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The dimensions of the sanitary protection zones (SPZ) for nuclear facility (NF) of I and II hazard classes are cal-
culated based on the recommendations of national regulatory documents, taking into account the radiation factor of
human exposure. At the same time, factors of a non-radiation nature are not considered, although they are present in
the zone of influence of the NF and make an additional contribution to the formation of negative consequences for
people. In this case, the definition of the boundaries of the SPZ is possible only in a result of analysis, comparison
and calculation of various values characterizing the state of the environment and NF. Such an opportunity can be
provided by the use of an expert system. The article describes a simplified version of the expert system designed to
determine the boundaries of the NPP SPZ, which takes into account the dose criterion and criteria for non-radiation

factors, and the results of its application for a real NPP.
PACS: 87.52.-g

INTRODUCTION

In accordance with the "Basic Sanitary Rules for En-
suring Radiation Safety of Ukraine" [1] for nuclear
physics installations (NF) of I and II hazard classes,
special protective areas are mandatory — sanitary protec-
tion zones (SPZ), which, by their functional purpose are
a protective barrier that ensures the safety of the popula-
tion under various operating modes of the nuclear power
plant [1, 2].

The I hazard class includes enterprises that have nu-
clear power plants, during normal operation of which or
in case of an accident, radiation exposure to the popula-
tion is possible. These include nuclear power plants,
facilities with industrial and research nuclear reactors,
transport nuclear installations, critical assemblies, en-
terprises for the extraction and processing of uranium
ores, radiochemical plants, enterprises for the process-
ing of nuclear materials, enterprises for the processing
and disposal of radioactive waste.

The II class of hazard includes enterprises where the
radiation impact is limited by the SPZ. This category of
facilities includes institutions that have accelerators for
protons and other heavy particles, as well as accelera-
tors for electrons with an energy of more than 25 MeV,
powerful gamma installations, enterprises for the pro-
duction of products from unenriched uranium, disposal
facilities and low-level waste processing facilities.

It should be said that at present, the requirements for
the mandatory establishment of SPZ exist mainly in the
states — the former republics of the USSR, in which
nuclear power plants and other nuclear installations are
operated. At the world's leading nuclear power plants
developing nuclear power, the establishment of SPZs
during normal operation of power units is not provided.
The very concept of SPZ is absent in the IAEA stan-
dards and ICRP recommendations.

In contrast to the approach taken in Ukraine and
other post-Soviet countries, the IAEA recommends the
establishment not of a SPZ, but of the so-called emer-
gency planning zones, consisting of a precautionary
action zone and a urgent protective action planning
zone to ensure availability and response in the event of
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a nuclear or radiation accident. The sizes of these zones
are established by the emergency management plans
taking into account the situation in the territory around
the NF after the nuclear or radiation accident [3].

In both cases, the size of the protection zones is es-
tablished on the basis of appropriate criteria limiting the
exposure of the public outside the NF site. If the JAEA
recommendations consider only emergencies, then na-
tional regulatory documents recommend setting the size
of the SPZ taking into account the limitation of the
amount of radiation exposure, both during normal op-
eration and in case of violations of normal operation,
incl. in case of design basis and beyond design basis
accidents. In this case, the calculations should take into
account a number of factors and parameters describing
both the characteristics of the nuclear installation and
the radiation state of the environment in the area of the
NF location under the corresponding operating modes.

The dimensions of the SPZ for enterprises of I and II
hazard classes are established based on the results of
calculations recommended by national regulatory
documents, taking into account only the radiation
factor of impact on the environment and humans, the
level of which is determined on the basis of the dose
criterion [4]. In this case, factors of a non-radiation na-
ture are not considered. However, as studies have
shown, such factors, together with ionizing radiation
(combined exposure), can increase the likelihood of
negative consequences from radiation exposure to hu-
mans, i.e. increase the amount of radiation risk. In this
case, when determining the size of the SPZ of a nuclear
power plant, it will be necessary to introduce additional
criteria for non-radiation factors to the dose criterion.

It follows from what has been said that the definition
of the boundaries of the SPZ becomes possible in a re-
sult of analysis, calculation and comparison of not only
radiation parameters characterizing the state of the envi-
ronment and the characteristics of the nuclear power
plant, but also the parameters that describe the influence
of various factors of a non-radiation nature. In this case,
choosing the optimal solution based on the analysis of a
large number of parameters, some of which are not al-
ways quantified, is a difficult task. In our opinion, a
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possible solution to this problem is the use of artificial
intelligence systems, for example, expert systems [5, 6].

The purpose of this article is to consider an alterna-
tive approach to determining the size of the SPZ around
NFs of I and II hazard classes using expert systems
(ES).

