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ABSTRACT 

There are many challenges in institutional radioactive waste management and especially 

in countries with small nuclear programs, where almost every waste stream is unique. In 

countries with small nuclear programs providers of institutional radioactive waste management 

have accepted different methods and developed various procedures for waste streams that are 

more frequent and those actions are preformed routinely. However, occasionally they are also 

faced with waste streams that do not meet the waste acceptance criteria for storage and that 

triggers the need to introduce a new method and procedure, which is often not easy. 

Institutional radioactive waste management in Slovenia is handled by ARAO as state 

public service which also includes the operation of the Central storage facility (CSF). Since the 

CSF is licensed for the storage of solid radioactive waste, wastes that are not in solid form must 

be treated prior to its acceptance into storage facility. Radioactive waste in liquid state represent 

clear example of waste that does not meet the acceptance criteria. However, liquefied 

radioactive waste in Slovenia is produced in small quantities and mostly coming from research 

activities in medicine. Also, this waste stream includes mixture of liquid scintillation fluids, 

solvents, organic and aqueous solutions. Due to presence of tritium this waste belongs to the 

category of so called problematic waste stream. Another significant difficulty is related with 

the relatively incomplete information which is obtained from the waste producers about the 

composition and proportions of the individual waste components. On the implementation level, 

the main challenge for the performer of institutional radioactive waste management is to find 

an appropriate technology to be applied for solidification, which will take into account the 

problematic waste stream, the aspect of waste amount and resources (human, economic and 

infrastructural). New technologies enabled treatment of complex waste streams and in 

Slovenian case the solidification by polymers constitutes a suitable treatment solution. 

However, technology is not everything and human factor cannot be neglected. Competent and 

motivated workforce must be able to proficiently manage day-to-day uncertainties, always 

improving its ability to do so, and measuring the effect of an action, with feedback to adjust the 

next action, thus improving skills and learning by doing. Within this paper, benefits and lessons 
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learned from solidification by polymers together with other practical issues from the 

institutional radioactive waste management are presented. 

1 INTRODUCTION 

All around the world radioactive waste is generated during the normal operation of 

nuclear power plants, fuel cycle facilities, research institutes, medicine, industry, mining and 

many other applications. It comprises a various forms of liquid, solid, gaseous and multiphase 

waste streams with different physical, chemical and radioactive characteristics. On the national 

level, waste management programs typically address the management of these wastes from the 

point of generation through to disposal. Proper waste classification is vitally important during 

the various waste management phases, from generation through collection, segregation, 

treatment, conditioning, storage, transportation to final disposal [1-2]. Also, during the 

literature review, a number of processing technologies for pretreatment, treatment and 

conditioning of various waste streams were identified [3-12]. Review of present advances in 

the utilization of conventional treatment technologies in the management of aqueous and 

organic liquid wastes together with highlights of the emerged technological options for the 

management of liquid wastes can be found in [13]. Li and Wang [14] were demonstrated 

advances in cement solidification technology for waste radioactive ion exchange resins. On the 

other hand, according to [15] problematic liquid radioactive stream can be also treated with the 

polymers (for example NOCHAR). NOCHAR polymers correspond to a series of polymer 

technologies and numerous polymer blends to solidify and treat highly complex waste streams 

generated throughout the nuclear related activities. Findings presented in [15] are 

demonstrating in a very comprehensive manner the feasibility of the waste pre-treatment by 

solidification with NOCHAR polymer and clearly advocating this process development.  

However, despite recognized international activities and research there are still many 

challenges in institutional radioactive waste management, especially in countries with small 

nuclear programs, where almost every waste stream is unique. Radioactive waste management 

handling authorities in small countries are from time to time faced with challenges of dealing 

with waste streams that do not meet the waste acceptance criteria for storage and that triggers 

the need to introduce a new method and procedure, which is often not easy. Also, due to 

economy of scale radioactive waste management handling authorities in small countries are less 

flexible regarding the selection of strategy and cost effectiveness of technologies for the waste 

management of small and unusual waste streams. 

This paper presents activities, benefits and lessons learned during the project of polymer 

solidification of liquid institutional radioactive waste in Slovenia. In Slovenian case, generation 

of institutional liquid radioactive waste appears rarely and since the Central storage facility 

(CSF) is licensed only for the storage of solid radioactive waste, the liquid waste must be treated 

prior to its acceptance into the CSF. The challenge of treating this kind of waste streams lays 

on the Agency for Radwaste Management (ARAO) which is entitled for institutional 

radioactive waste management in Slovenia. ARAO had to select a technology that will be 

economical, appropriate in infrastructural manner and provide immediate solution for complex 

liquid waste streams. In Slovenia, during the past few years in research activities in medicine 

about 600 liters of liquid radioactive waste were generated and temporary stored in sixty 

packages at the producer’s premises, Figure 1. The waste stream is very complex and it includes 

mixture of liquid scintillation fluids, solvents, organic and aqueous solutions. Also, due to the 

fact that the progesterone [1,2,6,7-3H(N)]- was used during research activities the waste contain 

tritium. Unfortunately, every waste package is unique and containing different components in 

different proportions, volumes and concentration of tritium. Waste was packed in metal 
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containers, plastic and glass bottles with different shapes and volumes. Some of the packages 

were in bad condition. This was especially the metal ones where due to aggressive content the 

corrosion of the packaging material was observed.  

