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 Abstract. The nuclear research reactor type VVR was shut down in December 1997 after forty years of 
operation. The main characteristics of this reactor are: Thermal power 2 MW, Thermal energy – 9.59 GWhd, 
Average flux of thermal neutrons-1013 n/cm2.s, nine horizontal channels, sixteen vertical exposure channels, three 
biological channels, reactor type tank, water used as a moderator, coolant and reflector. The reactor was used in 
research and radioisotope production. The reactor has been permanently shut down since April 2002, when the 
decommissioning was officially announced. Discussions regarding funding mechanisms for the conservation phase, 
and decommissioning (planning, preparatory activities, spent nuclear fuel management), have taken place since five 
years ago when the final decision of permanent shut down was taken. 

Quality management includes procedures for recording and archiving the lessons learned.  The planning of 
decommissioning started in 1990 when the reactor was still operational. After fifteen years the regulatory body has 
not yet approved the decommissioning plan for the reactor. In this paper the following aspects are discussed: 
decommissioning strategy from safe enclosure to immediate dismantling, specific features of the site (treatment of 
radioactive waste near reactor) and state of decommissioning, use of the lessons learned in the planning of 
decommissioning for the other two small nuclear facilities situated in the same area with VVR-reactor: Sub critical 
Assembly “ HELEN” and Zero Power Critical Reactor RP-0, AFR ponds for spent nuclear fuel, other radiological 
facilities for radioisotopes production facilities radiation processing and accelerators. 

Preparatory activities for decommissioning have included: elaboration of a plan (inter alia, justification of the 
selected strategy, management of the radioactive waste in accordance with the waste acceptance criteria), reactor 
storage in parallel with the removal of the equipment and materials used in research activities and radioisotope 
production. The organizational management safety, human resources, and social aspects, development of the local 
community, public relations, are also to be dealt with as lessons learned for exchange of experience, information and 
knowledge in the field of decommissioning. 

1. Introduction 
The nuclear research reactor VVR-S from  Magurele – Bucharest is the first nuclear facility, which will be 
decommissioned in Romania. This reactor was in operation from 1957 until 1997, and was used in 
radioisotope production and research activities which made use of neutron flux. 

The operator and licensee of the nuclear research reactor VVR-S Magurele is IFIN-HH Magurele-
Bucharest. The owner of this reactor is the Romanian State through the Ministry of Education and 
Research. IFIN-HH is also responsible for the decommissioning of this nuclear facility.  

At present in Romania there are five nuclear facilities used in research: three of them are situated in the 
IFIN-HH area (the research reactor VVR-S, a zero power reactor and the sub-critical assembly “HELEN”) 
and the other two are situated next to The Nuclear Research Institute in Pitesti (TRIGA reactor and multi-
zonal sub-critical assembly). 

The nuclear research reactor type VVR-S was shut down after 40 years of operation without any incidents 
or accidents. 
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The decrease of the radioisotope demand, the reduced number of research topics focused on neutron 
fluxes, largely due to the development of nuclear energy applications, the increase of the demands for 
nuclear security and the lack of refurbishment, all of them led to the shut-down of the nuclear research 
reactor VVR-S.  

Financial support for the conservation phase of the reactor was approved by the Government Decision 
400/1997. By the Government Decision 418/2002 the reactor was permanently shut down for 
decommissioning, IFIN-HH being responsible for establishing the technical-economical indicators of 
decommissioning. In 1994-1998 under IAEA technical assistance and afterwards with EU technical 
support (1997 to 1998) a plan for decommissioning began to be elaborated. From 1998 to 2003 the 
preferred decommissioning strategy was safe enclosure (Safe store), at present the strategy selected is 
immediate dismantling. 

The paper provides lessons learned during the transition period from operation to decommissioning. 

