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Abstract

The article presents an analysis of the main sources of radioecological risks and disasters in the world and the Republic of Belarus. It is shown that
the consequences of radioecological disasters are aggravated by natural phenomena and disasters (hydrometeorological, seismological, etc.). For the
Republic of Belarus, the most significant sources are nuclear heritage sites, potential nuclear and radiation disasters, transportation of nuclear materials
and transboundary transfer. The main problems of radioecological risk management in Belarus before 1986 are identified and methods for solving them
are proposed, taking into account the implementation of a preventive approach. The need for control and management of organizational risks in the
radiation safety is shown. The importance of improving the efficiency of the radiation monitoring and radiation situation forecast system, as well as early
warning systems and threat and risk mapping, was noted, taking into account known current and potential threats.
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MPOBNEMbI YNPABNEHWUSA PUCKAMU B COEPE PAOUALIMOHHOW BE3OMACHOCTM B PECNYBJIUKE BENTAPYCb
B PA3NUYHbIX CUTYALINAX

M. T. FepmeHuyyk

Pedepar

B cTaTbe npefcTaBneH aHann3 0CHOBHbIX MCTOYHUKOB PafNO3KOOrMYeckinx puckos v beactauin B Mupe 1 Pecnybninke benapych. MokasaHo, 4To
rMocrneAcTBus pagmoakonoryecknx OedcTBuit ycyrybnsiotcs sBneHuaMM W 6ef[CTBUSAMM MPUPOAHOTO XapakTepa (rMEpOMETeopONnoruyeckumy,
ceiicmonornyeckumn v gp.). Ana Pecnybnuku Benapycb Hanbonee 3HauMMbIMW WCTOMHMKAMKU SBNAIOTCA OOBEKTbI SAEPHOTO Hacneaus,
MoTeHUManbHblE SAepHble W PaanaLnOHHbIE KaTacTpodbl, TPAHCMOPTUPOBAHWNE ALEPHbIX MATepuanoB M TPaHCTPaHWuHbIA nepeHoc. BbiaeneHs
OCHOBHbIE NPOBNEMbI ypaBneH!s PaAnoaKonoruieckumm puckamn B benapycu 4o 1986 n npeanoxeHsl METOAbI UX PELLEHNS C Y4ETOM peanusaLnm
NpeBeHTUBHOrO nogxoda. MokasaHa HeOBXOAMMOCTb KOHTPOMS W yNpaBneHns OpraHn3aunoHHbiMM puckamu B cepe OPB. OTmeuveHa BaxHOCTb
MoBbILLEHNS 3PDEKTUBHOCTU CUCTEMBI PAAMALIMOHHOTO MOHUTOPMHIA 1 NPOrHO3a PaaMaLMOHHON 06CTAHOBKM, a Takke CUCTEM PaHHEro OMOBELLEHNS 1
KapTMPOBaHMS YTPO3 1 PUCKOB, Y4UTbIBAS N3BECTHbIE AENCTBYIOLLME W NOTEHLMANbHbIE YTPO3bl.

KnioyeBble cnoBa: pagnoskonoruyeckme GeAcTBIs U paguaLmoHHas 6e30NacHOCTb, MeXxaHU3Mbl YNpaBNeHUs Pao3KONOTUYECKUMMU pUCKaMM,
CTeneHb puCKa, MOHWTOPUHT M NPOTHO3 pPafuaLMOHHON OGCTaHOBKW, CUTyaumu 0BnydyeHus, obecneyeHne paanaumoHHon GesonacHocTn (OPB),

noHmuaupytoLlee uanydenue (M), CeHganckas pamoyHast nporpamma no CHinkeHuto pucka 6eacteuit Ha 2015-2030 rr.

Introduction

The results of the analysis of disaster management activities, includ-
ing in the field of radiation safety, lead to the conclusion that the most
effective method is the systematic implementation of a preventive ap-
proach. This means increasing the role of disaster risk prediction for
planning protective measures and subsequent resilience building in terms
of establishing and maintaining risk management mechanisms, as envi-
sioned by the Sendai Framework for Disaster Risk Reduction 2015-2030
(hereinafter referred to as the SDRR).

It is important to note that the SDRR provides middle-income coun-
tries that face specific challenges with additional support through interna-
tional cooperation to provide them with means of implementation in line
with their national priorities.

The Republic of Belarus, which faces specific difficulties in the form
of radiological and radioecological consequences of the Chernobyl catas-
trophe, has had scientific, technical and humanitarian support for a long
period of time in the framework of international conventions and bi- and
multilateral treaties.

The SDRR currently consists of seven global targets, two of which di-
rectly affect radiation protection and safety:

Strengthening critical infrastructure and disaster resilience;

implementation of multi-hazard early warning systems, and improving
access to information and assessments of disaster risk for information
stakeholders, primarily the public.

Materials and methods of research

The object of the study is radiation safety and sources of radioeco-
logical risks and disasters. The subject of the study is the methods of
radioecological risk management. As a general scientific, methodological
and practical base the current strategies of disaster risk reduction of natu-
ral and anthropogenic character, proposed by the PSA, adapted to radio-
ecological risks important for the Republic of Belarus are used [1]. Based
on this approach, a critical analysis of the main problems of radiation
safety in the Republic of Belarus before and after the Chernobyl NPP
disaster is presented [2, 3, 4, 5].

