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Abstract

The problems of the substantiation and implementation of a complex rehabilitation of the territory of
the exclusion zone and the zone of absolute resettlement (EZ&ZAR) aimed at the recovery of its
normal economic operation are considered. The principles, criteria, methods and scenarios of
rehabilitation, concept of a full and partial rehabilitation, return of the population and maintenance
of normal conditions of its residing and habitability are discussed.
The preliminary estimations of a capability of practical implementation of different directions of
rehabilitation activity on EZ&ZAR territory obtained with GIS-technologies accounting for dynamics
of radioecological conditions in natural and semi-natural ecosystems, state of the art of natural and
technogenic objects on territory of EZ&ZAR are discussed. The priority practical activities on
environmental protection, maintenance in a normal condition of phyto- and zoo-sanitary situation;
forestry activity, activation of landscape-recovery processes etc. are considered.

The 15th year after the largest technogenic catastrophe during existence of a human
civilization is completed. Among the heaviest consequences of this catastrophe is radioactive
contamination of huge territories, where rural and urban population lives and agricultural
production is continued.

1. RADIOACTIVE CONTAMINATION OF THE UKRAINIAN TERRITORY AND
HUMAN EXPOSURE PATHWAYS

As a result of accidental release from the Chernobyl NPP, 53454 km2 of the territory of
Ukraine, 2293 settlements with population of 2326 thousand people including more than 610
thousand children were subjected to radioactive contamination. The problem of population
protection has been aggravated by a non-uniform area contamination, complex radionuclide
composition as well as physico-chemical properties of radioactive fallout. Together with the
significant diversity of a soil-plant cover of the contaminated territory, the indicated factors
have stipulated complex and diverse development of a post-accidental radiological situation at
different time phases and resulted in multiple pathways of population irradiation.

The outcome of the conducted research has allowed to identify critical sources and pathways
of the population exposure. The following factors determine levels of human exposure:

Characteristics of soil-plant cover (property of soils, type of phytocenosis) [1]. The
agricultural ecosystem is characterized by essentially lower transfer of 137Cs to plants in
contrast to natural meadows. Transfer factors (TF) of 137Cs to plants of natural meadows are
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higher than those for ploughed soils by 1 to 2 orders of magnitude depending on soils
properties.

During the first period of post-accidental situation, the decrease rate of TF values for
agricultural plants is by 2-3 times higher, than to grasses of natural meadows. Thus, the
natural meadows are a critical link of 137Cs migration in food chain. Among them, the natural
meadows, formed on organogenous hydromorphous soils, are the most critical in
radioecological attitude.

Non-uniformity of radionuclide soil deposition in combination with "diversity" of a soil cover
can stipulate differences in contamination of critical food stuff (milk, meat) by 137Cs up to 2-
50 times within a settlement, the difference in 137Cs soil deposition of adjoining haymakings
and pastures is usually within factor of 1.5-2. The difference in contamination of milk and
meat within the borders of administrative region is up to a factor 300, the difference in 7Cs
soil deposition is up to factor of 30 [1].

Characteristics of contamination. Different radionuclide composition of fallout on various
tracks of the Chernobyl release and special mobility dynamics of radionuclides deposited in a
form of fuel particles determine various significance of radionuclides in the population
exposure. Though 90Sr is characterized by higher solubility in natural conditions as contrasted
with caesium radioisotopes, post-accidental long-term phase is usually called "The caesium
phase" as just 137Cs determines both external and internal irradiation doses. Contribution of
90Sr to dose during first years has appeared minor as contrasted to 137Cs. On territories
contaminated mainly by fuel component of fallout with the commensurable content of both
radionuclides, the mobility of 90Sr during first years after the accident was low because this
radionuclide was kept in a matrix of fuel particles [1]. As of 1992, 95-97% of the internal
dose of the population living on contaminated territory of Ukraine, was determined by 137Cs,
and only a few percents-by 90Sr [2,3]. In subsequent years in a number of settlements affected
by fuel tracks of fallout, the contribution of 90Sr to an annual effective dose has increased up
to 15-54%, though the total dose did not exceed 1 mSv [2,3].

