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Abstract

The sources of radioactive waste in Romania are users of radiation and radioactive materials in industry
(including nuclear electricity generation), medicine, agriculture and research and also the processing of materials
that are naturally radioactive, such as uranium ores. The different types of radioactive waste are classified into
four categories of waste: excepted waste, low level waste, medium level waste and high level waste. A spent fuel
management sub-programme as a part of the Radioactive Waste Management programme was initiated by the
former Romanian Electricity Company (RENEL) in 1992. Within the frame of R & D of the Radioactive Waste
and Spent Fuel Management Programme, the topics cover investigations, studies and research to identify the sites
and the conceptual designs for a Spent Fuel Interim Storage Facility (SFISF) and also a Spent Fuel Disposal
Facility (SFDF). Changes in the organization of the nuclear activities of RENEL, involving both responsibilities
and financing aspects, led to interruption of the programme. The programme includes study of the main methods
and the existing technologies for the design, operation and safety of an interim storage facility (including
transport aspects). It also includes analysis of details on the site selection for this facility and for a spent fuel final
disposal facility. The achievement of the spent fuel interim storage facility is proceeding. The results from the
studies performed in the last years will permit us to prepare the feasibility study next year and the documentation
required by our regulatory body for starting the process to obtain a license for a SFISF at Cernavoda. A second
phase is the assessment of a long term strategy to select and adopt a proven disposal technology for spent fuel,
corresponding with a selected site. The status of the work performed in the frame of this programme and also the
situation of the spent fuel from research reactors are presented.

1. INTRODUCTION

The Romanian Atomic Act, Law No.l 11/1996 has been in force for the safe deployment of
nuclear activities. It provides the legal requirements for radioactive waste management. According to
this Law, the waste producers bear the responsibility for the management of their radioactive waste
and also for the financial and material arrangements for the collection, transport, treatment,
conditioning and disposal of waste from deploying their activities and also for decommissioning of
their facilities. The licensee pays a legally required fee into the Radioactive Waste Management and
Decommissioning Fund (RWMDF).

In 1996 Romania became the 30th country operating nuclear power plants. The Cernavoda Unit
1, equipped with a CANDU type reactor, satisfies about 9% of Romania's actual electricity needs.
Measures for reducing the radiological impacts on the environment have been taken within the
CANDU Project, but it is necessary to ensure safe radwaste management in accordance with IAEA
recommendations and following the ALARA principle. According to the Law, the handling of
radioactive waste, including spent fuel, resulting from research and from nuclear electricity generation
must be safely managed and disposed of in ways that ensure the protection of humans and the
environment, now and in the future.

2. THE SPENT FUEL PRODUCERS IN ROMANIA

In Romania the spent fuel is produced both in research and power reactors. I will present later
in this report details on the facilities producing the spent fuel.



2.1. Research facilities

2.1.1. Institute for Nuclear Research (ICN) from Pitesti.

A TRIGA type (USA) reactor has been in use in ICN since 1978. It is expected to be in
operation for another 15 years. The facility contains a pool type TRIGA reactor with a nominal power
of 14 MW and another pulsed reactor placed into the same pool. Both of these use low enriched
uranium (LEU) fuel.

The reactor research facilities contain a hot cell in which radioactive sources up to 1 MCi of
Csl37 can be handled. In the hot cell, research work can be done with irradiated fuel bundles, for
example irradiation damage and burn up determination. In the temporary storage pool next to the
reactor pond 4 spent fuel clusters are now stored. The spent fuel quantities are low and their return
back to the USA for management is provided under the contract.

2.1.2. The Institute of Physics and Nuclear Engineering "Horia Hulubei" (IFIN-HH) —Magurele

IFIN — HH is the owner of the Russian VVR-S type research reactor. The VVR-S is a tank-
type research reactor of 2 MW nominal thermal power and a maximum neutron flux of
2 x 10l3n/cm2/s. The reactor was designed and manufactured in Russia and has been in operation
since 27 July 1957 without any recorded events and without significant refurbishment. The reactor is
currently shutdown awaiting a safety audit to be made by the regulator, CNCAN. Depending on the
results of the audit, a decision on the pre-decommissioning activities will be taken.

It is planned to store the spent fuel for 40-60 years, followed by direct disposal. The plant
operators are assessing the storage system. Currently, the spent fuel is being cooled in the reactor
spent fuel pool. For the medium term the fuel will be stored at the away from reactor (AFR) facility at
the Magurele site, while the long term options are being evaluated.

