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Abstract

To continue the decontamination work in the Republic of Belarus, which was carried out by the
military troops, the state specialized enterprises were formed in Gomel and Mogilev in 1991. The
organization and regulations were developed inside the country: instructions, rules, radiological and
hygienic criteria and norms. The enterprises concentrated on decontamination of the most socially
significant facilities: kindergartens, schools, medical institutions and industrial enterprises. During 9
years Gomel State Specialized Enterprise "Polessje" decontaminated 130 kindergartens, schools and
hospitals. The total decontaminated area was 450 000 m2. The ventilation systems and equipment at
27 industrial enterprises in Gomel were decontaminated. The practical decontamination methods for
areas, buildings, roofs, industrial equipment, ventilation systems were developed and tested. The
special rules for handling wastes contaminated with Cs were elaborated. The paper analyzes and
sums up the acquired experience which is important for implementation of rehabilitation programs
and improvement of decontamination methods.

During first months and years after the accident at the Chernobyl NPP decontamination of
populated areas and industrial enterprises in the Soviet Union was carried out by the Military
Troops, Civil Defence and Government Services. Later this work was ceased due to different
reasons. In 1991 two State Specialized Enterprises were formed in Gomel and Mogilev with
the aim to continue decontamination in the Republic of Belarus. As the Republican
Government was seriously anxious about the situation in the country the State Program for
Overcoming the Consequences of the Chernobyl Catastrophe was adopted. One of its sections
was dedicated to decontamination. Certain funds were assigned for research work, elaboration
of regulations, development of production facilities and decontamination. Main attention was
focused on decontamination of socially important establishments like children's, medical and
public institutions. At that time the highest radiological effect, i.e. reduction of dose, was
achieved for organized groups of children.

Along with inhabited and public areas the industrial enterprises were decontaminated,
including premises and mainly ventilation systems, where gamma dose rate often exceeded
1000 uR/h (7.10"2 nA/kg) while surface contamination was about 10,000 beta-
particles/(cm2min). The following figure shows that 574 ventilation systems were
decontaminated at various enterprises in Gomel after 1991.

Package of regulating documents was prepared by 1993, including: Regulations on
decontamination and handling radioactive wastes [1], Reference levels for decontamination
[2], Methods for inspection of populated areas, public and industrial facilities [3],
Decontamination procedures [4] and some others [5,6]. Later, following practical demands,
Radiological and Sanitary Norms [7] were elaborated, specifying control level of
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contamination of soil, intended for replacement of the removed soil and for recultivation of
decontaminated areas (400 Bq/kg). In 1998 "Provisional sanitary rules for handling
decontamination wastes resulting from overcoming the consequences of the Chernobyl
Catastrophe" [8] were introduced.
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Fig. 1. Decontamination of venyilation equipment at enterprises in Gomel (Belarus).

As the result of implementation of state program the Gomel State Specialized Enterprise
"Polessje" decontaminated during 9 years more than 130 kindergartens, schools, hospitals,
ventilation systems and equipment at 27 enterprises in Gomel. Total decontaminated area
made up 450 000 m2 while surface area of decontaminated ventilation equipment was 120,000
m2. During decontamination of industrial enterprises in Belarus the main problem concerned
proper selection of special methods and techniques, because all the facilities differed in
materials, surface configurations and specific character of contamination. Major experience
was accumulated during decontamination of ventilation equipment (Table 1).

Resulting liquid radioactive wastes are processed at the special plant, which was designed and
installed by Belarussian specialists. With support of European Union, IAEA, foreign experts
and national research institutions special equipment was tested and employed, methods of
decontamination and management of big amounts of Cs-contaminated wastes were finished.
Cs-contaminated wastes mainly do not belong to radioactive wastes but their handling
requires observation of certain rules [8]. These wastes can be either solid or liquid. For liquid
wastes the acting radiological safety norms NRS-76/87 [9] and SPORO-85 [10] were applied.
Solid wastes are those "decontamination wastes" with specific activity 0,96 kBq/kg and
higher or with surface contamination levels being 20 beta-particles/(cm2.min) or higher.
Depending on their specific activity they must be buried at special places with different levels
of engineering shielding.
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TABLE 1. DECONTAMINATION OF VENTILATION EQUIPMENT

Decontaminated
equipment
Scroll

Impeller

Electric motor

Detachable air ducts

Undetachable air
ducts ( 0 200-350
mm)
Motor bed

Air heater

Ventilation chamber

Soft spacer

Decontamination method

Immersion in decontaminating
solutions

Immersion in decontaminating
solutions

Vacuum cleaning, brushing with
decontaminating solutions,
removal of the upper corroded
layer in case of deep
contamination.
Immersion in decontaminating
solutions

