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ABSTRACT

The 6.5 MW heavy water RA research reactor at the VINČA Institute of Nuclear Sciences
operated from 1959 to 1984. After 18 years of extended shutdown in 2002 it was decided
that the reactor shutdown shoul be final. Preliminary decommissioning activities have been
initiated by the end of 2002 under the Technical Co-operation Programme of the
International Atomic Energy Agency. The objective of the project is to implement safe,
timely and cost-effective decommissioning of the RA reactor up to unrestricted use of the
site. Decommissioning project is closely related to two other projects: Safe Removal of the
RA Reactor Spent Nuclear Fuel and Radioactive Waste Management in VINČA Institute.
The main phases of the project include preparation of the detailed decommissioning plan,
radiological characterization of the reactor site, dismantling and removal of the reactor
components and structures, decontamination, final radiological site survey and the
documentation of all the activities in order to obtain the approval for unrestricted use of the
facility site.

In this paper a review of the activities related to the preparation and realization of the RA
reactor decommissioning project is given. Status of the project's organizational and
technical aspects as for July 2004 are presented and plans for the forthcoming phases of the
project realization are outlined.
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1. Introduction

Being the licensee of the RA research reactor [1-4], the VINČA Institute in 2001 brought a decision to
finally shutdown the reactor. By the end of 2002 the VINČA Institute project team prepared the
project proposal and a general support from the Government of Serbia to start the decommissioning
was obtained. But at the very beginning the project has faced some specific difficulties, such as
absence of a legal framework and a regulatory body, lack of funding and no governmental policy
regarding radioactive waste management.

The significant support for solving the above nuclear and radiation safety problems came from the
International Atomic Energy Agency (IAEA) through the Technical Co-operation Programme (TCP).
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The two TCP projects that have been launched in 2001 and 2002 were focused on assuring the safety
of irradiated fuel and radioactive wastes at the RA research facility, and evaluating the current
inventory and estimating the future inventory of waste at the VINČA Institute.

In 2003 another three projects were approved:
• Decommissioning of the VINČA RA Research Reactor
• Safe Removal of Spent Fuel of the VINČA RA Research Reactor
• Safe Management of Waste in the VINČA Institute

At the end of May 2004 Serbian Ministry of Science and Environmental Protection has initiated
development of the national program for solving nuclear and radiation safety problems at the VINČA
Institute. A coordinated and interrelated VINČA Institute Nuclear Decommissioning Program (VIND
Program) [5] will consist of three main Projects which correspond (with the three active IAEA TC
projects) and several supporting activities, proposed for the implementation in the next 10 years.

2. The RA Research Reactor

The RA research reactor went critical in December 1959 and was temporarily shut down in August
1984. Its full power was 10 MW, and it was operated at nominal power of 6.5 MW. Main components
of the reactor were manufactured in the former Soviet Union. The RA is a tank type reactor utilising
heavy water both as a primary coolant and moderator. From its commissionig in 1960 until 1975, the
fuel was low enriched uranium fuel (2% of 235U). In 1976, the original fuel was gradually replaced by
a highly enriched uranium fuel (80% of 235U). Both types of fuel elements are of the ex-USSR origin
and have the same shape and dimensions and approximately the same initial mass of 235U nuclide.
These fuel elements are known as the TVR-S type of fuel elements. The reactor was successfully used
for scentific reasearch and commercial purposes.

Since for a number of both technical and political reasons the reactor has not been restarted after long
period of extended shutdown [6], all plans for the reactor RA refurbishment were abandoned. A
proposal for decommissioning of the RA reactor based on economical and technical reasons, was
submitted to the Federal government in 2001. During summer 2002, the Governments of Federal
Republics of Yugoslavia and Republic Serbia issued an agreement for the final shutdown of the RA
research reactor and it’s decommissioning.

Following new initiatives on international perspective on nuclear spent fuel management, the VINČA
Institute set a proposal to the Government to ship the spent fuel elements of the RA reactor back to the
country of origin – a spent nuclear fuel reprocessing plant "Mayak" in Russia. The IAEA and the
Governments of USA and Russian Federation generally supported this initiative. In accordance with
the decision of Serbian Government, related to the RERTR Program (Reduced Enrichment for the
Research and Test Reactors), all unused highly enriched uranium fuel from the RA and RB reactors
was shipped to the country of origin (Russia) in August 2002.

The RA facility consists of the main/reactor building and auxiliary structures. They include a
ventilation centre building, the pumping station building on the bank of Danube River with the
corresponding water pool in Vinča village, and the liquid waste system for contaminated effluents
released from operational activities in the reactor building.

