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Abstract

The Cernavoda NPP Unit 1 (600 MWe Standard type) is in operation since December 1996. Within the framework of
the R&D Radioactive Waste and Spent Fuel Management Programme, investigations, studies and research are carried out on
site identification and conceptual designs for both a Spent Fuel Interim Storage Facility and a Spent Fuel Disposal Facility.
The status of the work performed in the framework of this programme as well as the situation of the spent fuel resulting from
the Research Institutes will be presented in the paper.

1. INTRODUCTION

In 1996, Romania became the 30th country in the world operating a nuclear power plant. The
Cernavoda Unit 1 equipped with a CANDU type reactor will produce about 9% of the Romanian
electricity need. There are other 4 units erected on the Cernavoda NPP site. However, only Unit 2 is
being prepared for completion. Measures for reduction of the radiological impacts on the environment
have been taken according to the CANDU project, but it is necessary to ensure the improvement of
the radwaste management in accordance with IAEA recommendations and the ALARA principle.
According to the law, the handling of radioactive waste, including spent fuel from research and power
reactors, must be safely managed and disposed off in such a way that the protection of human and
environment, now and in the future, is ensured.

2. 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 producers 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 fertilisers. The different types of radioactive waste are classified into four categories of
waste: exempted 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.

In Romania, spent fuel is produced both in the power reactor and in the research reactors. The
former RENEL (the Romanian Electricity Company) was responsible for the waste management of
the Cernavoda NPP. The spent fuel which contains 99% of total radioactivity will be stored for 7 to
10 years in the so called Spent Fuel Storage Bay. RENEL was also responsible for the waste
management of the Fuel Fabrication Plant and, through the Institute for Nuclear Research (ICN), for
the waste management of the 14 MW TRIGA reactor (used for material testing) and the associated
irradiation examination facility. The Institute of Physics and Nuclear Engineering "Horia Hulubei"
(IFIN-HH) is responsible for the waste management of its VVR-S research reactor. The spent fuel
assemblies from the research reactor are kept in a wet storage pool.

Based on a governmental decision, the Romanian power sector has been restructured this
summer. The first step was the creation of a National Power Grid Company (CONEL SA) and the
separation of the nuclear activities from RENEL into a National Nuclear Company "NuclearElectrica"
(SNN SA). The National Power Grid Company is responsible for power transmission, dispatch and
the thermal and hydro power branches. The National Nuclear Company "NuclearElectrica" comprises
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three entities, i.e. CNE PROD for nuclear generation (unit 1), CNE INVEST for nuclear development
(units 2 to 5) and FCN for fuel fabrication (the nuclear fuel plant). The responsibility for the
management of the spent fuel from NPP Unit 1 falls under SNN SA/CNE PROD. During the second
step, the national power regulatory body will be formed and in the third step, the thermal and hydro
power branches will be separated and privatized.

3. OVERVIEW OF THE SPENT FUEL PRODUCERS IN ROMANIA.

3.1. Research facilities

3.1.1. Institute for Nuclear Research(ICN), Pitesti

Since 1978, a TRIGA reactor is in use at Pitesti and it is expected to stay in operation for other
15 years. The facility contains a pool, in which the TRIGA reactor with a nominal power of 14 MW
and another pulsed reactor are placed. Both reactors are using fuel.

The reactor research facilities contain a hot cell in which radioactive sources up to 1 MCi
(Cs-137) can be handled. In the hot cell, research work can be done with irradiated fuel bundles, for
example examination of irradiation damage and burnup determination. In the temporary storage pool
next to the reactor pond are now 4 spent fuel clusters. The spent fuel arising is low. The return of the
spent fuel to US for reprocessing is provided under the contract.

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

IFIN - HH is the owner of the Russian VVR-S research reactor type. The VVR-S is a tank-type
research reactor of 2 MW nominal thermal power and a maximum neutron flux of 2 x 1013 n/cm2/s.
The reactor designed and manufactured in Russia, 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 decommissioning activities will be taken.