1. DETERMINATION OF SPZ SIZES USING
EXPERT SYSTEMS

Expert systems include a knowledge base (KB), a set
of interrelated rules formalizing the experience of spe-
cialists in the relevant field of knowledge, and an infer-
ence mechanism that allows, based on the rules and a
database of necessary databases (DB), to recognize a
situation, make a diagnosis or give a recommendation
for choosing appropriate actions [5]. It is the expert sys-
tems that can combine the information and control func-
tions of radioecological monitoring of the territories
where the nuclear power plant is located [7], the data of
which must be placed in the DB and form the basis for
determining the size of the protective zones around the
NF, in particular, the SPZ.

At the NPP Department of the Odessa National
Polytechnic University, a program was developed for a
personal computer such as IBM PC/AT, which is a sim-
plified version of the ES designed to determine the
boundaries of the NPP SPZ [8, 9].

When creating an ES, a frame model of knowledge
representation was taken. The basic tool for managing
knowledge representation (or memory) and inferences is
the object-oriented C*" language, built on the principles
of object-oriented programming.

The peculiarity of the developed ES lies in the com-
bination of the solution of two problems: diagnostics
and control.

The main ES modules are shown in Fig. 1. They
contain a package of programs with the help of which
the strategy for obtaining the result is implemented.
Only the radiation factor of the NPP impact on the envi-
ronment and population is considered. Non-radiation
factors were not taken into account due to the lack of
data on the levels of chemical, thermal and
electromagnetic effects on the environment and humans
near the NPP.

2. RESULTS OF THE EXPERT SYSTEM
APPLICATION FOR DETERMINING
SPZ NPP SIZES

As a radiation criterion for establishing the size of
the SPZ, the values of the limits of the annual intake of
radioactive substances through the respiratory and di-
gestive organs and the limits of external radiation doses
for the reference part of the population. As well as the
concentration of radioactive substances in the atmos-
pheric air and on the surface of the earth during normal
operation and beyond design basis accidents at NPP.

The dimensions of the SPZ were determined by the
distance from the emission source (geometric center of
the source group) to the border of the zone, at which the
radiation dose limit for the reference part of the popula-
tion is ensured, both during normal operation of the unit
and during an accident.

The dimensions of the SPZ were determined by the
distance from the emission source (geometric center of
the source group) to the border of the zone, at which the
radiation dose limit for the reference part of the popula-
tion is ensured, both during normal operation of the unit
and during an accident.
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Fig. 1. The main software modules of the expert system for determining the boundaries of the SPZ of NPP

The following time intervals for averaging the emis-
sions of radioactive substances were estimated: instan-
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taneous (2...3 min), short-term (up to 20 min) and aver-
ages for a week, a month, and a year.
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The developed ES was applied to assess the size of
the Zaporizhzhya NPP (ZNPP) SPZ. For the calcula-
tions, the data obtained by the radiation safety service of
the Zaporozhzhya NPP during the performance of rou-
tine work on radiation monitoring of the environment in
1993 were taken. We also used the results of studies that
were carried out within the framework of the program
“Substantiation of the environmental safety of construc-
tion and operation of the Zaporizhzhya NPP” [10], as
well as the results given in [7].

As a result, it was determined that the boundary line
of the ZNPP SPZ from the land side is an ellipse with
semiaxes 2.5x0.6 km (Fig. 2), which runs along its coast
from the side of the Kakhovskoye reservoir. At present,
based on calculations performed in accordance with the
NNEGC “Energoatom” standard [4], the ZNPP SPZ is a
circle with a radius of 2.5 km.

Fig. 2. Sanitary protection zone of Zaporizhzhya NPP:
before 2005 (black) — circle R = 3 km;
currently (blue) —circle R = 2.5 km;
calculation using ES (vellow) — ellips
with semiaxes 2.5x 0.6 km

CONCLUSIONS

The main conclusion that can be drawn based on the
results obtained using ES is as follows. The size of the
NPP SPZ is a variable. In short periods (up to 5 years)
depends mainly on the characteristics of the emission
from the unit (s) of the plant under the corresponding
operating mode. With a longer service life, it depends
on the characteristics of the emission and changes in
meteorological conditions in the area of the NPP loca-
tion.

As mentioned above, the impact of a radiation haz-
ardous object on the environment and humans can be
caused not only by the radiation factor, but also by fac-
tors of a different nature. First of all, this applies to ob-
jects of I and II hazard classes. However, it is not yet
possible to determine the level of influence of sources
of a non-radiation nature on the magnitude of dose
loads, the nature of their change under the influence of
non-radiation factors and consider this in calculating the
size of the SPZ due to the lack of reliable statistically
established data.

