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In the Republic of Serbia, radioactive waste has been stored for many years at the Vinca loca-
tion near Belgrade. However, the location is not suitable for this purpose. It is necessary to de-
fine a location for radioactive waste disposal in Serbia in accordance with international crite-
ria, strict spatial conditions, and planning solutions of national interest. The need to conduct
research that will define potential zones for radioactive waste disposal is the basic starting
point in this paper. The framework of the research is the development of the Spatial Plan of
the Republic of Serbia from 2021 to 2035, on the basis of which it is possible to determine po-
tential zones for the construction of a radioactive waste disposal. In this paper, the authors
present the results of research on spatial constraints from the aspects of geological and hydro-
logical conditions, spatial protection, and distribution of the population, settlements and
buildings, etc. A special contribution it makes is the additional analysis of conditionality in re-
lation to the planned purposes and activities of national and priority importance in Serbia.
The collection, processing, and presentation of spatial data is the result of analyses conducted
with the support of geographic information systems. The research contributes to a definition
of potential zones, within the scope of which it is necessary to conduct further research and se-
lect the optimal location for a radioactive waste disposal. The paper provides methodological
guidelines for further scientific research into the spatial aspects of radioactive waste disposal
in Serbia, at the same time pointing out possible directions for further resolution of this issue

in practice.
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INTRODUCTION

In recent years, spatial and urban planning has
placed increasing emphasis on issues of environmental
protection and assessing the impact of planning solutions
on the future environmental quality [1]. In that sense, nu-
clear facilities have a special weight in planning, both be-
cause of certain conditions necessary for determining their
location, design, construction, commissioning, operation,
closure and decommissioning, and because of the impact
they have, or can have, on the environment [2].

Most nuclear facilities in Serbia are situated at the
Vinca location, which covers the entire area of the former
Vinca Institute of Nuclear Sciences, with an area 0of 48 ha
near Belgrade, today divided into the institute zone and
the zone under the jurisdiction of the public company
Nuclear Facilities of Serbia. In accordance with the Law
on Radiation and Nuclear Safety and Security [3], which
defines a nuclear facility as one or several functionally
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connected facilities located on the same site and operated
by the same person, for the processing or enrichment of
nuclear material, a facility for the production of nuclear
fuel for a research nuclear reactor, a research nuclear re-
actor, a facility for managing used nuclear fuel from a re-
search nuclear reactor and a facility for managing radio-
active waste, in this study, the existing facilities for
storing low and medium radioactive waste at Vinca are
understood as nuclear facilities. Radioactive waste is un-
derstood as radioactive material in a gaseous, liquid or
solid state, whose further use is not planned or foreseen
[3], 1. e., material that contains or is contaminated with ra-
dioisotopes with activity levels higher than the limit lev-
els determined by regulations, and which is not planned
for further use [4, 5].

At the Vinca site, there are nuclear facilities of
great importance in terms of their environmental impact
and the implementation of the necessary measures of
protection [6, 7], which, in addition to the research reac-
tors RA, which has permanently ceased operation, and
RB, which is currently out of operation, also include stor-
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age facilities for low and intermediate level radioactive
waste and spent radiation sources. This waste originates
from the previous activities of reactors and other sources,
such as research activities at the institute, medical and
military institutions, commercial organizations, univer-
sity laboratories, and the Institute for Technology of Nu-
clear and Other Mineral Raw Materials, efc. It consists of
three hangars in which the waste is mostly in barrels, but
itis also present in various bulky forms that could not be
adequately processed and packed at the time of collec-
tion. Liquid radioactive waste is located in four under-
ground reservoirs. Waste from the entire territory of the
former Yugoslavia is also stored at the site (except for
waste from NPP Krsko).

Research, so far concerning the spatial conditions
with regard to the Vinca site, has shown that the general
conditions related to spatial restrictions and the forma-
tion of protection zones around the nuclear facilities,
have not been complied with at the site and in its immedi-
ate surroundings [8)]. The existing state on the ground,
first and foremost, is that the scope of illegal construction
and the position of existing and planned frequently used
roads, is unfavourable and has caused such restrictions,
that in the coming period it is not realistic to expect it is
possible to fulfil them. Therefore, in spatial and urban
plans, the land use in the part of the area next to the Vinca
site has not been determined and it is treated as a potential
source of danger, indicating the need to develop a new
planning document for the Vinca site.

Due to the relocation of particular buildings and
activities of regional, national and international impor-
tance, to areas that are a relatively short distance from the
nuclear facilities at the Vinga site (Vin¢a municipal waste
landfill, Belo Brdo archaeological site, international in-
frastructure corridors VII and X) and the national signifi-
cance of the Vinca location itself, the question of the per-
manent disposal of radioactive waste in Serbia has been
raised.

