assessment, radiological impact
has been selected. For evaluation of the calculated radiological impact in the assessed option
of repository development, a set of radiological protection criteria should also be included in
the definition of the assessment context. The impact can be compared with, the criteria only if
both are expresses as the same physical quantities.

If the impact calculated in the assessment does not exceed the protection criteria, then
the assessed option of the repository development is an acceptable protection option. Such an
option may eventually be presented for regulatory approval, but in the early phases of
repository planning various protection options should be compared in the process of
optimization.3

While it is possible to define any specific protection criteria for a particular assessment
purpose, we are looking for a set of criteria that would be recognized by the regulatory body
for purposes of the repository development approval. As can be suspected from our
introductory discussion, Croatian regulations do not provide radiological protection criteria
specifically intended for radioactive waste management.

Croatian regulations superficially reflect the generally recognized principles that
societal or regulatory approval of any practice involving ionizing radiation should be based on
justification of the practice, optimization of protection and individual dose limitation.
Regarding the concept of justification, for which differing interpretations have been noted by
the ICRP in the Publication 77 [10], in the case of Croatian repository it is most reasonable to
adhere to the Commission's strict view that waste management is not a stand-alone practice
which can or needs to be justified in its own right. As for limitations of actual exposures, the
new Croatian law on radiation protection adopts the generally accepted individual dose limit
of 1 mSv per year, but without the ICRP recommended [11] risk-related interpretation.4 And
the concept of optimization appears to be less adequately defined in the new law than in older
regulations. Source-related aspects, such as in constrained optimization, can only be
introduced through the reference to international recommendations.

2 Regardless of the fact that, in Croatian translation of the Convention, the term safety assessment was somehow
transformed into safety analysis. A more detailed discussion of the relevance of the terminology in RADWASS
publications can be found in our paper presented at the previous Conference and cited here as the ref. [8].
3 In the NEA expert group review of recognized terminology (see ref. [15]), acceptable is opposed to
unacceptable option which is not fit for optimization, while fully adequate option needs no further optimization.
4 Actually, the Croatian law calls it die limit of exposure, not the dose limit, nor is die term effective dose ever
used. Although tliis can lead to no real misunderstanding, strictly speaking the limit can formally be interpreted
only in the context of the relevant international recommendations.
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While the primary dose limits are set for protection from actual exposures delivered by
all regulated practices, safety assessment of a repository considers a source within a practice
in hypothetical situations and in order to identify and optimize acceptable protection options.
Therefore, the assessment related radiological protection criteria should in general support the
procedure of constrained optimization, for which the ICRP recommends [11] that

this procedure should be constrained by restriction on the doses on individuals
- (dose constraints), or the risk to individuals in case of potential exposures (risk

constraints), so as to limit the inequity likely to result from the inherent economic
and social judgements.

In order to achieve this, the constraints clearly must be more restrictive than the
primary limits. We propose to identify appropriate values for such dose and risk constraint
which will be compatible with all radiological requirements of our present national
regulations, and to base radiological protection criteria for the planned assessments on these
values.

Approach to the criteria establishment

For establishment of an adequate set of radiological protection criteria for the
assessment results evaluation, a similar approach can be used as in preceding demonstration
that the Croatian regulatory framework supports a safety assessment based repository
development at least implicitly if not in specific requirements. However, as these criteria put
upper bounds on the acceptable radiological impact, the more restrictive values must be
adopted whenever a choice has to be made between various domestic regulations and
international recommendations. We shall, therefore, proceed as follows:

1. Any explicit dose or risk limits and constraints from the actual national regulations must
be met by the assessment evaluation criteria.

2. If the aim or scope of any radiation protection requirements in domestic regulations is not
transparent within the context of radioactive waste management and repository safety
assessment, or in case of any other ambiguities, guidance will be sought in international
recommendations, primarily in the ICRP and the IAEA recent publications.

3. If the present internationally recognized standards and good practices are more restrictive
or address additional protection and safety issues, they should outweigh or supplement the
national limitations and concerns regarding the projected repository performance.

The most specific suggestions for an appropriate range of values, from which dose and
risk constraints should be selected, is offered in the RADWASS publication Near Surface
Disposal of Radioactive Waste [12]:

For events at the repository in the post-closure phase which are determined to be
likely, the repository shall be designed so that projections of doses or risks to
members of the public do not exceed an appropriate fraction of the dose limit, 1
mSvy"1, or its risk equivalent. The appropriate fraction, termed the dose or risk
constraint, shall be determined by the regulatory body. Dose constraints are
typically a fraction between 10 and 30 percent of the dose limit.3

Although not necessarily subject to these constraints, situations involving the
possibility of exposure arising from unlikely events affecting the repository shall also be

5 Tliis RADWASS recommendation is consistent with the ICRP Publication 77 (ref. [ 10]), which suggests that the
dose constraint should not exceed 0.3 mSv per year.

469



considered. Also, the publication requires that measures should be taken to reduce the
potential for events which could cause deterministic events.

Examination of the Croatian regulations from various periods, including radiation
protection, nuclear safety and environmental protection, reveals repeated reference to the
standard two sets of radiological upper bounds, one reflecting the primary dose limits and the
other intended for the exemption from regulatory control. While we are looking for a fraction
of- the primary limit, the exemption or clearance levels are too low6 and conceptually
inadequate for application to a regulated source.