The logical-historical approach and system analysis, risk theory, ex-
pert and other methods were used in the analysis.

Sources of radioecological risks and disasters in the world in
the Republic of Belarus

The worldwide practice of disaster management in the field of radia-
tion safety identifies six main categories that cover a wide range of man-
made events and that generate different types of exposure situations:

I Nuclear and radiation accidents and disasters, including nuclear
and reactor accidents, industrial accidents, accidents with orphaned IR
source, accidents with spacecraft and satellites, accidental discharges
into the world's oceans, and others.

Il. Nuclear explosions for peaceful purposes.

lIl. Mining of naturally occurring radioactive materials.
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IV.  Dumping of radioactive materials into the world's oceans for disposal.

V. Transportation of radioactive materials.

VI. Nuclear Legacy.

It should be noted that analysis of the data presented in available
sources shows that all categories, except lll and V, consider only those
events that are a fait accompli of an accident or disaster. Potential
sources of disasters are not identified, e.g. planned for construction nu-
clear power facilities (hereinafter — NPF) are not systematically analyzed
and categorized, which does not allow assessing the whole range of
radiation safety threats and risks.

Note that global radioactive contamination due to the testing and use
of nuclear weapons as a source of radioecological disasters is also not

singled out as a separate category, but can be considered in Category |
as the event itself, and in Category VI “Nuclear Legacy” as radioecologi-
cal consequences for the environment. It should be noted that as of Jan-
uary 1, 1990, no less than 1806 nuclear explosions had been carried out
in the world in natural mediums: in space, in the atmosphere, under water
and underground. Of these, 922 (51 %) were carried out by the USA and
644 (36 %) by the former USSR, while the remaining countries accounted
for 240 (13 %) [6].

In general, it can be stated that six known Category | events
caused radioecological disasters of different levels and scales:
from 5 to 7 on the INES scale, including the Chernobyl and Fukus hi-
ma NPP catastrophes (Table).

Table — The most significant nuclear and radiation accidents and disasters at nuclear and reactor facilities

Ne | Name of the object/location of the source | Causes of accident, catastrophe / INES Time Main radionuclides in the
radioecological risk, level release / discharge, other
contaminated environmental objects parameter§ of @he radiafion
situation
1. Mayak Production Enterprise / former | Violations of radiation safety requirements | 1949-1956 Strontium-89,90,  cesium-
USSR, Russia, Southern Urals / Techa | /Level 6 137, ruthenium-103,106,
River, East Ural trace / atmosphere, soil / zirconium-95,  niobium-95,
hydrosphere, flora, fauna cerium-141,144, yttrium-91,
barium-140
2. Sellafield nuclear complex, Windscale | Violations of nuclear and radiation safety | 1957 lodine-131, cesium-137,
site / United Kingdom, Cumbria, / atmos- | requirements ruthenium-106, xenon-133,
phere, soil / Level 5 polonium-210
3 Mayak Production Enterprise / former | Violations of radiation safety requirements | 1967 Strontium-89, 90, cesium-
USSR, Russia, South Urals, Kyshtym / | in combination with natural hazards 137, cerium-144
Lake Karachay, Karachay trace / soil, | /Level 6
bottom sediments
4 Three Mile Island Nuclear Power Plant / | Violations of nuclear and radiation safety | 1979 lodine-131, cesium-137,
USA, Pennsylvania / requirements xenon-133
Atmosphere / Level 5
5 Chernobyl NPP / former USSR, Ukraine, | Violations of nuclear and radiation safety | 1986 Radioisotopes of iodine and
Chernobyl, atmosphere, soil, hydro- | requirements, the consequences of which tellurium, including iodine-
sphere, flora and fauna were multiplied by the transfer of radioac- 131, tellurium-132, cesium-
tive materials in the biosphere and the 134,136,137, ruthenium-
negative impact of IR on biota and hu- 103,106, IRBs, including
mans xenon-133, strontium-89,90,
/Level 7 zirconium-95,  niobium-95,
cerium-141,144, barium-
140, plutonium-238,239,240
and others
6 Fukushima NPP / Japan, Fukushima | Natural processes (tsunamis) that result- | 2011 Radioisotopes of iodine and
Prefecture / atmosphere, soil, hydro- | ed in nuclear and radiation safety viola- tellurium, including iodine-
sphere, flora and fauna tions, the consequences of which were 131, tellurium-132, cesium-
multiplied by the transport of radioactive 134,137
materials in the biosphere and the conse-
quences of the negative impact of IR on
biota and humans
[ Level 7

At present radiological and radioecological consequences of these
accidents and disasters are studied quite well and are used in the scien-
tific process as a reliable base of empirical and theoretical knowledge, but
attention should be paid to an important identified property of such
events — aggravation of negative consequences for humans and the
biosphere in the interaction of man-made disasters, in our case - radio-
ecological, with natural conditions/disasters of hydrometeorological,
seismic and other nature.