The spatial plan of the Republic of Serbia deter-
mines the long-term basis for the organization, arrange-
ment, use and protection of space in the Republic of Ser-
bia [9], and it is one of the development planning
documents with which all public policy documents must
be harmonized [10]. The spatial plan of the Republic of
Serbia is further elaborated through a system of spatial
and urban plans, from which, for the purposes of plan-
ning activities of national interest, spatial plans for spe-
cial purpose areas are developed.

In practice so far, two spatial plans of the Republic
of Serbia have been developed and implemented. The
first, in 1996 [11], defined the obligation for preparing a
plan for the special purpose area of the Vinca nuclear
complex and raised the open question of resolving the is-
sue of finding a location for disposing of radioactive
waste [12], and the second, from 2010 [13], did not men-
tion this theme at all. The new Spatial Plan of the Repub-
lic of Serbia from 2021 to 2035 is currently being pre-

pared [14], which the authors are using as a research
framework, and in this study, they determine potential
zones for constructing a disposal for radioactive waste in
Serbia.

GENERAL SPATIAL CONDITIONS FOR
PLANNING THE LOCATION OF
RADIOACTIVE WASTE DISPOSAL

The International Atomic Energy Agency (IAEA)
in Vienna defines several levels of documents that repre-
sent standards for the peaceful use of nuclear energy and
reduction of the risk of ionizing radiation in the world,
such as safety fundamentals, safety requirements and
safety guides, which are further elaborated through na-
tional legislative systems. In accordance with the law [3],
disposal is the storage of radioactive waste, spent sources
or spent nuclear fuel in a disposal facility without the in-
tention of its removal. The IAEA defines the disposal of
radioactive waste as its storage in a conditioned state in a
place from which it will no longer return to the human
environment or to reprocessing [4, 5].

Currently, there are about 100 low and medium ac-
tivity radioactive waste disposals in operation in the
world. These disposals are of various types, from shal-
low buried engineered concrete trenches, to deep geolog-
ical disposals [15]. The disposal of radioactive waste is
carried out in such a way that it ensures the long-term sta-
bility of the disposal, i. e., it prevents the radioactive iso-
topes, present in the waste, from having any contact with
the biosphere, especially with groundwater [16]. The ba-
sic principle of preserving the stability of waste material
is its immobility in an appropriate material or construc-
tion, which isolates it in relation to its surroundings.

In the Republic of Serbia, as in the rest of the
world, no unique detailed criteria have been defined for
the purpose of determining suitable locations for con-
structing disposals for nuclear waste, particularly with
the regard to spatial conditions. After the construction of
the nuclear facilities at the Vinca site in the 1950's and
1960's, there was no need to plan new facilities at any
other location. Regulations were based primarily on the
research character of the nuclear facilities, and the pro-
tection and reduction of risk from ionizing radiation,
while low and intermediate level radioactive waste was
stored at the site itself.

In recent years, the issue of constructing a radioac-
tive waste disposal in Serbia has been raised again, with
accompanying research on the state of the radioactive
waste at the Vin¢a complex, as well as the consideration
of future needs and ways to solve this issue worldwide
[17]. With this in mind, the basic phases of the lifespan of
a radioactive waste disposal that it needs to go through
are: determining the location, design, trial operation, op-
eration and closure, as well as institutional supervision
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(control) after closure over the following 100-250 years
and unhindered access (without radiological restriction).

Selecting a location for a radioactive waste dis-
posal, the first of these phases, is a priority in the coming
period in the Republic of Serbia, and finding a solution
for this requires methods and techniques used in spatial
and urban planning. As the first step in this phase, it is
necessary to analyzeanalyse all available data on the spa-
tial conditions and constraints at the national level (an
area of 88848 km?), and to perform macro-zoning and
select zones where there are no spatial constraints to the
construction of radioactive waste disposals, using data
processing in a geographical information system. Such
potential zones for the construction of radioactive waste
disposals are then further analyzedanalysed and mi-
cro-located.

Through comparative analysis of a number of doc-
uments, studies and conditions [ 18-21] relating to the lo-
cation of nuclear facilities, it is possible to single out the
following general spatial conditions that can be applied
to the location of a radioactive waste disposal:

Geological conditions [22]

— the proximity of potentially active fissures and
landslides must not be less than 500 m,

— there must be no possibility of ground subsidence
resulting from the formation of cavities by pump-
ing water or oil, or due to mining works,

— there must be no possibility of soil collapse due to
dissolution and removal of soluble material (karst
erosion or other types of erosion), and

— seismically active areas are eliminated (maximum
expected earthquake intensity cannot exceed 8 de-
grees on the Mercalli scale, permitted ground
movements must not exceed 0.15 of the accelera-
tion of the earth's gravity).