The territory of the Ukrainian Polessye can be referred to a category of critical territories, i.e.
such, where the local population can receive annual dose above 1 mSv. The large part of this
territory is covered by forests. Here are about 520 settlements, and the population is about 350
thousand person.

Main exposure pathway of both rural and urban inhabitants is the intake of radionuclides with
food produced on contaminated soils. Thus, consumption of milk and meat contributes up to
90% to the intake of 137Cs in local inhabitants. In a number of regions the wood products
(mushrooms, berries, game, etc.) constitute an essential fraction of 137Cs intake.

Large part of territories affected by fuel fallout and significantly contaminated by 90Sr, where
the contamination of food can exceed established permissible levels, is located in the
Exclusion zone and zone of absolute resettlement. Nevertheless, on the territory contaminated
by fuel component of the Chernobyl fallout or by superposition of fuel and condensed
components the level of population exposure during first decades is determined by
radioisotopes of caesium.

The decrease of 137Cs transfer parameters in biological chains is rather low nowadays. The
periods of the half-time of 137Cs TF in a link "soil-plant" decreasing for meadows vary within
8-15 years, and that in agricultural ecosystem is about 12-25 years, i.e. comparable to a
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physical half-life of 137Cs [1]. Thus, the radiological situation is now characterized by relative
stability.

2. APPLICATION OF COUNTERMEASURES AND THEIR EFFECTIVENESS

The application of countermeasures in the agriculture of Ukraine has allowed to reduce
essentially contamination of plant and animal products in public sector. Thus, the
concentration of 137Cs in milk has decreased by 15-20 times from 1987 to 1998. It has become
the reason for introduction of tighter control levels for many kinds of food products. At the
same time, the specific activity of I37Cs in milk produced in private farms has decreased only
by 4-6 times.

There is a tendency of increasing of agricultural production in private farms, in particular, in
those located in zones of radioactive contamination. Production of milk, meat and potato has
increased essentially. The indicated products are basic "suppliers" of radionuclides in an
organism of the population. Because the natural meadows (including these in forests and on
swamps) are used as a pastures and hay-makings for lactic cattle in private farms, flux of 137Cs
with milk, produced in private farms, is about 80%, and with milk, produced in a public
sector-only about 20% from the total produced volume.

The information on the regularities of human exposure and particular annual effective doses
formation are used as a basis for a zoning of territory of Ukraine according to the degree of
radiological hazard and for planning of the appropriate countermeasures on contaminated
territory. Nowadays, on Polessye territory 90-95% of population doses is formed at the
expense of consumption a food stuff of local production. Such radiological situation
determines selection of protective measures and tactics of their realization.

During 1986-2000, agrochemical and agrotechnical countermeasures directed to reduction of
radionuclide accumulation in agricultural products were conducted on the area of agricultural
lands more than 2.0 million hectares. The application of radical or surface improvement of
meadows, which is one of the most effective countermeasures for limitation of 137Cs transfer
in "milk" chain, allows to reduce the contents of this radionuclide in milk up to 6 times. The
decrease of internal dose for various settlements due to this countermeasure varied from 10 up
to 30%.

Among other agrotechnical countermeasures, application of mineral and organic fertilizers in
soil as well as liming of acid soils are used. As a result of application of these measures, the
internal dose decline by less than 10% on the average. The application of countermeasures has
allowed to produce milk and meat in the public sector, which meets permissible levels during
last 7 years. Less favourable picture is in a private sector. The practical absence in Polessye
regions of sufficient quantity of cultivated haymakings and pastures suitable for private cattle
or preparation of pure forages has an effect.

In connection with deterioration of economic capabilities of the country, the amount of
countermeasures has decreased essentially during last years (Fig.l), and its main application
isthe remediation of private farms as well as pastures and haymakings for animal of private
sector.