The only appropriate fraction of the dose limit is found in The Code of Practice on
Limits of Exposure [13], in which the article 28 states:

When use of technical sources of ionizing radiation is planned (...), for planning
purposes the individual limit of the effective dose equivalent for members of the
public cannot be greater than 0.2 mSv per year from all technical sources.

References to other paragraphs, in this citation indicated as (...), clarify that the
exposure limit is set in accordance with the general requirements for justification of practices,
optimization of protection and limitation of individual doses. Also, the limits established in
this Code must not be exceeded in the normal operational conditions.

This value of 0.2 mSv per year is the only candidate for the dose constraint in the
Croatian regulations. Although optimization of protection is not really defined as constrained
optimization, and accordingly this value is not source-related, it could be adequate for a
LILW repository in an undeveloped and low populated area, particularly because it fits nicely
within the RADWASS suggested span of values for dose constraints.

Therefore, until some qualified regulatory authority decides otherwise7, we propose to
use the above value as the dose constraint in the repository safety assessments. However, its
straightforward translation into the risk constraint, as suggested in the RADWASS approach,
would be questionable because of The Code of Practice on Conditions for Location,
Construction, Testing Operations, Start-up and Operation of Nuclear Facilities [14]. Its
article 3 states:

In order to ensure safety of a nuclear facility, the following conditions must be
met:

1. in all operating conditions - the requirements from the regulations on
protection against ionizing radiation;

2. in case of nuclear accident - that the radiation risk be lower than ten
microsieverts per year for any individual outside the facility site.

The latter condition does not apply to design events for which probability of
occurrence is lower than 10~7.

The radiation risk in this code of practice denotes the effective dose (equivalent)
multiplied by the probability of exposure. While there is no doubt that the article was
primarily intended for nuclear reactors, all general safety requirements on nuclear facilities
must also be satisfied by the waste repositories, so the limitations on nuclear accidents should
also hold for potential exposures from a repository.8

6 Automatic exemption, according to e. g. BSS, is possible at the dose level of 10 )j.Sv per year.
7 At present, the existence of a regulatory body, competent for the radioactive waste disposal, is not transparent.
8 As a matter of fact, even in the sections dedicated strictly to the waste management, various regulatory acts
generally retain striking parallelism with the reactor safety terminology.
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In the view of the ICRP recommended interpretation of the primary dose limit as the
lower bound to unacceptable risk, which implies that the risk of stochastic effects expressed
in terms of dose may be compared with the compound potential exposure risk, the cited risk
limitation of 0.01 mSv can appear as a too restrictive value to be used for the risk constraint,
if the dose constraint is 0.2 mSv. 9 However, the approach to potential exposures has not yet
become so transparent and internationally harmonized as in the case of normal exposures. As
a NEA expert group states in the report The Meaning and Application of the Concept of
Potential Exposure [15], during the development of the BSS

considerable controversy developed over whether techniques were sufficiently
developed to allow a standard for individual risk limitation or constraint to be
used The BSS, while describing approaches for ensuring safety of sources, stops
short of specifying numerical criteria for risk.

Therefore, we cannot provide convincing arguments that the value for risk constraint
should not be lower than the equivalent of dose constraint. On the contrary, the uncertainties
inherent in the assessment of probabilities for potential exposures may be taken as an
argument that a more restrictive approach should be apropriate than in constraining normal
exposures. Accordingly, we propose to adopt the value of 0.01 mSv per year as a risk
constraint for potential exposures in the repository safety assessment.

Finally, although complying with the risk constraint, some very low probability
scenarios may result in potential exposures far above the dose constraint. These scenarios
should either be extremely improbable so that they do not need to be considered at all, or the
associated potential exposures should remain below the threshold for deterministic effects.

Conclusion: proposal of radiological protection criteria

For these initial safety assessment iterations of the prospective repository, which will
address long term performance of the facility for various design and other safety options,
relatively simple radiological protection criteria will be used, consisting only of individual
dose and risk constraints for the general population.

For normal evolution scenarios, an acceptable protection option would be realized if
the repository could not inflict an effective dose to a member of a critical group exceeding the
dose constraint of 0.2 mSv per year. The same constraint may also be applied to any altered
evolution scenarios deemed to be particularly likely.

However, most altered evolution scenarios worth considering in a safety assessment
are generally expected to cause radiological consequences exceeding the dose constraint.
They are usually associated with unlikely disruptive events, accidents or extreme conditions.
In such a case, the analyzed protection option may still be acceptable if the ensuing potential
exposure weighted with the probability of occurrence would not cause the repository to
impose an individual risk to members of a critical group exceeding the risk constraint of 0.01
mSv per year. The risk constraint, appearing here in the form of an exposure, denotes the
product in which the effective dose is multiplied with the probability of exposure.

This criterion of risk constraint is not appropriate for the very low probability
scenarios. It should be supplemented by the requirement that potential short term exposures
do not exceed the effective dose of 500 mSv in order to avoid deterministic effects of
irradiation. However, no requirements or constraints have to be applied to the extremely

9 When the RADWASS recommendation speaks of dose or risk constraint, using the risk equivalent of a dose, the
implication is that both constraints might have the same value.
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improbable scenarios which depend on unlikely events with the probability of occurrence
lower than I0~7 per year, i. e. such scenarios need not be considered in safety assessment.
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