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Abstract. Pilot and demonstrative scale in situ trials of several
decontamination technologies proposed in the framework of ECP-4 project
were carried out in real conditions of Chernobyl Zone. Their results proved
that industrial scale decontamination of various types of land is feasible. The
management of radioactive waste arising from decontamination techniques can
be provided by ecologically sound and efficient technologies.

1. Introduction

Except for some countermeasures such as the evacuation of populations, a universal
method to solve a great deal of Chernobyl related problems does not exist to our
knowledge. Only a set of various methods adapted to the different areas of the
environment can be proposed. The application of these technologies will not only be
profitable for restoring the Chernobyl Zone, but also for the preparation to possible
accident situations which probability must not be excluded.

The main research activity in the framework of the Experimental Collaboration
Project N°4 entitled "Decontamination Strategies" was focused on pilot and
demonstrative scale in situ trials of several soil decontamination technologies in order to
obtain real characteristics of their efficiency and cost in terms of economy, waste
management and occupational exposure. Results of this study are presented in the paper

2. Target Surfaces and Methods of Decontamination

For decontamination of pastures and meadows, as well as of forest, whose lands
have not been ploughed since an accident, a simple method of removal of the top layers
of soil can be applied with sufficient effectiveness, since the major part of deposited
radionuclides is still localised in the 4-7 cm of surface horizons fl, 2, 3]. This sort of
decontamination is supposed to provide sufficient dose reduction. In order to prove
that, the series of experiments have been carried out at real conditions including several
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test plots of the Chernobyl zone in the Ukraine and Belarus (Fig. 1), involving soil of
different type and deposited radioactivity of different level.
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Fig. 1. Location of the plots

Soil type and other characteristics of the experimental plots, where pilot and
demonstrative scale trials were performed, are given in Table 1. Typical distribution of
radionuclides along the soil profiles in these plots is shown in Fig. 2 and Fig. 3.
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Fig. 3. Distribution of Cs-137 in the forest
soil of different sampling plots

Among other essential countermeasures the surface soil layer removal remains as
the only method that can provide a high effectiveness for a long term. For meadows
which have not been ploughed since accident this method can be applied using turf
harvester and attached technologies that was initially developed within the European
RESSAC Programme and showed a good result with acceptable amount of waste [4], In
case of contaminated forest a similar method [3, 5] of removal of decomposed litter and
top layer of humus accumulating the significant portion of activity can be applied.
Shrubs and underwood have to be ground before.

The principle of the turf harvester is to cut out a mat layer of 1 to 6.5 cm thick and
remove it using the root network of plants. The machine is able to follow the soil
irregularities, therefore the quantity of waste produced is minimised. Turf-cutter is
equipped with a blade moving back and fro between two depth settings and behind
driving wheels, that results in cutting the strips of turf mat of about 40 cm wide.
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Table 1. Description of plots

Location
1992 Burakovka

(Meadow)
Chystogalovka
(Former arable)

1993 Miljatch
(Meadow)

1993 Savichy
(Meadow)

1994 Savichy
(Haushold yard)

1994 Bragin
(Wet meadow)

1994 Savichy
(Pinetum

cladinosum)
1994 Savichy

(Pinetum -
dicranosum)

Soil type
Sod-podsol gleic

sandy-loamy

Drained peat-bog

Sod-podsol gleic
sandy-loamy

Sod-podsol gleic
sandy-loamy

Peat bog

Sod-podsol gleic
sandy-loamy

Sod-podsol sandy-

Dominant
vegetation

Setarina viridis
Agropyrum repens

Betula pubescens
Eheh. at

Nardus strict a L,
Lusula multiflora

(Retz) Lej.,

Pinus silvestris L.
40% Pleurozium
schreberi Mitt.

Pinus silvestris L.
90% Dicranum

scoparium Hedw.