The interim spent fuel storage [7-9] and the hot-cells compartment are located at the main building.
Both systems are interconnected with the reactor system. The total of 8030 spent fuel elements is
stored at the RA reactor building, almost all of them in the spent fuel pools filled by a tap water. These
pools were designed as a temporary storage for the irradiated fuel. The last used 480 high-enriched
uranium fuel elements have been kept in the 48 fuel channels of the drained RA reactor core since
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1984. Heavy water was drained from the reactor core and primary cooling system, and stored in the
heavy water reservoir beneath the reactor hall.

During the reactor operation there were several events with the influence on the current radiological
status of the facility [10]. The most important are cobalt contamination of the primary coolant circuit
in 1963, effusion of about 300 liters of heavy water from the primary cooling system during the repair
work in 1965, one fuel failure in 1970 and spreading the radioactive dust with 60Co from the hot cells
over the room in the early 80’s of last century.

3. Status of the RA Reactor Decommissioning Project - July 2004

The objective of the RA reactor decommissioning project is to implement safe, timely and cost-
effective decommissioning of the facility up to unrestricted use of the reactor building for other
purposes [11]. Realization of the project relies upon two interrelated projects: Radioactive Waste
Disposal and Spent Fuel Transport.

Although an initial decommissioning plan should be prepared in parallel with design and construction
plans of a new facility, and have to be submitted with construction application for a new facility, such
course was often not followed in practice, as far as older facilities are considered. That was
particularly the case with the RA reactor - neither during its design and construction, nor during its
operational life, any planning for decommissioning was carried out. In that regard nothing has changed
even after the reactor was shut down, and no transition plan have been made.

The scope of the proposed decommissioning project was based on the strategy of immediate
dismantling of the RA reactor facility. During the preliminary planning strategy option study has been
performed in which advantages and disadvantages of three basic strategies were analysed (immediate
dismantling, deferred dismantling and entombment) and immediate dismantling has been proposed as
an optimal strategy for the RA reactor decommissioning [12]. Duration of the decommissioning
project is roughly estimated to be 10 - 12 years. In the first phase of the project the main activities are
related to the review of the reactor documentation, decommissioning planning, radiological
characterization and the removal of existing wastes and experimental equipment in the reactor hall.
Dismantling of the reactor components and systems and removal of radioactive materials will start
after the spent fuel removal from the reactor building.

First project contract in 2003 between the IAEA and the VINČA Institute "Initial Planning for the
Decommissioning of the RA Research Reactor" (IAEA code YUG4028-92441A) covered usual
preparatory and planning activities for which the decommissioning licence is not needed. The
following activities were performed:
• establishing the decommissioning planning team
• defining the decommissioning project outlines and content of the plan
• preparation of the strategy options study
• selection of the decommissioning strategy
• creating the central database of documents, records and files related to the reactor facility, its

construction, operational and radiological data and events
• providing the additional data about the possible differences between the documentation and

existing facility layout (first half of the activity)
• preparation of the radiological characterization plan
• preparation of some portions of the decommissioning plan (sections Introduction, Facility

Description, Project Management, Decommissioning Strategy, Decommissioning Activities,
Physical Security and Safeguards)
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About 20 participants from the Centre for Nuclear Technologies and Research "NTI" of the VINČA
Institute were involved in the Contract realization. Material costs were relatively low and specific
equipment was not needed in that phase of project realization. All the activities were completed [13],
reports reviewed and accepted by the IAEA technical officer. Government and relevant Ministry have
been regularly informed about the project progress and problems, mainly related to the legislation and
funding.

Current contract for 2004 "Radiological Characterization of the RA Research Reactor and
Decommissioning Planning" (IAEA code SCG4004-80400A) [14] includes activities:
• establishing the document control system (completed)
• preparation of transition plan for the RA reactor (80% completed)
• preparation of characterization data base (80% completed)
• comparison of the documentation with the existing facility layout (continuation of the activity,

completed)
• start of radiological characterization – survey, sampling, measurements and calculation (in

progress)
• decommissioning planning (sections Safety Assessment and Environmental Impact Assessment, in

progress)

At the same time surveillance and maintenance activities of the vital reactor systems and packaging
and removal of the existing wastes (mainly experimental equipment) located in the reactor hall are
performed regularly.

Expert and technical support has been also provided by the IAEA. Two workshops were held in
VINČA Institute (Basics of Decommissioning, MS Project in Project Management) and one visit to
the facility under decommissioning (ASTRA reactor in ARC Seibersdorf). Equipment for concrete
drilling and metal cutting has been purchased for the characterization sampling. Sampling and survey
measurement equipment is ordered but still not delivered, that may cause some delay in the realization
of radiological characterization of the facility.