2. Lessons learned 
Lessons learned are presented below in the style of reent IAEA reports. 

2.1. Permanent shutdown of nuclear facility VVR-S for decommissioning 
Problem: Timing of permanent shutdown 

Analysis: It took 4 years of discussions to make a decision on either restarting or decommissioning the 
reactor. All that time, the only activities authorized by the regulatory body have been and still are the 
reactor conservation and the clean-up activity has not started yet. The permanent shut-down for 
decommissioning was established only after the notification of IFIN-HH Scientific Council, the approval 
of the IFIN-HH Administrative Council and after the Government Decision 418/2002. 

Lesson learned: a State owned research reactor is permanently shut down for decommissioning only by 
government decision that also establishes the responsibilities of the stakeholders.

2.2. The funding for decommissioning 
Problem: The way funds are allocated for the implementation of the decommissioning plan  

Analysis: The funds can be allocated, according to the law, only by government decision based on the 
approval of the investment’ s economic indicators. The government decision is based on the feasibility  
study which estimates the necessary funds. The feasibility study is made according to a legally established 
methodology that does not include the costs specific to this category of investment and which are different 
from the cost indicators used in the decommissioning plan. 

Lesson learned:  Because of the above, first, the decommissioning plan has to be approved, the legal 
agreements granted by the local community, environmental protection secured,  utilities warranted, 
sanitary provisions made etc. Only afterwards the funding may be provided by government decision. 
VVR-S was a first-of-its-kind case. In future, allocating funds for safe shutdown of the un-profitable 
mines, the Ministry of Public Finance will be aware of economic indicators specific to decommissioning.  

2.3. Clean-up, transition from operation to decommissioning, end point and scope of clean-
up

Problem: The beginning and end of clean-up 

Analysis: The reactor clean-up does not apply to structures, systems, and components of the nuclear 
installation. Clean-up consists of removing equipment and materials used for producing radioisotopes and 
doing neutron research. The clean-up is preliminary to the decommissioning work and it takes place 
during the operation to decommissioning transition, after permanent shutdown. As the current legislation 
shows, this regulatory body authorized the “conservation” phase. The nuclear installation has been split in 
five sections: the reactor hall, rooms in which depleted uranium has been processed, hot cells, radio-

chemistry rooms and the section where the research laboratories are located. This procedure would end up 
in what we call the clean-up.  The criteria taken into consideration are: 

� Removal of loose contamination so that radiological emergencies are prevented : floods, fire, etc; 

� Reducing the radiological risk of internal contamination and irradiation; 

� Preventing the  contamination of the materials and equipment used for research and in radioisotope 
production; 

� Secondary waste in segmentation and other decommissioning activities, decision making process 
being based on a cost-benefit analysis; 

� Treating radioactive liquids in big batches: all at once when the primary circuit and the hot cells are 
decommissioned, for example. 

Therefore, cleaning the building in which the installation is placed should be done in such way that at the 
end of the decommissioning the building should have a dose rate of 0.3 mSv/an. This includes the 
immediate decommissioning strategy and reusing the site to install a irradiator having linear accelerator 
using electrons with energy under 10 MeV. So, the ending point for the clean-up procedure in all rooms 
where depleted uranium has been processed, the reactor hall, radiochemistry rooms will be 0.3 mSv/an, 
taking care that no loose contaminants still exist. At the end of the clean-up campaign there would only 
remain SSEC from the nuclear installation which will also be dismantled during the authorized process of 
decommissioning. 

Lesson learned: The clean-up activity has to be a part of the decommissioning process and not a 
forerunner activity. The decommissioning activity should begin 1 to 2 years from permanent shutdown, 
using some personnel involved in the clean-up. This way difficulties with clean-up limitations can be 
avoided. Another problem that should be avoided is the personnel understanding that the conservation 
phase means maintaining the installation state and configuration after permanent shut down and no 
removing of equipment and materials used in research and isotope production. Another concern is 
organization culture and the financers’ perception and of the rest of the organization that the reactor 
personnel isn’t executing any of the required actions. The personnel is not motivated and can not be a 
driving force, while the nuclear safety culture regarding a shut down installation is wrongly understood 
and ultimately not approved during the conservation phase. 