Activity of
soil, kBq/m2

3700(137Cs)

174 (137Cs)

1036(137Cs)
355 (^Sr)
1.3 ( ^ P u )

925 (137Cs)

225 (137Cs)

1370 (137Cs)

2440 (137Cs)

Landscape

Drained flat
terrace

Poorly drained
flat terrace

Non drained
terrace

Automorfic flat
and hillock

terrace

Hydromorphic flat
and hillock

terrace

The mechanical brush collecting litter consists of the rotor with frequent firm elastic
cores located on its cylindrical surface. The rotor is driven by hydraulic engine with a
reductor placed inside the rotor cavity. This mechanical brush is assembled on the frame
together with a storage bin having a volume of about 0.4 m3 where the litter is collected
and then can be easily unloaded into a trailer. The soil depth is controlled by means of a
couple of wheels. The grinding mover to shred underwood consists of head equipped by
rotor with free hanging incisors and cutting blades. It rotates by means of hydro-mover
connected to tractor's hydro-driving system. Width of the head is about 1.1m.

3. Results of Experiments in situ and Discussion

Two first small-scale tests carried out in summer 1992 (Table 1) on abandoned
lands showed rather promising results regarding the efficacy of turf harvester with
decontamination factor (Dp =A/AQ) ranging from 13.7 to 27.5 in terms of 137Cs
specific activity before (A) and after (AQ) decontamination. Our next attempts, each at
the scale of 2500 m2 were made in 1993 on two different soil types (Table 1). The peat
bog soil was a fertile soil with a peat layer of more than 50 cm. The soddy podzolic soil
was a poor soil with an organic layer of only 12 cm. After applying the turf harvester
technology amount of 137Cs and 90Sr in the soil of Savichy reduced with an average Dp
of 38.4+17.3 and 6.33+2.04 respectively. The exposure rate in the middle of the test
plot after decontamination reduced by a factor of 3.4. In case of peat bog of Miljatch
the efficacy is considerably less and Dp does not exceed 14. The next trials of turf
harvester technology in 1994 (Table 1) confirmed again that Dp looks to reach higher
values for the soddy podzolic soil than for the peat bog soil. This observation is in
agreement with the higher migration rates in organic soils which are due to the presence
of fulvic acids in peat bog soils. In is shown [1, 2] that removed top soil is a little
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proportion of the arable layer in both cases and does not compromise the re-growth of
natural vegetation and agricultural crops.

In summer 1995 the demonstrative trials of grinding mover and then litter removal
machine were carried out in the real conditions of forest plots chosen (Table 1). The litter
layer of about 5-6 cm thick, underwood and shrubs of up to 8 cm diameter were removed
from the area of about 0.1 hectare by means of brushing machine and grinding mover. The
Dp of 5.0-26.6 was achieved in ideal conditions while removing the whole layer of 5-6 cm
thick. In real conditions an effect of separation of litter matter into the fractions by brushing
machine leads to decreasing the effectiveness of this technology up to Dp of about 3.5-4.0.
It is proved that more than 45% of mass containing fine organic fractions with only 15% of
radioactivity could be returned back to the soil owing to design of brush.

4. Management of Resulting Waste

The distinctive features of the above wastes are connected with (i) variation of specific
activity of the wastes (mainly from 0.4 to 400 kBq/kg), and (ii) large amounts of very low
level radioactive waste of different compositions that are difficult to segregate. Most of
related waste can be disposed nearby the place of decontamination. In the case described in
[2] a simple on-surface disposal site was arranged that occupies about 5.1% of field area
decontaminated. During the very wet 1993 summer season, leaching of 0.05-0.1% of the
radio-caesium from the pile to the collectors was observed. A natural grass cover will
encapsulate the turf mat with radionuclides. The overall cost of management and disposal of
non-compacted waste (e.g. soil) and woody waste was evaluated as 160 ECU/m3 and 70
ECU/m3 respectively.

5. Conclusion

The results of pilot and demonstrative scale trials of the proposed decontamination
technologies performed during three years in the ECP-4 framework proved the real
possibility of design and efficient application of industrial scale technologies for
remediation of contaminated site.
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