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CONDITIONING OF LOW LEVEL RADIOACTIVE WASTE OF THE

RESEARCH CENTRE SEIBERSDORF

ABSTRACT

The conditioning (solidification) of LLW at the Austrian

research centre Seibersdorf are explained. In first part of this

paper the comentation of ashes are described and criterias for

the application of recipes for conditioning, quality inspection,

determination of leaching rotes are given. Enclosed to that some

figures show you the installed equipment and the handling for

conditioning of LLW at the research centre.

KONDITIONIERUNG RADIOAKTIVER ABFÄLLE (LLW) IM ÖSTERREICHISCHEN

FORSCHUNGSZENTRUM SEIBERSDORF

ZUSAMMENFA55SUNG

Die vom österreichischen Forschungszentrum ausgewandte Methode

der Zementierung zur Verfestigung von radioaktiven Abfällen bzw.

deren Rückständen nach einer entsprechenden Be- und Verarbeitung

wird beschrieben. Kriterien für die Anwendung bestimmter Rezep-

turen sowie begleitende Qualitätskontrollen werden aufgezeigt.

Im Anschluß daran zeigen einige Abbildungen die entsprechenden

Einrichtungen des ÖFZS, Hauptabteilung Abfallverarbeitung.
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CONDITIONING OF RADIOACTIVE WASTE

For the conditioning of radioactive waste the Austrian Research

Centre Seibersdorf selected the method of cementation, which has

been successfully applied in a number of countries for many

years. Reasons for this selection were the positive experiences

made abroad, the fact that this technology is being used in many

other fields and that cementation is a wet and cold process

which can be easily subjected to the requirements of radiation

protection in handling radioactive materials. Furthermore, the

scope of technical facilities and the number of staff required

are modest. It is a low-cost process, not only with regard to

the technique itself but also concerning basic materials.

Budgeting, however, should take into account considerable reser-

ves for quality inspection and research and development. This,

of course, is important for all conditioning methods.

Experts agree on the following list of arguments in favour of

the cementation method:

- The matrix material is cheap.

- Conditioning can be performed at room temperature.

- Contact with dry, dusty materials is avoided. In conditioning

ashes the first step is moistening the material.

- In handling the matrix material cement one can draw on many

years expertience made in conventional building techniques.

- Expert know-how is being made available by institutions

specializing in cement research, which are continuously

engaged in research and development projects.

- The final product of conditioning consists of physically and

chemically stable organic material and is well suited for

ultimate storage.

- The conditioning of radioactive waste in cement can therefore

be regarded as a method established in science and technology,

with a prospective range of other applications.
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At the Austrian Research Centre Seibersdorf a variant of the

in-barrel mixing procedure is used. Fig. 1 shows a photograph

and Fig. 2 a diagram of the piant, with the planetary paddle

mixer inserted into a barrel for mixing waste with the cement

matrix. Placed next to it is a barrel filled with water for

cleaning the mixer. The individual steps of the procedure are

illustrated in the following.

Cementation of ashes

An empty barrel is inserted into the furnace ash box. Moistened

ash is let into the barrel. The amount of water required for

this is shown by the water meter. Fig. 3 illustrates handling

the ash box. Fig. 4 shows the exit of the barrel partly filled

with ash and water. The surface dose rate at the barrel is

measured and documented. The barrel is transported to the scales

where it is weighed (Fig. 5). The amount of ash is calculated

from the known weight of the empty barrel, the amount of water

added and the result of weighing. These data are recorded on the

barrel (Fig. 6). Then the barrel is transported to the mixing

plant where the planetary paddle mixer still rests in a barrel

filled with water, i.e. in the cleaning position. The barrel

filled with water is exchanged with the one filled with ash.

Before adding cement and water, checks are made whether cement

is available in the storage silo, that the ventilation and

hydraulics plants are operating and that water and compressed

air are available.

For mixing the planetary paddle mixer is inserted into the

barrel filled with moistened ash and the contents is mixed for

approximately five minutes at low speed (Fig. 1). After lifting

the mixer and checking the homogeneity of the contents a sample

is taken for gammaspectrometric measurement (Fig. 7 and Fig. 8).