Basically, it is planned to store the spent fuel for 40 to 60 years followed by direct disposal.
Currently, the spent fuel is being cooled in the AR pond for one year and in an adjacent spent fuel
storage building for longer term storage. The storage system is being assessed by the plant operator,
whilst the AFR at the Magurele site and the medium and long term storage options are also evaluated.

3.2. Cernavoda Nuclear Power Plant, Unit 1

The Cernavoda Nuclear Power Plant was originally planned as a four unit plant equipped with
CANDU 600 reactors. Within three years of construction start, this was increased to five units. The
CANDU 600 reactor uses natural uranium, is moderated and cooled with heavy water under pressure
and has a thermal power of 2,180 MW. The original design is developed by AECL, Canada. Each unit
has a General Electric turbine (1,500 r.p.m.), which operates with saturated steam. The unit produces
an electrical power of 706 MW with a cooling water temperature of 15°C.

Unit 1 is operating since December 1996. At present, efforts are concentrated on Unit 2. The
delay in work has caused a slippage of financial sources and not because of missing the governmental
warranties. The project is going on continuously, however, at a slower pace.

The spent fuel is currently stored in the main storage bay located in the service building. The
bay has a capacity of 49,000 fuel bundles. Approximately 5,000 fuel bundles are stored annually
(80% reactor capacity factor) in the spent fuel bay. Under these conditions, the quantity of spent fuel
discharged from the 5 units in 30 years is estimated to be about 14,400 tU.
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4. ROMANIAN REGULATORY FRAMEWORK

4.1. Licensing authorities, structures and responsabilities

In Romania, the Law on the the safe deployment of nuclear activities, Law no.l 11/1996
published in 1998 empowered the National Commission for Nuclear Activities Control (CNCAN) as
the national authorithy competent in the nuclear field exercising the regulations, authorizations and
control powers.

CNCAN is a governmental organization responsible for the development of the regulatory
framework, the control of its implementation and for the licensing of nuclear facilities. CNCAN
issued a set of standards and regulations, based on IAEA recommendations, Canadian and US nuclear
regulations. Some of these regulations have been updated and all are going to be revised and aligned
to the current practice in the European Community.

The Ministry of Water, Forests and Environmental Protection is responsible for issuing
environmental protection licences and permits through its local agencies for Environmental
Protection. According to the Law No. 137/1995 on environmental protection, any industrial utility
needs to apply to the local agency for an environmental licence or permit and these will be issued by
the Ministry or its local agencies for Environmental Protection. For licensing a spent fuel facility, a
special procedure for environmental impact assessment is required.

According to Law No. 3/1978 and Law No. 100/1998, the Ministry of Health is responsible to
issue the sanitary licences.

A public hearing is also required for licensing.

4.2. Legislative framework

In Romania, as already is mentioned, the legal framework that co-ordinates the achievement of
nuclear objectives consist of:

• Law 111/1996 republished in 1998 regarding the safe operation of nuclear activities;
• Law 137/1995 regarding environmental protection;
• Norms, requirements, guidelines, orders issued by CNCAN or ministries;
• International Multilateral Treaties and Conventions.

Since December 1996, a new Atomic Act, the Law No. 111/1996 on the safe deployment of
nuclear activities, has come into force. The Law provides for a comprehensive legal framework for
regulation, authorisation and control of activities concerning the peaceful use of nuclear energy
including nuclear safety conditions, protection of workers, the public, the environment and property.
The development of nuclear energy should be achieved with a minimum risk foreseen by the
regulations and, in addition, by observing the obligations pursuant to the agreements and the
conventions of which Romania is a part.

Recently the Law No. 111/1996 was modified and the amendaments entered into force in
February 1998. Therefore, it respects now exactly the provisions of the Safety Convention and is
armonized with the EU legislation.

According to this Law the handling of radioactive waste resulting from users of radioactive
materials in medicine, agriculture, industry, research and from nuclear electricity generation must be
safely managed and disposed off in ways that ensure the protection of humans and the environment,
now and in the future.