2.2. Cernavoda nuclear power plant, unit 1

Cernavoda Nuclear Power Plant was originally planned as a four unit plant equipped with
CANDU 600 reactors. Within three years of starting construction, this was increased to five units.
The reactors are fuelled with natural uranium and moderated and cooled with heavy water under
pressure. Each unit has a thermal power of 2180 MW using a design developed by Atomic Energy of
Canada Limited (AECL).

Unit 1 was put in operation in December 1996. Now, efforts are concentrated to finish Unit 2.
There have been work delays which have caused financial difficulties, but the project is still ongoing
and the work at the site is continuing at a slow speed.

The spent fuel is currently stored in the main storage bay located in the NPP's Service
Building, which has a capacity of 49 000 fuel bundles. Approximately 5000 fuel bundles are stored
annually (80% reactor capacity factor) in the Storage Spent Fuel Bay (SFB).

The main characteristics of the CANDU spent fuel bundles are as following:

- Geometry cylindrical
- Dimensions (mm): length 495.3 +/- 0.75

: diameter 102.5
- Fuel mass (Kg of UO2) 8.7
- Bundle mass (Kg.) 23.722
- Fuel enrichment (%weight of U 235) 0.72
- Cladding material Zr
- Fuel burnup(MWd/tU) 7400(average)



3. ROMANIAN SPENT FUEL AND RADIOACTIVE WASTE MANAGEMENT POLICY

The main objective in the management of radioactive waste is to protect current and future
generations from unacceptable exposures to radiation from man-made radioactive materials.

The sources of radioactive waste in Romania are users of radiation and radioactive materials in
industry (including nuclear electricity generation), medicine, agriculture and research; and the
processing of materials that are naturally radioactive, such as uranium ores, thorium associated ores
and phosphate fertilizers. The different types of radioactive waste are classified into four categories of
waste: excepted waste, low level waste, medium level waste, and high level waste. This classification
is related to the concentration of the radioactivity in the waste and hence to the intensity of the
emitted radiation.

RENEL was responsible for waste management of the Cernavoda NPP. The spent fuel which
retains 99% of total radioactivity will be stored for 7-10 years in a special concrete epoxy lined bay
called the 'Spent Fuel Storage Bay'. There is no intermediate storage facility for the spent fuel.

RENEL was also responsible for waste management of the fuel fabrication plant and, through
the Institute for Nuclear Research (ICN), for waste management of the 14 MW-TRIGA type material
testing reactor and the associated irradiation examination facility.

IFIN — HH is responsible for waste management from its VVRS research reactor. The spent
fuel assemblies from the research reactor are kept in wet storage.

In a restructuring of Romania's power sector, the nuclear activities were separated from
RENEL and split into different entities. As the first step, a 'Governmental Decision' was taken to
create 'National Power Grid Company' to take on the nuclear activities. The responsibility for the
management of the radioactive waste, including spent fuel from NPP Unit 1, was entrusted to
Nuclearelectrica SA / CNE PROD.

4. STATUS OF ROMANIAN SPENT FUEL MANAGEMENT

In 1992, RENEL, the former owner of the Cernavoda NPP, initiated a Research & Development
Spent Fuel Management Sub-programme, as a part of a Radioactive Waste Programme, with the
following main directions:

(a) The establishment of the concept for the Spent Fuel Interim Storage Facility; (SFISF)
(b) The selection and the site investigation of the Spent Fuel Final Disposal Site and the

development of a concept for this facility.
The main objectives of the programme are presented below.

FACILITY/ACTIVITY COMMISSIONING
(year)

1. Spent Fuel Interim Storage Facility(SFISF) 2005
2. Opening the Spent Fuel Final Disposal Laboratory 2035
3. Opening the Spent Fuel Final Disposal Facility(SFDF) 2050
4. Closing of the Spent Fuel Final Disposal Facility 2075

The changes that occurred in the infrastructures and the organization led to stopping the re-
evaluation of the programme at the end of 1998. Because of organizational changes of nuclear
activities, affecting both responsibilities and financing aspects, the programme was stopped.



In Romania, the nuclear activities are licensed under specific requirements specified in the Law
111/1996 (republished), or regulations issued by CNCAN, the regulatory body, or additional
conditions specified in license.

4.1 Spent fuel interim storage facility

The NPP Cernavoda project includes a Spent Fuel Storage Bay (SFB) with a design storage
capacity of spent fuel arising from ten years of operation of one unit at 80% load factor. At this design
load factor, the quantity of spent fuel discharged from the 5 units in 30 years is estimated to be about
14 400 tons of uranium with a quantity of about 94 tons discharged every year from one reactor unit.

