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ABSTRACT

This paper presents remedial activities in Zavratec during winter 1999 - 2000. The
difficult and slow process of separation radioactive from non-radioactive waste is explained,
and the measuring techniques and equipment for separation are presented. The measurements
of storage contamination and its decontamination, involving different practical problems, are
described in detail. As a result, the initial volume of the waste was reduced to 50%, in spite of
the extended decontamination works. The waste has been relocated to the Brinje storage
facility. Measurements inside and outside the Zavratec facility after decontamination showed
that no radioactivity higher than the natural background was present. The facility was released
for unrestricted use.

1 INTRODUCTION

The remediation of a provisional storage for low level waste near the village of
Zavratec, situated in the western part of Slovenia, has been successfully concluded. The waste
in the storage originates from the Institute of Oncology, where in 1961, an incident happened
in which a radium applicator was accidentally broken and the content was dispersed all over
the floor. After decontamination, about 30 m3 of the radioactive material was transported to
an old, empty, military barracks near Zavratec, and walled-up.

At the time of the incident no special record about the volume and the activity of the
waste was made. So in the first phase of the remediation project, performed in 1996, an
inventory was established in the storage, and the waste was repacked in 97 drums. The results
of the measurements showed that the total measured activity of radium corresponded to the
activity of the damaged radium applicator. In addition to this, it was discovered that the waste
unexpectedly contains also radioactive cobalt-60, cesium-137 and presumably C-14 which is
a pure beta emitter.
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In 1999 a final remediation plan was prepared. The plan envisaged separation of the
radioactive waste from the non-radioactive in order to reduce the waste volume, treatment and
conditioning of liquid waste, decontamination of the storage facility and transportation of the
radioactive waste to the storage for small producers in Brinje near Ljubljana.

2 SEPARATION OF WASTE

Preparatory work for final implementation of the project started in November 1999.
Access to the facility was arranged and the electricity was provided. Several rooms in the
facility were prepared for performing measurements and separation of the waste. Provisional
storage for new drums with radioactive waste and rooms for the staff were arranged. The IBE
enterprise was responsible for organisation of the technical part of the project, while the team
of experts from Jožef Stefan Institute performed radiation measurements and provided
radiological protection.

Because of the radon presence in the storage, and possible contamination of the air at
the time of remedial activities, the storage room was equipped with a ventilation system with
air filters. The radon concentrations and air contamination in the storage were constantly
measured. Since the waste was stored in drums the concentrations of radon were ~1500
Bq/m3, and when the ventilation of the storage was turned on they dropped to only 100
Bq/m3. The outside walls of the barracks were equipped with TLD dosimeters, and vaseline
plates were installed in the surroundings to measure the impact of the remedial activities. All
workers were properly trained in basic radiological protection.

According to the clearance levels for separation of waste that were issued by the
regulatory authority (table 1), detailed measuring procedure for waste separation was prepared
and approved by Slovenian Nuclear Safety Administration. It was also required that all the
drums containing Co-60 and Cs-137 should be declared as radioactive without any further
investigation.

Table 1: Clearance levels for Ra-226 and C-14 issued by the Slovenian Nuclear Safety
Administration.

Radionuclide Specific activity (Bq/g) Surface activity (Bq/cm2)
Ra-226 10 0.05
C-14 10000 0.5

For separation of the waste, very sensitive portable beta/gamma (proportional counters
LB1231 and LB1200) and alpha/beta (proportional counter LB1232) contamination monitors
were used. For waste identification, the sodium iodine gamma spectrometer (Nanospec) was
applied, and for dose rate measurements the Reuter-Stockes high pressurized ionization
chamber (RSS-112) was used. The portable equipment is shown in figure 1.
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Figure 1: Portable gamma spectrometer and contamination monitors used for waste
separation.

According to the separation procedure, the drums containing Co-60 and Cs-137 and
drums in witch the dose rate on the surface was greater than 10µSv/h were automatically
without further examination prepared for transportation to the storage in Brinje. Drums
containing lower activity of Ra-226, and drums potentially contaminated by pure beta
emitters were examined in detail.

With the portable gamma spectrometer the presence of radium was first determined in
the waste. A specially designed pulley lifted each drum, and the content of the drum was
spread over the separation table (Figure. 2).

 
Figure 2: Separation table in the measuring room where measurements and
separation were done. Each piece was carefully measured by the contamination monitor.

Each piece was measured in detail by the proportional counter β/γ from all sides. If the
number of counts measured by the detector showed more than double background of the
measuring room (~25 cps - counts per second) the piece was declared as radioactive waste. It
should be stressed that the proportional counter beta/gamma LB1231 detected a natural
background of ~13 cps in the measuring room. Outside of the storage, the measurements
showed twice as much (between 20 and 30 cps) as in the storage.
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Because of radium presence all drums should be opened several hours before the
separation started. In this time the radon daughters that were contaminating the entire content
of the drum decayed away, and the separation was possible.

Emptied drums were also precisely examined and were declared as radioactive waste if
contamination was found. Radioactive waste was then collected mainly in new 210-l drums
and was additionally separated into combustible and compressible waste.

The waste was classified as non-radioactive waste if the measured activity was lower
than the clearance levels. On the basis of the measurements, the Health inspectorate issued a
special declaration that the waste may be disposed of as municipal waste.

The separation work was done in very difficult conditions in November and December
of 1999. The temperature at workplace was between 5 and 10°C. This was also the minimum
operational temperature range for some equipment. In such conditions it was possible to
examine approximately 5 drums per day.

After the separation was completed, the drums with radioactive content were
temporarily stored in one of the rooms. Each drum was carefully labelled, and the
documentation with all-important data was prepared. From the initial ~30m3 (77 bigger 320 l
drums, 20 standard 210 l drums) of waste, after the separation ~14m3 (four 320 l drums, 60
standard 210 l drums) containing radioactive waste were produced.