Hydrological and meteorological conditions

— the use of water for various purposes, especially
for drinking and irrigation must not be near the lo-
cation (especially not downstream),

— there must be no possibility of torrents occurring
at the location, or the possibility of flooding due to
river overflows or embankment breaches, and

— locations with extreme meteorological conditions
are eliminated.

Conditions related to spatial protection

— exploitation areas for natural resources are elimi-
nated (mining of ores, minerals, coal, oil),

— areas within the scope of protected natural assets
(national parks, nature parks, special nature re-
serves, etc.) are eliminated, and

— areas of immovable cultural property (UNESCO
heritage list, all cultural property of national im-
portance) are eliminated.

Conditions related to the population,
settlements and buildings [23, 24]

— larger settlements (25000 or more inhabitants)
must not be closer than 2.5 km.

— the proximity to installations with potential emis-
sions of chemicals (particularly gaseous) must not
be less than 2 km.

— the proximity to existing civilian and military
airports must not be less than 8 km.

— locations downstream of water dams are elimi-
nated, and

— the proximity of frequently used roads must not be
less than 1.5 km.

Special conditions [25-27]

— pay attention to the proximity of the state border
and other factors important from the military and
security standpoint (areas of interest for the coun-
try's defence are rejected).

ANALYSIS OF THE GENERAL SPATIAL
CONDITIONS FOR PLANNING THE
LOCATION OF RADIOACTIVE WASTE
DISPOSAL FOR THE TERRITORY OF THE
REPUBLIC OF SERBIA

The collection, analysis and processing of data re-
lated to these spatial conditions is a complex and
time-consuming process, because the data are partially
available, they are of different ages and levels of process-
ing, and they are often unsuitable for digital processing,
which is especially true for larger areas. Also, preparing a
spatial plan is the only process that is of a synthesized
character, whereby such data for different areas are col-
lected and processed in a single geographic information
system. Therefore, it is essential for research into the spa-
tial conditions for planning the location of a radioactive
waste disposal to be linked with the development of a
new Spatial Plan of the Republic of Serbia, and this
should be done in the first step of the data relating to the
existing state, fig. 1.

In terms of geological conditions, the greatest
spatial limitations in Serbia (26.58 % of the surface) are
in areas where the maximum expected earthquake in-
tensity is over VIII degrees (MCS scale). The highest
intensity of VIII degree is related to high basic hazard
zones and unfavourable local soil conditions. These are
the plains of northeasternnorth-eastern Banat, central
Serbia with the valleys of the Velika and Zapadna
Morava Rrivers, the wider area of Kopaonik Mountain,
the area of the valley and mountainous parts of Kosovo
and Metohija, the downstream part of the Timok River
Valley with its confluence with the Danube and others.
According to the number of inhabitants and level of
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Figure 1. Zones and areas in the Republic of Serbia with unfavourable general spatial conditions for planning the location

of a radioactive waste disposal

seismic hazard, the most endangered cities are
Jagodina, Kragujevac, Kraljevo, Cacak, Novi Pazar,
and Loznica. In the wider area of these cities, there are
around 700000 inhabitants.

Areas of mining activities, which limit the possibil-
ity of locating a radioactive waste disposal, are repre-
sented by significant areas of surface coal mines in three
large basins (Kolubara, Kostolac and Kosovo-Metohija),
and by the surface mining of metallic raw materials in
Bor and Majdanpek, as well as in a small way by several

dozen mines for mineral, metallic and non-metallic raw
materials at different locations.

All categories of soil erosion are represented on the
territory of the Republic of Serbia, with the most pro-
nounced of these being karst erosion. The middle cate-
gory of erosion is manifested on an area of 9518 km?,
or 10.76 % of the territory of the Republic of Serbia,
which is a potential erosion area (production of erosion
material in the range of 10 to 20 t/ha per year). Within the
framework of areas that have an explicit natural hazard, i.
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e., predictive erosion areas of strong and excessive ero-
sion (land losses of over 20 t/ha per year) is 13.32 % of
the territory, i. e., 11776 km?. This mostly includes terrain
at altitudes over 600 m (asl), where there are also restric-
tions due to the danger of torrents, unstable soil and often
protected natural features, made up of the mountainous
areas of south-western and southeasternsouth-eastern
Serbia. There are no detailed data relating to potentially
active faults and landslides for this level of analysis.

Potential areas of flooding that are unfavourable
for locating a disposal for radioacticeradioactive waste in
Serbia cover 16 % of the total territory, that is, an area of
14146 km?. Floods have affected the Central Banat and
South Bac¢ka areas the most, followed by the South Banat
and Belgrade areas. Observed by catchment areas, after
Vojvodina, the right bank of the Sava River is most en-
dangered, followed by areas in the Velika Morava Basin,
along the right bank of the Drina, in the Beli Drim Basin,
Kolubara, Sitnica, Timok, Binacka Morava and
Lepenac.