The Law provides the legal requirements for radioactive waste management. According to this
Law, the waste producer bears the responsibility for the management of his radioactive waste and also
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for the financial and material arrangement for covering the collection, transport, treatment,
conditioning and disposal of the waste arising from the deployment of his activities and also for
decommissioning of his facilities. The licensee shall pay a legal mandatory tax for financial
contribution to the Radioactive Waste Management and Decommissioning Fund.

On 30 March 1997, CNCAN issued the draft of the Law on setting up of the Radioactive Waste
Management and Decommissioning Fund. The draft of the law is still under review.

Dose limits and risks are regulated by the Republican Standards (Norms) of
Radioprotection/1976, which have been updated according methods and values in [1].

According to this, the occupational exposure of any worker shall be controlled in such a way,
that the following limits are not exceeded:

• an effective dose of 20 mSv per year averaged over five consecutive years;
• an effective dose of 50 mSv in any single year;
• an equivalent dose to the eye lens of 150 mSv in a year; and an equivalent dose to the

extremities (hands and feet) or the skin of 500 mSv in a year.

As regards to the population, exposure of members of the public attributable to the practices
shall not exceed the following limits that shall apply to estimated average doses to the relevant critical
group:

• an effective dose of 1 mSv in a year;
• an equivalent dose to the eye lens of 15 mSv in a year.

4.3. Licensing requirements / Procedures for spent fuel storage and disposal

The practices and experience gained during the licensing process for the Cernavoda 1 NPP will
be used and adapted for the licensing requirements/procedure needs for the interim storage and
disposal facilities. Also, the experiences and practices used in the Western countries will be
considered by CNCAN. The IAEA documents and recommendations will be used to develop the
specific CNCAN requirement.

Licences are being issued in a staged manner against safety submissions initially in a
preliminary format then resubmitted in a more elaborated format. The licence is limited in time, non-
transferable and may be suspended or withdrawn whenever violations of the law or unanticipated
situation, which pose unacceptable risks, do occur.

Basically, the facility compatibility with the site is being evaluated in an initial safety analysis,
to prove fulfilment of the environmental and safety criteria, with the aim to issue a siting licence.

The construction licence is being issued on a system-by-system basis and the preliminary
safety report shall demonstrate that the facility design comply with the safety requirements as enacted.
When adequate information is available, the revised preliminary safety report is aimed to support the
application for an overall construction permit to replace the partial construction permits for each
system or structure, or as the case may be, identifying the design changes needed to comply with the
whole set of licensing requirements.

Then, the as-built facility is checked against licensing requirements in the first issue of the final
safety reports, with the aim to issue a commissioning licence! with various holding points. At the
end, a revised final safety report will incorporate facility behaviour during the tests for set up the basis
for an initial operation. Then, a reassessment of the plant behaviour will allow issuing an operational
licence. The renewal of the licence will be based again on facility's safety reassessment. Similarly,
facility modification, upgrading, retrofitting or decommissioning does require specific licence.
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5. STATUS OF ROMANIAN SPENT FUEL MANAGEMENT

The status of the spent fuel management from the research area was presented in chapter 1. The
most important quantity of the nuclear spent fuel is and will be produced by the units from the
Cernavoda NPP.

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

• The establishment of the conception for the Spent Fuel Interim Storage Facility .
• The selection and the substantiation of the Spent Fuel Final Disposal Site.
• The development of a concept for this facility.

The main targets of the Programme are presented in Table I.

TABLE I. RADIOACTIVE WASTE PROGRAMME TARGETS

FACILITY/ACTIVITY COMMISSIONING
(year)

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

5.1. Spent fuel interim storage facility

The N.P.P. Cernavoda project includes a Spent Fuel Storage Bay (SFB) with a storage capacity
for ten years operation of one unit at a 80% load factor. Based on this load factor, the quantity of
spent fuel discharged from the 5 units in 30 years is estimated to be about 14,400 tU, with a quantity
of about 94 tU discharged year from one unit, that means about 5,000 bundles per year.

