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ABSTRACT  

 
In Greece, there isn‟t yet any decision for construction of a disposal facility. Since the 

predisposal management of radioactive waste should be aligned with the disposal solutions, the 

determination of the disposal options is essential for the selection of the technology needed for 

treatment and conditioning of the wastes. The scope of the present study is the investigation of 

the disposal options for Greece. Firstly, the study deals with the preliminary inventory as well 

as the classification of the existing radioactive waste and the prediction of the expected waste 

from decommissioning of the open pool type at 5 MW Greek Research Reactor (GRR-1). The 

existing radioactive waste includes the institutional waste from the operation of GRR-1 and 

associated facilities as well as orphan sources and other radioactive items collected in the frame 

of emergency by the Greek Atomic Energy Commission (GAEC) and kept at the interim 

storage of the National Centre for Scientific Research “Demokritos” NCSR “D”. Based on the 

present inventory of radioactive waste, the establishment of a small scale and   LILW 

geological repository seems to be the appropriate and most acceptable by the public disposal 

solution. 
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Introduction 
 

Greece has a unique research reactor GRR-1 at the NCSR “D” as well as two small subcritical 

assemblies and has no nuclear power plants. The policy and practice for spent fuel management for GRR-

1 is to temporary store the fuel elements in dedicated storage facilities, awaiting transfer to USA 

jurisdiction, according to an agreement with the US Department of Energy for shipment until 2019. All 

future fuel purchases will be based on similar arrangements with foreign nuclear companies/organizations 

that will guarantee the return of spent fuel to the country of origin for storage or reprocessing.  

Radioactive waste in Greece originates from medicine, research and industry; waste with Naturally 

Occurring Radioactive Materials (NORM) results from some industrial activities as well. As it concerns 

the sealed sources, there is no national production, all sealed sources are imported. GAEC started in 2003 

a programme, with the scope to return all the unused and orphan sealed sources to a foreign waste 

management facility for recycling; under this program, a project that dealt with the old legacy sources 

was completed in September 2005. According to national legislation enacted in 1990, the back-end 

solution for the sources has been adopted but this is not always feasible.  
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Excluding the spent and disused sealed sources, the most significant   radioactive waste are at the 

NCSR “D” where the research reactor as well as interim storage facilities for radioactive waste are 

located.  

The GRR-1 is an open pool type, light water moderated and cooled heterogeneous reactor with 

thermal power at 5 MW. In 2004, the reactor was shut-down and the fuel assemblies were removed for 

safety reasons during the Olympic Games in Athens. Ever since, the GRR-1 hasn‟t been in operation, 

initially for refurbishment reasons and from July 2014 the reactor is in extended shut down. 

Considering that, the decommissioning planning and costing of the reactor is in progress, the inventory 

as well as the preliminary classification after radiological characterization of the reactor main components 

and systems has been completed.  

The legacy radioactive waste at the NCSR “D” has arisen from the operation of the GRR-1 and 

associated facilities. The waste is in primary form and should be classified, after segregation and 

characterization, by considering the final disposal solution. Moreover, the extent of segregation and 

characterization of the waste depends on the type of the disposal facility/ facilities which will be used in 

the future. So far, the radiological characterization of the primary resin waste was performed.  

The physical and activity inventory of the reactor components and systems as well as the classification 

of the resin waste are considered as representative data for the institutional radioactive waste which are 

kept at the NCSR “D” interim storages. 

Moreover, at the interim storages of the NCSR “Demokritos”, there are sources which are collected in 

case the source user or the supplier bankrupts or others collected from scrap yards, foundries, etc. The 

government is responsible to cover the additional funds needed for disposing of these sources. 

For the investigation of the disposal options for Greece, the results of previous studies [1-6]  

concerning the radiological characterization of the reactor components and the spent reactor resin as well 

as the record of items/ sources collected in the frame of emergency by the GAEC and kept at the NCSR 

“D”  storages were considered. 

The classification of the waste was based on the considerations of long term safety, and thus, by 

implication, the disposal of waste [7].   

 

Spent Reactor Resin 
 

The total amount of the primary resin waste which was produced during the operation period 1961-

2004 of the GRR-1 is about 16 tons, separated into 158 drums of 100 kg each.  