About 11500 watercourses with torrents have been
registered in Serbia, in basins ranging in size from sev-
eral hectares to several hundred square kilometres. This
means that practically the whole of Serbia south of the
Sava and Danube (the hilly and mountainous part of Ser-
bia) is endangered. Besides Kragujevac, Obrenovac,
Jagodina, Ljubovije, Pirot, Grdelica and Vlasotince, the
most endangered areas are Grdelica Gorge and Vranje
Valley, Kolubara Basin, Nisava River Basin, Ibar Gorge,
Upper Timok Basin, Jadar River Basin, Drina Basin up-
stream of Loznica, the Mlava and Peka basins, the
Binacka Morava Basin, efc. Areas of very high suscepti-
bility to torrents are represented on 4.2 % of the surface
of Serbia, and high susceptibility on 24.2 %, meaning
that about 28 % of the territory of Serbia is very suscepti-
ble to torrents.

Other significant restrictions for the construction
of aradioactive waste disposal are the sanitary protection
regimes in the catchments of existing and planned accu-
mulations intended for water supply. Such areas are
within the regional systems for water supply to the popu-
lation, which are located in Central and Southern Serbia.
The basins of 36 newly-planned accumulations, in addi-
tion to the existing ones, occupy about 8000 km?, i. e.,
9 % of the territory of Serbia, from which the possibility
of locating a radioactive waste disposal is excluded.

Areas with unfavourable spatial conditions and re-
strictions in terms of the distribution of the population,
settlements and facilities in Serbia are smaller in size than
the previously mentioned limitations, but due to their di-
versity in space, they cause significant limitations.
These are settlements and cities with more than 25000 in-
habitants and a zone that surrounds them with a radius of
2.5 km (from the edge of the construction area), and air-
ports of different ranks (international, regional, military)
with a surrounding zone (radius 8 km), in which the con-
struction of radioactive waste disposals is not permitted.

In addition, the spatial limitations relate to the network of
frequent roads which in Serbia covers 30000 km of mod-
ern roads (most state roads are I or II class), and about
3700 km of railways (international, regional and local),
with zones that are unfavourable for constructing a dis-
posal covering a distance of 1.5 km from the transport
corridor.

The system of reducing the risk of catastrophe and
managing emergency situations is part of the national se-
curity system and is of particular importance in the analy-
sis of the spatial constraints in the construction of aradio-
active waste disposal. The territory of Serbia is exposed
to the dangers of technical and technological accidents,
which can cause significant consequences and thus en-
danger the health and lives of people, the environment
and cause a large-scale damage. In this regard, the great-
estrisk is at the locations where there are industrial facili-
ties and production zones, i. e., SEVESO facilities/com-
plexes. These are facilities and locations where there is a
danger of serious accidents caused by industrial activity.
It was determined that there are 103 such complexes on
the territory of the Republic of Serbia, of which 49 are
higher order complexes and 54 lower order. In the pro-
tection zones, with a radius of 1 km around the SEVESO
facility, construction is prohibited, especially of facilities
that may be endangered by the consequences of a techni-
cal-technological accident, which includes radioactive
waste disposals.

The processing of spatial data on the existing state
and conditions of a geological and hydrological nature, as
well as conditions related to the population, settlements
and facilities (only basic data relating to larger areas are
listed), indicates that on an area of about 52900 km?,
which is 60 % of the territory of Serbia, there are signifi-
cant restrictions with regard to the location and construc-
tion of radioactive waste disposals.

ANALYSIS OF PLANNING RESTRICTIONS
WITH THE REGARD TO A RADIOACTIVE
WASTE DISPOSAL — SPATIAL PLAN OF THE
REPUBLIC OF SERBIA FROM 2021 TO 2035

In addition to the previously mentioned data re-
lated to the current situation, as a second step in research-
ing the spatial conditions for planning the location of a
radioactive waste disposal, it is necessary to
analyzeanalyse the concept of the future spatial develop-
ment of the Republic of Serbia and individual planning
solutions of national importance. The aim of such re-
search is to record important planned purposes and activ-
ities in space, as well as planning constraints for defining
a suitable location for constructing of a radioactive waste
disposal. In this paper, the authors use newly-formed
spatial databases and preliminary solutions from the Spa-
tial Plan of the Republic of Serbia from 2021 to 2035, fig.
2. The most important aspects to analyzeanalyse are ur-
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Figure 2. Overview of zones and areas in the Republic of Serbia with planning restrictions for planning the location of a

radioactive waste disposal

ban and traffic systems (frequently used roads), develop-
ment zones, protected areas and natural values.