Thus, as an example of such a negative interaction effect, we can con-
sider the events (radioecological disasters) associated with Mayak Produc-
tion Enterprise (Lake Karachay and Karachay trace, 1967), as well as the
disasters at the Chemobyl NPP (1986) and Fukushima NPP (2011).

Radioactive contamination of Lake Karachay (water and bottom sed-
iments) was caused by the fact that, starting from 1951, liquid radioactive

waste of Mayak Production Enterprise through the hydrographic network
was redirected into Lake Karachay [7].

As a result of natural sedimentation processes in the bottom sediments
of the lake, significant amounts of radioactive substances were accumulat-
ed from the suspended sediment and, partially, from the soluble fraction,
which were artificially removed into the hydrographic network.

In 1967, due to dangerous hydrometeorological phenomena (drought
and lowering of the lake level), radioactive contamination of the territories
adjacent to Lake Karachay occurred, when about 5 hectares of the lake
bed dried up, exposing radioactive bottom sediments. Then, under the
action of meteorological phenomena (dust wind uplift and strong wind),
radioactive material from the lake bottom got into the surface layer of the
atmosphere and in the form of finely dispersed particles and aerosols
atmospheric transport was activated, as a result, radioactive contamina-
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tion with a total activity of about 22 TBq (strontium-90, cesium-137, ceri-
um-144) was formed in the area of more than 2700 square kilometers
adjacent to the lake [8].

Thus, we can say that for Lake Karachay and Karachay trace the
process of radioactive contamination consisted of three parts: artificial
release of radioactive substances into the environment (discharges of
liquid RAW by the enterprise “Mayak” into the river Techa and Lake Ka-
rachay) — natural processes of redistribution of radioactive substances
in the lake ecosystems — natural processes in the environment (drought,
wind uplift, strong wind), which led to further redistribution of radioactive
substances in the surface layer of the atmosphere, in soil, biotic and
abiotic objects and formed the “Karachay trace”.

The process of radioactive contamination of the biosphere as a result
of the Chernobyl NPP catastrophe consisted of two parts: artificial release
of radioactive substances into the environment as a result of the release
from the accident reactor — natural processes of redistribution of acci-
dental radioactive substances in the environment (near and far atmos-
pheric transport, wind uplift, surface and underground watercourses,
washing off from catchments, biogeochemical processes in soils, subsoils
and biotic objects) — radioactive contamination of the atmosphere, soils
and hydrosphere.

As a result, radioactive substances of “Chernobyl” origin were rec-
orded on the territory of the Northern Hemisphere of the Earth, which
were further included in the global processes of substance transfer in
nature [9].

Let us analyze the process of radioactive contamination of the envi-
ronment as a result of the Fukushima NPP catastrophe in 2011, which
looks as follows: natural processes (tsunami) led to the disruption of safe
operation of the NPP (including disruption of emergency power sup-
ply) — artificial release of radioactive substances into the environment as
a result of releases from 3 emergency reactors — natural processes of
redistribution of emergency radioactive substances in the environment
(near and far atmospheric transport, wind uplift, surface and airborne
radioactive contamination of the environment) [10, 11]. As is known, the
scale of radioactive contamination of the Fukushima catastrophe is so
significant for the Northern Hemisphere of the Earth that traces of iodine-
131, cesium-134,137 of “Fukushima” origin were detected on the radia-
tion monitoring network even in Belarus at a distance of more than
11 thousand kilometers [12].

Analysis of the sources of disasters in the field of radiation safety
listed above, as applied to the Republic of Belarus, shows that out of the
six categories identified, the following are relevant for Belarus:

nuclear and radiation accidents and disasters, in terms of accidents
at nuclear and reactor facilities, industrial accidents, accidents with or-
phaned IR sources;

extraction of natural radioactive materials — mining of potash ores
and production of potash fertilizers on the territory of Minsk and Gomel
oblasts of Belarus, as well as the presence of natural radionuclides in the
waste of phosphate fertilizers production (Gomel oblast);

nuclear legacy — consequences of global nuclear weapons tests and
the Chernobyl NPP catastrophe, storage and disposal sites for nuclear
materials and RW, as well as disposal sites for decontamination waste;

transportation of nuclear and radioactive materials, including trans-
boundary transportation;

use of nuclear materials for medical, energy and other purposes.

It should be noted that accidents with spacecraft and satellites, acci-
dental discharges into the world ocean, nuclear explosions for peaceful
purposes are of no practical importance for ensuring radiation protection
and safety of the population and the environment in the Republic of Belarus.

An important task of radiation safety in Belarus is to study the threats
and risks of Category V related to the management of RW received from
previous activities and, which is a specific country feature, with decon-
tamination wastes, which were formed in the process of ensuring radia-
tion protection of facilities in settlements and other territories and (or)
industries (forestry, agriculture, municipal, etc.) after the Chernobyl NPP
catastrophe.

In the Republic of Belarus, by decision of the Department of Nuclear
and Radiation Safety of the Ministry of Emergency Situations, the “Register
of radioactive waste and nuclear heritage storage (disposal) facilities” (here-
inafter — the Register), which includes 101 objects, has been created [13].