The radiological characterization of the spent reactor resin [8] was carried out by collecting samples of 

primary waste from each of the resin drums and performing analyses by gamma spectrometry.  

furthermore the data of gross beta and gamma spectroscopy analyses of liquid wastes that were being 

produced during the regeneration procedure of the resin were also considered. 

The radiological characterization results of the primary resin waste, (date of reference) 2011, indicated 

that the activity concentrations are: Ag-108m < 4.70 Bq/g, Cs-137 < 160 Bq/g, Eu-152 < 2 Bq/g, Co-60 < 

6 Bq/g. 

In Figure 1, the number of resin drums that can‟t be removed from the regulatory control after storage 

for certain time, is presented for three management options.  
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Figure 1 The number of drums of primary resin waste that will not satisfy the clearance criterion after a 

certain time of storage. The different colors of the columns correspond to the 3 management options 

(Option 1: solidification in cement and storage to reach general clearance [9, 10], Option 2: storage in 

primary form to reach the specific clearance for disposal at a landfill [11], Option 3: solidification in 

cement and storage to reach the specific clearance for disposal at a landfill [11]). 

 

The characterization results showed that 10 drums of primary resin waste satisfy the general clearance 

criterion and can be removed immediately from the regulatory control. It is considered, that a mixture of 

10% of resins and 90% of concrete is necessary to satisfy the requirements of stability for a long-term 

storage. Based on this assumption, another 60 drums can satisfy the general clearance criterion after 

cementation. So, for the first management option 88 drums of primary waste (880 drums after 

cementation) will remain for storage in order to be disposed gradually in the future. After 100 years of 

storage, 35 drums of primary waste or 350 drums of conditioned waste will remain inside the regulatory 

control. For the second option, 115 drums of primary waste satisfy the clearance criterion for disposal at a 

landfill. Only 33 drums of primary waste should be kept in order to be disposed of gradually at a landfill 

in the future. After 100 years of storage 4 drums of primary resin waste couldn‟t be disposed at a landfill.  

For the third management option 30 drums of primary resin (300 drums after cementation) can be cleared 

for disposal at a landfill immediately and only 3 drums of primary resin (30 drums after cementation) 

should be kept in the interim storage.  In this case, all the drums will have been disposed of at a landfill 

until 2031.   

 

Inventory of GRR-1 Components and Systems 

 
Radiological surveys as well as neutron calculations were performed for the several parts of the GRR-

1 components. The radiological surveys were carried out by dose rate and in-situ gamma spectrometry 

measurements. The surveys were accomplished by the collection and analysis of representative smear and 

metal scratch samples from the components surfaces [1-4]. The radiological characterization of the GRR-

1 components of major radiological concern (the control rods, the grid plate and the beryllium elements) 

was performed by computational methods [5]. These methods were based on three-dimensional Monte 

Carlo neutron and photon transport simulations carried out by the MCNP and analytical radionuclide 

inventory calculations by the use of the FISPACT code. Furthermore, in the case of the grid plate, the 

cobalt impurity concentration was determined on the basis of best agreement between gamma dose rate 

calculations and measurements [6].  

The classification of the GRR-1 components and systems [12] was done by considering the final 

disposal solution. The materials of the GRR-1 were classified in those for: (i) immediate clearance (EW); 

(ii) interim storage and/or decontamination and clearance or disposal at a landfill (VLLW); (iii) disposal 
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in a near surface facility with provision for release of the site for general use in 300 years (LLW); (iv) 

disposal in a facility for longer term safety (ILW). 

The key radionuclides for classification of the reactor core, control rods and beryllium blocks are the 

long lived radionuclides Ni-63, Be-10, Ag-108m and Ni-59. The specific activities of these radionuclides 

in the components of major radiological concern will not reach the general clearance levels after 300 

years. So the materials of these components were classified as ILW.  

Regarding the PCS, the results of the characterization survey indicated that: (i)  the activity of a large 

part of the piping was well below the general clearance level [9, 10]; (ii)  the part of the piping from the 

heat exchangers back to the pool exhibited Ag-108m activity three times higher than the general clearance 

level;  (iii) the entire volume of the exchangers seemed to be contaminated by Ag-108m of the order of 

the general clearance level; (iv) the heat exchangers as well as the delay tanks presented spot 

contamination at the bottom by Co-60 (metal sediments); (v) the presence of alpha or pure beta emitters 

was minor inside the primary circuit. So besides the metal sediments, the materials of the PCS were 

classified as EW and VLLW. 