2.4. The researchers’ use of neutron fluxes 
Problem: loss of neutron beam operational history in the production of sources and horizontal channel 
research.  

Analysis: because there are no more written documents regarding experimental assemblies used for 
research and radiation flux in horizontal channels, the only option left is to interview the personnel. These 
kind of fittings must be first taken out from the accountancy records. 

Lesson learned: Implementing the reactor activities imposes the elaboration, maintenance, control and 
documentation archiving during the experiments. If users, who are the personnel from other departments, 
have not shared the experiment documentation with the reactor staff, the only data that are registered in 
the control room are irradiation time and the experimental devises (e.g. horizontal or vertical channels). 

2.5. Events referring to the lack of funds 
Problem: Introducing materials in an unsupervised installation by the exploitation- maintenance- repair 
personnel.

Analysis: Because the funds allocated to maintenance, repair were usually insufficient, the personnel took 
the liberty of placing electrical devices and metal materials in the supervised areas of the installation; the 
declared intention was to use the materials for the yearly revision- checking- repair- maintenance plan. 
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Eventually disposition of that material meant drafting files based on radiological measurements, records, 
approvals, translations and ultimately a waste of time and money. 

Lesson learned: The outgoing and ingoing materials and people go through one door, supervised, 
videotaped, registered, and the goods are checked.

2.6. The iron-steel core barrel sampling of the reactor block shielding 
Problem: Preventing the spread up of core barrel cooling water  

Solution: The equipment used in sampling the iron-steel core barrel of the reactor biological shielding has 
a core barrel cooling system based on water. If the recovering sucker of the liquid is placed on a flat 
surface there will be accidental spread-ups. 

The following solutions were adopted: 

1. The use of polymeric water solutions additivited properly [1] for reducing the necessary amount of 
cooling water, reducing frictions, preventing core barrel  corrosion and flocculation (cleaning the 
resulted mixture into the pump basin). The resulting mixture is treated with polymeric super 
absorbents [2] which absorb the additional water and solidify the mixture. In this way the resulting 
liquid waste are safely manipulated and are delivered directly to cementation (see Figures 1, 2) 
these findings are news by compared with [4];  

2. Around the core barrel hole there are polymers which solidify (hardening the resulted liquid waste, 
the area being delimitated by engineering  barriers  for avoiding the spread-up and reducing the 
amount  of the used super absorbent polymers [3] (see Figure 3) 

Lesson learned: good practice in performing sampling requires continuous improvement for reducing the 
spread-up of the contamination and reducing the sampling time by increasing the speed of logging 
sampling. 

2.7. The cutting off  with angular  cutter pillar with abrasive discs of the metallic components  
uncontaminated in structures with metallic-paraffin cover from the research equipments 
used in the horizontal channels of the reactor 

Problem: Preventing the staff protection equipment from getting dirty and avoiding aerosol and gas 
inhalation

Analysis: At the edge of the equipment used in research cutting with abrasive disc was used. In order to 
avoid contamination a supplementary metallic protection in a semi-cylindrical shape was made on which a 
hydro gel foil used in strippable coatings and described in [3] was mounted (see Figure 4). When this foil 
is exhausted it is replaced with another one and is delivered to the established waste route: free release or 
cementation/incineration, if the foil is radioactively contaminated. Moreover, a filtering mobile unit with 
HEPA filters was used for gas and aerosol removal. The operational staff wore face masks and respiratory 
protection. Alternate solutions included: hydraulically activated scissors and electrically activated pick-
hammer endowed with chisel used in breaking up the paraffin blocks inside the equipment. 

Lesson learned: The cutting equipments are selected according to the work situation to prevent 
contamination and to reduce the work duration. 

3. Conclusions 
Lessons learned are archived while the executed operations are captured and filmed. These are used 
during managerial meetings and for training the staff in similar activities. 

              

Figure 1. Sampling in shielding of reactor.   Figure 2. Super absorbents in action 

                 

Figure 3. Solidification of cooling water Figure 4. Devices with hydrogel for people protection
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