Mechanical cleaning, vacuum
cleaning

Brushing with decontaminating
solutions, removal of the upper
corroded layer in case of deep
contamination.
Vacuum cleaning, steam-
ejection cleaning with
decontaminating solutions

Vacuum cleaning, application of
decontaminating solution,
washing with pressurized water.
Cleaning with abrasive
materials in case of deep
contamination.
Disposal for burial

Equipment, devices, materials

Bath, decontaminating solutions, KEW
304HA, KEW 6500 high pressure
washing machines.
Bath, decontaminating solutions, KEW
304HA, KEW 6500 high pressure
washing machines.
NORCLEAN vacuum cleaner, brushes,
hand grinders (pneumatic, electric) with
FUJI abrasive wheels.

Bath, decontaminating solutions, KEW
304HA, KEW 6500 high pressure
washing machines.
Electric spiral brushes, NORCLEAN
industrial vacuum cleaner.

Decontaminating solution, brushes,
electric and pneumatic hand grinders with
FUJI abrasive wheels. Dust suppression
plant.
NORCLEAN industrial vacuum cleaner,
KEW 304HA high pressure washing
machine. Solutions with surface active
particles.
NORCLEAN industrial vacuum cleaner,
sprayers, cleaning cloth, KEW 304HA
high pressure washing machine.
WADU plant. Abrasive materials. Dust
suppression plant.

Plastic bags.

There are three types of burial places for decontamination wastes: BPDW-1, BPDW-2 and
BPDW-3. Additionally, the Norms include classification of "burial places for building
wastes", which are usually arranged near demolished buildings and structures in former
populated areas intended for immediate and subsequent resettlement. Burial places BPDW-1
are designed for wastes with relatively high activity exceeding 0,96 kBq/kg; BPDW-2 for
wastes with specific activity in the range between 0,96 kBq/kg and 96 kBq/kg. Burial places
BPDW-3 are those, which were formed in Gomel region in the first period after the Chernobyl
catastrophe (1986-1989) for on-surface bulk storage of decontamination wastes. Usually, they
were arranged without any design projects and disregarding hydrogeological restrictions,
which required implementation of additional engineering shielding, as well as monitoring of
their condition and influence on the environment. The "burial places for building wastes" are
used only for burial of wastes with specific activity up to 9,6 kBq/kg and with surface
contamination levels not exceeding 50 (5 -particles/(cm2.min).
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In recent time more attention in the Republic of Belarus has been paid to decontamination of
individual farmsteads. This gives considerable, several times reduction of external dose
influence on inhabitants. Investigations and practical analyses proved that priority in
decontamination is to be given to soil around houses and in the yards as well as to roofs of
low-storey buildings, especially of garret type. Contribution to dose of contaminated soil in
the longer period after catastrophe makes up at least 70%. Removal of 10 m wide
contaminated upper layer of soil around one-storey house gives 3-4 times reduction of dose
rate indoors. Fractional contribution to dose of outer and inner wall surfaces, floors,
neighboring trees and other objects is insignificant (1-5%). Decontamination of farmsteads
revealed some problems because of restricted area, structures, plantations, etc. Besides,
different surfaces and materials are to be decontaminated without deterioration of their
consumer properties. Different decontamination methods used in the inhabited areas are
represented in Table 2.

TABLE 2. METHODS OF DECONTAMINATION OF CHILDREN'S, EDUCATIONAL AND
MEDICAL INSTITUTIONS AS WELL AS OF PRIVATE HOMESTEADS

Object
of
decontamination

Method of decontamination Boundary conditions

Sports grounds

Walks,
pavements, hard
coverings
Flower beds,
school gardens,
cultivated lawns

Abnormal local
spots

Narrow strips
along pavements

Roof

Small
architectural
structures

Removal of soil layer, 5cm, 10 cm, up
to 30 cm [11].

Ploughing to depth of 30 cm, discing
[12].

Triple digging [13].

Deep ploughing (up to 90 cm),
ploughing and deeping of top layer
into sub-ploughing horizon [12,13,14].
Replacement of coverings with
concrete slabs, coating with asphalt,
overturning of slabs [11,12,13].
Turfing with clean layer 10-15 cm[12].
Laying of hard covering without soil
removal [12].
Ploughing to depth of 30 cm [12].
Replacement of surface soil layer (up
to 50 cm).

Replacement of top layer (up to 20
cm), extension of hard pavement
[11,12].
Mechanical removal of moss, leaves
etc.
Cleaning with pressurized water (clean
water, detergents).
Replacement of roof.
Mechanical removal of top layer or
with the help of detergents, subsequent
painting.