As of 2024, the most numerous group of objects included in the Reg-
ister is 86 objects of decontamination waste disposal, 10 objects of RAW
storage and disposal at UE “Ecores”. Belarusian NPP is responsible for 2
RAW storage facilities (solid RAW storage facilities at Units 1 and 2). The
Scientific Institution of NAS of Belarus “United Institute of Nuclear Re-
search — Sosny” ensures nuclear and radiation safety of the complex of
buildings and structures decommissioned after years of scientific re-
search using nuclear energy. The Gomel-30 radioactive waste disposal
facility is included in the Register as a separate facility.

In addition, the Polessky State Radioecological Reserve is included
in the Register as a nuclear legacy site. The PGRES includes the Bela-
rusian sector of the Chernobyl NPP Exclusion Zone and adjacent territo-
ries, where the highest levels of radioactive contamination of atmospheric
air, soil, surface water, flora and fauna have been recorded, with the
forecast indicating that the radiation situation will not change significantly
over the next centuries due to transuranic elements [14, 15].

In the Republic of Belarus, according to the annual Reviews of the state
of nuclear and radiation safety in the Republic of Belarus submitted by the
Department of Nuclear and Radiation Safety of the Ministry of Emergency
Situations of the Republic of Belarus, 4 cases related to the discovery of lost
radioactive sources and other radiation incidents were registered in 2022,
in 2021 -2,in 2020 - 5,in 2019 - 10, in 2018 - 5 [4, 5].

There are industries (Category Ill) in the world, which include thou-
sands of facilities related to the extraction of natural radioactive materials
(uranium mining) or in which radioactive materials are a by-product of
production (metallurgical, phosphate, coal and other fuel, oil and gas
industries, etc.). In the case of the Republic of Belarus, attention should
be paid to the phosphate, potash and fuel industries.

In Belarus, over the decades of operation of the Gomel Chemical
Plant, which is engaged in the production of complex phosphorus-
containing fertilizers, powerful dumps have formed, which consist mainly
of phosphogypsum, their mass to date exceeding 20 million tons, the
highest dumps reaching 95 m [16]. At present, phosphogypsum dumps of
the Gomel Chemical Plant as a monitoring object in the NSMOS of the
Republic of Belarus are not included in the radiation monitoring programs,
which is associated with low activities of natural radionuclides of the ura-
nium-thorium series in the production waste; however, the existing dumps
can be considered as a potential source of negative impact of IR on the
environment and humans.

It should be noted that it is also necessary to refer to assessments of
radioecological risks in potash fertilizer production, which can potentially
be the subject of management in the field of radiation protection and
radiation safety for the Republic of Belarus, which, along with Canada,
Russia, Germany, Brazil, USA, Israel and Jordan, is the leader in potas-
sium salt reserves with total reserves of more than 7.6 billion tons.
The content of potassium chloride in sylvinite of the second horizon at the
deposits of the Republic of Belarus is 25-33 %, at the same time, the
content of radioactive potassium-40 in the natural mixture of potassium-
39,40,41 is known to be 0.012 %.

Analysis of the world practice shows that the activity on transporta-
tion of radioactive materials, including transboundary transportation, is
the most active. Every year many thousands of cargo/packages with
radioactive materials are transported by road, rail, sea and air. Many
thousands of radioactive material packages are routinely transported
annually both within and between countries by road, rail, sea and air.
In Europe alone there are over 1 million shipments a year [17]. It should
be noted that in 2023, the Department of Nuclear and Radiation Safety
issued 213 permits for the import/export of radioactive materials to the
Republic of Belarus.

In conditions of “Chernobyl” radioactive contamination of the territory
of the Republic of Belarus the use of local fuel resources, mainly wood
and peat, has formed local problems due to increase of caesium-137
radionuclide concentration in ash waste, and it is possible to obtain ash
with activity corresponding to the category of radioactive waste (more
than 10 000 Bq/kg). According to the radiation safety requirements estab-
lished in the Republic of Belarus, specific activity of cesium-137 in wood
fuel should not exceed 740 Bg/kg (“Republican permissible levels of ce-
sium-137 content in wood, wood and wood products and other non-food
forestry products (RPL-2001)".
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Main problems of radioecological risks management on the ex-
ample of the Republic of Belarus and methods of their resolution

At the present stage, a general algorithm of radiation safety risk
management, which includes eight blocks/subsystems, has been created
and is used for analysis [18].

Retrospective analysis of the practice of radiation safety manage-
ment in the Republic of Belarus in the period from 1960 to April 1986 and
in the first period of the Chernobyl NPP catastrophe from the point of view
of the modern system of radioecological risk management shows that the
lack of long-term system planning in case of an accident has led to the
following consequences: scientific, methodological, organizational, tech-
nical and informational problems were formed in each subsystem.

Subsystem | “Radiation Safety Threat Assessment” (scientific,
methodological and information problem)

In practice, sources of threats in the sphere of radiation safety have
not been identified, quantified and ranked, with the exception of a “nucle-
ar” strike during military operations, while global radioactive contamina-
tion, existing and potential scientific and industrial nuclear facilities, in-
cluding power plants (Chernobyl, Ignalina, Rovno, Smolensk NPPs),
other sources of radiation impact on the population and territories as
a threat to radiation safety have not been considered [18, 19].

