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1. FINAL DISPOSAL SITE CONCEPT 

Radioactive waste materials generating in FR 
Yugoslavia established a task in front of the or
ganizations responsible for handling with the 
hazardous and radioactive waste materials, 
start ing with development of an idea project in 
such hazardous materials safety treatment in 
collection to a final disposal. 

As a concept for the final disposal system of 
such prepared solidified radwaste-mixture forms, 
engineer trench system is adopted. This system 
consists of four barriers to the influences that 
might occur to and from the trench environment, 
and they .are: immobilized matrix-radwaste mix
ture form, solidified inside 200 1 metal drums or 
in concrete made containers, depending on the 
applied immobilization technique, drainage mate
rials and trench walls, made of the concrete of 
the high mechanical strength characteristics. En
gineer trench system will be divided into the sec
tions, each representing independent trench sys
tem, with the control possibility of the system 
potential damages, expressed as radionuclide 
presence in the drainage network system, that 
goes under the trenches and collects liquids that 
might penetrated through facility. All R&D work 
that is performing in the "Vinca" insti tute, deal
ing with the treatment and management of the 
radioactive waste materials has its final goal in 
constructing the Yugoslav radwaste materials 
final disposal centre [1,2]. 

2. STRATEGY 

In our attempts to prepare all the pre-work that is 
necessary for a future Yugoslav final disposal center 
for the low and intermediate level radioactive waste 
materials, we decided to established National 
Agency for Radioactive Waste Management 
(NAROM). This body of the national importance will 
have its main task in planning and leading all the 
actions that are related to the radioactive waste 
management, such as: making a decision on the fi
nal national disposal radwaste materials disposal 
center, concerning the disposal site and techno-
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economical aspects of the facility, and it will have 
advisory role for all aspects of the radioactive waste 
management: appropriate pre-treatment, treatment 
and immobilization techniques for the certain waste 
materials, manners of solidified waste materials 
transport, storing and disposal etc. 

3. SOURCES, TYPES, AND QUANTITIES OF 
RADWASTE MATERIALS AND MANNER 
OF THEIR STORING 

Radioactive waste materials that arised as off-
products in the work of research reactor, as well 
as in industry and medicine, were interim stored 
on the Insti tute site. All these materials were 
transferred to the covered interim storages on the 
Insti tute site, that was built in early seventies, 
whether they were in liquid or solid form. 

3.1. Liquid waste materials 

For the purpose of collecting of the liquid waste 
materials, generated in the research reactor, four 
stainless steel reservoirs, each volume of 300 m3, 
were built. These underground basins were con
nected with reactor building through a special net 
work system. The main radioisotopes in these res
ervoirs are: 137Cs, 60Co and 3H, where the specific 
activity of the liquid is about 4 kBq/ml. The 
other source of the liquid radwaste materials is 
radioisotopes production laboratory. These rad
waste materials have different radionuclide com
position from the materials of the first group, 
and the preconcentration of liquid is usually done 
before its introduction to the underground reser
voirs. This group of radwaste is divided into two 
subgroups, due to half-life of the radioisotopes 
present. The third source of the liquid radwaste 
materials arising from the isotopes application in 
research, medicine and industry. 

Radioactive waste materials arising from radi
onuclide application in medicine and industry, are 
temporary stored inside the storing facilities on 
the site of the "Vinca" Institute. Liquid radwaste 
materials are placed mainly in the plastic made 
barrels, F=50 1. Liquid radwaste materials col
lected in the underground reservoirs are periodi
cally inspected on pH value and specific activity. 
Building of the facility for the liquid radioactive 
waste materials treatments is in progress. 



3.2. Solid waste materials 

Solid radwaste materials are generated from the 
sources already discussed, as well as from collec
tion of the spent sealed and unsealed sources, fire 
alarms, radioactive lightning rods, radium nee
dles and discarded filters from the ventilation 
systems. These materials are divided into two 
groups: compressible and incompressible materi
als. If the materials from the both groups are 
valuable, they could be decontaminated in the 
first treatment step. These materials are stored in 
the 200 litters steel barrels, with or without inte
rior concrete shield. The annual production of 
these materials till 1990 was about 70 ma de
pending on intensity of work in-the nuclear pro
gram. For the volume reduction of the compressi
ble waste in drums 50 tone press was used. At the 
beginning, drums were stored on the uncovered 
storage, where they were under the destructing 
influence of corrosion. 

In early seventies, first covered interim storage 
was built with the capacity of 5000 drums. Dose-
rate in this storage does not exceed 5 mSv/h. In 
1984 the new interim storage shed was built. In 
this facility 1500 drums are stored and the great 
deal of the stored radwaste materials are spent 
sealed sources from medicine and industry, domi-
nantly containing 60Co and 137Cs. 

4. EXPERIENCES 

When the row radwaste material is conditioned 
mechanically and chemically in aim to decrease the 
volume of the waste form, such a treated material 
is immobilized in the inactive matrix. In our inves
tigations, as a matrix, domestic cements and bitu
mens were used. After solidification of the rad-
waste-matrix mixture form, hardened monoliths 
are obtained. These solidified radwaste mixtures 
are investigated on their physico-chemical and me
chanical properties. Good experimental results of 
the investigations, performed in aim to confirm 
good embedding properties of the matrix-radwaste 
mixture forms, which could guaranty stability of 
the solidified waste forms during the operations of 
their transports storing and final disposal, even in 
the elapsed periods of time. 

