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ABSTRACT

Low and intermediate level radioactive waste re presents 9 5 % of the total
wastes that is conditioned into special concrete containers. Since these
containers are to protect radioactive waste safely for about 300 years, the
selection and precise control of physical and mechanical characteristics of
materials is very important. After volume reduction and valuable
components recovery, waste materials have to be conditioned for transport,
storage and disposal. Conditioning is the waste management step in which
radioactive wastes are immobilized and packed. In this paper methods and
optimization of concrete container composition, used for storing radioactive
waste, is presented.
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INTRODUCTION

Radioactive waste materials generating in FR Yugoslavia established a task in front
of the organizations responsible for handling with the hazardous and radioactive waste
materials, starting with development of an idea project in such hazardous materials
safety treatment in collection to a final disposal. Numerous procedures that are adopted
in developed countries, having a great deal of experience in the radwaste materials
management, were adopted in the earliest stages of our investigations. First of all, we
had to establish types and quantities of the radwaste already stored on the "Vin~a"
Institute site, their generating frequency and to adopt safety procedures related to their
handling in transport, immobilization, storing and final disposal. Due to these safety
procedures, we were obligated to confirm safety of an each step in the radwaste
materials management. This task was related to investigations of the radwaste
materials.? chemical and mechanical treatment, before their introduction to an
immobilization processes and treatment of the mixtures of radwaste materials and
matrix materials, as well as materials that are anticipated for the final disposal facility
construction on prospecting' their physico-chemical and mechanical characteristics..
When the 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 investigations, as a matrix, domestic cements are used. After
solidification of the radwaste-matrix mixture form, hardened monoliths are obtained.
These solidified radwaste mixtures are investigated on their physico-chemical and
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mechanical properties, where the most important ones, from the safety contact of the
radwaste-mixture forms to environment point of view, are:

resistance on leaching, so that the release of the radionuclides that are
immobilized in the matrix material will be low even though flowing water may
contact them;
resistance on the action of the external mechanical forces, as well as,

Good experimental resuits 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 transport, storing
and final disposal, even in the elapsed periods of time. (1"3)

QUALITY TESTING METHODS USED IN RADIOACTIVE WASTE MANAGEMENT

The testing methods, which are applied mainly in radwaste-mortar mixture form
properties examinations, are:
-testing of mechanical characteristics,
-permeability measurements,
-leakage test,
-leaching test in static conditions,
-leaching test in static semi-real conditions,
-leaching test in dynamic conditions,

Mechanical characteristics

Testing of concrete and mortar compressive strength is a classical method in civil
engineering practice. Cube shape samples, 10 cm in length are used. For the purposes
of the radwaste-mortar mixture forms mechanical strength examinations, hydraulic
press of 150 MPa range is used.
Mechanical strength examination of the bitumenized radwaste forms were performed
using hand press of the 7 MPa range.

Permeability

We are using permeability measurements as a method which defines property of a
porous material which characterizes the easiness with which a fluid may be made to
flow through the material by an applied pressure gradient. Permeability is the fluid
conductivity of the porous material. In aim to define permeability in terms of
measurable quantities, Darcy's low equation is used. Each concrete sample is subjected
to nitrogen permeability measurements on an absolute pressure of 1 MPa and the
temperature of 20°C. Samples have been conserved in air of 20°C and 60% of relative
humidity for 28 days. Flow of gas through concrete follows the Darcy's low with great
degree of approximation. By integrating the Darcy's low over height and cross section
(for cylinder shaped samples), Permeability coefficient K (cm2) is calculated as:
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K = Q^2L;Q = I ^ P L
S'(P-Po) Pm't

whereas:
Q-gas flow (cm3/s); H-sample height (cm); K-permeability coefficient (cm2);t-time (s);
P-starting pressure (Pa); Po-absolute pressure (Pa);dPj-actual pressure (Pa); 77,2-gas
viscosity (Pa • 3s); Pm-mean pressure (Pa).

Concrete samples have been cylindrical in shape (diameter 10 cm, height 10 cm).
Testing of mechanical characteristics and permeability was done on each of forty
investigated formulations. '\.~

Leakage test

Apparatus for concrete and mortar leakage test has been constructed in Institute of
nuclear sciences "Vin~a". This original method provides a virtual image about the ability
of matrix to prevent "washing out" of solidified radwaste materials by underground
water flows. The apparatus made possible simulation of real process with concrete
discs (diameter 10 cm, height 1 cm). Leakage test results enable time calculation, with
a great degree of approximation, after which radionuclide washing out from real system
(engineer trenches) can be expected. Expected period of time is 300 to 500 years.
These results may be expressejfby incremental leakage rate, R (crn/d), which has the
dimension of speed:

(2)4
Ao S tn

whereas:
an-radioactivity leaked during the leakage renewal period (Bq);
Ao-radioactivity initially presented above concrete or mortar disk (Bq);
V-volume of concrete or mortar disk (cm3);
S-exposed surface area of concrete or mortar disk(cm2);

tn-duration of leachant renewal period (d).

Leaching test

It is a classical leaching test by Hespe, recommended by IAEA.(4)

Determination of radionuclide migration through the cement-waste forms in
static semi-real conditions
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Final shallow land repository is under unsaturated conditions and the principal
process of the radioactivity release to environment is the hydrological transport of
radionuclides by the ground water. Therefore we consider only this pathway for
simplicity. Radionuclide release scenarios are consider in both of normal and special
cases:

1. Under normal condition, rainfall percolates through the trench cover and
concrete container and comes into contact with the waste matrix eventually.
Then, ttie radionuclides are leached from the immobilized waste material;

2. Under special condition, where 1 m column of water is above the concrete
container and water comes into contact with radionuclides in immobilized
cement matrix with additional pressure of 9.8 kPa.

In both of normal and special conditions, the leached radionudides percolate
downward through the concrete system and enter an aquifer. Based on these
scenarios, we have realized two environmental simulation testing apparatus, in which
we measured radionuclide migration velocities in semi real conditions.

Determination of radionuclide migration through cement-waste forms in
dynamic conditions

Based on described scenarios, we have constructed a simulation test apparatus,
which we used for measuring the radionuclide migration velocities in real conditions.
Dynamic conditions leaching test apparatus has been constructed in the "V5n~a"
Institute of Nuclear Sciences. This original method provides a virtual image about ability
of mortar and concrete barriers to prevent "washing-out" of immobilized radionuclides
by water. The concrete container, containing in mortar immobilized total activity of
7.72* 5107 Bq of ^Coand^Cs, was totally immersed in water and granulate, for period
of 365 days. A downward flow of water was carried out at a constant feed velocity of
500 ml/day. Leachants were removed at selected intervals in order to determine the
radionuclides leach-rates in leachants.

CONCLUSION

Performed experiments experience has given the possibility to choose, the best
formulations for cement mixtures and results gave us certain to claim that described
methods and used matrix materials will serve as < barriers to preserve radionuclide
migration to the surroundings for at least 300 years. Optimization of the processes and
matrix-radwaste mixtures is in progress and we hope that this work will influence the
design of the future Yugoslav storage, centre, shallow land burial type for low and
intermediate level radioactive wastes.
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