 

 
 

Figure 1: Temporary storage of liquid waste at the waste producer premises 

2 APPLIED TECNOLOGY AND METHODOLOGY 

Solidification of the liquid radioactive waste prevents dispersion of fines and liquids 

during handling, keeps releases of radionuclides and hazardous constituents after disposal at 

the minimum level, reduces the potential exposure to intruders and provides long term solution. 

In Slovenian case additional requirement was that the liquid radioactive waste after the 

solidification process should be stable for storing in CSF and appropriate for a future safe 

transport to final disposal facility or for future treatment (for example incineration). On the 

other hand, desirable properties of solidification agents are availability, low costs in integrated 

radioactive waste management life-cycle, volumetric efficiency, simplicity of use and 

acceptable waste form properties. Based on the comprehensive literature review, especially 

findings and recommendations from [15], it was concluded that the NOCHAR polymers for 

liquid solidification seem to be an adequate solution and answer to present Slovenian needs in 

terms of institutional liquid radioactive waste treatment. NOCHAR's N series products are 

considered to be state of the art solidification technology and are used widely in the United 

States of America and abroad including Slovenian Nuclear Power Plant Krško [14]. Also, 

according to [15] the N series provides a high performance solution to complex liquid waste 

problems. The prime features of the technology include: no leaching, long-term stability (no 

polymer degradation, minimal volumetric increase, and little or no mixing). The polymers are 

designed to solidify oils, organics, aqueous, acids, and bases and other aqueous waste for 

interim or final storage or incineration [15]. 

During the preparation works, which last almost 12 months, ARAO developed the 

working procedure, trained its staff and purchased required set of equipment. As it can be seen 

in Figure 2, required set of equipment is very small which once again emphasize the simplicity 

of selected solution. 
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Figure 2: Purchased set of the equipment for treatment of liquid radioactive waste  

 

During the first phase of the project waste samples were analyzed by licensed 

radiochemical laboratory. The main purpose of this phase was to determine the content of 

tritium in waste and to verify the data provided by waste producer. The results of this 

independent analysis confirmed the data provided by waste producer. The waste inventory data 

provided by waste producer included the information about the composition and proportions of 

the individual waste components in every waste package. The characteristics of liquid waste 

are presented in Table 1. 

Table 1: The waste characteristics 

Volume (liters) 200 

Composition Mixture of:  

 liquid scintillation fluids,  

 water,  

 ethanol,  

 acetonitrile,  

 n heptane, 

 isopropanol,  

 butanol, 

 cells. 

Scintillation liquid:  

 nonylfenolethoxylaat 

 bis (2-ethylhexyl) hydrogen 

phosphate benzene, C10-13 alkyl 

derivate 2,5 diphenyloxazole 

 1,4-bis(2-methylstyryl)-benzene 

Radiological 

characteristics 

Radionuclide H-3 

Activity ATritium = 2.5 GBq 

 

In order to validate the blend of polymers as an acceptable for the aqueous, solvents and 

organic solidification process, certain number of solidification tests with blend of three 

components of polymers has been carried out. Initial bench tests on the liquid radioactive waste 
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were performed in laboratory and results were satisfying. Obtained results (blend of three 

components of polymers and waste/polymer ratio) served as an input for the determination of 

required amount of polymers for solidification of 200 liters of liquid waste.  

 

  
 

Figure 3: Initial bench tests - two samples of liquid radioactive waste mixed with polymer 

(left) and solidified waste samples (right)  

After successful completion of preparatory works, ARAO staff solidified the first 200 

liters of liquid waste at the end of year 2013. Work was carried out at the premises intended for 

the treatment and conditioning of radioactive waste, which provide adequate protection against 

ionizing radiation. Unfortunately, during the actual waste treatment it was discovered that the 

same bond ratio of three polymers will not be effective for all waste packages due to the fact 

that in some cases the information about proportions of components in waste packages were 

not correct. The corrective action included adaptation of bond ratio of three polymers according 

to waste characteristic for each particular package. However, the overall ratio between polymer 

and liquid waste (1:1) stayed the same during the whole project of waste treatment. Mixing of 

liquid waste with blend of polymers and curing was performed in a fume hoods. Due to solvent 

vapors escalating form the waste workers wore protective respiration filters (combination 

particulate/vapor). The environmental monitoring including the determination of presence of 

tritium in the air was carried out during the entire duration of solidification process. The 

solidification process was constituted from four main steps explained in table 2. 
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Table 2: The procedure of waste treatment - four main steps of solidification process 

 

1. Preparing of the blend of polymers: mixing three 

polymer components according to the formula.  