Dose rate P, from 35 to 60

Exponential law of contamination
distribution in depth.

P, < 100 uR/h. Contamination in top
layer. Non-sandy soils.

If there is no considerable radiation
from other sources (soil, lawns, flower
beds, external territory).
Up to 40 p,R/h.

Exclude (consider) the influence of
surrounding objects for assessment of
radiation situation.
Same.

More than 40 beta particles/(cm2.min).

More than 20 beta particles/(cm2.min).
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Object
of
decontamination

Method of decontamination Boundary conditions

Field

Garden

Yard

Garret

House inside
walls
Ceilings
Floors inside the
house

Outer walls

Foundation

Triple ploughing. Special skim and
burial plough.
Triple digging.
Hand tools.
Turfing with clean layer.
Hand tools.
Usual digging. Hand tools.
Ploughing to depth of 30 cm.
Plough.

Removal of top soil layer.

Mini-bulldozer "Amkodor", hand
tools.
Usual digging.
Hand tools.
Removal of top soil layer, possibly
with subsequent sand refilling.
Mini-bulldozer "Amkodor", load
carrying-and lifting machinery.
Removal of warmth-keeping materials
and wastes.
Hand tools, containers to collect
wastes.
Vacuum-cleaning.
Vacuum-cleaner "Norclean".
Vacuum-cleaning.
Vacuum-cleaner "Norclean".
The same
The same. Removal of the upper layer.
Parquet planing machine, container for
chips.

Removal of the upper layer. Electric
plane.

Cleaning with pressurized water.

Aquila TD302 mobile trailer.
Cleaning. Metal brushes.
Cleaning.
Metal brushes.

Minimum dose rate from 60 to 200 (J.
R/h.
Minimum dose rate from 60 to 200 ]X
R/h. Labour-intensive work.
Up to 40 fxR/h.

Minimum dose rate is close to control
level.
Up to 80 uR/h.
When minimum dose rate is up to 400
uR/h.
When minimum dose rate is up to 60-80

At high values of minimum dose rate -
up to 400

Exclude influence of these
contaminants for assessment of
radiation situation.

The same.

The same
The same

The same. Danger of machine failure
because of nails in the floor.

The same. Danger of machine failure
because of nails in the walls.
Some materials may loose their quality
(surface structure).

At surface contamination up to 60 beta-
particles/(cm2min).
The same

In recent time there are a lot of discussions concerning feasibility of decontamination of areas
and installations, including individual homesteads and children's institutions. We tried to
evaluate radiological efficiency of decontamination and estimated cost of averted exposure
dose for a man. For children it is 0.1 mSv/year while relative reduction of external dose due to
decontamination makes up 40% (for settlements with density of contamination 10 Ci/km
(370 kBq/m2). Relative dose reduction for kindergarten children in Dzerzhinsk village,
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Narovlya district, Gomel region was 40% and for schoolchildren 20%. These practical results
agree with theoretical estimates.

During research and practical work carried out in 1999 in Masany and Svetilovichi villages
there was an opportunity to evaluate economic efficiency of homestead decontamination.
Evaluation was based on calculations of expenditures of State Specialized Enterprise
"Polessje" which carried out decontamination of homesteads. Decontamination of one house
with surrounding area costs $US 800-1500.

Let us compare expenditures required for decontamination and resettlement. The main criteria
is the amount of compensation for the left dwelling which is about $US 3000-4000. Building
of dwelling for settlers costs about $US 140/m2. So, the two-room flat will cost about $US
4000. The expenditures are very comparable. Naturally, decontamination must not be
restricted only by homesteads. Certain work is to be performed in public sector as well, like
for example, repair of water supply system, provision of gas supply, housing maintenance, etc.
So, before making a decision about rehabilitation of contaminated areas the authorities must
carry out thorough cost analysis. Though, it must be noted that routine work expenses can be
considerably reduced.

It is quite difficult to make any comparison between cost and benefit in our country because
there is no reference value of damage inflicted by irradiation of people. Let us analyze
possible averted dose for Svetilovichi village. Average individual dose at the time of
evacuation in 1986 could be 80 mSv for a family consisting of 6 persons; collective dose -
about 0,5 man-Sv. Hence, the minimum price at that time could be 1700 $/man-Sv. But if
decontamination was carried out in 1999, when with the same expenditures the averted dose
was significantly lower, about 10 mSv a man in 50 years, or collective 0,06 mSv for 6
persons, the amount of expenses would be about 14000 $/man-Sv.