Taking into account that the capacity factor of the Cernavoda Unit 1 obtained in 1997 was 87.3 %
and that the capacity factor increased much in 1998 (for example to 92.2% in February), it is expected
that the quantity of spent fuel stored in the SFB will increase. Under these conditions, it is expected that
the deadline for commissioning of the Spent Fuel Dry Storage Facility has to be advanced.

The particularities of the Cernavoda NPP offer two possibilities for using existing areas and
systems for loading and preparation of the spent fuel for dry interim storage. One possibility is to use the
Reception Bay and the other one is to use the Spent Fuel Bay. If the SFB will be used for loading and
preparation of the spent fuel for dry storage, the storage capacity of the bay will be reduced with about 2
years. In this case, the deadline will be before year 2004.

One important parameter for the SFISF is the spent fuel storage capacity. Taking into account
the above facts and the uncertainty of how many of the planned units will be finished and
commissioned and at which pace, it was decided that the spent fuel would result only from 2 units.
The analysis related to the amount of spent fuel to be stored in the SFISF has proposed a modular
concept which permits an investment according to the real spent fuel quantity discharged from the
reactors.

The characteristics of CANDU fuel present advantages and disadvantages in the selection and
design of the solution for the facility and constitute to an other design input data. Related to this data,
we considered the experimental results the from the Canadian experience^].
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The CANDU fuel contains natural uranium, has a low weight and small dimensions and is free
from a criticality hazard in water. Also, the low burnup (90 MW-h/kgU) determines both the low
released thermal power and the low specific activity. These characteristics indicate that the spent fuel
is easy to be managed. On the other hand, taking into account the large quantity of fuel (94 t/year) and
the large number of fuel bundles (approximately 5,000/year) to be transferred and prepared for
storage require a special attention in the design process.

First of all, the possibility to place this Interim Storage Facility on the Cernavoda NPP site or in
its vicinity has been studied. At a preliminary stage, 6 possible locations within or outside the
Cernavoda NPP area have been analysed for interim spent fuel storage. As a conclusion of these
studies, the optimum location seems to be at the NPP boundary. This selection has as a direct
advantage the avoidance of the transport on public roads and the simplification of the transport
system.

A location close to Unit 5 of the Cernavoda NPP was selected. This position on natural strata
cannot make a significant perturbation to other activities in this area and has the benefit of existing
roads, utilities, other services, etc.

The geotechnical characteristics of the foundation soil (muddy clay or silty clay) are not
convenient (bearing capacity 2.0 daN/cm2). Foundation on a concasated stone pad (with 2.5 m in
thickness) should be recommended, leading to an increase in bearing capacity to 3.4 daN/cm2.

Regarding the storage system, already different types have been analysed:

a) Ponds
b) Dual purpose casks

b 1) One piece flask (DSC flasks/Ontario-Hydro, CASTOR/GNS, TN/Transnucleaire)
b2) Canister in a concrete flask (TranStore/BNFL

c) Vaults
c 1) concrete monolithic module (CANSTOR/AECL)
c2) modular concrete vault (MVDS/GEC-Alsthom, CASCAD/SGN).

Taking in view the limitations imposed to the area necessary for the extending of the existing
pool and the disadvantages related to spent fuel storage in water, we renounced to develop
furthermore the ponds solution.

The Canadian solutions were deeply analysed first of all. Also, other European solutions were
considered, taking in view the particularities of our site, a crowded site, and the fact Romania is a
European country.

As a result of the preliminary analyses and evaluation, three ISF solutions were selected to be
compared and more deeply studied. For the comparison, a methodology with a low degree of
subjectivity was requested. IAEA documentation [3, 4] and a method for technical product evaluation
developed by the Politechnical University from Bucharest were consulted. Based on these documents
and the characteristics of the SFISF, the comparative analysis had two evaluation levels with a
different degree of complexity:

• level 1: analysis based on the general evaluation of the solutions;
• level 2: analysis based on main systems evaluation (including main components).