The effectiveness of countermeasures in agriculture varied in wide limits, depending on soil-
climatic condition and characteristics of radioactive contamination. The cost of the averted
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collective dose of one man.Sv for a zone of absolute resettlement varies in range US$ 7.3-14.5
thousand, and for a zone of the reinforced radioecological control US$ 34-121 thousand.

From the economic point of view, the implementation of countermeasures is considered to be
expedient when the cost of activities on preventing dose of one man-Sv is comparable to the
cost of the total country's national product per caput.

For Ukraine this value varies last years in the range of US$ 1.5-3 thousand. This implies to
recognize that many countermeasures applied in the Ukraine surpasses its economic
capabilities, though a number of cases is indispensable taking into account their social and
psychological significance. As a whole, estimation of cost of rehabilitation measures and
effectiveness of used retaliation demands more detailed methodological consideration and
calculation.
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Figure 1 Dynamics of counter-measures on contaminated agricultural lands
of Ukraine, thousands hectares

3. PROBLEMS OF RADIOLOGICALLY DANGEROUS TERRITORIES

The status of the contaminated territories is determined pursuant to the Laws of Ukraine "The
legal status of the territory which was radioactively contaminated due to the Chornobyl
catastrophe", "About the status and social protection of the citizens, which one have suffered
owing to Chernobyl catastrophe".

ZONE OF ABSOLUTE RESETTLEMENT (ZARS)

The territories with 137Cs deposition on soil of all types above 555 kBq-m" , as well as part of
mineral and all organic soils with Cs deposition of 185-555 kBq-m" are referred to a zone
of absolute resettlement pursuant to the indicated Laws. 101285 hectares of agricultural land



are withdrawn from use in the Kiev and Zhitomir regions. In the Zhitomir region about half of
grounds (41825 ha) is withdrawn not only according to radiological parameters, but also
because its productivity is low and economic usage is not expedient (Fig.2).
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Figure 2 The areas of lands, deduced from a use in Zhitomir and Kiev
regions of Ukraine, hectares

In this connection, the problem of mismatch of an actual radiological situation on a part of
ZARS territory to criteria which are regulated in the existing acts should be resolved. With the
termination of any activity on abandoned territories the major problem becomes observance of
acceptable rules and principles of activity with the purpose not to admit both negative
economic and ecological consequences for the environment and population of Ukraine.

One of the basic problems of ZARS is the problem of living of population on its territory that
contradicts requirements of the legislation. The problem is aggravated by the requirement of
the legislation to such territories that population can not count on maintenance of living
conditions and normal habitability, solution of legal, medical, social and psychological
problems and other kinds of protection from the state.

According to the data of dosimetric certification of the Ukrainian settlements subjected to
radioactive contamination in dominant number of settlements on ZARS territory estimated
exposure doses of the population do not exceed the tolerance levels. Thus, the prolongation of
people resettlement today has lost the effectiveness and falls to category of little justified
measures, as the averted dose, even by conservative estimations, does not exceed 15-30% of
the committed life-time dose for 70 years. In this connection realization of rehabilitation
measures on ZARS territory, is a real priority. It is necessary to mark, that this problem
requires legal support of the decision on termination of resettlement.

In order to implement scientifically sound activities on the indicated territory, in 1997 the
Program of remediation of lands of the Zhitomir and Kiev regions on the period 1998 to 2005
was developed [4]. The priority and sequence of activities on the remediation of abandoned
lands is determined by a number of rules: the lands with lower contamination level are
subjects of the first order return to normality; the best effect is reached on prolific soils; lands,
which are laying within the borders of operational facilities or adjoin their territory are subject
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of a prime remediation; the priority is given to mineral soils with contamination density up to
555 kBq-m"2; it is illogical to conduct nowadays the remediation of the land formed on organic
soils with I37Cs deposition above 111 kBq-m"2.

