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Abstract

An iterative process of safety assessment, presently focusing on the site-specific
evaluation of the post-closure phase for the prospective LILW repository on Trgovska gora in
Croatia, has recently been initiated. The primary aim of the first assessment iterations is to
provide the experts involved, the regulators and the general public with a reasonable
assurance that the applicable long term performance and safety objectives can be met.
Another goal is to develop a sufficient understanding of the system behavior to support
decisions about the site investigation, the facility design, the waste acceptance criteria and the
closure conditions.

In this initial phase, the safety assessment is structured in a manner following closely
methodology of the ISAM - The International Programme for Improving Long Term Safety
Assessment Methodologies for Near Surface Radioactive Waste Disposal Facilities - the
IAEA coordinated research program started in 1997.

Results of the safety assessment first iteration will be organized and presented in the
form of a preliminary safety analysis report (PSAR), expected to be completed in the second
part of the year 2000. As the first report on the initiated safety assessment activities, the
PSAR will describe the concept and aims of the assessment process. Particular emphasis will
be placed on description of the key elements of a safety assessment approach by: a) defining
the assessment context; b) providing description of the disposal system; c) developing and
justifying assessment scenarios; d) formulating and implementing models; and e) interpreting
the scoping calculations.

Introduction

In addition to radioactive waste generated in medicine, industry and research, Croatia
may have to manage its share of the waste generated by the nuclear power plant Krsko in the
neighboring Republic of Slovenia. Built as a fifty-fifty venture of two former Yugoslav
republics, NPP Krsko is still with undefined ownership, pending agreement among partners,
sovereign states today. A number of activities related to establishment of a LILW repository
in Croatia have been initiated in anticipation of this agreement, but no explicit commitment
has yet been made. Although preparations for repository construction in such circumstances
may appear premature, anything less than that could have been interpreted as refusal of
partnership responsibilities.

Repository related activities in Croatia have so far included a thorough site-screening
of the Croatian territory, site selection procedure and preparation of two conceptual facility
design variants.
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Recently, the safety assessment for the prospective repository has been initiated, with
the primary aim to provide the experts involved, the regulators and the general public with a
reasonable assurance that the applicable long term performance and safety objectives can be
met by the planned facility. Another goal is to develop a sufficient understanding of the
system behavior to support decisions about the site investigation, the facility design, the waste
acceptance criteria and the closure conditions.

Context in which the safety assessment process is initiated

Croatian legislation still deals with radioactive waste management and disposal
prescriptively through regulations designed for nuclear facilities in general, and primarily
tailored for purposes of NPP safe operation. The philosophy of "International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources"
(henceforth referred to as BSS) [1], as well as the more specific technical and other
requirements on disposal of radioactive waste issued under the IAEA's Radioactive Waste
Safety Standards (RADWASS) Programme, have not yet been fully integrated into the
Croatian regulatory framework of radiological protection and safety. Therefore, no
comprehensive, self-sufficient set of guidelines for establishment of a national LILW
management system and disposal facilities, consistent with these internationally recognized
recommendations, could have been developed so far.

APO — Hazardous Waste Management Agency, was established almost 10 years ago,
primarily in order to carry out or supervise activities related to development of a LILW
repository (e.g. site selection, site characterization, design, safety assessment and public
relations). Project of establishing repository is well on its way now: site selection procedure is
in the advanced state since the location on Trgovska Gora was chosen as preferential and
reserved for full characterization in the Physical plan accepted by the Croatian parliament;
two conceptual/preliminary facility designs had been drawn up (combining available and
generic design parameters), one for a horizontal tunnel repository and the other for a concrete
vault near surface facility.

At this point it was decided that a preliminary safety assessment report (PSAR) -
preliminary in the sense that it is not yet required by any regulation - will be prepared as an
overview of the past activities and as the first evaluation of the safety case. In order to prepare
the PSAR and to demonstrate that the proposed disposal project is an acceptable safety
option, a safety assessment process was initiated.

The safety assessment process will develop through a number of iterations which will
reflect and influence the repository establishment [2,3], Safety assessment can play a role in
future site characterization, establishing waste acceptance criteria, designing and optimizing
engineered barriers for planned facilities and, in particular, it should contribute to the final
decision on the repository type to be built on Trgovska Gora. Safety assessment is also
fundamental to the future licensing process. In each of these areas, safety assessment plays a
key role in focusing attention on the issues related to the long-term safety of the disposal
system. Safety assessment can therefore be seen to be an important factor of development,
based on which practical decisions about repository establishment in Croatia will be made.

