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Abstract
Safety assessments in a small country are usually performed to support the national

waste management strategy, demonstrating compliance with national regulations for a
particular facility. However, this assessment should - quite generally - provide reasonable
assurance both to the public and to decision makers that the Croatian share of LILW from
NPP Krsko can be safely disposed of in Croatia.

More specifically, the assessment should clearly present all realistic options and
compare the associated long term repository performances, demonstrating that desirable
safety goals can be achieved by an appropriate choice of (a) location, (b) facility design, (c)
institutional control period and (d) waste acceptance criteria.

As relevant national legislation is presently under review, generally recognized
international safety standards, criteria and recommendations (e.g. as presented in the recent
IAEA publications) should provide guidance for the assessment evaluation, since it is
expected that they will be incorporated in the new national regulations.

Finally, since Croatian radioactive waste management strategy is yet to be developed,
such an assessment may contribute to its formulation and facilitate some specific decisions.

Introduction

Safety analyses required for establishment and/or regulatory approval of radiological
sources and practices, including nuclear and waste management facilities in particular, have
been steadily evolving for several decades, through research and coordination organized by a
number of international and national expert groups and organizations.

The installation of long term performance based safety assessment as the single most
important regulatory safety reference is a major recent development in the field of low and
intermediate level radioactive waste management and disposal, as is also the tendency towards
regulatory separation from nuclear facilities. Moreover, while in the past it was perceived that
safety assessment would occur after site characterization and engineering design were
completed, and that assessment calculations were conducted simply for license application
purposes, it is now being increasingly recognized that long term performance assessment
should play a significant role in the facility development. Through continuous dynamic
interaction with iterated safety assessments, a disposal facility can achieve equal or better
safety features at lower cost than by following static traditional prescriptive regulations.

Both in iterative methodology of safety assessment and on its crucial role in regulatory
acceptance, wide international consensus has been established through the "International
Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of
Radiation Sources"[l] (later referred to as "BSS"), jointly sponsored by FAO, IAEA, ILO,
OECD/NEA, PAHO and WHO. Specific applications of the performance and safety
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assessment processes to low and intermediate level radioactive waste management have been
additionally elaborated in recent publications of the IAEA's RAD WAS S program, especially
in "Safety Assessment for Near Surface Disposal"[2]. There, for instance, performance
assessment is defined as "an analysis to predict the performance of a system or subsystem,
followed by comparison of the results of such analysis with appropriate standards or criteria.
A performance assessment becomes a safety assessment when the system under consideration
is the overall waste disposal system and the performance measure is the radiological impact or
some other global measure of impact on safety. Performance assessment can be used to
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Figure 1. Safety Assessment Process

describe the analysis and comparison of systems at a variety of levels and requirements."
However, considering all the uncertainties involved, in particular those associated with

a long post-closure period, the real aim of an assessment cannot be to actually "predict the
disposal system performance, but rather to reach reasonable assurance that it will provide an
adequate level of safety" [2].

While the process of safety assessment cannot be prescriptively specified in much
detail - if it is to retain the flexible and creative approach which had raised it above the level
of a mere regulatory compliance instrument - recent research and inter-comparison studies
have suggested that it might be useful to outline a generic sequence of basic steps required in

400



the procedure. For instance, as part of the preparatory work for the IAEA's coordinated
research program ISAM [3], the key components of a safety assessment process for a near
surface repository have been identified and synthesized as a sequence which can be
graphically illustrated by a flow chart presented in Fig. 1.

Assessment Context
The initial step in the sequence - assessment context - defines what and why is being

assessed, outlining specific circumstances by which a particular safety assessment is set apart
from the others. It is by this component that modern assessment differs most from traditional
safety analysis, which only had a single purpose - to demonstrate regulatory compliance for a
fait accompli, accomplished on the basis of exhaustive and static prescriptive regulations.

Here, on the contrary, we are free to choose and define the purpose of our assessment,
which is particularly useful in the early stages of repository development. In the RADWASS
publication "Near Surface Disposal of Radioactive Waste" [4] it is suggested that "the safety
assessment process may be used for establishing waste acceptance criteria, in particular
requirements for the total inventory and/or concentration limits for specific radionuclides ...
An alternative approach is to generically establish waste acceptance characteristics and to
require sites and designs to be adequate to receive the defined waste types". That, however, is
far from the complete list of options available in the formulation of the safety assessment
context: other possibilities can be readily deduced when the body of information required to
define the context is considered.

This information should include a brief outline of all the key aspects and specific
circumstances of the particular assessment. For example, according to a recent IAEA interim
report on some implications of alternative assessment contexts [5], the following items are
addressed in the context presentation:

-purpose,
- radiological protection criteria,
- calculation end points,
- waste characteristics,
- disposal system characteristics and
- time frames.