Cost of averted collective dose of man-Sv for ZARS varies in the range of US$.7.3-
14.5 thousand Costs of recovery of these lands will make (US$ on 1 ha) for: production of
forages-340-390; cultivation of meadows-290-390; cultivation of grain, vegetable and other
cultures-290-680; afforestation-580-680; garden seminaries-730-820. The income from
economic usage of these lands within 3-5 years is expected to cover completely the costs spent
for the restoration.

Within the framework of mentioned "Program of remediation of lands of ZARS ..." during
1998-2000 in the Zhitomir region 2144 ha of agricultural land withdrawn from production is
being transferred to pastures and haymakings as a reserve land, 188 ha of land are subject to
afforestation. About 8 thousand hectares of land and 600 ha of Ladizhichi ponds on the
territory of ZARS are prepared for economic usage.

THE EXCLUSION ZONE

The exclusion zone (EZ) is defined as a territory from which the population was evacuated in
1986. More detailed characteristics of EZ are described in the report of V.I.Kholosha et al
"Comparative estimation of radioecological significance of natural and technogenic objects of
the Exclusion zone" presented in these Proceedings. The territory with 137Cs soil deposition
above 555 kBq-m"2 or with 90Sr soil deposition above 111 kBq-m"2 or plutonium soil
deposition above 3.7 kBq-m"2 is about 1800 km2.

The "Concept of the Chernobyl Exclusion zone on the territory of Ukraine" (1995) and project
of the "Concept of activity in the Exclusion zone and the zone of absolute resettlement in the
territory of Ukraine" (1998) determine system of principles and priorities on the mentioned
territories with the purpose of minimization of ecological and social-economic consequences
of the Chernobyl catastrophe as well as substantiation of capabilities and implementation of a
complex remediation of the EZ territory. The remediation should be considered as process of
implementation of a system of measures, directed on recovery of normal national economic
operation of the Zone.

It is necessary to note, that the remediation is not only implementation of a number of
countermeasures, which will lead to the result that the contaminated territory becomes suitable
for national economic usage and residing of population without limitations (full remediation).
The special feature of EZ territory is, that presently there is no population in it, and the
personnel is located in the EZ temporarily. The remediation of such territories is of local,
sample character and is relevant to key objects (partial remediation) without return of the
population. The following kinds of activity are of primary importance:

• industrial activity, aimed on maintenance and decommissioning of the Chernobyl
NPP, conversion of the "Shelter" to an ecologically secure system, reprocessing and
dumping of radioactive waste etc., operation of appropriate infrastructure objects on
EZ territory;

• industrial activity, directed to minimization of the radioactive release out of EZ
borders;

• activity, directed to a non-deterioration of ecological situation on EZ territory;
• activity, directed to successful implementation of remediation measures.
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For targeted implementation of mentioned activities the functional zoning of EZ, i.e. its
division in separate parts is conducted. For each part of EZ the general strategy of the contents
and dominant activities are defined. These allow for arrangements of the operational
productions, units of an infrastructure, objects with radioactive wastes, degree and character
of radiological contamination of environment, modern state of EZ ecosystems nowadays and
its trends. The exclusion zone is divided in four functional parts (territories): industrial
territory; territory of a prime remediation; reserved territory; territory of a general regime.

The industrial territory is a part of EZ, where the main activities, directed to minimization of
consequences of Chernobyl catastrophe, are carried out: utilization of radioactive waste,
conversion of the object "Shelter" to ecological secure system, maintenance and
decommissioning of the ChNPP, preventing of radionuclide migration, in particular,
protection of a floodland of the river Pripyat from splashing down during floodings, and also
sanitary and fire precautions in forests etc.

The industrial territory is a significant part of EZ. It includes basic objects together with sites
of terrain between them, particularly: ChNPP with object "Shelter" and infrastructure units;
Industrial complex "Vector"; radioactive waste disposal facilities (RAWDF) and temporary
storage of radioactive waste (TSRAW); the cooling pond; part of the river Pripyat floodland
with water-protection facilities; settlements located in the EZ: towns Chernobyl and Pripyat.