 

 

2. Mixing the waste/polymer.  

 

 

3. The saturated material was moved in plastic bags for 

final consolidation. In all cases after several hours of 

drying (during 24 to 48 hours) no remaining free 

liquids or moisture was detected. 

The maximum weight of packages was up to 25 kg. 

The final product is solid and stabilised waste. 

 

4. Packing of solidified waste into the package 

according waste acceptance criteria for the storage 

facility.  

200 litres of liquid radioactive waste was stabilized 

by solidification process in 400 litres of solid 

radioactive waste.  

 

3 BENEFITS AND LESSONS LEARNED  

During the process of solidification of liquid radioactive waste it was recognised that each 

waste stream or waste package may have different characteristics and that adaptive 

solidification strategy was essential. For correct application of polymer to each waste package, 

it was essential to know the basic composition of the waste. Also, this was the reason why it 
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was necessary to conduct initial small bench tests on the actual radioactive waste. During the 

project execution technical cooperation with the polymers’ producer was essential since 

producer provided initial bonding ratios for the test trials, in order to comply with leach, 

compression or other regulatory requirements. During test trial polymers were blended in 

different ratios to confirm an applicability of suggested formula for each particular waste 

package according to its characteristics. The close cooperation of all involved parties including 

the waste producer ensured the success of the project.  

Since ARAO does not possess a device for direct measurement of tritium a great 

challenge was to find a suitable methods and laboratory for determination of tritium 

contamination of air, tritium concentration in liquid waste, surface contamination of working 

area and contamination of the inner surfaces of empty packaging. The sampling, measurements 

and analyses were carried out by external accredited radiochemical laboratory. 

Due to appropriate preparations, excellent and honest cooperation of all involved parties 

all 200 litres of waste were solidified according to the plan. After nine months of storage in 

CSF, solidified waste is in expected condition and free liquids or moisture has not been 

detected. After successful treatment of the first amount of liquid radioactive waste ARAO 

confirmed is capability to treat problematic waste streams. Within the second phase remaining 

400 litres of liquid waste that still waiting at producers premises will be treated. During the first 

phase of solidification project the following lessons were learned and challenges were 

identified: 

 Solidification with polymers is simple and effective method. 

 No leaching and no polymer degradation have been detected. 

 The proportion between polymer and liquid waste is 1:1 (safe proportion), 

consequently the volume of radioactive waste is almost doubled. 

 Effective and open communication with all involved parties during development of 

the procedure is essential. 

 Technical assistance from the manufacturer of the polymer during the project 

execution is necessary. 

 High transportation costs due to large distance between Slovenia and the 

manufacturer of the polymers. Also, polymers are quite expensive but life-cycle costs 

are lower than in any other solution. 

 The manufacturer of the polymers ensures that treated waste can be placed in long-

term and final storage or that can be incinerated but it has to be aware that this is a 

relatively new technology which is not practically proven for long-term stability. 

 Decontamination is not possible for all packing, especially for corroded metal 

containers. 

4 CONCLUSION 

The polymers that were used for solidification of liquid waste provide a low cost and high 

performance solution to complex liquid waste problems. The polymers are expensive but the 

costs for equipment, tools and life-cycle operations compared with other available solutions are 

lower. As it is planned, 200 litres of liquid radioactive waste was stabilized by solidification 

process in 400 litres of solid radioactive waste. The main goal to reduce the potential hazard of 

the liquid waste has been achieved and the treated waste can be safely handled during 

transportation, storage and possible final disposal. However, the treated waste is also suitable 

for further treatment (incineration). Before the treatment and conditioning, the liquid waste was 

stored in metal containers, plastic and glass bottles with different shapes and volumes and some 
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of them were in a very bad condition. After the treatment and conditioning, the waste is packed 

according to waste acceptance criteria for the CSF. Steel drum as external packing provides 

long term stability and safety during storage, thus avoiding the need for repackaging. 

In year 2014 the remaining liquid waste (approximately 400 litres) will be solidified. The 

implementation of the treatment will be much easier than it was a year ago, because most of the 

problems were solved during the first phase and uncertainties are already known. During the 

first phase of the project it was confirmed that the competent and motivated ARAO staff is able 

to proficiently manage day-to-day uncertainties, always improving its ability to do so, and 

measuring the effect of an action, with feedback to adjust the next action, thus improving skills 

and learning by doing. The remaining challenges are related with the decontamination of empty 

packing remaining in the process; bottles and containers.  
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