The mixer is lowered again and run at low speed, while an amount

of cement is added which corresponds to the same or double the

weight of ash. Finally water is added up to 40 percent of the

cement/ash weight. The amount of water already added during

filling in the ash is included. Fig. 9 shows the control board

for determining the dosages of cement, water and\ hydraulic

additives.

After mixing the barrel is not completely filled with the

cement/waste mixture, a considerable empty space remaining

sometimes. For this reason the cement mixture is filled into

another barrel (Fig. 10).

The next batch is filled also, at least partly, into this

barrel. Thus, one barrel is used exclusively as mixing vessel

and the barrel to be stored can be filled completely. Samples

are taken for quality inspection of the mixed batches

(Fig. 11). Fig. 11 also shows the measuring equipment which

serves for determining the hydration heat released during

solidification (thermoelements, plotter).

After filling the barrel the concrete mixture is condensed by a

vibrator (Fig. 12),,air bubbles contained in the concrete rising

to the surface. Fin/ally the dose rate at the barrel surface is

measured again (Fig. 13). The final barrel documentation

comprises:

- Code number '

- Mixing date .'

- Amount of ash (kg)

- Amount of water (litres)

- Amount of cement (kg)

- Weight of barr.el (kg)

- Dose rate at the surface.
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During hardening the rise in temperature occurring with various

recipes in the cement matrix and caused by the hydration heat

released is registered. The thermoelement used for measuring

remains in the hardened cement matrix.

Recipes for conditioning

The technique of using cement or concrete for conditioning

leaves a wide margin for recipes geared to the special

requirements of the waste. This is also underlined by the

numerous types of cement, aggregates and additives used as well

as by the great number of variants in producing and handling the

matrix material. It would certainly be possible to draw up an

optimal recipe for the cementation of waste of exactly known

composition. So far it has not been possible to receive detailed

information about the physical quality and the chemical

composition of the waste. Inaccurate statements made by the

waste producers and variations in the composition are the

reasons why the recipes used have to cover a certain spectrum in

the composition of the waste. Therefore also the regulations

issued for conditioning, e.g. by the Department for the Safety

of Nuclear Plants (ASK) in Switzerland, do not give detailed

recipes.

For the method of in-barrel cementation, currently applied by

the Austrian Research Centre Seibersdorf, approximately the

amount of Portland cement has to be used which corresponds to

the same or twice the amount of ash. A water/cement value of 0.5

will be the limit. On this basis conditioning will achieve

satisfactory stability and resistance against leaching. A

definite mixing time at a given mixing speed is also a factor of

importance. The mixing process of the currently used in-barrel

mixing method is favourably influenced by additives which

improve the plastic behaviour or flow behaviour of the mixed

product. Samples taken at the Austrian Research Centre



Seibersdorf for quality inspection show a high mechanical

stability (resistance against pressure). This is usually a sign

of good leaching qualities. A resistance against 25 bar should

be achieved with the cement matrix. Samples with this mechanical

resistance usually indicate that the material has the desired

physical qualities for ultimate storage.

Quality inspection

Quality inspection at the Research Centre Seibersdorf comprises

gammaspectrometric measurements with regard to the activity of

each barrel and in certain cases temperature measurements during

hardening, investigations of pressure resistance and the

determination of leaching rates.

These investigations are to test the most important qualities

required of conditioned waste: dryness, stability and, to a

certain extent, resistance against leaching.

The dryness of the product depends on the selection of the

proper water/cement ratio. The limit for water to enter into a

chemical compound with cement can be illustrated by a

three-phase diagram. Mixing ratios are selected by the Research

Centre on the basis of this diagram (Fig. 14).