The structure of basic land use in the Republic of
Serbia (88848 km?) is dominated by agricultural land
covering 43113 km? (48.7 %), and forest and unwooded
forest land covering 38,240 km? (43.1 %), while unfa-
vourable areas from the standpoint of locating a disposal
are wetlands and water surfaces covering 2377 km? (2.63
%) and other areas (construction land, artificial surfaces)
covering 4757 km? (5.4 %). Planned changes in the basic
land use that may be important for the analysis of spatial

constraints will be directed towards: — Stopping the pro-
cess of land degradation, misuse of agricultural land and
irrational expansion of construction areas of urban and
peri-urban zones. — Adjustment of purposes to natural
conditions (afforestation) at the expense of agricultural
land of lower quality, around infrastructural corridors,
sources of accumulations, industrial zones, suburban for-
ests and degraded areas. — Certain restructuring in the
land use due to the construction of priority traffic infra-
structure corridors.
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The spatial plan establishes the protection of space
onatotal area of about 27115 km? or 30 % of the territory.
These are areas where the possibility of locating radioac-
tive waste disposals is excluded. The protection of space
is mostly planned for protected natural assets or those
that are planned for protection (about 15442 km?) and
immovable cultural goods (about 11 km?), as well as for
catchment areas of the sources of regional water supply
systems (about 11662 km?). Parts of these spaces over-
lap. In addition, space has been reserved for systems of
transport infrastructure corridors (I class state roads, rail-
ways, product pipelines, main and distribution gas pipe-
lines). In addition, the reservation of space for corridors
that are part of transport infrastructure systems (state
roads of the first order, railways, product pipelines, main
and distribution gas pipelines) and for exploitation fields
is determined, whereby these spaces are balanced at the
lower levels of planning.

Important for spatial analysis, in this paper, is plan-
ning in relation to the completion and development of the
planned road and railway infrastructure in Corridor 10,
and the branches of that corridor on the territory of the
Republic of Serbia, along the primary and secondary de-
velopment belts, as well as the completion and recon-
struction of the existing state road network (so-called fast
highways). The most important traffic routes, which
limit the possibility of building radioactive waste dispos-
als in their vicinity, are the first level routes on Corridor
10 state roads: IA rank number 1 (Horgos — Novi Sad —
Belgrade — Ni§ — Vranje — Presevo), 1A rank number 3
(Batrovci — Belgrade) and 1A rank number 4 (Ni$ — Pirot
—Gradina). Routes that mostly belong to the second level
are roads IA rank number 2 (Belgrade — Cadak —
Pozega), IA rank number 5 (Pojate — KruSevac —
Kraljevo — Cagak), the Pozega — Kotroman extension
(border with Bosnia and Herzegovina) and the Pozega —
Boljare extension (border with Montenegro), as well as
the IB rank network of state roads.

In the protection of natural and cultural values and
the effort to improve the quality of life, the special focus
of the spatial plan is on the improvement and protection
of the environment, whose degree of endangerment and
degradation is disproportionately higher in relation to the
level of economic and social development achieved. In
the planning period, the declared protected areas of natu-
ral assets and those recommended for protection, will
cover a total area of 909530 ha (10.28 % of the territory
of Serbia) under strict protection regimes, of which
40880 ha (4.49 %) are under the level I protection regime
and 229975 ha (25.28 %) under the level II protection re-
gime. Itis reasonable to assume that on the space planned
for research and protection, with a total area of 440,000
hain the planning period, 220000 ha (2.48 % of the terri-
tory of RS) will be declared protected areas, so that the
total protected area will be about 1129530 ha (12.76 % of
the territory of Serbia).

Metropolitan areas also stand out as a planning cat-
egory that excludes the possibility of locating a disposal
for radioactive waste. The metropolitan area of Belgrade
and Novi Sad, with numerous sub-centers of different
ranks, is the most developmentally promising, starting
from the highest functional capacity and demographic
potential, excellent traffic connections and solidly
equipped infrastructure. It is a complex and dynamic sys-
tem of urban settlements with a high degree of functional
and spatial/morphological connection, a multi-layered
hierarchy, with the potential to become the centercentre
of a metropolitan region in this part of Europe. Condi-
tionally, the centers of Backa Palanka to Smederevo, and
from Pancevo to Lazarevac also belong to it. In the com-
ing period, the concentration of functions, the popula-
tion, users of space and the economy in this urban area
will continue to grow. The metropolitan area will also be-
come the dominant tourist destination in Serbia. The
metropolitan area of Ni8, with its numerous subregional
regional and local urban centres is promising in terms of
development, starting from its geostrategic and transport
position, high functional capacity and human capital, its
excellent traffic connections and solid infrastructure. It is
a complex and dynamic system of urban settlements that
is the centre of the region of Eastern and Southern Serbia.
In the coming period, the concentration of functions, the
population, users of space and the economy in this urban
area will continue. To to grow. This metropolitan area
will become the second-most dominant tourist destina-
tion in Serbia. The metropolitan area of Pristina, with its
subregional regional and local urban centerscentres and
development potential (traffic, functional and demo-
graphic), is the centre of Kosovo and Metohija. In the
coming period, within its range, the concentration of
functions, construction of traffic corridors and the devel-
opment of secondary development zones towards other
urban areas will intensify. In addition to these areas, the
West Moravian agglomeration stands out in Serbia, in
which there are morphologically and spatially/function-
ally connected urban centerscentres with significant
functional capacity and good traffic connections,
namely, the cities of Uzice, Cagak, Kraljevo and
Krusevac, which need better infrastructure, with planned
and more dynamic economic development.