Subsystem Il “Vulnerability Assessment” (problem (scientific,
methodological and informational)

Only “present and future generations” in the context of radiological
risks were considered as the main object of radiation protection, which is
the most vulnerable from the point of view of negative impact of IR; due to
the lack of assessments of threats in the sphere of radiation safety, the
vulnerability of other objects, including natural ones, was not assessed,
which should have been differentiated: at the territorial level (settlement,
district, city, region), at the level of ecosystems, at the social level (econ-
omy, health care, etc.).

Subsystem Illl “Assessment of existing and planned activities”
(scientific, methodological and information problem)

Before the Chernobyl disaster, large nuclear facilities, such as the
four nuclear power plants around the country's borders, as well as
planned activities, such as the design of the Belarusian nuclear thermal
power plant, were not considered as sources of radioecological risks and
threats due to the lack of scientifically based requirements for assessing
radiation safety threats and vulnerability.

Subsystem IV “Analysis and Identification of Radiation Safety
Risks” (scientific, methodological and information problem)

Due to the erroneous statement about “absolute safety of NPPs” for
the population and the environment, risks from nuclear power facilities in
the energy sector were not analyzed, and the radiation control system
included, as a rule, only the 30-km zone around the nuclear power plant.
Nevertheless, the rank of risk, for example, from radioactive contamina-
tion of the environment with radioactive iodine on the territory of Belarus
in April-August 1986 was characterized as “high” and “extremely high”.
At the same time, the scientific community, the public and the mass me-
dia did not have access to reliable information important for radiation
protection and safety until 1987 [21].

Subsystem V “Analysis of possible options for risk reduction”
(scientific, methodological, organizational, technical and infor-
mation problem)

Based on the documents on civil defense of the population for “war-
time” in force in 1986, it was assumed that the following options for limit-
ing exposure in the short term were possible: special protective suits,
sheltering in a specialized protective facility, limitation of food consump-
tion, limitation of stay in the open air, taking iodine preparations and,
finally, evacuation.

Decisions to ensure the radiation safety of the public and the envi-
ronment based on a choice among these options in the first phase of the
accident in 1986 were ineffective because they should have been based
on a preliminary vulnerability and risk assessment, which were not per-
formed. At the same time, in 1986, decisions were made in an extremely

short time frame in the absence of necessary information in a situation of
uncertainty. Protective measures of medium- and long-term nature were
not planned, as well as measures aimed at minimizing environmental
pollution and its consequences.

Subsystem VI “Complex of operational and long-term measures to
prevent and neutralize radiation safety threats and risks” (scientific,
methodological, organizational, technical and information problem)

Lack of forces and means maintained in constant readiness on the
basis of organizational, personnel, financial, material, technical, informa-
tional and other resource support did not allow taking all necessary
measures to ensure radiation safety of the population and territories.
Combined with the policy of “closedness” of information about the Cher-
nobyl NPP radiation catastrophe and its consequences, and in the ab-
sence of an effective system of radiation monitoring of the environment,
the situation only worsened.

As is well known, the so-called “iodine prophylaxis” of the population
was not carried out in time to block radioactive iodine intake into the body
“spontaneous” amateur iodine prophylaxis of the population was late and,
of course, ineffective. It was not possible to promptly assess the scale of
radioactive contamination of the territory of Belarus, for example, samples
of atmospheric air and soil were not taken in time for determination of
short-lived iodine-131 on the whole territory of Belarus, and systematic
study of radioactive contamination of soil in the Mogilev region was start-
ed only in June 1986.

Subsystem VIl “Implementation of the complex of measures” (sci-
entific, methodological, organizational and informational problem)

The absence in the first years after the Chernobyl NPP catastrophe
of a normative legal framework for the implementation of a set of
measures in the form of laws of the Republic of Belarus, resolutions of
the Council of Ministers, other normative and normative technical acts, as
well as state and regional programs to eliminate and minimize the conse-
quences of the Chernobyl catastrophe, including radiation monitoring,
had a negative impact on the level of radiation safety.

Subsystem VIl “Evaluation of results and adjustment of the set
of measures, including on the basis of program monitoring” (scien-
tific, methodological, organizational and information problem)

Fulfillment of the requirements of this subsystem is currently imple-
mented through improvement of the regulatory legal framework in the
field of radiation safety, in the form of state programs to eliminate and
minimize the consequences of the Chernobyl catastrophe, including in
terms of radiation monitoring, including using the “feedback method”.

Based on the results of logical-historical analysis, we note that Bela-
rus had sufficient material, human and financial resources for the purpos-
es of radiation safety in the conditions of global bomb contamination.

However, in the conditions of the Chernobyl NPP catastrophe, the
problems of lack of resources for protection from the known, but not pre-
viously assessed threat immediately arose, including the lack of special-
ized laboratories equipped with the appropriate equipment (except for
some institutes of the Academy of Sciences, BSU, regional design and
survey stations of agricultural chemicalization of the Ministry of Agricul-
ture and Food), the lack of a sufficient number of qualified specialists, as
well as the lack of planned allocations for the purchase of equipment,
consumables and other materials.