130

Nevertheless, despite this situation, in order to im-
prove the accuracy of the results of determining the di-
mensions of the SPZ, hygienic standards should be ap-
plied for all types of exposure to the population (dose
limits of exposure, maximum permissible concentration,
and maximum permissible level). It seems to us that this
recommendation should be reflected in the relevant
regulatory documents.

Therefore, the results of determining the dimensions
of the SPZ given in the report, with all the errors and the
approximation of their obtaining, indicate the possibility
and prospects of using expert systems to solve radiation
safety problems, in particular, to substantiate the size of
the protective zones around the NPP.
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HNPUMEHEHHME 3KCHEPTHBIX CUCTEM JJIs1 ONNIPEJEJIEHUSA PASMEPOB
CAHUTAPHO-3AIIIMTHOM 30HbI SIIEPHBIX YCTAHOBOK

C.B. bapoawes

Pasmepsl canurapHo-3amuTHBIX 30H (C33) ams saepHbix yctaHoBok (S1Y) I u I kimaccoB omacHOCTH pacCUUTHI-
BAalOTCS Ha OCHOBAHUM PEKOMEHJAIMH HAI[MOHAIBHBIX HOPMATHBHBIX JOKYMEHTOB C Y4E€TOM paJHalMOHHOTO (hax-
TOpa BO3JEHCTBUS Ha yenoBeka. [Ipu 3ToM (akTopsl HEpaIUallMOHHOW PUPOJIBI HE PACCMATPUBAIOTCS, XOTS OHU
MIPUCYTCTBYIOT B 30HE BIMSHUS S1Y U BHOCST JONOJHUTENBHBINA BKJIa B (POPMUPOBAHUE HETATUBHBIX ITOCIEICTBUIN
st mofei. B atom cnydae onpeaenenune rpanun C33 BO3MOXKHO TOJNBKO B Pe3y/bTaTe aHAJIN3a, COIMOCTABICHUS U
pacueTa pa3lIM4HBIX BEIMYHUH, XapaKTepU3YIOIIUX COCTOSHHE OKpykarouled cpersl U Y. Takyio BO3MOXHOCTh
MOJKET JaTh NMPUMEHEHHE dKCIEePTHOM cucTeMsl. [IpuBoAsTCS OmMMcaHue YHPOLIEHHOTO BapHaHTa SKCIEPTHOM cuc-
TeMBI, IpeAHa3HaueHHO! i onpenenenus rpanul C33 ADC, koTopas yUUTBIBAeT 1030BbIM KpUTEpHUil U KpUTEPUHU
0 HEepaJMalMOHHBIM (haKTopam, U pe3ysIbTaThl ee MpUMeHeHus s peanbaoi ADC.

3ACTOCYBAHHA EKCIIEPTHUX CUCTEM /151 BABHAYEHHS PO3MIPIB
CAHITAPHO-3AXNCHOI 30H4 AAEPHUX YCTAHOBOK

C.B. bapoawes

Po3mipu canitapHo-3axucHux 30H (C33) ms sinepHux ycraHoBok (SI1Y) 11 I kinaciB HeOe3mekH po3paxoByOThCS
Ha TiJCTaBi peKOMEHIAIiH HaIllOHaJbHUX HOPMAaTHBHUX JOKYMEHTIB 3 ypaxXyBaHHSIM pajialliifHOro YMHHHKA BILIH-
BY Ha moauHy. [Ipy 1bOMY YMHHUKY HepaaialliifHOl TPUPOIH HE PO3IIISAAIOTHCS, XO4a BOHU MPHUCYTHI B 30HI BILIH-
BY SIY 1 BHOCATBH 1O/ATKOBUI BHECOK Y (DOPMYBaHHs HETaTUBHHUX HACHIJKIB JUIsl JItoAed. Y IIbOMY BHIIAJIKy BH3HA-
yeHHs Mexx C33 MOXKIIMBE TINBKY B pe3yNbTaTi aHaJli3y, 3iCTaBJICHHS 1 pO3paxyHKy Pi3HUX BEJIMYHWH, 110 XapaKTepH-
3YIOTh CTaH HaBKOJMIIHBOTO cepenoBuia i Y. Taky MOXIMBICT MOXKE JaTH 3aCTOCYBaHHS €KCIIEPTHOI CHCTEMU.
HaBonsiThesl OITUC CIPOIIEHOTO BapiaHTy eKCHEepTHOI CUCTeMH, Npu3HaveHol it Bu3HaueHHS Mex C33 AEC, sika
BpaxoBye TO30BHH KpUTEPii i KpuTepil mo HepamiamiiHux (akropax, i pe3ynbTaT il 3acTOCYBaHHS ISl peajibHOL
AEC.
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