Further development of Serbia's urban system is
based on transformation, according to the characteristics
of its fundamentally different areas, from the metropoli-
tan areas and agglomerations mentioned, to medium and
small urban centres in underdeveloped rural, hilly/moun-
tainous or border areas with latent potential.

The spatial integration and functional connection
of urban centres and regional units, essential for territo-
rial cohesion, economic stimulation and competitive-
ness of all parts of the Republic of Serbia, will intensify
and achieve connections and integration through devel-
opment axes/belts and transport corridors, which are al-
ready formed or expected in the future.
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In this regard, of particular importance are: — Pri-
mary development belts, which stretch through areas
with the highest concentration of population and eco-
nomic activities, as well as international and national
transport infrastructure corridors: the Danube-Sava bellt,
which has key development importance, both for Serbia
and for the integration of the economy with European
Union countries, including urban and industrial
centerscentres, and the international ports of Belgrade,
Novi Sad, Smederevo and Pancevo; Corridor Belt X; the
West Moravian Belt, along the West Morava, from Uzice
to Cadak, Kraljevo, Krusevac and Corridor X, which
also provides the possibility of spatial integration in the
direction of Bosnia and Herzegovina in the west, and
Bulgaria and Corridor IV in the east; the Kolubara belt, in
the direction from Belgrade to Obrenovac, Valjevo,
Gornji Milanovac and Cagak, which provides the possi-
bility of spatial integration in the direction of the West
Moravian belt and further along the Golja-Pester direc-
tion to Montenegro in the south; the Toplica-
Kosovo-Metohija belt, in the direction from Nis towards
Prokuplje, KurSumlija, PriStina, Prizren and Albania
(Durres). — Secondary development belts, which stretch
through insufficiently developed areas with significant
natural and created potential, whose transport position,
accessibility, infrastructure and superstructure, as well as
the demographic processes, should be improved,
namely, the Backa, Tisa, Fruska Gora-Macva,
Drina-Sumadija-Homolj, Sumadija, Podrinje,
Branicevo-Podunavlje, Zlatibor, Golija -Pester, Timok,
Ibar, Pester-Lim, Kosovo-South Morava and Metohija
development belts.

Processing of the spatial data on all the above lim-
itations, caused by the planned spatial development of
the Republic of Serbia and planning solutions that
mostly relate to urban and transport systems, develop-
ment zones, protected areas and natural values, indi-
cates that on an area of about 45300 km?, which is 51 %
of Serbia, there are significant planning constraints for
locating and building a radioactive waste disposal.

RESULTS OF THE ANALYSIS

The analysis and processing of two important
groups of spatial data, the first on the existing constraints
and the second on the planning conditions and restric-
tions, have led to the basic result that on a the total area of
about 69300 km?, which makes up 78 % of the total area
of Serbia, there are restrictions that make this area unfa-
vourable for locating a radioactive waste disposal, fig. 3.
This research has analyze and commented on data avail-
able at the level of the entire territory of the Republic of
Serbia, and the areas that were assessed as unfavourable
according to individual constraints overlap to a great ex-
tent. This means that such areas are unfavourable be-
cause of at least two, and often more spatial constraints,
making further detailed research necessary.

This analysis established that there are no restric-
tions on an area of about 19060 km?, which makes up 22

% of the surface of Serbia, indicating that this area is po-
tentially favourable for locating a radioactive waste
disposal. This includes certain areas that are located at
over 600 m above sea level (asl) but which have no other
restrictions, and they are considered conditional in this
category of surfaces.

In general, besides the fact that these potentially fa-
vourable areas for locating a radioactive waste disposal
are different and significantly dispersed throughout Ser-
bia, it is possible to distinguish four zones in which they
are recognized, namely:

—  the zone of Northern Vojvodina — which is mainly
made up of the area of Central Backa between the
course of the Danube and Tisa rivers, with the
smaller areas of northern and Southern Banat.
This zone should be accepted conditionally, be-
cause in the opinion of the authors it is possible to
notice some constraints that are not the subject of
analysis in this paper, primarily high-quality agri-
cultural land (I to IV quality class) and the flow of
surface and groundwater is towards high popula-
tion density zones;