Purpose of the Preliminary Assessment of the Croatian Repository

In the rather unusual Croatian case, construction of a repository is being considered
mainly in order to accommodate LILW arising from current operations and planned
decommissioning of the NPP in Krsko, Slovenia, built as a common venture of the two
republics in former Yugoslavia and still jointly exploited, although a comprehensive and by
now international agreement, that would replace the untenable original contract, has not yet
been reached.

While Croatia never denied its obligations regarding NPP waste management, no
explicit commitment has yet been made. Difficult as it generally is to solicit public approval
even in the usual case of repositories for waste already kept somewhere in the country,
Croatian authorities are faced with a still greater challenge: to gain public acceptance for the
disposal of waste which is not presently in Croatia.

Therefore, the very first concern for the safety assessment of the prospective
repository, before any specific decisions or commitments are made regarding its construction,
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should be defined most generally: to establish adequate assurance that the Croatian share of
LILW from NPP Krsko can be safely disposed of in Croatia.

It is quite possible to assign such a general purpose to the preliminary safety
assessment, due to the circumstance that not a single key feature of the disposal facility
(including location and waste content) has yet been definitely determined. As we examine the
list of the remaining assessment context standard items, it should become more transparent
how to proceed with design of preliminary assessment in order to achieve the proposed
purpose.

Radiological Protection Criteria

For a preliminary safety assessment it should be quite sufficient to consider only the
long term performance of the repository, i.e. the compliance with radiological protection
criteria in the post-closure period. Protection and safety during the operational period can be
addressed in a later assessment, if at all, since the accumulated experience in operating
repositories in other countries might make it feasible to achieve that safety through routine
technical specifications.

Based upon ICRP Publication 46 [6], the BSS have determined a dose limit of 1
mSv/y for members of the public from all regulated sources, but with the provision that it
does not apply to potential exposure. However, together with the ICRP proposed risk factor of
0.05 Sv"1 for contracting fatal cancer, it has been used to derive appropriate constraints on
potential exposure in RAD WAS S program. According to the "Near Surface Disposal of
Radioactive Waste" [4], for likely events at the repository in the post-closure period,
"projections of doses or risks to members of the public" should not exceed "an appropriate
fraction of the dose limit, 1 mSv/y, or its risk equivalent" (5xl05 y"1). This "appropriate
fraction", named dose or risk constraint, is to be determined by the national regulatory body
(typical dose constraints are between 10% and 30% of the limit). Although not necessarily
subject to these constraints, situations involving the possibility of exposure arising from
unlikely events affecting the repository "shall also be considered".

The relevant regulatory limits in actual Croatian legislation understandably differ in
terms and concepts, since they were created in the early and mid-eighties, but the level of
required safety and protection is essentially in agreement with the present RADWASS
recommendations. The code of practice on limits of exposure [7] limited the effective dose
equivalent to 0.2 mSv/y for members of the public from all technical sources ("for planning
purposes"), while the code of practice on conditions for location, construction etc. of nuclear
facilities [8] (in which LILW repositories were included) in addition specified that, in case of
accidents, the radiation risk should remain below 0.01 mSv/y for individuals outside of the
facility. Radiation risk was defined as the product of the probability of accident by the
consequence expressed in the effective dose equivalent imparted to the most exposed
individual. Possible events with probabilities lower than 10'7 y"1 required no consideration.

Until new law(s) and relevant codes of practice are adopted, for the purpose of
repository safety assessment the value of 0.2 mSv/y can be interpreted as RADWASS
effective dose constraint (since no other sources are likely to be planned in the two
prospective repository areas). Also, an order of magnitude more conservative equivalent of
risk constraint, for all but most unlikely events, is quite appropriate by RADWASS standards.
While a 0.01 mSv/y dose risk could obviously be translated into a 5xlO'7 y"1 fatal cancer risk,
it may be even more suitable for communication, especially with the public, to retain it as is.
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Radioactive Waste

According to preliminary facility design studies, up to 18.000 m3 of LILW are
expected to be generated during NPP Kxsko operation and decommissioning [9] (while all
other accumulated LILW would hardly exceed a hundred or two m3). At the moment, though,
it is not yet clear that the eventual arrangement with Slovenia will require disposal of all
expected NPP LILW in Croatia.

The waste packages so far produced and stored at the NPP site differ in radionuclide
content and activity (the spent resin drums exceed the average by order of magnitude), and
this difference is being mostly retained in the supercompaction campaign [10] (but a more
detailed waste characterization has yet to be completed). Decommissioning waste is expected
to contribute more than 50% to the total volume and activity, after the HLW component is
separated.

Since no specific waste acceptance criteria for the prospective Croatian repository
have yet been established, for waste conditioning and packaging in Slovenia only generic
regulatory criteria are available. These circumstances should change in the near future, if the
waste is to be disposed of in Croatia, and certainly before any classification of
decommissioning waste is planned. (In this context, the lack of involvement of the Croatian
side in technical decisions regarding the recent supercompaction campaign may already be
considered as insufficient coordination, to say the least.)