The obtained price values prove that decontamination is more effective at the earlier stage
when the averted dose is cheaper, though, even now, 14 years after the accident, its price is
still within the acceptable range. So, partial or large-scale decontamination may appear
relevant with participation of inhabitants and certain support from the government and from
the international community. Though, individual calculations are required in each particular
case for evaluation of absolute and relative reduction of radiation dose with the account of
external and internal components.

Measurements which were carried out during some years show that even 9 years after
decontamination the radiation situation does not change to worse. Hence, decontamination of
inhabited areas is a long-term measure and we believe, that experience of our Republic in
implementation of decontamination programs may be useful also for other countries and
especially for Russia and the Ukraine.

REFERENCES

[1] Regulations for decontamination and handling radioactive wastes generated as a result
of works on liquidation of the Chernobyl accident consequences. Approved by the
Chairman of the State Chernobyl Committee of the Republic Belarus on 01.03.93.
Minsk: (1992).

[2] Provisional control levels of radioactive contamination for decision-making on
decontamination. Approved by General Sanitary Inspector of the Republic Belarus on
09.03.93. Minsk, 1993.

342



[3] Technique for surveying areas of settlements, civil and military objects for subsequent
performing decontamination works. Approved by the Chairman of the State Chernobyl
Committee of the Republic Belarus on 01.10.92. Minsk: (1992).

[4] Temporary regulations for works on decontamination of settlements, residential
dwellings, children pre-school institutions, schools ad other civil objects. Approved by
the Chairman of the State Chernobyl Committee of the Republic Belarus on 28.01.93.
Minsk: (1993).

[5] Regulations for handling decontamination wastes and materials contaminated with
radionuclides. Approved by the Chairman of the State Chernobyl Committee of the
Republic Belarus on 08.04.93. Minsk, (1993).

[6] Regulations for burial of decontamination wastes and materials contaminated with
radionuclides as a result of the Chernobyl accident. Approved by the Chairman of the
State Chernobyl Committee of the Republic Belarus on 14.10.93. Minsk, (1993).

[7] Control levels of soil contamination with 137Cs for recultivation of decontaminated
areas. Ministry of Health of the Republic Belarus, Minsk, 1997.

[8] Provisional sanitary rules of the treatment of decontamination waste generated as the
result of work to overcome consequences of the Chernobyl disaster. Ministry of Health
of the Republic Belarus, Minsk, 1998.

[9] Radiation Safety Standards NRB-76/87 and Basic Sanitary Rules for Works with
Radioactive Substances and Other Sources of Ionising Radiation OSP 72/87. Moscow:
Energoatomizdat, (1988)-160 pp.

[10] Sanitary Rules for Handling Radioactive Wastes (SPORO-85) SanPiN 42-129-11-3938-
85. Ministry of Health of the USSR-Moscow:-(1986)-55 pp.

[11] Development of technologies for decontamination works optimised on the basis of
radiation-hygienic approaches: Report on research work. Gomel branch of the Scientific
Research Institute for Radiation Medicine and Endocrinology. No. GR 19981612.-
Gomel, 1998.-68 pp.

[12] Decontamination, processing, reclamation and storage of radioactive wastes and
decontamination products: Final report on research work. Institute for Radioecological
Problems of the Belarus Academy of Sciences, Minsk (1995)-198 pp.

[13] European Commission, Belarus, the Russian Federation, and the Ukraine. Experimental
Collaboration Project No. 4; Evaluation and development of decontamination strategies
for a range of environmental situations and evaluations of their efficacy and other
impacts. Final report. Luxembourg, EC, EUR 16530 (1996).

[14] Mishalkin G.S., Arkhipov N. P. Problems of Rehabilitation on the Areas in the
Chernobyl Accident Zone. In: Problems of the Chernobyl alienation zone, Issue 1, Kyiv,
"Navukova Dumka" (1994) pp. 19-27.

[15] Development of technologies for decontamination works optimised on the basis of
radiation-hygienic approaches: Report on research work. Gomel branch of the Scientific
Research Institute for Radiation Medicine and Endocrinology. No. GR 19981612.-
Gomel, 1999-59 pp.

[16] Mechanical Decontamination Tests in Areas Affected by the Chernobyl Accident. J.
Roed, K.G. Andersson, A.S. Mishine, S.K. Olsen, A.V. Ponomarjov, H. Prip, V.P.
Ramzaev, Vorobiev.-Riso National Laboratory, Roskilde, Denmark-August 1998.-
p.100. Riso-R-1029 (EN), JSBN 87-550-2361-4, JSSN 0106-2840.

343