—  the zone of Western Serbia — which consists of a
wider area around the city of Valjevo (mostly
northwest) and the upper course of the Kolubara
River. This zone also needs to be accepted condi-
tionally, because significant additional restric-
tions are possible in it, such as the direction of sur-
face flows and groundwater towards zones of high
population density, and significant areas of poten-
tial tourist areas and regions (Valjevo Mountains,
Divcibare);

—  the zone of Eastern Serbia — which for the most
part consists of the area around the town of
Negotin, the lower course of the river Timok
(Negotin region) and the eastern slopes and hills
of the Homolje mountains. No additional restric-
tions are observed for this zone, and at this stage of
the analysis it can be considered favorable for lo-
cating radioactive waste disposals, especially hav-
ing in mind that it is a distinctly depopulated area,
away from agglomeration zones and higher popu-
lation densities, as well as in a very peripheral area
isolated by many natural factors (hydrological,
meteorological, geomorphological, ezc.);

—  the zone of Southern Serbia — which consists of a
wider radial area around the city of NiS. At this
stage, no additional limitations can be observed in
this zone either. The Toplica district of the Toplica
River Basin and the surroundings of the towns of
Prokuplje and KurSumlija stand out as the largest
in terms of surface area. They are depopulated ar-
eas that are mostly geomorphologically isolated at
the foot of mountains or higher terrain, but with
somewhat unfavourable conditions related to sur-
face flows towards the city of Nis.

The spatial and planning aspect of finding an initial
resolution to the issue of locating a radioactive waste dis-
posal in Serbia is in some way completed by the results of
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Figure 3. Overview of zones and areas in the Republic of Serbia that are favourable for further planning with regard to

the location of a radioactive waste disposal

this analysis. In addition to the fact that it is necessary to
start with comprehensive and detailed research of this
type, this analysis indicates what conclusions we can ex-
pect in the future. In the field of spatial research, accord-
ing to the authors of this paper, it is important to know
that only 22 % of Serbian territory has been assessed as
being favourable for locating a radioactive waste dis-
posal, i. e., that it is necessary for more attention to be di-
rected towards the previously mentioned zones (with an
emphasis on Eastern and Southern Serbia).

CONCLUSIONS AND
RECOMMENDATIONS

Through the research and the presentation of its re-
sults in this paper, the authors have tried to contribute to
initiating and solving the issue of the permanent disposal
of radioactive waste in Serbia. Based on previous re-
search and knowledge of the technical and radiation
properties of the radioactive waste stores at Vinca, as
well as a proposal for the concept of a single disposal
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[17], it seems that it is the right moment to approach sys-
tematic research to determine the location for a radioac-
tive waste disposal. This is supported by the fact that the
new Spatial Plan of the Republic of Serbia from 2021 to
2035 is currently under preparation, which brings the
problem of radioactive waste storage into a spatial con-
text and provides an opportunity for the timely direction
of further research, as well as making necessary deci-
sions.

Over recent years, spatial analyses and data pro-
cessing with the use of geographic information systems
have represented a common methodological procedure
in spatial development planning [28-32]. However, such
a procedure has not yet been applied in Serbia to those
data that are of significance and have a direct influence
on the possibility of determining the zones and locations
for a radioactive waste disposal. Therefore, this research
aimed to first systematize the general spatial conditions
and criteria for selecting the location for a radioactive
waste disposal and to later collect and process such data
for the territory of Serbia. A special contribution of the
research is that it was conducted simultaneously with the
preparation of the Spatial Plan of the Republic of Serbia,
which made it possible to use newly-collected data from
2020. In addition, the new category of planning restric-
tions was also considered, which further prevent the lo-
cation of a radioactive waste disposal on significant
areas.

The results of the research, which indicate that 78
% of the surface of Serbia, due to one or more constraints,
is unfavourable for locating a radioactive waste disposal,
have great applicative significance. Thus, scientific and
professional attention can be focused in a relevant way
on those zones in which limiting factors have not been
identified and which should be the subject of further,
more detailed research. In addition, with previous
knowledge of the problems at the site of the Vin¢a Nu-
clear Complex [8], this research has been able to give
feedback during the preparation of the Spatial Plan of the
Republic of Serbia [33] in such a way that the implemen-
tation measures in the plan envisage the priority develop-
ment of a spatial plan for the special purpose area of the
Vinca location and the development of a study for deter-
mining the location of a radioactive waste disposal in
Serbia.

For further phases of research into the issue of a ra-
dioactive waste disposal in Serbia, the limitations of this
research should be taken into account, in terms of two
important aspects. The first refers to the general spatial
conditions used in this paper, which are of a general type
and refer generally to nuclear facilities in the broadest
sense. As such, they have conditioned stricter restric-
tions, which in the coming period can be reviewed and
moderated depending on the nature and technical charac-
teristics of the radioactive waste disposal. The second as-
pect relates to the availability and nature of the data used
in the spatial analysis. For further research, it would be

necessary to obtain the missing data and innovate that
which is not in a usable digital format.

