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ABSTRACT 

In May 2005 Krško NPP initiated the Radioactive Waste Characterization Project and 
commissioned its realization to the consulting company Enconet International, Zagreb. The 
Agency for Radwaste Management was invited to participate on the Project. The Project was 
successfully closed out in August 2006. The main Project goal consisted of systematization 
the existing and gathering the missing radiological, chemical, physical, mechanical, thermal 
and biological information and data on radioactive waste. In a general perspective, the Project 
may also be considered as a part of broader scope of activities to support state efforts to find a 
disposal solution for radioactive waste in Slovenia. 

The operational low and intermediate level radioactive waste has been structured into 6 
waste streams that contain evaporator concentrates and tank sludges, spent ion resins, spent 
filters, compressible and non-compressible waste as well as specific waste. For each of 
mentioned waste streams, process schemes have been developed including raw waste, 
treatment and conditioning technologies, waste forms, containers and waste packages. 

In the paper the main results of the Characterization Project will be briefly described. 
The results will indicate that there are 17 different types of raw waste that have been 
processed by applying 9 treatment/conditioning technologies. By this way 18 different waste 
forms have been produced and stored into 3 types of containers. Within each type of container 
several combinations should be distinguished. Considering all of this, there are 34 different 
types of waste packages altogether that are currently stored in the Solid Radwaste Storage 
Facility at the Krško NPP site. Because of these findings a new identification system has been 
recommended and consequently the improvement of the existing database on radioactive 
waste has been proposed. The potential areas of further in depth characterization are 
indicated. In the paper a brief description on the issues mentioned will be given as well. 

1 INTRODUCTION 

Characterization of the radioactive inventory is a procedure in which radiological, 
physical, chemical and other properties of radioactive waste are determined in order to select 
the treatment and conditioning technologies, handling, storage, transport and waste disposal 
methods [1]. The procedure includes collecting data on radioactive waste properties prior to 
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treatment (raw waste), after treatment (waste form), and data on conditioned waste (waste 
package). 

In order to satisfy requirements prescribed by [2] as well as recommendations mainly 
given in [3], Krško NPP management initiated the Radioactive Waste Characterization 
Project. The main Project goal consisted of systematization the existing and gathering the 
missing radiological, chemical, physical, mechanical, thermal and biological information and 
data on the low and intermediate level radioactive waste already stored in the Solid Radwaste 
Storage Facility (SRSF) at the Krško NPP site. In a general sense, the characterization 
procedure simply assumed identification of waste sources within the plant as well as analyses 
of pretreatment, treatment and conditioning technologies that are used in Krško NPP. 
Implementation of such an approach resulted in waste streams recognition, related process 
scheme developments, recommendations for the improvement of the waste package 
identification system and an appropriate classification of existing waste packages. 

Besides, within the Project an anticipated waste acceptance criteria as a set of 
qualitative and quantitative requirements that radioactive waste packages must meet in order 
to satisfy storage and disposal criteria, were developed. A laboratory investigation plan was 
proposed as well. The basic purpose of the laboratory tests implementation consists of the 
confirmation that waste packages preliminarily estimated as having adequate characteristics 
really meet mentioned acceptance criteria. A model of an improved database on radioactive 
waste has been made, and waste package specifications as the preliminary lists of qualitative 
and quantitative requirements according to which waste packages are produced, are defined. 

The results of the Project should serve as one of the grounds for deciding on the choice 
of the radioactive waste management strategy at the Krško NPP that is going to be carried out 
in the near future. In general perspective, the Project may also be considered as a part of 
broader scope of activities to support state efforts to find a disposal solution for radioactive 
waste in Slovenia. 

2 WASTE STREAMS 

Waste streams are usually defined as the waste with roughly constant and unchanging 
radioactive, mixed or hazardous characteristics. Taking into account different sources of 
radioactive wastes in the Krško NPP the following 6 waste streams have been recognized [4]: 

1. Evaporator concentrates and tank sludges (EC), 
2. Spent ion resins (SIR), 
3. Spent filters (SF), 
4. Compressible waste (CPW), 
5. Non-compressible waste (NCW) and 
6. Specific waste (SW). 

