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AGRICULTURAL SOILS DECONTAMINATION TECHNIQUES;

METHODS AND RESULTS OF TESTS REALISED NEAR CHERNOBYL
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SUMMARY

After a major nuclear accident, decontamination of agricultural soils would be necessary
in order to reclaim the land. Specific techniques were studied in the framework of the
European program for Rehabilitation of Soils and Surfaces after an Accident (RESSAC).
Different ways to remove the top layer of soils are described, and espa'ecially the use of
Decontaminating Vegetal Network (D. V.N.) combined with spraying of organic polymers.

Real scale tests in the 30 km zone around the Chernobyl nuclear power plant showed that
it is possible to achieve an excellent decontamination of agricultural fields (decontamination
factor greater than 95%).

INTRODUCTION

Although every precaution has been taken in France and more generally in the Western
world, during the design, construction and operation of nuclear reactors, the possible
occurrence of serious accidents resulting in a considerable discharge of radioactive products
into atmosphere cannot be completely ruled out. It has therefore been considered necessary
to draw up emergency plans to protect the population against the effects of such accidents.

As regards the actual accident phase and the period immediately following it, these plans
are already operational. They consist of an On-site Emergency Plan, concerning the each
nuclear facility, directed by the plant manager, and an Off-site Emergency Plan concerning
the immediate surroundings of the plant and directed by a local government representative.
The French authorities have also drawn up a Post-accident Action Plan to be applied over a
longer period following the accident. Its purpose is to facilitate a return to normal living
conditions in the areas affected . These actions should allow to reduce both external
exposure due to deposits of radionuclides and internal exposure due to the ingestion of
contaminated products.

'institut de Protection et de Sûreté Nucléaire, France - A
Centra de Investigaciones Energeticas, MedioambientaJes y Tecnologicas, Spain.
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The program for Rehabilitation of soils and Surfaces after an Accident is aimed at

! ' collecting technical data related to the transfer of radionuclides and the methods required to
reach the above-defined objectives. It is supported at the national level by the Institute of

• k Nuclear Protection and Safety (IPSN) which provides the main source of finances. At ' ̂
» international level it is one of main Radioprotection programs of the Commission of the !

Î* European Communities. Many countries are actively involved in this research including

i Belgium, Italy, Spain, Great-Britain and Germany. The program started in 1985, that is to
; I say before the Chernobyl accident occurred. "

T
A In the framework of an agreement between the Commission of the European
*' Communities and the states of Russia, Ukraine and Belarus, a collaboration with

organisations from these three Republics is now operational. The operator in the 30 km
1 zone around the Chernobyl power plant is the CHECK (Chernobyl Centre for International

Research). This collaboration program is often referred at as the CEC/CHECIR Agreement.
It allowed to test on a real scale some of the methods investigated.

REHABILITATIONMETHODS

General presentation

After a radioactive contamination the remediation action may be roughly classified in
three categories according to their nature and the importance of their environmental impact:

Physical methods involving the removal of the pollutant along with the contaminated »
d receiving media. For example it means destruction and removal of the vegetal cover [1][2],
J scrapping of soils... ,^

Chemical methods; here the pollutant is left where it is, but an addition of a carefully :':

chosen chemical allows to control its migration. A well know example is the addition of
potassium to soils in order to reduce the caesium root uptake.

Agricultural methods and food-processing; areas with a relatively low contamination
level may not need heavy rehabilitation actions. However it is possible to reduce further

\1 ; public exposure by changing the agricultural practice. For example producing animal feed
J i rather than crops directly used in human alimentation, treating foodstuffs industrially to
*.^ separate contaminated parts from edible part (milk processing industry...).

Of course these methods may be applied separately or one can use a combination of
them. In the RESSAC program, and in the CEC/CHECIR agreement, experimental <
investigations are made of methods belonging to these three categories. *

In this paper we will only discuss the possibility of soil decontamination, i.e. physical
: methods.

Most of the remediation actions will generate wastes. In the case of vegetation removal
^ the amount of wastes may reach hundreds of tons of fresh matter by square kilometre. It is
K therefore necessary to implement in the field some sort of pretreatment allowing a reduction
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of mass and volume along with some extraction of the radioactivity under a liquid form
easier to concentrate. Microbial digestion is investigated to perform this work.