It should be noted that in 1986 the equipment in common use had an
insufficient sensitivity threshold because it was designed to detect very
high levels of contamination due to a possible nuclear strike. For exam-
ple, the DP-5 dosimeter, which were mostly used at civil defense posts,
had a lower range of dose rate measurement (hereinafter referred to as
DPM) of 0 — 50 pR/h, while the DPM from natural background radiation in
the Republic of Belarus was estimated as 4 — 20 yR/h, and the widely
used at that time field scintillation radiometer (type SRP-6801), originally
designed for geological exploration works, due to its design features had
a significant overestimation error in the lower range of measurements. As
a rule, the equipment was not calibrated and certified, calibration sources
and batteries were often missing, and there was no system of test quality
control.
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Unfortunately, it should be recognized that by this time there was al-
so no real assessment of the needs of different information groups, so the
information that could be obtained could not fully satisfy the state admin-
istration bodies, radioecologists, radiobiologists and radiation hygienists,
as well as the public [18].

Let us analyze the problems of radioecological risk management
when decisions in the field of radiation safety are made in situations of
risk and uncertainty, assuming that these situations need to be reduced
to a situation of certainty.

The situation of risk is applicable to the situation of existing exposure,
for example, in the conditions of known radioactive contamination of the
environment after the Chernobyl catastrophe in the long term, when risks
are identified, ranked, for example, by RR, and programs for their minimi-
zation are in place.

On the one hand, assessments of the radiation situation, based on
data from environmental radiation monitoring and radiation monitoring of
foodstuffs, make it possible to control radioecological and radiological
risks and to maintain radiation safety at a socially acceptable level.

On the other hand, the existence of a number of variants (scenarios)
of radiation situation development and the presence of organizational
risks in the course of implementation of activities in the field of radiation
protection do not always allow to turn the situation of risk into a situation
of certainty. It should be noted that in this case such function of the sys-
tem of radiation monitoring of the environment as “assessment and fore-
cast of changes in the environment under the influence of natural and
anthropogenic factors” becomes decisive for assessment of consequenc-
es of realization of this or that variant (scenario) of changes in the radia-
tion situation.

Besides the problems related to forecasting, in the situation of risk in
the system of ensuring radiation safety there arises a methodical problem
of “radioactive contamination control”. At present, the regulatory docu-
ments of the Republic of Belarus determine that radioactive contamina-
tion control is subject to objects for which permissible levels of controlled
parameters are established [22].

For example, in accordance with the Law of the Republic of Belarus
“On the legal regime of the territories affected after the Chernobyl NPP

catastrophe” the territories, settlements are referred to the zones of radi-
oactive contamination when the control value of excess of radiation dose
over natural 1 mSv per year or “density of soil contamination with cesium-
137, strontium-90, plutonium - 238, 239, 240 is more than 1, 0.15 and
0.01 Cilsq.km, respectively” [23], and rationing of radiation doses was
carried out through radioactive contamination of foodstuffs in accordance
with the current hygienic standards or other standards of maximum per-
missible exposure to ionizing radiation [23].

Norming of radiation doses was carried out through rationing of radi-
oactive contamination of foodstuffs in accordance with the current hygien-
ic standards or other standards of maximum permissible exposure to
ionizing radiation.

At the same time, it should be realized that the problem of “control of
radioactive contamination” carries hidden additional risks. These risks
may be related, for example, to changes in the rationing systems. It
should be noted that food products in the post-Chernobyl period were
consistently rationed by a number of normative technical acts: from tem-
porarily permissible levels (TPL) during the accident, republican permis-
sible levels — 1992, 2000, 2012 to the regulations of the Customs Union.

This state of affairs causes another type of risks - organizational
risks, and can lead to a significant loss of information quality, since radia-
tion monitoring is carried out at the input and output of the technological
process of production of certain types of products at the enterprise to
assess its compliance with hygienic standards and does not meet the
quality requirements for spatial and temporal parameters mandatory for
the monitoring network [18].

At the same time, the equipment massively used for product monitor-
ing, which is relatively inexpensive and, as a rule, has a low threshold of
ispulse measurement, does not allow obtaining representative results in a
range much smaller than the specified control levels. However, it is this
range that is of interest in terms of the timely detection of trends in radia-
tion parameters, e. g. radioactive contamination of local foodstuffs of
plant and animal origin. On the contrary, the monitoring system uses
expensive measuring equipment with high sensitivity thresholds designed
to measure very low activities in samples, allowing to detect additional
contamination above the background contamination.
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Figure 1 - Positive scenario (row 1 — monitoring results, row 2 — control results, row 3 — lower detection limit of massively used equipment, row 4 — norm)

The diagrams shown in Figure 1 and Figure 2 illustrate the above. Let's
analyze the results of measurements of some environmental object in the
“control” mode and in the “monitoring” mode for some specified time.