Based on the results of the resin waste analyses, the water treatment systems are expected to present 

minimal beta-gamma contamination (at least 2 orders of magnitude lower than the higher specific 

activities in resin waste). So the three columns and the two pumps which were used for demineralization 

of the reactor and fuel storage pool water   are considered as VLLW.  

Since during the operation period of the reactor there isn‟t any leakage from the PCS to the SCS or any 

significant incident, the SCS materials as well as the output filters of the ventilation system are not 

expected to be contaminated and classified as EW. 

From the decommissioning of the reactor pool and core, PCS and SCS, storage pool, water treatments 

systems, output filters of the ventilation system, are expected:   

1) 30 tons of EW;  

2) 28  tons of VLLW  

3) 4.6 tons mixed VLLW (lead blocks)  

4) 0.6 tons of LLW  

5) 1.8 tons mixed LLW (lead cylinders) 

6) 0.3 tons of ILW  

7) 0.18 tons of mixed ILW (beryllium blocks and activated part of the control rods).  

The partitioning of the thermal column materials of total mass 15 tons will be done in the future when 

the extension of activation will be studied by computational methods. This is necessary, because C-14 

(T1/2=5740 y) is produced by neutron activation in graphite, through the C-13(n,γ)C-14 reaction and its 

relevance for clearance even after 300 years is very high. Furthermore, long lived radionuclides can be 

produced from the impurities in the thermal column lead block as well as in boral [13]. 

 

Sources and other Radioactive Items at the NCSR “D”  

 
The sources and other radioactive items (Figure 2) which collected and kept at the interim storage of the 

NCSR “D” in the frame of emergency by the GAEC are the following: 

1) Radioactive devices of category  3-5 [14] usually containing Cs-137, Kr-85, Co-60, Sr-

90, Am-241, Ni-63, Am-Be  

2) Items with Ra-226 like dials of gauges and other sources of μCi activity. Also some 

lightning rods with Ra-226. 

3) parts with Th-232  

4) lightning rods of Am-241  
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5)  Am-241 smoke detectors  

6) Reactants with thorium nitrate, uranyl acetate 

The sources can be export for recycling or disposal at appropriate facilities abroad. On the other hand 

some items, like dials of gauges, lightings rods with Ra-226 and parts with Th-232 from airplanes‟ 

engines cannot be export.  

  

Zellweger units (Ra-226) Soil moisture and density gauge (Am-Be) 

 

 

 

Figure 2 Photos of two kinds of radioactive devices kept at the NCSR “D” interim storage 

 

Discusion and Conclutions 

 
The larger mass of the wastes which will arise from the future dismantling of the GRR-1 system and 

components (65 tons) as well as the  ion exchange resin waste (16 tons) which was produced from the 

demineralization co-flow regenerated units of the GRR-1 can be cleared, disposed of at a landfill or a near 

surface facility. Only a small amount of decommissioning waste (0.5 tons) needs consideration for longer 

term safety. 

Regarding the sources, all of them can be exported but the cost is high, particularly for soil moisture and 

density gauge (Am-Be) which are neutron sources. Other radioactive items at the NCSR “D” interim 

storage, like dials of gauges, lightings rods with Ra-226 and pars with Th-232 from airplanes‟ engines 

cannot be export and should be disposed of in an appropriate for ILW facility. 

 

Greece supports the idea that sharing of disposal facilities in the context of an agreement between the 

countries, taking into account the conditions specified in the adopted European Council Directive 

2011/70/Euratom is a beneficial, cost-effective and safe option. But this is not feasible at the moment, so 

the planning of a national radioactive waste disposal facility should proceed.  

Greece is a touristic country and the public is very sensitive about the environment. Moreover, all the 

areas of the country are inhabited. For these reasons a landfill or a near surface disposal facility is difficult 

to be acceptable. The establishment of a small scale and cost affordable geological repository for the 

LLW and ILW seems to be the appropriate and most acceptable by the public disposal solution. In case 

the country will decide   some short lived sources, like Co-60 sources, to be kept in the country for future 

disposal instead of export, this will make the construction of a national geological repository more cost 
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effective. Furthermore, a geological disposal repository can be the solution for any other category of 

radioactive waste in the country besides the waste that is kept in the NCSR “D” interim storages.  
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