Taking into account the capacity factor of Cernavoda Unit 1 obtained in 1997 (87,27 %), which
increased in 1998 (over 92%), it is expected that we will have an increased quantity of spent fuel to be
stored in the SFB and, as a consequence, the bay will be full before the expected time. In these
conditions, we expect that the schedule for commissioning of the Spent Fuel Dry Storage Facility needs
to be advanced.

Cernavoda NPP offers two possibilities to use the existing areas and systems for loading and
preparation of the spent fuel for dry interim storage. One of these is to use the reception bay; and the
other one is to use the SFB. If the SFB is used for loading and preparation of the spent fuel for dry
storage, the storage capacity of the bay will be reduced by about one year.

Considering the above facts, and the uncertain schedule for commissioning Units 2-5, it was
considered that the spent fuel will result only from 2 units. The analysis developed for the SFISF have
proposed a modular concept, which will permit an investment distribution according to the anticipated
spent fuel quantity that will be discharged from reactors.

The characteristics of CANDU fuel present advantages and disadvantages in the selection and
design of the facility and constitute another design input. Related to this data, we considered the
experimental results from the Canadian experience [1].

The CANDU fuel contains natural uranium, has low weight and small dimensions, and it is free
from criticality hazard. Also, the low burnup characteristics (average burnup is about 7400 MW d/tU),
result in both low thermal power and low specific activity. Therefore, the fuel is less difficult to
manage than light water reactor fuel.

On the other hand, the larger quantity of the fuel, and the greater number of bundles to be
transferred and prepared for storage, requires special attention in the design process.

We have studied the possibility to place the Interim Storage Facility at the site of Cernavoda
NPP or in its neighborhood. At the preliminary stage, 6 possible sites within or outside Cernavoda
NPP area have been analyzed for interim spent fuel storage. As a conclusion of these studies, the
optimum site seems to be within the NPP boundary. This selection has a direct advantage, as it would
avoid transport on public roads, simplifying the transport system.

A site close to planned Unit 5 of Cernavoda NPP does not disturb other activities in this area
and has the benefit of existing roads, utilities and other services, etc. We are now doing the
investigation of the site and evaluation of its characteristics.

Regarding the storage systems we have already analyzed different types, namely:

(a) Ponds;
(b) Dual purpose casks;

— one piece flask (DSC flasks / Ontario-Hydro, CASTOR / GNS, TN / Transnucleaire),



— canister in a concrete flask (TranStore / BNFL),
(c) Vaults;

— concrete monolithic module (CANSTOR / AECL),
— modular concrete vault (MVDS / GEC-Alsthom, CASCAD / SGN).

Taking into view the area limitations for extending the existing pool and the disadvantages
related to spent fuel storage in water, we rejected the pond option.

Next, the Canadian solutions were analyzed in depth. Also, other European solutions were
considered, taking into view the particularities of our site (a crowded site), and the site geography.

As a result of the preliminary analyses and evaluation, three interim storage facilities were
selected for comparison and in depth study. For comparison, we looked for an objective methodology.
We started by consulting IAEA documentation [2-7] and a method for products technical level
evaluation developed by the Politechnical University from Bucharest.

Based on these documents and on the characteristics of our SFISF, the analysis had two levels
of evaluation, with a different degree of complexity, namely:

— Level 1: a comparative analysis based on the general evaluation of the solutions;
— Level 2: a comparative analysis based on main systems evaluation (including main components).

For level 1, four main criteria were taken into consideration:

(a) Nuclear safety;
(b) Economics;
(c) Technical criteria;
(d) Interface with Cernavoda NPP project.

For evaluating the weight of each criterion, its importance was compared with the importance
of the other criteria. This ranking was expressed by values (from 1 to 10), for an easier level 1
comparison.

The nuclear safety criterion refers to the capability to fulfil certain fundamental requirements,
namely; adequate containment, shielding for gamma and neutron radiation, heat dissipation, and
criticality. Also, it must be sufficiently strong against external hazards.

The basis for comparing the solutions from economical point of view is the price per kilogram
of uranium stored in the ISF.

The technical criterion takes into account the performance in operation, materials, tests and
inspection during operation, systems redundancies, necessary auxiliary systems, decommissioning,
and spent fuel removal.

The Cernavoda Project does not include a system for preparing the spent fuel for transfer to
the ISF and for storage. Therefore, it is important to take into consideration the interface between the
ISF and the Cernavoda Project.

