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1. INTRODUCTION

The world experience shows that great process accidents lead to hundreds of thousands
hectares of surface contamination with high-toxic substances that causes the areas conversion into
active sources of secondary contamination [ 1 ]. For example after Chernobyl accident contaminated
more then 2000000 ha. territories. Nuclear installation decommissioning can also result in such
contamination, that can as well be registered at the places where industrial wastes are piled up or
stored.

2. METHOD

In connection with that there arises the problem of contaminated soils long-term prevention
from wind erosion. The soil particles are known to contain silica on the surface of which there are
silanole groups [ 2 ] able as a result of dissociation to acquire negative charge and to come into
chemical and electrostatic interaction forming connections with various compound classes able to act as
cationes. As it is known, polyelectrolite complexes [ 3,4 ] are classified among such compounds.

Interpolyelectrolite complexes ( IPEC ) are the products of interaction of the two oppositely
charged polyelectrolites - polyanione and polycatione. Polycatione forms on the soil surface the ion
connections with silanole groups located on the silica surface [4-7].
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Fig. 1 Formation of soil-polymer layer.

In our research we used: potentiometric tirration, IR-spectroscopy, radiometric, aerodynamic
chamber, cryogenic chamber, aerosol laser meter.
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3. RESULTS

While creating complexes to provide the optimum soil fixation we have investigated by optical
microscopy the protective polymer soil layer microstructure. The following types of connections
arising in stabilised polymer soil layer that depend upon the nature of polymer and its amount, have
been found:

a) continuous sands gluing together with impenetrable soil-polymer crust layer. Here every
sand independently on its size, is filmed with thick (5-10 microns) polymer layer, moreover, the
polymer occupies all the space among sands, forming thick impenetrable film.

b) sand particles gluing together with polymer only at their contact places. Water filtration and
aeration of bottom sand layers take place through the sand particles free interspace.

c) connection of sand particles of different size, that are on considerable distance (from a few
microns up to 1 -2 mm) from each other with long and thin (about 20 microns) filaments-bridges.

d) adhering of small-size particles (from less than 5 microns up to 250 microns) to the surface
of larger sands (more than 700 microns). Such adhering-attracting of fine disperse particles takes place
during the polymer drying out due to the sand particle enveloping with drying solution. And fine
disperse particles are picked up by such a solution from the space, formed by loosely located large
particles, attracted and glued to the surface of large particles.

Polycatione and polyanione interaction on the soil particle surface leads to the formation of
soil-polymer crust layer insoluble in water but permeable and gas-penetrable. The presence of
hydrophilic as well as hydrophobic bridges in the IPEC structure leads to the most optimum bond of
the soil particles. As a result of wide-scale works carried out in the site of the Chernobyl NPP since
July 1986 the polymer soil coatings based on the complexes with commercial labels MM-1 and MT-1
were established jointly with Moscow State University to have the most acceptable protective
properties.

When the soil is being coated with working solution that is an agues polymer solution with 2-
4% concentration, a soil - polymer crust layer with 3-5 mm thickness is formed on surface. The
polymerisation time depends on the soil moisture content and temperature of surrounding air, the
polymerisation is practically completed when the layer is dried out

The complexes developed have passed laboratory and field tests in the site of the Chernobyl
NPP. The behaviour of complexes and protective coatings has been studied under laboratory
conditions at negative temperatures down to minus 40°C. The protective coatings are shown to retain
their properties at negative tempera cure as well as after thawing. The protective coatings microstructure
investigations by optical microscopy have shown that no changes occur when the freezing-thawing
cycle is repeated many times.

Radioactive substance dust carry-over has also been evaluated under laboratory conditions at
air flow rate values equal to 7.5, 10.0, 15.0 and 20.0 m/s. The results of measurements show that the
dust carry-over value is practically independent on the air flow rate and for the specimens treated under
laboratory conditions it is on the level of measuring apparatus sensitivity and measurements error.

IPEC and their-based coatings resistance to gamma-irradiation is studied at the installation with
Co-60 source at gamma- irradiation dozes up to 106 Gy. It is shown that the IPEC holding ability
doesn't decrease within the indicated dose range.

During the field tests in the site of the Chernobyl NPP the following values for specific aerosol
activity, in the air flow over specimens, are obtained using laser analyser of aerosol sizes (see table I).

The rate of the complexes flow depends on their properties, type of the soil and its moisture
content.

The experience of works on dust suppression in the site of the ChNPP has shown that the
formation of the turf layer (biological chemical fixation of the soils ) is the most promising way for
prevention of the dust carry-over. In connection with that a combined technology for the soil fixation
with the simultaneous surface cladding with the dust suppressing MM-1 and MT-1 complexes as well
as perennial herbs seeds, has been developed jointly with VNIIvodpolymer. This technology has
success fully tested within the site of the Chernobyl NPP .

