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Keywords: The results of simulation of the radioactive aerosol atmospheric transport due to a fire
wildland fires, in forest areas in the Chornobyl Exclusion Zone (near the ISF-2) during June 5-8, 2018
resuspension, are presented. To assess its consequences, a modeling complex of the Institute for Safe-
radionuclide, ty Problems of Nuclear Power Plants was used, which includes a mesoscale weath-
atmospheric transport, er forecast model WRF, model of convective plume formation over the fire area, and
modeling, the Lagrangian-Eulerian diffusion radionuclide atmospheric transport model LEDL

Exclusion zone. Model calculations for the radioactive combustion products transport are carried out
at a distance of up to 100 km from the fire area. The results of sampling of burned for-
est litter and upper layer of soil, made for estimation of total activity stock at the 2 fire
sites, are presented. The average '*’Cs surface contamination density was obtained to be
about 2.85 MBq/m? (with a variability of this value from 1.02 to 5.40 MBq/m?). Accord-
ing to calculations, the maximum value of the '*¥’Cs activity in the surface air in Kyiv
in some periods of the fire could reach values of about 1 mBq/m?, in Chornobyl - about
10 mBq/m’. The overall results are in agreement with the measurements of the *’Cs
activity in the air carried out by the network of Automated Radiation Monitoring Sys-
tem ASKRO posts of the SSE “Ecocenter”, as well as air sampling data in Mila village
of the Kyiv region (results of the State Scientific Technical Centre on Nuclear and Ra-
diation Safety).

Introduction distances. So, an assessment of the possible influence

of forest fires in radioactively contaminated territories

The highly contaminated territories of Ukraine and
Belarus after the Chornobyl accident still remain poten-
tial sources of radioactive contamination due to forest
fires there, first of all within the Ukrainian Chornobyl
Exclusion zone and the Belarus Polesie Reserve. The ra-
dionuclides in the vegetation and soil would be emitted
to the atmosphere during vegetation fires, which could
represent a risk for firefighters and other personnel
of these zones. In addition, a population could be affect-
ed by radioactive smoke particles transported over long

on the radioecological situation in the Exclusion zone
and beyond is of particular interest. Unfortunately, data
of direct measurements of additional air contamination
and fallout on the underlying surface during fires are
usually quite scarce (both in spatial and in temporal
resolution). Therefore, methods of mathematical mod-
eling of the atmospheric transport of radioactive aero-
sols — products of vegetation burning — are an import-
ant tool for a comprehensive assessment of the effects
of forest fires.
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The article presents a comparison of the results of cal-
culations performed using the model complex developed
in the Institute for Safety Problems of Nuclear Power Plants
(ISP NPP) with direct measurements of the effects of the
wildland fires in the Exclusion zone during June 5-7, 2018.

Radionuclide emission due to wildland fires
at radioactively contaminated territory
(observation and modeling)

The main source of radionuclide emission after wild-
land fires in the contaminated territories is the Chornobyl
exclusion zone (ChEZ) with an area of 2,600 km?. The forests
covered 53 % of the area before the disaster. After 1986, eco-
nomic activity stopped and the forest area extended. Now
about 38 % of the territory is Scots pine forests, 30 % is broad-
leaf forests, and the other 32 % is deforested and former
agriculture areas [1]. The lack of fire management allowed
the vegetation to overgrow, creating conditions favorable for
fires to ignite and spread. The radionuclides "*’Cs, *°Sr, ***Pu,
and #*2°Pu are concentrated mostly in litter and the top
layer of soil in the forests and grasslands in ChEZ [2].

According to [3], from 1993 to 2013 more than 1,250
wildland fires of different types ancurred in the ChEZ.
Approximately 55 % of the fires occurred in former agri-
cultural lands and about 33 % occurred in forested land.
Although these fires consumed only 3,300 ha of vegetation,
larger fires have occurred in the region. The largest fires
were observed in July-August, 1992 (a total area of 17,000
ha of agricultural and forest land including crown fire over
anarea of 5,000 ha during a two week period) and in April
2015 (6,250 ha of grass fires at meadows, 2,737 ha of forest
ground fires and 1,140 ha of forest crown fires). According
to the measurement data within the ChEZ, the activity
concentration in the surface air increased up to 7.6 mBq m=
of "Cs and 10 mBq m™ of *°Sr [4].