3 SOLIDIFICATION OF LIQUID WASTE

In the first phase of the remediation of Zavratec a small quantity of liquid radioactive
low level waste and about 400 l of chemically toxic - but radiologically clean - liquids were
discovered. The radioactive liquids were solidified with a mixture of cement and vermiculite
(Figure 3). About 36 kg of vermiculite-cement was used in order to solidify 17 liters of
radioactive liquids. The mixing was done manually. The efficiency of solidification was
tested several days after. It was established that the solidification process was adequate and
that there was no presence of free liquid.

Chemically toxic liquids were sent for further treatment to a company responsible for
the management of such waste.

  
Figure 3: Solidification of radioactive liquid waste
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4 DECONTAMINATION OF THE STORAGE

From the first phase of the remediation it was already known that at several spots the
storage room was contaminated, mainly with radium and cesium. After detailed measurement
of the walls, floor and ceiling it became evident that the contamination of the room was more
extended and higher than expected. The entire storage was contaminated above the
background levels.

The extent of contamination on the floor of the storage is presented in figure 4. The
results are presented in cps (counts per second) detected by contamination monitors. We can
see that the detected maximum was 4800 cps. Analyses of samples taken from some spots
also unexpectedly showed the presence of Sr-90. This pure beta emitter was not identified in
the first phase of the remediation project, performed in 1996. The presence of this
radionuclide did not influence the separation and decontamination process because of high
efficiency of detectors to strontium.

    
Figure 4: Left: Extent of contamination on the floor. Right: Extend of
contamination after the entire upper part of concrete floor was removed (3-4 cm).
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The walls and ceiling were slightly contaminated with Pb-210, which is a radon decay
product. Lead has been accumulating on the wall because of the high radon concentrations in
the storage between the years 1961 and 1996.1

A special plan was prepared for decontamination of the storage, which includes
mechanical, chemical and physical procedures for cleaning the room. The company Kostak
with decontamination experience from NPP Krško first removed the upper layer of “hot
spots” in order to reduce the spreading of contamination (Figure 5). The floor was sprayed
with water and decontamination liquid in order to reduce the air contamination.

 
Figure 5: Left: Physical removal of “hot spots”. Right: Decontaminated floor where
the foundations plate, and soil at a depth of 70 cm was removed.

Afterwards the entire upper part of the concrete floor was removed (3-4 cm). Additional
measurements showed that most of the contamination had been cleaned. Only one part was
not yet cleaned, where the rainwater coming through the cracks in the ceiling was washing
away the contamination. The radionuclides were migrating under the concrete plate into the
soil. So in this region entire concrete foundation plate (10 cm) was removed together with
parts of the wall, foundation and about 1 m3 of soil.

In order to remove the contamination from the walls and ceiling they were first
chemically treated with HAKA DEKOPUR – RS and HAKAPUR N100 and then
mechanically cleaned (Figure 6).

                                                
1 The first measurements of radon in 1996 showed high radon concentrations (30.000 Bq/m3).
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Figure 6: Mechanical cleaning of the walls contaminated with Pb-210.

All waste from decontamination was measured and sorted in a manner similar to the
treatment of other waste. Following the decontamination of the storage, additional 13 standard
drums of very low radioactive waste were generated.

After the decontamination process, detailed measurements were performed with
contamination monitors (figure 7). The entire surface of the storage was divided into small
sectors (50×50cm). Each sector was measured in detail with contamination monitors. The
results showed the background levels.

In-situ gamma spectrometry measurements were also performed, and showed that Pb-
210 was still present in the form of fixed contamination (0.22Bq/cm2), but below the
prescribed levels. Comparison of in-situ measurements done in the building and on the field
showed no significant difference between the concentrations of Ra-226. No presence of Cs-
137 was measured in the building.

Dose rate measurements with the Reuter-Stockes high-pressurized ionization chamber
showed that the average dose rate in the storage room (57 nGy/h) after decontamination was
20 % lower than the measurements outside the building.

Radon measurements with Electrets showed low concentrations of radon (115 Bq/m3).

  
Figure 7: Contamination and in-situ gamma spectrometry measurements in the
building.
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The final measurements have proved that the facility could be released for unrestricted
use.

5 TRANSPORT OF WASTE

In the period of remediation five transports of radioactive waste were organized to the
central storage for small producers in Brinje. In total, 76 drums and one contaminated safe
were transported. The total weight of the radioactive waste was 12 tons with a volume of 17
m3. The first three transports were organised in very bad weather conditions, therefore
additional safety precautions were implemented. At the Brinje storage unloading was
performed without any difficulties, using a forklift, and all the waste was safely stored into
emptied storing areas. The last transport of waste from Zavratec was at the end of March
2000.

6 CONCLUSION

Measurements taken in the environment, both before opening the storage, and also
during and after the activities in the storage, proved that the remedial actions did not have any
negative impact on the environment or on people living in the nearby village. Personal
dosimetry also showed that, due to careful planning and implementation, the doses
experienced by the members of the team were minimal. The maximum external individual
dose did not exceed 30 µSv. Doses received by inhalation were minimal because of efficient
respiratory protection.

The remediation of the provisional storage in Zavratec has been successfully
accomplished. At the end, the initial volume of the waste was reduced to ~50% in spite of
extended decontamination. The waste has been relocated to the Brinje storage facility.

Final measurements inside and outside the Zavratec facility show that no radioactivity
higher than the natural background is present. After the approval of regulatory authority the
facility was released for unrestricted use. This is the first successful remediation in Slovenia
that was carried out in a non-nuclear environment.
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