4.1. Research and development work (R&D) 

Even the regulatory bodies of the Yugoslav gov
ernment imposed temporary prohibition of nuclear 
power plants building objects for treatment, stor
age and disposal of radioactive waste materials 
were excluded and we were in position to continue 
with our R&D work, in attempts to start with the 
preliminary works of the first Yugoslav radwaste 
disposal facility and all activities, that are related 
to this goal. This work is related to the procedure 

steps in treatment of solid and liquid radwaste ma
terials, before they are introduced into the immo
bilization processes, developed until nowadays in 
the "Vinca" Institute: cementation and bitumeniza-
tion [3,4,5,6]. Immobilization processes in which 
two component resins were applied as matrix mate
rials were neglected in the early stages of the ma
trix material selection, mainly because of expen
sive immobilization process, as well as some weak 
physico-chemical characteristics. Developed immo
bilization processes have, as a final goal, produc
tion of the solidified radwaste-matrix mixture 
form that is easy for handling, and that satisfy 
safety requirements for interim storage and final 
disposal of such materials, on the appropriate 
sites. Shallow land burial engineer trench systems 
as a concept of the final disposal system for low 
level radioactive waste materials, is adopted. Fol
lowing this strategy, materials that the engineer 
trench system consists of: mortar or bitumen as 
matrices concrete for containers and trenches, back 
fill and drainage materials, were investigated. Re
search was done in aim to define the most impor
tant physico-chemical properties, that character
ized implemented materials as barriers to the radi
onuclide migration from the trench system to an 
environment. Optimization of the matrix materi
als, either mortar and bitumens were performed, as 
well optimization of the concrete formulations for 
containers and trenches in aim to promote the best 
physico-chemical characteristics of the materials 
applied in three stage barriers concept for rad
waste materials final disposal system [7,8,9,10,11]. 

4.2. Experimental work related to the radwaste 
management 

Testing methods, which are applied mainly in 
radwaste-mortar mixture form properties exami
nations are: 
• leaching test in static conditions; 
• leaching test in static semi-real conditions; 
• leaching test in dynamic conditions; 
• leakage test; 
• testing of mechanical characteristics; 
• permeability measurements. 
All the experiments were ruled up to the IAEA 
recommendations and standardized procedures 
[1,2,7]. The most important characteristics that 
were investigated for each material in the final 
disposal system, are: main radionuclides leach-
rates and adequate diffusion coefficients, perme
ability, porosity, compressive strength, resistance 
on freezing and open flame. One of the specific 
investigation methods that was developed in the 
"Vinca" Institute was "leakage"-test that should 
simulate radionuclides migration from the encap
sulated solidified radwaste-mortar mixture form 
through the well defined inactive barriers of the 
final disposal system, into the inactive environ-



ment, e.g., distilled water in these experiments. 
One of the aims of the R&D work is, by using the 
resul ts of the performed experiments, to be in the 
position to predict behaviour of each segment of 
the future disposal system, especially solidified 
waste-matrix mix ture , in the prolonged periods of 
s tor ing t ime, in normal and accidental conditions 
on the disposal site. In this manner , experimental 
resul ts for prospected radionuclides leach-rates, as 
well as their efficient coefficient of diffusion, ob
tained in leaching-test, using Standard Hespe 's 
and modified, accelerated and Soxlet 's methods, 
were used as input parameters in the mathematical 
modelling of the phenomena of radionuclide 
leaching from the mat r ix materials to the envi
ronment [3,4,7,8,9] . For this purpose, modified 
program packages are used. Resul ts of the experi
ments , performed in a period of 3 to 5 years shown 
good accuracy of the applied mathematical models 
to the experimental results , when s imulat ing the 
radionuclide leaching from the inactive matrices in 
the prolonged time periods [5,6,8, 9 ,10,11,12] . 

5. CONCLUSION 

Prel iminary invest igat ions and research work re
lated to the final disposal site for the fu tu re 
Yugoslav radwaste disposal site is in progress . 
Unti l the final decision concerning facili ty si te is 
made, all the other , necessary previous step 
should be finished, having a common goal in be
ing posit ive about quali ty of the all applied proc
esses and techniques in radwaste management . 
Optimization of the chosen techniques in t reat 
ment condi t ioning, immobilization and s tor ing 
the radwaste mater ia ls is near ly completed and 
great deal of the work is almost done. Invest iga
t ions .are still ca r ry ing out on mater ia l s t h a t are 
adopted as components of the engineer t rench 
system in aim to improve the i r physico-chemical 
proper t ies , mainly re tent ion the radionuclides 
release from the disposal facility to envi ronment , 
as well as the i r mechanical character is t ics . Par
allel, collection of the new generated waste mate
r ia ls and the i r in te r im s tor ing a t the site of the 
Ins t i tu te "Vinca" is cont inuing . 
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