Resistance against pressure

The stability results from the pressure resistance during

cementation. Sample bodies are subjected to a STOHL press

(Fig. 15).
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Resistance against pressure is based on the following formula:

N (kg m s~2)

= kg/cm2

g (m s-2) p (cm2)

N = force (Newton)

g = acceleration due to gravity = 9.81 m/s2

F = surface of the sample body = variable

1 kp = 0.906 N (Newton)

Determination of leaching rate

Leaching tests at the Austrian Research Centre Seibersdorf,

Department of Waste Management, are carried out according to the

IAEA test method (E.D. Hespe), modified by P. Patek

(OFZS-HA/AV) . On the basis of a thesis by H.L. Förster on

Contributions on the Chemical Behaviour of Radioactive Waste

Conditioned with Cement (Beiträge zum chemischen Verhalten von

mit Zement konditionierten radioaktiven Abfällen) a plant is

being built for leaching tests, e.g. for leaching of concrete

samples of ten different mixtures, labelled with three

significant radioisotopes, at three temperature ranges with

deionized water during a period of six months and with

22 changes of the leaching water.

The report on the test results is to contain all data of the

tests carried out in order to serve as a basis for comparisons,

in particular: the detailed description of producing and taking

samples, the type and composition of the sample material, the

type, chemical and radiochemical composition of the waste,

specific radioactivity, significant differences in the physical

properties of the original and the final product, weight and

density of the samples, possible changes during the leaching
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process, the chemical composition of the leaching solution, test

conditions such as atmosphere, temperature and pressure,

pH-value, conductivity and redox potential of the leaching

solution and other chemical and physical data, volume of the

leaching solution, frequency of sample changes, all

modifications of the standard method with giving reasons,

results of analytical investigations such as specific

radioactivity, ion concentrations of the matrix material with a

description of the measuring method, its precision,

reproducibility and control limits.

With the results of these investigations the first comprehensive

information regarding leaching rates in longterm tests with

waste conditioned at the Research Centre Seibersdorf will be

available.



Fig. 1: The in-barrel mixing plant at the Research Centre

Seibersdorf. On the left is a barrel filled with water,

which is used for cleaning the planetary paddle m i x e r .

A barrel filled with waste is in the mixing p o s i t i o n .
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Fig. 2: Diagram of the in-barrel mixing plant at the Research

Centre Seibersdorf.
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Fig. 3: H a n d l i n g of the ash box. The ash is m o i s t e n e d with water

and filled into the barrel u n d e r n e a t h . The amount of

water used is registered by the water m e t e r .



Fig. 4: Removal of the barrel filled with ash and water from the

ash chamber of the furnace.
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Fig. 5: The barrel Filled with ash and water is being weighed.

The weight of the ash-filling is determined.
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Fig. 6: Barrel documentation: Ash of ....

Amount of water ....

Amount of ash ....
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Fig. 7: Taking of an ash sample for gammaspectrometric measure-

ment. From the gammaspectrum the qualitative and quanti-

tative composition of nuclides emitting yammaradiation

can be determined. The principle that the total amount

of radioactivity can be traced back to the producer of

the waste is thus observed.
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Fig. 8: Measuring equipment For gammaspectrometry of waste

samples. The measuring equipment is connected to a data

processing plant.
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Fig. 9: Mixer fittings For the dosage of anorganic hydraulic

additives, cement and water for the in-barrei mixing

plant.



Fig. 1U: Filling a mixed waste/cement batch into a barrel for

hardening for ultimate storage.
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Fig. 11: Taking samples of a waste/cement batch. Samples are

taken for determining the resistance against pressure

and the leaching rate. The equipment for measuring the

hydration heat (thermoelements, plotter) can be seen in

the background.



- 19 -

Fig. 12: Condensing the concrete mixture with a vibrator. Air

bubbies are being expelled.
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Fig. 13: Determining the dose rate at the surface of the

barrel. Barrel documentation:

Code number

Amount of ash

Amount of water

Amount of cement

Weight of barrel

Dose rate at barrel surface.



- 2 1 -

10 C

20 CO 60 SO 100

% feuchrsr A-jfall ( ca. 50 Gaw. %

Fig. 14: Three-phase diagram for embedding ashes and sludges in

cement. Lined area: suitable only under certain

conditions. Area between the lines: good processsing.
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Fig. 15: STOHL press for determining the resistance against

pressure of the cement sample bodies.
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