Four criteria for comparing the solutions (costs, safety aspects, technical aspects, interface with
nuclear power plant) were selected and their weight factors established. The nuclear safety criterion
refers to the capability to fulfil certain fundamental requirements: adequate containment, shielding for
gamma and neutron radiation, heat dissipation and criticality. Also, it must be sufficiently strong
against external hazards. The technical criterion refers to the technical aspects of the objective and
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takes into account the performances in operation, materials, tests and inspection during operation,
systems redundancies, necessary auxiliary systems, decommissioning, spent fuel recovery.

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

The criteria were analysed for each solution, taking into consideration the weight of each
criterion. The result was an order among the three solutions. As a conclusion of this analysis, 2
solutions were selected for further analysis in a technical/economical study for recommending the
optimal solution for the facility, i.e.: the Concrete Monolithic Module and the TranStore ™ solution.

At the same time, the documentation required by the regulatory body for obtaining a site
licence for SFISF is being prepared.

5.2. Spent fuel disposal facility

Within the framework of the Spent Fuel Management Subprogramme, some documentation
studies concerning the identification of the proposed site, natural performances and geological
assessment of some deep geological formations, have been included.

The following geological formations were analysed:

a. Platform green schists from Central Dobrogea Worst. Their qualities are: massively,
dimensions (thickness ~ 3,000m, surface > 1,000 km2), homogeneity (about 300 m thickness in upper
level with fine granulation), the lowest permeability. In addition, a low density of the population and
short distance from the Cernavoda NPP. Five areas were selected in the West of Central Dobrogea.

b. Salt formations from Transylvanian Depression. Their qualities are: the plasticity and the
low permeability in a large massive body (about 500 tol,000 m thickness at 300 m depth, in a big
structure = 16,000 km2 in all Transylvania area with little exceptions). In addition, 80 to 99% N a d
and the lowest seismicity in Romania. Four bodies were selected.

c. Granite rocks in big bodies like batolit and lacolit with 200 to 700 km2 surface, the
thickness much more them 2,000 m, in zones with lowest seismicity (exception Macin site from
Dobrogea) and their homogeneity, offer good conditions to the host facility. Unpredictable water
circulation in zones with large hydro-energetical, a criteria which eliminated many sites from the
seventeen bodies analysed. Four granite bodies were selected.

d. Volcanic tuft of Dej from Transylvanian Depression is the last Romanian geological
formation in this hierarchy. The alterability, the permeability, the possibility of water and gas
accumulations, eliminated many analysed sites. Only the north-east of Transyvania Lunca Bradului
area offers good conditions (10 km2 surface, 300 to 400 m thickness, at 600 to 1,000 m depth). In a
second stage, minimum field investigations are necessary and two deep geological formations could
be taken into account, i.e. platform green schists from the west part of Central Dobrogea and salt
formations from Transylvania.

6. MILESTONES OF ROMANIAN STRATEGY

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

The deadline for commissioning the ISF is 2005. The achievement of this objective is on its
way. The results from the studies performed in the last 5 years will permit to prepare a feasibility
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study. The documentation for obtaining the site licence and a technical-economical study for selection
of the optimal solution of the ISF are under preparation.

A second phase is represented by the assessment of a strategy for long-period to use and adopt a
proved disposal technology for the spent fuel, in direct correlation with a selected site. At this time,
the year 2035 is considered to be the deadline to have a selected site for the Spent Fuel Disposal
Facility. It is intend to open a laboratory for developing supplementary investigations on this site
(about 10-15 years) before the commissioning of the Disposal Facility.

It is expected that the experience gained during the design, construction and commissioning of
the first Unit of the Cernavoda NPP could be an important factor for the cost reduction in the area of
the design and project management for these facilities.

7. CONCLUSIONS

The present spent fuel management strategy in Romania is to store the spent fuel in the AR
storage pool for a minimum of 7 years and then to transfer the spent fuel in an AFR interim storage
facility for several decades. In one word, the selection of "Wait and See" option in the spent fuel
management strategy has been the best strategy for Romania until an internationally acceptable spent
fuel management and back-end fuel cycle technology will be established.
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