Besides the ChEZ itself, the wildland fires could im-
pact the radioliogical situation outside it. The long-range
transport of smoke plumes after the forest fires in the ChEZ
and near it was observed by the satellites [5]. Increasing
the "Cs activity concentration in the air was reported
in Sweden [6] and Lithuania [7] during extensive forest
fires in the radioactive contaminated territory of Ukraine
and Belarus in 1987-2003. According to [8], several fires

Table 1. Radionuclide emission fraction during wildland fires

Nuclide Emission fraction Source Comments
L Cl 80-90% Straw and wood burning experiments in field and labora-
(18] tory conditions. Biomass were combusted with tempera-
Cs 40-70% tures varying from 160 to 1,000 °C
—409 i n
137 10-40% depending on the tf:mpera Laboratory experiments for heather burning
Cs ture (12 % after a cool burning and [19] (50 kg of dried material)
39 % after a hot burning) &
p - Iy
197 thelbl/:r(l)lit;;:au};?vall(l)a‘}/)lzx\t}alillr; ble 20] Estimation for modeling of inter- and intra-continental
LT transport of cesium released by boreal forest fires
in the biomass
19 40% of deposited [13] Conservative estimati:\fle 1folérun;:;ieeling of redistribution
B7Cs, P°Sr 20%
238y, 239py, [11] Conservative estimation for modeling
240Pu, 241Am 10 %
Estimation value has been obtained after the natural
137 ~3-59 i
Cs 3-5% of deposited [21] forest fire in the ChEZ in July, 1992
B7Cs 4% of deposited [2] Fire experiments in the ChEZ
"7Cs and **Sr up to some%o Grassland fires (comparison of modeling and experimen-
Pu up to 1% - tal data)
10
"7Cs and *°Sr up to 3-4% Forest fire (comparison of modeling
Pu up to 1% and experimental data)
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in 2002 resulted in '*’Cs transport over Europe. The high-
est release occurred at the end of July, with **’Cs fallout
reaching Sweden, Finland, and Central Europe.

Wildland fires may result in additional contamina-
tion of the air both in the immediate vicinity of the fire
territory and over long distances, including long-range
atmospheric transport of fine aerosol. Therefore, differ-
ent types of models of emission, following atmospheric
transport and deposition of fire products are developed
for the local area around the fire (up to 10 km) [9, 10]
and mesoscale and long-range atmospheric transport [8,
11-15]. The main features of the radionuclide atmospheric
transport models for different spatial and temporal scales
are determined primarily by the nature of the diffusion
processes of pollutants in the atmosphere, and they are
similar for both models of emissions from point sourc-
es — e.g., from a nuclear power plant (NPP) stack — and
for the re-suspension models during forest fires. The main
problem for models of forest fires is the correct description
of the radioactive aerosol source parameters (duration and
area of the fire, emission intensity for the different phases
of the fire, the initial raising height of smoke plume, ac-
tivity size distribution of radioactive particles). In general,
a model of atmospheric transport of smoke particles must
be a part of a more general model of wildland fire evolution
(16, 17]. Using a number of simplifying assumptions a sub-
task of assessment of radioactive contamination of the
atmosphere by combustion products can be singled out
of the general picture describing the development of the
fire and its consequences. Then this problem can be solved
by relatively simple methods. The price of such simplifica-
tion is the introduction into used models a number of con-
stants whose values have to be determined empirically.

One of the main problems of radionuclide atmospheric
transport models due to forest fires is the parameterization
of the emission fraction of radionuclide after a fire event,
namely the fraction that will be emitted compared to what
is present on the ground or in the biomass. Evidence from
laboratory experiments and field studies are quite contra-
dictory (Tab. 1).

Therefore, any available information about the conse-
quences of past fires is an important material for the val-
idation of models of atmospheric transport of forest fire
products, as well as for their further improvement.