Top soil removal techniques

The most immediate method for top soil removal is to use public works machinery.
However there are undesirable side effects: it is very difficult to remove thin layers that
way, it makes contaminated dust, it may reduce the fertility and a tremendous amount of
wastes are produced. After a nuclear accident most radionuclides of interest penetrate very
slowly into the soils [3]. Techniques allowing to cover the soil and then to remove only a
thin layer (1 to 3 cm) were developed:

Polvurethane foams and strippable paints

Use of such reagents has been described elsewhere [4]. The principle is to pour liquid
components on the ground, to wait for a reaction of polymerisation, and afterwards to
remove the reagent together with such quantity of soil sticking to it. Very high
decontamination coefficients may be achieved this way (98% for polyurethane foam on
naked ground), but the method is expensive and cannot be used on large surfaces, such as
agricultural fields.

Foams and paint protect in some way the deposits from atmospheric agents and therefore
they prevent further migration and resuspension.

Decontaminating Vegetal Network ( D.V.N)

This method uses turfing plants producing a mat layer over the soil which may be
removed together with a soil layer less than two centimetres, by means of a sod harvester.

• *, The principle of the D.V.N is to grow grass onto the contaminated area withçut tillage of
R i the soil, on a cohesive support which will allow a fast and good growth of the plants with a
j dense root-network able to entrap the contaminated soil particles [5].

"il

r
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The procedure is derived from existing techniques of hydro-seeding which allows to sow
sod seeds together with a growing medium made of a mixture of peat, polysaccharides,
fertilisers and water. This technique is used to grow grass to prevent erosion on ski tracks,
highway sides... It may facilitate the operational scattering of the D.V.N especially
respecting radioprotection criteria. The hydro-seeding mixture may be applied by helicopter
at a surface rate of 0,3 km2/day. Investigations are actually made to adapt the remote-driven
system developed by the Direction of Advanced Technologies / Robotics Unit of the CEA
to the hydro-seeding process.

In the second step, the D.V.N. is removed together with the 1 or 2 first centimetres of
the soil invaded by the root-network, which contains the most part of the contamination (
fig 1). Since the problem cf the resuspension is partly solved by the D.V.N, and assuming
that the migration rate in the soil profile is a slow process, the D.V.N can remain on the
contaminated soil for a quite long period of time (about 1 year) without bad consequences
for the success of the rehabilitation. On the contrary, time favours the grass growth and can
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be used to organise the harvest of the D. V.N. with a turf cutter. These machines already
exist at a moderate cost.

The third step will be the storage or the decontamination of the D.V.N. This technique
allows to remove a soil layer of minimal thickness, according to decontamination ratio to
reach. Therefore the waste volume will be limited . The main part of the waste is organic
and could be treated by bio-degradation.

Fig 1 : PRINCIPLE OF THE DECONTAMINATING

VEGETAL NETWORK

COHESIVE SUPPORT

TURFING PLANTS

DEPOSIT

ROOT NETWORK

SOIL

Gels of organic polymers

The possible use of different soil stabilisers for land reclamation and cleaning, on the
basis of manufacturers and application data has been discussed before [6]. These soil
stabilisers include polysaccharides which are expected to have electrochemical affinities
with Cs and Sr, and polyacrylamides used together with polysaccharides as soil conditioners
in modern agriculture.
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The first step of our work was the selection of different soil conditioners or algal cultures
according to their affinity for caesium and strontium in aqueous solutions. In a second step
the selected compounds were tested in different application trials : mixed to the soil,
sprayed on bare soil surfaces or on plant leaves. These tests were concluded by finding an
interesting soil conditioner for both preventing the soil particle resuspension and allowing
the removal of the first millimetre of the contaminated soil by mechanical brushing without
dust. It is called PR 3005 and is commercialised by the SNF Floerger3 firm. It is a
reticulated anionic poly-acrylamide. It may absorb 500 times its weight of water, and, at
concentrations below 1 g/kg it is fluid enough to be sprayed by agricultural sprinklers such
as those used for pesticides. The concentration of PR 3005 in water is 0,7%, it is equivalent
to 13g/m2. The cost of PR 3005 is 20 FF/kg.

Its use for rural soils decontamination is protected by a French Patent.