Each of the waste streams mentioned above are shortly characterized in Table 1 
containing list of raw wastes, applied treatment and conditioning technologies, resulted waste 
forms and type of containers used. 
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Table 1: An overview of Krško NPP waste streams system 

No. Waste Stream Raw Waste Treatment and 
Conditioning Waste Form Container 

Type(1)

1. Evaporator concentrates and 
sludges (EC) 

1) Process fluid from WHT, FDT and BRHUT(2) 

2) Evaporator bottom 
3) Sludges from tanks and sumps 

1) Filtration 
2) Ion exchange 
3) Evaporation 
4) Solidification 
5) Supercompaction 
6) In-drum drying 

1) Solidified evaporator bottom in 
vermiculite-cemented matrix (EB)(3)

2) Supercompacted solidified 
evaporator bottom in vermiculite-
cemented matrix (EBC) 
3) Dried concentrate (DC) 
4) Dried sludge (DS) 

D5 
D6 
H1 
H3 
T1 
T2 

2. Spent ion resins (SIR) 1) Primary wet spent ion resins 
2) Blow-down wet spent ion resins 

1) Solidification 
2) In-drum drying 
3) Incineration (planned) 

1) Primary resins solidified in 
vermiculite-cemented matrix (SR) 
2) Dried primary resins (PR) 
3) Dried blow-down resins (BR) 

D4 
H1 
H2 
H3 
T1 
T2 

RL(4)

3. Spent filters (SF) 1) Spent filter cartridges 
1) Immobilization 
(cement) 
2) Manual filling 

1) Filter cartridges in cemented 
matrix (CF) 

D3 
T1 
T2 

4. Compressible waste (CPW) 

1) Dry waste: 
1.1) Contaminated protective clothing, footwear and other 
protective gear (shoe covers, gloves, overalls) 
1.2) Contaminated plastic (PVC, PE) 
1.3) Contaminated paper and textile waste 
2) Wet waste: 
2.1) Wet waste I 
2.2) Wet waste II 

1) Segregation 
2) Dismantling 
3) Compaction 
4) Supercompaction 
5) Drying 
6) Incineration 
7) Immobilization 
(cement) 

1) Compacted waste (CW)(5)

2) Supercompacted waste (CWC) 
3) Incineration products (A)(6)

D1 
D2/D1 

D6 
T1 

5. Non-compressible waste 
(NCW) 

1) Contaminated wood 
2) Contaminated metal equipment, structures and debris 
3) Contaminated concrete 
4) HEPA filters(7)

1) Segregation 
2) Compaction 
2) Supercompaction 
3) Incineration 
4) Immobilization 
(cement) 
5) Melting 

1) Solid non-compressible waste 
(O) 
2) Compacted filter debris (HF) 
3) Supercompacted waste (OC) 
4) Incineration products (A)(6)

5) Melting products (I) 

 
D1 

D2/D1 
D6 
T1 
- 
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Table 1: An overview of Krško NPP waste streams system (cont.) 

No. Waste Stream Raw Waste Treatment and 
Conditioning Waste Form Container 

Type(1)

6. Specific waste (SW)(8)

1) Corundum powder (CP) 
2) Active charcoal (AC) 
3) Contaminated oils, solvents and emulsions 

4) Replaced steam generators 
5) Steam generator insulation 
6) Dismantled spent fuel racks 
7) Replaced equipment 

Case by case approach - 

D1 
D1 
D1 

 
- 

CC-20(9) 

- 
KM(9)