So, if we take the conditional standard equal to 1 (row 4), and the
lower limit of detection of massively used equipment is conditionally taken
equal to 0.5 (row 3), it is obvious that the results in the “control” mode
(row 2), presented in Figure 1 indicate that the situation in the entire time
period 1 — 15 is positive: in the first period 1 — 8 there was a sharp de-
crease in contamination of the object under study, then in the time period
8 — 15 results “reached the plateau” of the lower detection limit and the
curve of results actually merged with it (rows 2 and 3). At the same time it
should be noted that the main task of control in terms of radiation safety —

detection and withdrawal from circulation of environmental objects that do
not meet the requirements of safety standards, for example, foodstuffs, is
completely fulfilled.

However, the results of the “control” mode do not give an idea of how
the situation develops in the range below the detection limit [0 — 0.5].
Nevertheless, from the point of view of radiation safety, two scenarios are
possible here: positive and negative, and it is clear that organizational
risks are present in both cases.

Let us consider the positive scenario further, when in the time period
8 — 15 the real measured contamination levels continue to decrease and
finally gradually tend to trace amounts, which is clearly demonstrated by
the results of monitoring using highly sensitive equipment (row 1).
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It is obvious that mass radiation monitoring, which requires a signifi-
cant amount of financial, material and labor resources, is irrational at this
stage, i. e. there are organizational risks. To resolve this situation, it is
sufficient to organize random inspections and ensure monitoring at pro-

duction nodal points, which, in the end, allows optimizing the functioning
of the control system and reducing the risks associated with a negative
outcome, as will be shown below, as well as eliminating the inefficient use
of available resources.
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Figure 2 — Negative scenario (row 1 — monitoring results, row 2 — control results, row 3 — lower detection limit of massively used equipment, row 4 — norm)

Let us consider a negative scenario (Figure 2), when in the time peri-
od 8 — 11 real contamination levels continue to decrease, but in the peri-
od 12 — 15 a negative trend appears - radioactive contamination of the
object increases (row 1), but radiation control data do not show this
(row 2). This is due to the fact that the “control” system, unlike the “moni-
toring” system, does not react to changes in the trend from positive to
negative, if these changes are in the range significantly below the control
level and the lower measurement threshold.

Thus prerequisites are created for occurrence of organizational risks
on timely detection and reduction of risks of achievement and exceeding
of normative values of radioactive contamination of controlled objects.
Itis likely that already in the period 12 - 13, when the negative trend has
formed and become stable, there is an opportunity to take timely
measures to identify and eliminate its causes.

As a result, it is shown that the range of parameter values closed in
the “control” mode contains important information about the trends of their
changes in both positive and negative contexts.

The situation of uncertainty is the most difficult from the point of view
of radiation safety, since it is associated with a large number of possible
outcomes, and their probabilities are unknown.

From the point of view of radiation safety, a situation of uncertainty
arises in the case of emergency exposure and/or emergency planning.
In this case it is very important that the source of uncertainty can be in-
complete and (or) unreliable information from the system of radiation
monitoring of the environment or from other systems, e.g. monitoring of
emergency situations, for example, about the facts of threat realization.
In general, the requirements to information quality can be formulated as
five basic requirements to information quality: timeliness, reliability, com-
pleteness, accessibility, sources of uncertainty and their assessment [18].

Of course, the ideal risk management strategy is to eliminate risks
and threats, i. e. to directly affect their source, which is practically impos-
sible due to the objective nature of risks and threats in the field of radia-
tion safety. In this case, the most effective way to minimize risks in the
situation of uncertainty is the method of modeling and forecasting of radi-
ation situation and characteristics of the radiation monitoring system of
the environment. An obligatory condition for modeling is the ranking of
current or potential risks and threats for subsequent emergency planning.
It should be noted that this is the approach proposed by the SDRR.

In order to improve early warning systems in the field of radiation
safety, automatic systems for early detection and warning of radioactive
contamination of the environment in 100 km zones of Chernobyl, Ignalina,
Rovno and Smolensk NPPs, as well as in the surveillance zone of Bela-

rusian NPPs, are currently established and successfully functioning in the
Republic of Belarus; information is generally available on-line using mod-
ern communicative IT-technologies [24, 25].

The SDRR proposes four main priority areas of risk management ac-
tivities.

Priority 1. Understanding disaster risk: to effectively counteract
disasters, it is necessary to ensure that radiation safety hazards and risks
are assessed on a continuous basis, assessing the vulnerability of protec-
tion facilities before events occur and preventing disasters or mitigating
their consequences through the development and implementation of
appropriate measures.

The development and implementation of such an approach in the Re-
public of Belarus will ensure a socially acceptable level of DRR in different
conditions/types of exposure situations in the medium and long term.

Priority 2. Improving the organizational and legal framework for
disaster risk management: The organizational and legal framework for
disaster risk reduction at the national, regional and global levels is of
great importance for effective and efficient risk management in the sphere
of radiation safety [26].

In the Republic of Belarus, the necessary strategies for counteracting
risks at the national level have been developed and are in place, including
specific plans and activities, for example, the External Emergency for the
Belarusian NPP or the “Strategy for Radioactive Waste Management in the
Republic of Belarus” [27], defining the competencies of individual state
administration bodies in the field of ORB and their coordination at the level
of individual sectors of the economy and between sectors, as well as the
participation of relevant stakeholders — subjects of the economy.