After spraying on the soil it makes a gel film. This film may be removed by a brushing
machine such as those used for street cleaning. If the deposition is recent, good
decontamination ratios may be achieved.

But, perhaps, the main advantage of this technique is the drastic reduction of
resuspension and wind erosion.

After the removal of the top layer of soils, this product could be sprayed on the loose
ground. It would prevent dust transport an favours new seedlings.

Another advantage is a momentary prevention of radionuclides transport by runoff. That
may be of interest to prevent a rapid contamination of water bodies.

W-

TESTS IN CHERNOBYL

Within the framework of the CEC/CHECIR agreement it was decided to test both
techniques of Decontaminating Vegetal Network and Organic Polymers near Tchernobyl, in
the 30 km zone. The scientific organisations involved were:

• For EC the Institut de Protection et de Sûreté Nucléaire (France, Cadarache) and the
Centra de Investigationes Energeticas Medioambientales y Tecnologicas (Spain, Madrid).

• For CIS, The Department of Geography of the Academy of Sciences of Ukraine,
and the Institute of Cell Biology and Genetic Engineering both in Kiev.

A mission was done in May 1992, and a radioactivity concentration profile was
determined in Bourakovka. One can see from figure 2, that for caesium at least, the bulk of
the radioactivity is located in the first five centimetres. It proved the feasibility of top soil
layer removal for decontamination.

Another mission was done In June 1992. A turf harvester and all the suitable equipment
was shipped to Ukraine. Two locations were selected, Chistogalovka, and Bourakovka,

3SNF Floerger, 41 rue Jean-Huss, 42028 St-Etienne, Cedex 1, France
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both West from the reactor within a 10 km distance. Chistogalovka is the most
contaminated place. The soil is a podzol of sandy texture. The locations were chosen in
agricultural fields abandoned since the date of the accident, in May 1986. During this
period the fields have mainly been colonised by Agropyrum Repens a Graminacea which
root system is perfectly adapted to the removal by a turf harvester.

FIGURE 2: C« CONCENTRATION PROFILE

IN A SOIL NEAR BOURAKOVKA
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Experimental method:

The surfacic radioactivity of soils was measured before and after the passage of the turf
harvester. A surface of 10x10 cm2 was cut on a depth of 5 cm. The depth of the blade was
set at S cm also.

After the experiment the samples were divided in two: one half for the EC labs, one half
for CIS laboratories, in order to make a comparison of results. Gamma spectrometry and
strontium 90 measurements were to be made. At present we only have gamma spectrometry
results for the samples brought back in EC.

Each of the 500 cm3 samples taken back was divided in 5 sub-samples, each of them was
being counted on a Ge gamma detector, with a determination of the radioactivity of caesium
137 and 134. The amount of samples measured is in table 1
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TABLE 1 Samples from Chernobyl taken back in EC and measured in
gamma spectrometry
n : number of samples
(m): number of sub-samples

Location
CHISTOG ALOVKA
BOURAKOVKA

samples before turf cutting
2 (10)
5 (25)

samples after turf cutting
2 (10)
2 (10)

If A is the surfacic radioactivity before cutting, and B the surfacic radioactivity after
cutting, the decontamination efficiency is determined by the formula:

Decontamination efficiency = A / (A+B)

In this method of calculation, the radioactivity included in the soil below the first 10 cm
from the initial ground surface is neglected. But we can see from the soil radioactivity
profile, and from the results in table 2 that this an acceptable approximation.

Results about decontamination

The first results based on caesium determination showed that the decontamination
efficiency was greater than 95%. A more detailed analysis was then undertaken for all the
radionuclides detectable by gamma spectrometry. The preliminary results are shown in table
2.

A determination of 90Sr is being done but we do not have the results at this time.