Applying all of the above to the issue of waste acceptance criteria in the preliminary
safety assessment, it is clear that no firm requirements regarding the quantities or radionuclide
content which should necessarily be admitted in the repository have yet been established. But
it is equally clear that it would be desirable to run the first analyses for the maximum volume
specified in the preliminary design, with the known characteristics of the already accumulated
waste and with conservative projections for the expected streams. However, more restrictive
acceptance limits could be installed in the following iterations of preliminary assessment
calculation.

Disposal System

The most important decisions regarding the repository, which still remain to be made,
are the ones about the key features of the disposal system: location and design of the facility.

After a thorough site screening process, covering the whole Croatian territory, four
preferential areas were selected, and two of them appear to have survived the encounter with
public opinion so far [11], one on Moslavacka gora and the other on Trgovska gora. Two or
three specific sites have been suggested in each area, and further choice can be made only
after better site characterization. Many features are already quite well described, but data on
the groundwater flow are definitely insufficient. However, they have been included as the first
priority in planned activities, and are expected to be available by the time preliminary safety
assessment is attempted. Depending on content and quality of the data acquired, final site
selection may be included among the objectives of that safety assessment.

Hydrogeological data may also be decisive for choice between the two facility designs
under considerations: a near surface concrete vault or engineered horizontal tunnels several
tens of meters below surface [9]. Although the tunnel concept has obvious advantages
regarding inadvertent or intentional human intrusion (therefore usually not requiring post-
closure institutional control considerations), as well as regarding most other disruptive events,
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the groundwater flow modeling may - when sufficient data are available - indicate that it
would still be less desirable than the more vulnerable option closer to the surface.

In addition to resolving this major dilemma, preliminary design will also take into
consideration the safety assessment to help in determining other important facility features,
such as the thickness of the walls and concrete reinforcements.

Time Frames
After the routine requirement in Ref. [8] code of practice that repository post-closure

safety be achieved "without any further active maintenance", its subordinate code of practice
on safety reports [12] specifies that "a program of long term monitoring and scope of
institutional control will be defined on the basis of the safety analysis" and, later, that
"duration of active institutional control was determined in safety analyses and authorizations".
No definite time frames are explicitly stated, except for a single awkward formulation in Ref.
[8] wherein, after listing four major desirable properties of the selected site, comes an
unexplained requirement that these site properties "must be ensured for the period of 300
years".

This number is perhaps reflected in the preliminary facility design proposal [9], where
a 100 year period of active institutional control is suggested, followed by another 150 years of
passive control. Including the initial 50 year decay during facility operations, an overall
assumption seems to prevail that "the activity of the disposed waste will decrease to the level
of natural background" by the end of such control period. (In reality, however, after these 300
years the activity of spent resin drums may still remain several orders of magnitude above the
natural background. By way of comparison, that would be only about ten times less than the
activity of most other drums was at the moment of packaging.)

The proposed 100 years of active institutional control could nevertheless be a
reasonable input for first iterations of the preliminary assessment, but the final choice should
be deduced from the assessment results, balancing the other safety imposed requirements.

The remaining customary item in this section, the assessment calculations cut-off time,
can best be addressed in conjunction with the waste acceptance criteria, i.e. on the basis of the
long lived radionuclides content admitted into the repository, which presently is not known in
sufficient detail even for the already existing waste. But there is little doubt that the cut-off
time will be set much later than those 300 years.

Conclusions
With a number of important decisions yet to be made (the white blocks in Fig 2), the

preliminary safety assessment will have to be carried out through several iterations with
varied input, even if it is used "only" to facilitate those decisions. Even so, the validity of
resolution obtained through such an assessment could still be questioned on the grounds of
insufficient input data or inadequate modeling, or some entirely different arguments may
eventually be decisive for the final choices.

Safety assessment will nevertheless remain the only available method of establishing
"reasonable assurance" that Croatia can safely dispose of whatever waste it agrees to accept
from NPP Krsko. It is therefore worthwhile to attempt integrating its decision-supporting role
in repository development with its confidence building function. Having in mind the latter in
particular, it would seem reasonable to uniformly present calculation end points in terms of
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Figure 2. Assessment Context

dose and dose risk, which may be most convenient both for comparison purposes and public
presentation.

In order to achieve all this, the assessment must be carefully prepared. It should be
divided into modules robust enough to accept the varied inputs smoothly, and yet sensitive
enough to those variations the effects of which may be applicable in decision making. And, of
course, it should not be attempted until both site and waste characterization have significantly
advanced from the present level.

But first iterations of the preliminary safety assessment should be run as soon as
sufficient input data are assembled, because their output may, in addition to facilitating
specific repository development decisions, contribute to the overall formulation of Croatian
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radioactive waste management strategy. Although establishment of such a strategy has not so
far been perceived as a high priority by the national policy makers, it may soon be prompted
by the foreign policy requirements concerning relations with Slovenia.
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