Priority 3: Investments in disaster risk reduction measures to
strengthen resilience: public investments in prevention and risk reduction
in the form of:

scientific activities in the field of nuclear energy utilization and coun-
teracting the risks accompanying these activities;

formation of necessary emergency response forces and means.

It is important that investing in the introduction of modern IT and Al-
technologies allows improving early waming systems within the frame-
work of radiation monitoring and radioactive contamination mapping,
which, along with a preventive approach, is one of the most important
priorities in countering radioecological disasters.
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Priority 4: Enhancing disaster preparedness for effective re-
sponse and implementing the principle of “doing better than before”
in recovery, rehabilitation and reconstruction activities: practical
activities on the example of the Republic of Belarus on minimizing the
consequences of the radioecological disaster — the Chermobyl NPP catas-
trophe — demonstrate that the recovery, rehabilitation and reconstruction
stage is crucial for implementing the principle of “doing better than be-
fore”, including by combining measures Such an example is the State
programs that envisage advanced socio-economic development of the
territories affected by the Chernobyl disaster, construction of centralized
water supply systems and gasification of rural settlements, expansion of
the network of qualified medical services, measures to increase produc-
tivity in agriculture, which are designed to ensure an acceptable level of
radiation protection and safety and, on the other hand, solve social and
domestic problems.

Wide use of nuclear energy for scientific and economic progress, im-
provement of human life quality, solution of other social or military tasks,
creates new sources of risks, threats and disasters of anthropogenic
nature (radioecological disasters), the consequences of which may be
aggravated by natural phenomena and disasters (hydrometeorological,
seismological, other).

In addition to radioecological risks for radiation safety purposes it is
important to identify and assess for subsequent management other
risks — organizational risks.

Analysis of available information on the sources of radiological and
radioecological risks allows us to conclude that the number of realized
events important for radiation safety can be estimated in the range from
six most significant nuclear and radiation disasters to 1,806 (categories |
and Il - nuclear and radiation accidents, testing and use of nuclear
weapons). The number of potentially dangerous events from other
sources of radioecological risks, e. g. transportation of radioactive materi-
als (category V), can reach several millions.

For the Republic of Belarus, the most significant sources of radioeco-
logical risks and disasters are nuclear legacy sites, potential nuclear and
radiation accidents, transportation of nuclear materials and transboundary
transfer.

In the period before 1986, information on current and potential
sources of radiation safety threats and risks was clearly insufficient and,
due to underestimation of its importance, was not a valid factor of radia-
tion safety.

Belarus had sufficient material, human and financial resources for
radiation safety in the conditions of global bomb contamination before
1986, but the Chernobyl NPP catastrophe showed that the system of
radiation monitoring of the environment was ineffective in the conditions
of emergency exposure.

Retrospective analysis of the practice of the Republic of Belarus in
the period from 1960 to April 1986 and in the first period of the Chernobyl
NPP catastrophe shows that the lack of long-term systematic planning in
case of an accident led to the emergence of scientific, methodological,
organizational, technical and informational problems that required resolu-
tion at a high scientific level.

In order to successfully solve these problems with respect to the Re-
public of Belarus, a critical analysis of the sources of disasters and meth-
ods of risk management in the field of radiation safety for effective coun-
teraction to radioecological disasters is necessary to act in the long and
medium term.

In the long term, radiological/radioecological risk management
mechanisms should be maintained on an ongoing basis:

(A) monitor radiological and radioecological risks with subsequent
risk assessment and ranking;

(B) ensure effective functioning of the radiation monitoring system
(observations, assessment and forecast of radiation situation, mapping),
including the use of IT and IA technologies;

(C) ensure the functioning of the early warning system on radioeco-
logical threats, risks and disasters, including with the use of IT- and |A-
technologies;

(D) provide scientific and information support for risk management
and radiation safety activities.

In the medium term:

(A) assess radioecological and radiological risks in the potash indus-
try and phosphate fertilizer production in the situation of planned irradia-
tion (for the Republic of Belarus) in order to make a subsequent decision
on the inclusion of additional observation points in the National Environ-
mental Monitoring Program;

(B) to pay special attention to specific difficulties of the Republic of
Belarus: long-term radioactive contamination of the environment due to
the Chernobyl NPP catastrophe, presence of a large object of “nuclear
legacy” - the territory of Polessky State Radioecological Reserve.

To achieve these goals it is necessary to further improve and in-
crease the efficiency of the system of radiation monitoring and forecasting
of radiation situation, as well as early warning systems, taking into ac-
count all known current and potential threats.

The work was carried out within the framework of the assignment
NIR 1 “Assessment and forecast of radioactive contamination of the
environment around radiation hazardous objects on the basis of
experimental and computational methods (modeling)” within the
framework of the assignment 3.05 “Development of information and
methodological support for monitoring, audit, certification and
rehabilitation of natural-territorial complexes”, NeGR20211720 of the
subprogram “Radiation and biological systems” of the State Program
“Natural Resources and Environment” for 2021-2025.
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