In this initial phase, the safety assessment is structured in a manner following closely
methodology of the ISAM - The International Programme for Improving Long Term Safety
Assessment Methodologies for Near Surface Radioactive Waste Disposal Facilities - the
IAEA coordinated research program started in 1997.
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The ISAM program places a special emphasis on the review and enhancement of post-
closure safety assessment approaches and tools for proposed and existing near-surface
radioactive waste disposal facilities, focusing in particular on the review and enhancement of
approaches and tools used for: scenario development and justification; model formulation and
implementation, including input data; and confidence building.

Our safety assessment process is and will remain, even in the later stages, limited by
the size of the Croatian nuclear program. Extensive research will clearly not be possible.
Therefore, our safety cases for the disposal facilities on Trgovska gora, while becoming
increasingly site specific with accumulation of the site characterization data, will largely have
to rely on the approaches and tools suggested and advanced through the ISAM project.

PSAR: form and contents

As the first report on the initiated safety assessment activities, the PSAR will describe
the concept and aims of the assessment process. Therefore, it should as closely as possible
follow the lines of reasoning of the safety assessment, both in form and contents. Since the PSAR
is not yet intended for the formal regulatory approval of repository development, and it is not a
safety case in the formal sense, it will contain elements of both a progress report and a plan of
further activities. In particular, the PSAR should be able to provide early warnings of technical
and regulatory gaps to be filled.

Its primary purpose is confidence building for the experts involved in the repository
establishment. Although not formally required, it will be submitted to the regulators for
comments and suggestions, and in order to help them prepare for analyzing and peer
reviewing of such documents. Ideally, their response should include instructions on necessary
changes and improvements expected from the team preparing the safety case.

Closely following the ISAM methodology, the contents of the PSAR will be divided
into six sections:

• the assessment context,

• disposal system description,

• features, events and processes list (FEPs list) and scenario generation,

• modeling,

• the calculations, and

• analysis and evaluation of results.

The context is a brief description of the key elements of the specific safety assessment
to be carried out. The first step in defining the Croatian assessment context consists of asking
a number of relevant questions, such as: what is the purpose of this assessment (e.g. overview
of the project, Trgovska Gora site characterization, decisions on the type of the repository,
etc.), what are the appropriate assessment criteria (e.g. individual doses, individual risks,
environmental concentrations, etc.), what are the times-cales to be considered?

The disposal system description will contain the available information on:

• the planned disposal facility (e.g. disposal options, facility design variants, engineered
barriers, facility dimensions);

• the expected waste inventory (e.g. radionuclide activities and concentrations, waste types,
waste forms); and
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• the site characteristics (e.g. the geosphere with its lithologies, water flow and transport
characteristics, etc., then the biosphere including human activities and the exposure
pathways, etc.).

It is important to ensure that the data collected be pertinent to the assessment context.
For the first iteration of the safety assessment, the emphasis will be placed on the collation of
the existing data rather than on the collection of new data. For subsequent iterations, the
emphasis will shift towards collection of the most relevant missing data. —

FEPs list and scenario generation are closely related processes, and will strongly depend
on expert judgement. The FEPs list is presently being generated and documented in a
systematic way, representing all features, events and processes which could directly or
indirectly influence the planned Croatian disposal system and migration and fate of
radionuclides it contains. The resulting list will be used together with the system description
to formulate scenarios.

In a safety assessment, it is often important to evaluate the performance of the disposal
system under both present and future conditions, including anticipated and less probable
events. This means that many different factors (e.g. conceptual model and parameter
uncertainty, long time periods, human behavior and climate change) must be taken into
account and evaluated in a consistent way, often in the absence of quantitative data.
Judgements on which of the scenarios should be analyzed in the safety assessment are then
made. The chosen set of scenarios depends on the purpose of the assessment (i.e. on the
assessment context). Together, the scenarios should provide a picture of future evolution,
critical issues and system robustness. A transparent scenario generation and selection
methodology is an important part of confidence building, especially since scenario generation
is often the focus of attention during independent reviews.

Reporting on the initial iteration of the safety assessment process, the PSAR will not
investigate beyond the level of scoping or screening calculations. The level of detail to which
the models will be developed not only is a function of the assessment context, but it also
reflects the early stage of the safety assessment process. For the very first iteration it might be
sufficient to generate only simplistic models for screening purposes [4], which can be
implemented using simple and non-dedicated computer tools such as spreadsheets. Very
simplified or scoping calculations of some system component or of the entire system will be
more transparent, and therefore more easily accepted, particularly by the public. Models for
later iterations, especially the formal safety case, may need to be considerably more
comprehensive. In addition to the primary set of radiological protection criteria, selected in
accordance with the national regulations and the international recommendations, a variety of
indicators will be used to interpret the assessment results (e.g. natural background radiation;
natural background concentrations of contaminants etc.).