The research presented in this paper is of initial and
scientific character. Beginning to solve the issue of the
permanent disposal of radioactive waste in Serbia re-
quires a systematic approach, which in terms of the spa-
tial aspect, implies at least two methodological phases.
The first phase is a study (preparation of a study) that in-
cludes macro-zoning of space, with additional research
and coordination of numerous institutions, and later mi-
cro-zoning of space, with detailed analysis, multi-criteria
evaluation and site selection. The second phase is the
planning and design phase (preparation of a spatial plan
for the special purpose area), through which the location
is checked and confirmed, the rules of arrangement, con-
struction, use and protection of the space are defined, and
later the design for the future radioactive waste disposal
is made. It is in this direction that it is possible and neces-
sary to conduct further scientific research, in order to
give full support to permanently resolving the issue of ra-
dioactive waste disposal in Serbia.
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Heoojma I. CTE®@AHOBUh, Hukona M. KPYHWh, Harama M. JAHUJTOBUh XPUCTUh

IMPOCTPOPHU N NINTAHCKHN ACIIEKT PEIIABAIbA IIUTABA OJIATAIBA
PAITUOAKTUBHOI OTIIAJA Y PENIYBJIUIIA CPBUIU

Y Penyonuuu CpOuju ce PaMOAKTUBHI OTNAJ XM HU3 TOJMHA CKJIaJIMIITH Ha JOKaIHju
Bunva xop beorpana. Iocrojeha sokamuja ckimaumTa Hije MOrojHA 3a OJNIarame PagHOaKTHBHOT
otnapa. [TorpebHo je necpHHHcaTH JOKANHjy 3a Ofijlarame pagroakTUBHOT oTmaga y Cpouju yckiaay ca
MehyHapOIHUM KPUTEPHUjyMHUMa, CTPOTUM HPOCTOPHUM YCIOBJLEHOCTHMA W IUTAHCKUM pelIeHhbiMa Of
HaIMOHAIHOT UHTepeca. [Tlorpebda cipoBobemwa ucTpaskuBarma y by 1e(UHUCAA TTOTSHIIUjATHIX 30HA
3a ofyIarame pagHoaKTUBHOT OTIAja je OCHOBHO IOJA3MIITE Y OBOM pajy. OKBHp CIIPOBEACHOT UCTpa-
KUBaa MPE/ICTaBIba U3pajy ITpocropHor mnana Peny6JmKe Cpbuje ox 2021. mo 2035. roguHe, Kao
AKTUBHOCTH Ha OCHOBY KOje je Moryhe yTBpauTu HOTeHIII/I]aJIHC 30HE 33 U3rPajihy ONIarajuiiTa pajuo-
AKTUBHOT OTNaja. Y OBOM pajy ayTOpH MPE3EHTYjy pe3yiTare UCTpakhBamka O MPOCTOPHUM OTpaHU-
YeHMa Ca aCleKTa reoJIONIKAX U XUPOIOIIKIX YCI0Ba, 3allITUTE IPOCTOPa, pacnopeia CTaHOBHUIIITBA,
Hacelba U o0jekara u ap. [loceban mompuHOC jecTe JofjaTHA aHANN3a YCIOBJFEHOCTH Yy OJHOCY Ha Iuia-
HUpaHe HaMeHe U aKTUBHOCTH Of] HAIMOHAIIHOT U TpHopuTeTHOTr 3Havaja y Cpouju. [Ipukynpame, oGpaja
U Mpe3eHTalja MPOCTOPHUX MOojjaTaka je pe3ysTaT aHalu3a COPOBEJECHUX Y3 MOJAPIIKY reorpackux
MH(MOPMAIMOHNUX CHCTeMa. [{ONMpHHOC CIIOBE[IEHOT HMCTpakuBarma ce oryefia y AeHuHUCalky NOTEH-
[[jaJIHAX 30HA, Y 0OyXBaTy KOjUX je MOTPEeOHO CIPOBOJUTH Jla’ha NCTPAKMBama M Ofa0up ONTHUMAaJIHE
JIOKalyje 3a OfijlarajulliTe pajuoakTUBHOr OTHajfa. Y pajy Cy jaTe MEeTOAOJOILIKEe CMEPHHULE 3a Jalba
Hay4yHa KCTpaXKMBama MPOCTOPHHUX acleKkaTa ofjlaralka paguoakTHBHOr ornama y Cpbuju, y3 mcro-
BPEMEHO yKa3MBame Ha Moryhe mpaslie jlajber peliaBamba TOT MATakba Y MPaKCH.

Kmwyune pequ: paduoaxitiugHu oiiiiao, ooaazasuuiite, ipoCilopHU UAaH, 0ZPaHUYerse, 30Hd,
anaauia, UpocitiopHu HoO0atax