The territory of the prime remediation as a whole is considered as a territory with the
prospective of economic usage in nearest decades. Territory of the prime remediation
includes, first, sites of EZ, where ecological conditions, according to available data,
conditionally meet requirements of the Law of Ukraine "The legal status of the territory which
was radioactively contaminated due to the Chornobyl catastrophe" with regard of the
permanent residence of the population on contaminated territories.

The territory of prime remediation includes sites of EZ, where ecological conditions nowadays
do not completely satisfy the requirements of the Law, but, as a result of implementation of
some remediation measures is expected to meet them in the nearest decades. Besides, this part
of EZ includes sites where remediation measures are expedient for improvement of the
ecological conditions of EZ infrastructure and for limitation of distribution of radioactive
contamination out of its boundaries. Main directions of remediation activity in boundaries of
this territory will be forestry, and namely creation of resistant wood plantations, recovery,
improvement and contents of water protection system. Implementation of research and small
scale industrial activities in this territory is supposed.

The reserved territory consists of separate sites representing value of the nature:
representative landscapes, rare species of flora and fauna, vital centers of Ukrainian fauna.
Such sites require the status of a natural reserve, according to which any intervention in a
natural course of self-development of ecosystems is prohibited and only implementation of
indispensable measures to content these objects or conduct research with limited stay of
personnel is admitted. The sites of reserved territory can be arranged in boundaries of the
territory of a general regime and the territory of a prime remediation. Within EZ boundaries
there exist ten objects of the natural reserve one of which has the State status
(II'in hydrological reserve), and 9 others are of regional value. The status of natural reserve
was given to these objects before 1986. The maintenance of existing objects of the natural
reserve and granting similar status to other sites of EZ is not foreseen by current legislation.
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The territory of a general regime - part of EZ territory, non-homogenious with regard of
radioactive contamination level. On all this territory, except of infrastructure objects and sites
of reserved territory, the human activity is limited by indispensable measures for maintenance
of a zone, including measures of nature protection, measures of EZ regime observance and
preservation of cultural values as well as research activities.

For planning, assessment of feasibility and expediency of remediation in various sites of EZ
modern methods of GIS-technology are used which accounts both for radiological conditions
and conditions of natural and technogenic objects [5]. Taking into account the modern
conditions of the territory (location of forests, meadows, flood-lands, sites with a ground-
water level less than 1 meter, melioration systems, centers of the wreckers and illnesses etc.)
the map-scheme of possible directions of remediation activity on EZ territory are constructed
(see A. Arkhipov et al. "Use of GIS in the rehabilitation assessment of the Chernobyl
exclusion zone", this issue).

The greatest area of EZ (more than 800 km2) presents the site where reafforestation is
considered to be expedient. On the territory about 300 km2 implementation of water
protection measures, including recovery of melioration system, is necessary. The special
approach should be applied to sites of prime remediation, i.e. those lands where it is possible
to carry out economic activities without limitations right now. This includes about 30 km2 of
the territory suitable for agriculture and about 180 km2 qualified for forestry.

On the large areas of forests, former gardens and floodlands in total about 150 km2, the
centers of the wreckers and illnesses were formed. This situation requires intervention with
the purpose of estimation of the hazard level and application of countermeasures for
prevention of further development and for rejection of such centers.

The rehabilitation measures on the contaminated territories have been conducted since the
first days of the accident. Absence of the legible international and national guidelines and
experience on protection of the population at large scale emergencies, danger conditions in the
early post-accident period have resulted in implementation of countermeasures without a well-
timed estimation of their efficiency with regard of dose reduction, economic and social
criteria.

From the economic point of view, the implementation of countermeasures is considered to be
expedient and optimal when the cost of preventing the collective dose of one man-Sv is
comparable with the cost of the gross national product per caput. For Ukraine this value varies
last years at a level US$ 1.5-3 thousand. In general, estimation of the cost of remediation
activity and efficiency of adopted countermeasures requires more severe and close methodical
consideration and calculation.
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