PSAR: specific features

Being the first safety report in the Croatian waste management community, the PSAR
can contribute to the general confidence building only if it incorporates extensive educational
features. This will be realized through dedicated sections and appendices explaining gradually
the most relevant aspects of repository establishment and related safety analyses (with an
adequate overview of good practices in the field), as an introduction to more specific and
complex issues, such as are presented by the scenario generation and justification, conceptual
modeling, model simulation and result presentation and interpretation. Assuming that the
target audience ("the stakeholders") for the first assessment iterations will be so broad as to
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include practically all the people involved in the project, as well as many officials that may
have some regulatory jurisdiction over the project, and possibly some informed and interested
individuals from the general public, the PSAR is conceived as a stand-alone product, for
understanding of which an average reader will not have to rely on an extensive outside
reference. On the contrary, this first report should provide the most relevant general
knowledge that can be used for better understanding of the subsequent reports, which can
therefore be organized in a more concise manner.

The PSAR is supervised and partly realized by the APO staff department for safety
assessment, while other parts of this complex task are carried out in collaboration with the
few expert firms or specialized organizations associated with the University of Zagreb, as
well as with independent experts from several fields.

It is expected that first iteration of the safety assessment will be finished by July this
year, and that the first version of PSAR will be ready for delivery and critical evaluation
sometime in September this year.

Two aspects related to the PSAR generation merit some additional consideration at
this point: the data collection and the computer tools application.

The development of a safety case usually requires considerable quantities of data
related to the disposal system (that is the site and its environs, the disposal facility and the
wastes). These data are used throughout much of the safety assessment process, particularly
in: scenario development and justification; model formulation and implementation; and
results interpretation. Our safety assessment up to now identified the need for more data, in
particular waste related data. While the data on Trgovska gora characteristics, completed in
this phase without the on-site investigations, will suffice for this first iteration of the safety
assessment, waste related data are scarce and insufficient for any model simulations, so we
shall rely mostly on generic data inferred from the nuclear power plants of similar concept
and size as the NPP Krsko.

Many mathematical models of varying degrees of sophistication have been developed
and documented for the processes which need to be considered in safety assessments (e.g.
transport in the near-field, through the geosphere and in the biosphere). Also, numerous
computer tools have been developed elsewhere to allow the solution of these mathematical
models. For most of the available tools, the issues associated with their quality assurance and
verification are considered through the ISAM program in such a way that their use is
defensible in a credible safety assessment process. For the immediate future we find this
arrangement to be satisfactory, and shall not attempt to develop new dedicated tools.

Conclusions

If the expected arrangements concerning the ownership of the NPP Krsko are made
during this year, with the responsibility for the waste management clearly outlined, then a
location permit procedure for the LILW repository on Trgovska gora may be initiated very
soon. The results summarized in the first PSAR will then be the basis for further iterations of
the safety assessment to be included into the actual safety case. The assessment and the PSAR
preparations are used to identify the resources, and to provide the needed level of confidence
to all interested parties, particularly to the repository project team, that it is sensible to
proceed with their plans for the waste disposal on the selected location and that they will be
able to demonstrate with a reasonable assurance that the human health and the environment
will be adequately protected.
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A comprehensive and up-to-date awareness of the range of safety assessment
approaches and tools that can be used to assemble a safety report is building up, as well as the
first practical experience in evaluation and implementation of those approaches and tools
which are most appropriate for the Croatian circumstances. Also, first experience is gained in
PSAR formulation, particularly regarding the issues such as transparency, traceability,
handling of expert judgement, and identification of uncertainties.

Even at this early stage of the assessment initialization, we can point out several
relevant observations and conclusions that can already be drawn from the work accomplished
up to now:

• The safety assessment initial steps have already indicated some important gaps in the
overall knowledge about the repository project (e.g. about the engineering of the final
cover, about the properties of the materials to be used in the vault structures etc.).

• It has already become clear that this first assessment iteration, with the presently available
data on the site characteristics, cannot provide adequately discriminating descriptions of
the future performance for the two facility design variants - at least not with such a
resolution which could facilitate the pending choice between the variants.

• The results of the first assessment iteration will be evaluated against the radiological
protection criteria formulated for this purpose by the safety assessment team. Only when
the whole process is reported to all the regulators likely to exercise any authority in the
repository approval procedures, may we expect to learn how the actual Croatian
regulatory framework - incomplete, heterogeneous and partly obsolete - responds to our
safety assessment supported repository establishment plan.

• The safety assessment methodology, introduced and practiced in this project, has a
definite potential for application in projects assessing operational or long term
performance of other facilities, in particular those involved in management and disposal of
other types of hazardous waste - which is an important point to note in a small country
with limited resources.
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