Remarks: 
(1)Three main types of containers are used for the needs of storage in the SRSF, type D, H and T. Types of D containers are: D1 (Material: Carbon Steel, Useful Volume: 208 l, Wall Thickness: 1 
mm, Net Weight: 23 kg); D2 (Stainless Steel, 113 l, 1 mm, 10 kg); and D6 (CS, 320 l, 1,6 mm, 37 kg) used for storage of supercompacting products from the first campaign. Besides, type D1 
container in combination with biological shield or vermiculite-cement matrix is used for storage of filters (D3 and D4), spent ion resins (D4) and evaporator concentrates (D5). Also, type 
D1container is used as an overpack for packages containing incineration products. There are three types of H containers as well: H1 (SS, 200 l, 1,5 mm, 65 kg); H2 (SS, 150 l, 30 mm, 450 kg); 
and H3 (CS, 200 l, 1,5 mm, 60 kg). Types of T containers are the following: T1 (CS, 864 l, 2 mm, 117 kg) used for storage of supercompacting products from the second campaign (also used as 
an overpack in which three 200-liter packages are placed at the time; and T2 (CS, 869 l, 2 mm, 135 kg) used as an overpack as well. 
(2)WHT – Waste Hold-up Tank; FDT – Floor Drain Tank; BRHUT – Boron Recycle Hold-up Tank. 
(3)Waste form is in the supercompaction process. The results of such treatment are appropriate pucks (EBC). 
(4)There are a number of High Integrity Containers – RADLOK (Polyethylene, 3.100 l, 308 kg ), used for storage of unprocessed spent ion resins located in the SRSF. 
(5)Compacted waste (CW) will be supercompacted or incinerated. By that way CW waste form will be transferred to waste form abbreviated as CWC (pucks) or A (incineration products). 
(6)Incineration of compressible and non-compressible waste has been processed in Studsvik, Sweden. The resulting waste forms (i.e. incineration products) are placed within D2 container type 
that is cemented within D1 container type. There is no possibility to distinguish waste stream of their origin. 
(7)Dismantled parts of HEPA filters are compacted eventually. 
(8)Specific waste consists of several types of raw wastes that can be divided in two groups. Raw waste types that belong to the first group (3 items) are placed within D1 drums and temporarily 
stored in SRSF. For some of them there is no yet final decision on treatment and conditioning technologies that should be applied. Raw waste types that belong to the second group (4 items) are 
temporarily stored in the Decontamination Building (DB). Some of the raw wastes are placed within metal containers and some (steam generators and dismantled fuel racks) are sealed, wrapped 
and stored for decay. 
(9)CC-20 and KM are abbreviations for metal containers that are used for storage of steam generator insulation and replaced equipment. They are located in DB. 
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3 PROCESS SCHEMES 

For each of the waste streams mentioned previously the process schemes have been 
developed including the following [4]: 

1. Raw wastes, 
2. Pretreatment, treatment and conditioning technologies, 
3. Waste forms, 
4. Container types and 
5. Waste packages. 

As an example the evaporator concentrates and tank sludges waste stream (EC) process 
scheme is shown on Figure 1. By following the process scheme and consulting Table 1 as 
well it can be concluded that EC waste stream assumes three sources of radioactive waste 
(process fluids, evaporator bottom and tank sludges) that are pretreated and treated by six 
different technologies (filtration, ion exchange, evaporation, solidification, supercompaction 
and in-drum drying). The result of this practice is production of four different waste forms 
abbreviated as EB, EBC, DC and DS. Storing these waste forms in six types of containers 
leads to eight types of waste packages that have more or less different radiological, chemical, 
physical, mechanical, thermal and biological properties. 

The analysis of all 6 waste streams has indicated the fact that there are altogether 17 
different types raw wastes, including replaced steam generators, steam generators insulation, 
dismantled spent fuel racks and replaced equipment. Furthermore, 9 different technologies for 
pretreatment, treatment and conditioning of radioactive waste are used (evaporation, 
solidification, compaction, supercompaction, drying, in-drum drying, incineration, melting 
and immobilization) and 18 different waste forms are produced by application of these 
technologies that are stored in 3 different types of containers. Within each type of container a 
few combinations should be distinguished that means altogether 11 combinations that are 
practiced in Krško NPP. Considering all this, there are 34 different types of waste packages. 
24 of them are so-called basic waste packages and 10 types of them are the waste packages 
that are used for interim storage only. 
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Figure 1: Evaporator concentrate and tank sludges waste stream process scheme 

Abbreviations: 
WPPC – Waste Packages Containing Partially Conditioned Waste 
WPIS – Waste Packages Performed for Interim Storage Only 
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4 WASTE PACKAGE IDENTIFICATION SYSTEM 

Due to a large number of different types of raw wastes, waste forms, containers and 
resulting waste packages it was necessary to develop an appropriate identification system. 
The main purpose of such system is to allow a clear distinguishing between different waste 
packages. The identification system is of a major importance for data base development as 
well. The main requirements that should be satisfied by such identification system are as 
follows [4]: 

1. Identification system must be clear and precise, 
2. All components of the identification system (i.e. waste stream, raw waste, waste 

form, container and waste package) should have own abbreviation, 
3. Abbreviations should be as simple as possible and 
4. Current practice in Krško NPP should be applied as much as possible. 