To improve the uniformity of the soil surface treatment with the dust suppressing complexes,
to provide the possibility of the soil simultaneous treatment with the complexes and seeds of herbs and
to reduce the air aerosol contamination conducting works in the site of the Chernobyl NPP , an
experimental prototype of sowing-irrigating machine PPME-8 has been developed jointly with VNII
vodpolymer.
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Table I. The results of specific aerosol activity measurement in the air
flow over the specimens of the soil and protective coatings
on the base of MM-1 and MT-1

1

2

3

4

5

Activity before treatment
104Bg/m3

18.02

138.75

361.12

208.68

663.41

Activity after treatment
104Bg/m3

MM-1

1.48

6.66

14.06

14.80

15.54

MT-1

0.37

11.84

24.05

4.81

15.17

Operational characteristics of the MM-1 and MT-1 complexes are given in table II.

N

Table II. Characteristics of the protective polymer soil crust layer

Parameter

1 Reduction of the air aerosol contamination as a
result of treatment

2 Rate of the complex flow, 1/m2

3 Thickness of the protective polymer
soil crust layer, mm

4 Protective layer resistance to rain, mm

5 Resistance to mechanical attack, kg/sm2

6 Possibility of joint application with perennial
herbs seeds at the soil biological chemical fixation

7 Service-life of protective coating, not less than,
months

MM-1

10-100 times

1.0

3-5

not less than
600

3-4

possible

MT-1

20 times

1.0- 1.5

4-6

not less than
600

5.0

possible

12 12

8 Toxicity
LD/50, g/kg

Scarcely toxic
44.98

Scarcely toxic
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Technical characteristics for
experimental prototype of sowing-
irrigating machine PPME-8.
Production rate at continuous
operation, ha/h 1.1 -2.43
Operating width, m 8.2
Working solution flow rate, 1/m2

0.5-2.0
Ultimate angles for the surface bein
treated, degr. +45 -30
Personnel 1 tractor

operator
Fig. 2 Tests of PPME-8 in the
Chernobyl NPP site.

The PPME-8 tests have been conducted in the site of the Chernobyl NPP in 1989. The
following characteristics distinguish the machine from technical means having been used before:

-uniformity of putting dust suppressing complexes and seeds of herbs on the soil surface;
-great width of the strip being treated;
-high cross-country capability;
-absence of dusting at sowing seeds of herbs.

Both complexes have passed successful tests in the site of the ecological calamity of the Aral
sea. The tests have shown that with the help of these complexes one can achieve the reduction of great
salt-contained sand masstransfer from the surface of the dried-up sea ground. It was mentioned that the
MT-1 complex is more stable under the conditions of the great salting.

4. CONCLUSIONS
1. The method, interpolyelectrolyte complex-based polymer compositions and technology

for the contaminated soil prevention from wind erosion, have been developed;
2. The operational characteristics for the developed protective compositions have been

determined eliminating of consequences of the Chernobyl NPP accident and in the region of
ecological calamity of Aral sea;

3. An experimental prototype of sowing-irrigating machine has been developed and
tested while eliminating the Chernobyl NPP accident consequences.

REFERENCES
[1] Cleanup of large areas contaminated as a result of a nuclear accident. Technical reports

series N 300, IAEA, Vienna, 1989, 136 p.
[2] VYSOTINA, T.A., ZEMLJANKAYA, V.A., TlTOVA, K.D., SAVIN, V.A.

Polyelectrolite complexes. Theses of the 2nd All-Union Conf, Riga, 1989, p.418-420 (In Russia ).
[3] ZHELEZNOVA, I.V., SHALBAEVA G.B., KALJUZHNAYA, R.I., ZEZIN, A.B., KABANOV, V.A.

DAN of the USSR, 1986, vol.287, N 3, p.662 (In Russia).
[4] ZEZIN, A.B.. KABANOV, V.A. Progress in Chemistry, 1982, vol.51, issue 9, p. 1447 ( In

Russia).
[5] ERMAKOV, L.I., FROLOV, YU.G., KASAIKIN, V.A., ZEZIN, A.B., KABANOV, V.A. High

molecular compounds, 1981, XXIII, N 10, p.2328-2341 (In Russia ).
[6] Estuo Kokufuta. Macromolecules, 1986, v. 19, p.351-354.
[7] Invento's certificate of the USSR 150771. Bulletin N 34, 15.09.89. ( In Russia ).

269