TABLE 2 Surfacic radioactivity of samples (10x10x5 cm3) before and after top layer
cutting in two locations; (Bq/100cm3); counting uncertainty < =+-10%

CHISTOG AJLOVKA
Before cutting
CHISTOGALOVKA
After cutting
BOURAKOVKA
Before cutting
BOURAKOVKA
After cutting

137Cs

20640

192

3933

116

134Cs

1510

15,5

290

10

60Co

34

0,49

13,7

-

106
Ru+Rh

2858

23

336

15

125Sb

341

7,2

55

3,5

144
Ce+Pr
3168

11

352

11

154Eu

262

0,98

30

1,2

241Am

148

1,3

24

-

TABLE 3 Decontamination efficiency of turf cutting (%)
CHISTOGALOVKA

BOURAKOVKA
99
97

98
96

98
-

99
95

97
93

99
96

99
95

99
-

From these results we can assess that the method is very efficient.
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If we take for example an area where the 137Cs contamination is 40 Ci/km1, which was
taken by the Soviets as a relocation level, a decontamination efficiency of 97% would bring
the surfacic radioactivity down to 1,2 Ci/km2 (44400 Bq/m*). That value is below
intervention levels in CIS [7]-

> A counte^measure such as deep ploughing [8] also investigated in the framework of
CEC/CHECIR agreement, could then dilute the radioactivity in 1000 kg of soil by m1.
Therefore the concentration of 137Cs in soils would be around 44 Bq/kg of soil. For barley
on sandy podzolic soil; Alexakhin [7] gives a transfer factor of 0,2. Notwithstanding the
further use of countermeasures such as adequate fertilisation, the radioactivity of grain
would then be around 9 Bq/kg, which is more than 100 times below the EC
commercialisation levels.

More results from our colleagues from CIS should confirm these assumptions. The area
that could be treated that way exceeds 60000 hectares.

After the top soil removal, there is a risk of resuspension for what is left of the
*• radioactivity. Then the spraying an organic gel solution will eliminate that risk a a very low

cost. An experiment was done in order to measure resuspension with and without organic
polymers application.

Waste treatment

The amount of wastes generated is about 35 to 40 kg/m2 . It could have been much less if
the intervention had been done shortly after the accident, but the Chernobyl disaster
occurred 6 years ago. These wastes are made of soil particles and organic matter mixed
together.

{$ « The technical means for the treatment of this contaminated matter should be as simple as
possible, excluding options like chemical treatment, incineration, not adapted to huge
quantities. Natural biodégradation of the organic matter contained in the wastes will occur
without human intervention, if the residues are stored in an adequate manner.

''I The rolls of soil and grass were put in a hole and isolated from the surroundings by a
ij plastic liner. This hole was then filled with water and covered. It is expected that microbial
£ degradation will break the organic cells walls and liberate radionuclides. Metabolites such

Ij as acids and chelating agents could help the solubilisation of radioactivity. Our Ukrainians
I colleagues will make a survey of the evolution of the experiment. When appropriate, the
1 liquid phase will be extracted and treated for example on ion exchange resins to concentrate

and immobilise the radioactivity in order to put it to a radioactive waste disposal site. The
, -. remaining solid matter may be isolated from the environment by geotechnical barriers, such

T as those used for uranium tailings.

fj
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Possible developments

Although this year's experiment is not fully completed we think the we have an efficient
method for the decontamination of agricultural soils around Chernobyl. However our -< ,-« ( (

J present equipment is to small to undertake large scale rehabilitation. * ;

Ï Plans were made to build a large turf cutting machine, fully automated, driven by a
tractor and pouring the residues in trucks. This machine would be equipped with adequate
radioprotection devices in order to reduce the irradiation of workers. ;

After turf cutting the growth of a new plant cover could by enhanced by the technique of
hydro-seeding. That would also prevent resuspension and runoff.

The wastes could be gathered in provisional treatment sites, and after re-concentration
and such reduction of mass and volume that can be achieved at a reasonable cost, "•
immobilised by means of geotechnical barriers. ' '*

Within the CEC/CHECIR program, a cost-benefit analysis of these possibilities is being
done as well as a feasibility study.

CONCLUSION

After a nuclear accident the possibility of rehabilitating heavily contaminated fields does
exist. In Chernobyl, the contaminated areas are so large that it is still a great financial and
industrial problem.

j * 1

In the case of an accident on a nuclear power plant equipped with a containment building
and a sand filter the radionuclide release would be much smaller than in Chernobyl. From
safety studies, only areas below distances of a few kilometres downwind from the reactor
would need heavy rehabilitation such as vegetation clearing and top soil removal; it would
then be very possible to use the methods described in this paper. In this eventuality the
results of the RESSAC program and the CEC/CHECIR agreement show that it is possible
to mitigate efficiently the consequences of a nuclear accident.
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