General description of the forest fire
on June 5—7, 2018

During the period from June 5 to June 8, 2018, sev-
eral areas of grass and forest were burned on the terri-

tory of the 10-kilometer zone of the Chornobyl NPP.
The most intense fires took place in two forest areas lo-
cated near the Interim Spent Nuclear Fuel Dry Storage
Facility (ISF-2) (Figs. 1, 2), where the seats of fire were
detected about 11:00 on June 5, 2018 [22]. In total, ac-
cording to the State Emergency Service of Ukraine, a fire
covered about 15 hectares. At 17:50 on June 7 a fire in the
forest area in the Exclusion zone was liquidated. During
the fire, the personnel of the State Specialized Enterprise
(SSE)”Ecocenter” made an air sampling at the fire line
using the mobile aspiration facility, in particular, in the
16th quarter of the Korohod forestry. The ¥’Cs activity
concentration in this sample was about 9.8:10~ Bq/m’
that exceeds the reference level by 9.8 times, and the *°Sr
activity concentration was obtained to be 1.6 10~ Bq/m’
that by 53 times exceeds the reference level (3:10~° Bq/m?®)
established by health and safety standards.

S

Fire area
W
Kopachi %
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Fig. 1. Map of the location of the main areas of the fire

Fig. 2. Smoke plume from the fire at 15:00 on June 5, 2018.
The ISF-2 building is in the foreground
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According to the measurements of the atmospheric
surface layer contamination by radioactive aerosols con-
ducted at stationary sites of the SSE “Ecocenter” automat-
ic radiation monitoring system (ASKRO), the '*’Cs and
Sr volumetric activity concentration at the Chornobyl
site exceeded the established control levels (8.0-10~° Bq/
m® and 4.0:10° Bq/m’, respectively). The *’Cs volumetric
activity concentration was obtained to be 2.2:10~* Bq/m’

(at 1:4006.06.18), 3.8:10~* Bg/m* (at 15:0006.06.18) and
4.7107 Bq/m’ (sampling was made using a mobile aspi-
ration facility from 15:00 to 18:0006.06.18). The corre-
sponding values for the *°Sr volumetric activity concen-
tration were 2.4:107%; 2.5:10* and 2.3-107* Bq/m’.

At the exclusion zone border (Dytyatky site), the '’Cs
volumetric activity concentration on June 6 was 2.7-10~° Bq/
m’ which didn’t exceed the reference level (2.1:10~* Bq/m?).

05.06.2018 00h 06.06.2018 00h 07.06.2018 00h
Fig. 3. Maps of the ground pressure during the fire
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Fig. 4. Vertical profiles of the air temperature (a) and the wind velocity (in m/s) hodographs (b)
in the layer up to 2 km according to radiosounding data in Kyiv
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Meteorological conditions during the fire

The territory of the Exclusion zone on June 5,
2018, was in the low pressure area, in the trough of the
north-western cyclone (Fig. 3). At night, a surface tem-
perature inversion and an increase in the wind speed
(from 1 to 9 m/s) in the air layer up to 280 m were ob-
served (Fig. 4). Over the course of the day, a cold front
passed over this area resulted in a temperature drop
of 27.6 °C to 17.8 °C in the afternoon. During the next
3 days there was an increase in atmospheric pressure,
which led to the formation of an anticyclone with a centre
over the territory of Ukraine and Belarus with the pre-
vailing northern and northwest atmospheric circulation.
On June 6-7, 2018, the typical for the summer period
vertical profiles of wind have been replaced by a weak
wind (2-3 m/s) at altitudes up to 1,500 m and near-surface
temperature inversions. It should be noted, that the weak
wind or calm with a near-surface temperature inversion
contributes to the increased pollution of atmospheric
the near-ground air.