All the storage solutions require, more or less, modifications in Cernavoda NPP, including new
systems, modifications or linking with the existing systems, and modifications of procedures. The
interface with the nuclear power plant criterion takes these aspects into consideration.



The criteria were analyzed for each solution, taking into consideration the weight of each
criterion.

The ranking of the storage solutions resulting from this methodology is the following:

- Vault and concrete storage container;
- Concrete monolithic module.

These results are presented in Fig. 1.

column 1 - concrete monolithic module

column 3 - concrete storage container

2 3 4
criterion 1 criterion 2 criterion 3 criterion 4

FIG.1. The final results of multi-criteria analysis.

Because the "vault" solution is much more attractive for a large quantity of spent fuel, we
rejected this solution as there is uncertainty now regarding the completion of the last three units and
the operation of all five units. We have therefore selected Concrete Monolithic Module and Concrete
Storage Cask/TranStore solutions for analysis and feasibility study, as an optimal solution for our
facility.

We are on now preparing a SFIFS feasibility study for the spent fuel resulting from 2 units.

At the same time, we are now preparing the documentation required by our regulatory body
for obtaining a site license for SFISF. Basically, the facility compatibility with the site is being
evaluated in an initial safety analysis, to prove the environmental and safety criteria are satisfied, with
the aim to obtain a siting license.

4.2. Spent fuel disposal facility

Within the frame of this sub-programme, studies concerning the identification of the proposed
site, natural behaviour and geological assessment of some deep geological formations have been
completed. A total of 194 salt massifs, 5 volcanic tuff sites, 17 granite massifs and 5 green schist sites
were studied as follows:



(a) Platform green schists from Central Dobrogea Worst with the following characteristics
(quality) namely, dimensions (thickness ~ 3000 m, surface > 1000 km2), homogeneity (about
300 m thickness in upper level with fine granulation), low permeability, low population density
and low distance from NPP Cernavoda. Five areas were selected in the West of Central
Dobrogea;

(b) Salt formations from the Transylvanian Depression with qualities such as plasticity and low
permeability, in large massives (about 500-1,000 m thickness, at 300 m depth, with large area).
The formation has 80-99% NaCl and it is a low seismicity region. Four bodies were selected;

(c) Large granite bodies with 200-700 km surface, thickness more than 2000 m, in zones with low
seismicity (exception Macin site from Dobrogea) and homogeneity. Unpredictable water
circulation in zones with large hydro energy potential eliminated sites from seventeen analysed
bodies. Four granite bodies was selected;

(d) Volcanic tuff of Dej from Transylvanian Depression. The alterability, the permeability, the
possibility of water and gas accumulations, eliminated many sites. Only the northeast of
Transylvania Lunca Bradului area offers good conditions (10 km2 surface, 300-400 m
thickness, at 600-1000 m depth).

In the second stage, minimum field investigations are necessary and two deep geological
formations could be take into account; the platform green schists from the west part of Central
Dobrogea , and a formation from Transylvania.

Other aspects such as conceptual design of the repository or engineered barriers have not yet
been performed. More detailed investigations using different methods will be carried out before
taking a decision.

5. CONCLUSIONS

The present strategy for spent fuel management in Romania is to store for decay in reactor
storage pools for a minimum of seven years and then to transfer them to an interim storage facility for
several decades. The integrated spent fuel management with "wait and see" strategy has been
considered still valid as the best one for Romania until internationally acceptable spent fuel
management and back-end fuel cycle technology is established.

The first phase of spent fuel storage under safe conditions, so that the producers may provide
protection of personnel, population and environment according to the responsibilities stated by Law
No. 111/96, is ongoing now.

The development of Cernavoda Spent Fuel Interim Storage Facility is underway. The results
from studies performed in the last 5 years will be used to prepare the feasibility study. Now,
preparation of documentation to obtain the license for the site and a technical and economic study for
selection of the optimal solution for the SFIFS is in progress. Also, the evaluations for establishing an
Interim Storage Facility for the spent fuel from the IFIN research reactor are being performed.

The second phase includes the assessment of a long term strategy to use and adopt a proven
disposal technology for spent fuel, suitable for a selected site. At this time, we consider that the year
2035 is the deadline to have a site selected as a Spent Fuel Disposal Facility. We intend to open a
laboratory for developing supplementary investigations on this site (about 10-15 years) before the
commissioning of the Disposal Facility.

We are expecting that the experience gained during the design, construction and commissioning
of Cernavoda NPP's first Unit could be an important factor for cost reduction in the area of the design
and project management of these facilities.
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