Taking into consideration above-mentioned set of requirements the proposed 
identification system consists of three fields dedicated to the waste form, container and 
overpack respectively (Figure 2). Waste form field consists of two or three characters while 
the other two fields contain two alphanumerical characters. Examples are: 

1. DCH1 means evaporator bottom or tank sludges (raw wastes) treated and 
conditioned by in-drum drying system that are producing dried concentrate (DC 
waste form), which is stored in the container of H1 type. 

2. CWCD6 means compressible waste (CW) after supercompaction (CWC - pucks) 
stored in the container of type D6. 

3. PRH2/T2 means dried primary ion resins conditioned by in-drum drying within 
container of H2 type placed within T2 container as an overpack1. 

Waste form
abbreviation

Waste container
abbreviation

Waste overpack
abbreviation

 
Figure 2: Structure of proposed waste identification system 

5 WASTE PACKAGE CLASSIFICATION 

Waste packages stored in the SRSF are structured here with regard to the preliminary 
estimate of the extent to which they meet the criterion of structural stability for disposal. It is 
thereby implied that structurally stabile waste form will generally maintain its physical 
dimensions and its form under the expected disposal conditions such us weight of overburden 
and compaction equipment, the presence of moisture, microbial activity, and internal factors 
such as radiation effects and chemical changes [5]. 

                                                 
1Note that first two examples represents the packages that belong to the so-called basic waste packages and that third 

one is a waste package for interim storage only. 
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According to the results of analytical characterization, the criterion of structure stability 
could potentially2 be met only by the following waste packages temporarily stored in SRSF 
[4]: 

1. SRD4 - Spent ion resins solidified in vermiculite-cement matrix, 
2. CFD3 and CFD4 – Spent filter cartridges stabilized with concrete, and 
3. AD2/D1 - Waste packages containing incineration products that are also stabilized 

by concrete. 

According to the data contained in the database on radioactive waste, there are 1,240 
such packages, which represent some 24% of the total number of the waste packages stored in 
the SRSF at the time of the Project development. Some 44% of waste packages contain 
supercompaction products (pucks) that are placed within different container types (D6, T1 
and T2) in absence of any stabilization material. In some packages a drying agent (desiccants) 
have been added due to possible moisture. Thus the void fraction within the packages 
produced is above 10% of the container volume. The packages have wide a span of 
radiological properties as well. This is the way waste characterization has shown that these 
packages are suitable for storage only. Finally, the rest of waste packages (some 32% of total 
number) are assessed to be non-stabilized meaning that additional treatment should be 
undertaken in the future in order to meet anticipated waste acceptance criteria for disposal. 

6 CONCLUSION 

By initiating the Radioactive Waste Characterization Project, Krško NPP has practically 
anticipated the legislative changes that have happened in the meantime. Namely, the 
Regulation Z3 from 1986 that has been regulating the radioactive waste management up to 
2006 has been abandoned and the Regulation JV7 has come into force. This new Regulation, 
based on the latest recommendations of the IAEA and contemporary world practice in the 
field, represents a new step forward in regulation the field of radioactive waste management 
which becomes ever more significant in the Republic of Slovenia. Improvement of the 
existing low and intermediate level radioactive waste management practice in Krško NPP, 
development of waste acceptance criteria for storage and disposal, establishment of waste 
takeover procedure between Krško NPP and ARAO Agency that is responsible for disposal 
facility construction, are some of the ongoing and forthcoming activities. The Project results 
as an overview of existing status of the low and intermediate level radioactive waste 
management at Krsko NPP has the potential to serve as a strong reference to future 
developments on a radwaste area in Slovenia. 
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2It should be confirmed by laboratory tests implementation. The laboratory tests proposed to be carried out are 

regarding the following waste characteristics: leachability, free liquids, permeability and porosity, compressive strength, 
freeze/thaw stability and resistance to biodegradation. 
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