In order to provide safe environment for decommissioning activities it is necessary to refurbish some
of the auxiliary systems at the reactor site. In the forthcoming period it is necessary to upgrade the
ventilation system, radiation and contamination monitoring system, power supply system, to test and
repair transport devices in the reactor building. Physical security and safeguarding of the site and
nuclear material is going to be upgraded through the project funded by the Government and the Sandia
National Laboratory (USA).

4. Legal and Organizational Aspects

The operating organisation applying for the decommissioning licence has to ensure compliance with
national, regional and local regulations, standards and laws. In this regard, all relevant legislation
likely to be applied in the decommissioning program has to be identified before or during the planning
stage. Existing law on Ionising Radiation Protection and Nuclear Safety in Serbia & Montenegro does
not provide regulations for decommissioning.

Due to the overall status of nuclear legislation and nuclear policy in Serbia and Montenegro, the RA
reactor decommissioning project is accompanied with certain conditions and constrains, such as:
• absence of clear national policy and strategy on decommissioning and radioactive waste

management;
• absence of legal framework - relevant legislation and mandatory documents needed to regulate the

decommissioning of nuclear facilities;
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• absence of relevant nuclear regulatory authority competent to review and assess the
decommissioning plan, issue licence for decommissioning, and carry out inspections of the
decommissioning project implementation (currently the regulatory role rests within the Serbian
Ministry of Science, Technology and Environmental Protection);

• uncertainties regarding allocation of appropriate financial resources and Government funding
mechanisms for the decommissioning.

However, there are prospects that some of these obstacles would be overcome in the near future. The
relevant Ministerial Offices have recognised the need for improvement of the existing Law on Ionising
Radiation Protection and Nuclear Safety, so it is currently being revised. The objective is to make it
more consistent and efficient, and to add legislation in a technical area (primarily decommissioning) in
which recent activity has revealed a deficiency in legal arrangements. The existing Law should also be
completely re-structured, not only to enhance its clarity and implementation, but in order to harmonise
it with the internationally recommended structure.

A draft of the new Law on Ionising Radiation Protection and Nuclear Safety has been prepared on the
basis of the existing national legislation, safety standards of the International Atomic Energy Agency
(IAEA), the European Union (EU) and other international recommendations. It is expected to enter the
Parliament soon and to be adopted by the end of the year. This law conceives establishment of the
Agency for Radiation Protection and Nuclear Safety as the regulatory body in Serbia.

The approach chosen to accomplish the RA reactor decommissioning is that the VINČA Institute, as
the operator, should be the licensee and perform the decommissioning with in-house resources
supplemented by specialist contractors as needed. The disadvantageous fact for performing the RA
decommissioning project is that the VINČA Institute personnel have no experience in planning and
realisation of the decommissioning activities. However, there are professionals highly skilled in
reactor physics, nuclear engineering, radiation protection and waste management, who would be
capable to carry out the decommissioning project with additional training and efforts. It is necessary to
carefully select among them the specialists with the competencies that are the most appropriate for
performing particular project activities, and hence make the maximum use of the existing expertise.
The decommissioning team should be additionally trained, and also learn from experience elsewhere
so as to be able to consider range of options available.

Although the RA reactor has been in an extended shutdown phase for many years, there has not been
any decommissioning oriented team assembled. After the decision was made to decommission the
reactor, it was essential to identify the team and to perform the necessary project planning. The
appropriate professional groups necessary to cover a broad range of functions in the initial phase of the
decommissioning project are determined, and the corresponding teams are assembled from the
personnel that is available at the VINČA Institute.

Two main functional structures/divisions are established within the VINČA decommissioning project
team - the Decommissioning planning division and the Technical support and operations division.
First one is in charge for the decommissioning planning, costing (feasibility study), quality assurance,
health and safety, personnel training and administration services. This division identifies the objectives
of the decommissioning process and develops conceptual decommissioning plan, taking into account
all technical and non-technical conditions and constrains accompanying the RA reactor
Decommissioning Project. The second division comprises maintenance, characterization, waste
management, radiation protection and record keeping groups. The maintenance group consists of the
RA reactor maintenance team in order to gain maximum benefit from their experience gathered during
the maintenance of the facility, and their familiarity with the reactor facility and the site.
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5. Conclusion

The RA Research Reactor Decommissioning Project as a part of the VIND Program has been
launched in spite of numerous technical, organizational and legislative problems and uncertainties.
The support has been gained from the IAEA through the Technical Co-operation Programme. It is
expected that regular Governmental funding of the Project will be established until the end of 2004.
The main activities in first several years are related to the decommissioning planning, radiological
characterization and removal of wastes. Dismantling activities will start after the removal of spent
nuclear fuel. International collaboration and support through the transfer of good practice and
technology, trainings and visits to other sites are needed.
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