Survey of burnt forest areas

Measurement of the exposure dose rate and sam-
pling of forest litter and top layer of soil was performed
on August 22, 2018, to estimate the value of radioactive
contamination in 2 burned forest areas (Fig 5). In Fig. 6
54 points of exposure dose measuring in site no. 1 (locat-
ed 300-400 m from the ISF-2) are shown and 10 points
in site no. 2. The sites are separated by the Chornobyl —
Pripyat road. Measurement of gamma dose rate values
was performed in accordance with the approved method
using the dosimeter-radiometer DRG-01T. At each point,
measurements were made at heights of 0.1 m and 1.0 m.

Fig. 5. The area of burned forest

-

’

Fig. 6. Measurement places within two sites of burned forest
divided by the road (circles and triangles — places of gamma rate
measurements in the Site no. 1 and no. 2 accordingly, squares —
places of gamma rate and soil contamination measurements
in the Site no. 1, Site no. 2 and outside in the non-burning area)

The distance between measurement points was chosen
taking into account the uniformity of contamination and
dimensions of the surveyed sites: through every 100 m,
starting from the western border of the site and reach-
ing its eastern boundary. After that, the same route was
shifted 100 m to the north until reaching the northern
boundaries of the surveyed site.

Measured values of the exposure dose rate in burned
areas range from 0.058 to 0.660 mR/h at a height of 1 m
and from 0.080 to 0.800 mR/h at a height of 0.1 m above
the ground resulting in the average values of 0.359 and
0.526 mR/h, respectively.

In these areas, in October 2018, sampling of for-
est litter (ash) and topsoil in 6 points at Site no. 1 and
in 10 points in Site no. 2 were carried out. In addition,
sampling of soil and litter on a non-burned forest area
near the fire territory has been carried out (see Fig. 6).
Simultaneously with soil sampling, at each point the gam-
ma dose rate measurement at heights of 0.1 and 1 m was
made. The geographic coordinates of sampling points
were determined with using GPS. Soil sampling was car-
ried out according to a unified method to a depth of 3 cm
using a cylindrical sampler with a diameter of 80 mm.

The measurements of the selected samples were car-
ried out using the y-spectrometric complex Canberra,
consisting of a GL2020R semiconductor detector made
of ultra pure germanium with a beryllium window 500 pm
thick and a multichannel analyzer (16 K). The minimum
measurable activity for the geometry of measurements for
the y-line 59 keV of *! Am is 0.03 Bq/sample, and for '*’Cs
(661.6 keV) is 0.4 Bq/sample.
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According to measurements of 14 samples, the av-
erage value of the density of cesium-137 surface contam-
ination at burned sites was about 2.85 MBg/m? (with
variability of values from 1.02 to 5.40 MBq/m?). The val-
ue of the exposure dose rate at burned areas varies from
0.245 to 0.845 mR/h at a height of 1 m above the ground
and from 0.288 to 1.38 mR/h at a height of 0.1 m.

In Fig. 7 the dependence of the gamma dose rate
H (mR/h) on the density of soil top layer D (MBq/m?)
at 14 measurement points in two sites of burned forest
is presented. The correlation between them for the mea-
surement height of / = 0.1 m is sufficiently well described
by the linear dependence of H = 0.248 - D with the accu-
racy of approximation R* = 0.707. For the measurement
height of 1 = 1 m this dependence is less distinct (R* =
0.270) and is given by H = 0.149 - D.

For 6 samples (Tab. 2, four of which were selected at
Site no. 2 and two at an adjacent non-burned area), spec-
trometric measurements of the gamma-emitting '**Eu
and ' Am nuclides content were additionally conducted.

The ratio of '’Cs/"**Eu activity in these samples
varies almost in 2 times — from 240 to 450. The ratio
of ¥’Cs/**' Am varies from 22 to 40, and the >’ Am/"**Eu
ratio — from 8.9 to 12.4.

08 == + : -
0.6 e /
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0.0

mR/h
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MBg/m*

Fig. 7. Dependence of the gamma dose rate H (mR/h) on the
density of soil top layer D (MBq/m?) at two sites of burned
forest. Squares and a trend line 1 — measurement height 0.1 m,
diamonds and a trend line 2 — measurement height 1 m

Modeling resuspension and following
atmospheric transport of radioactive aerosols
due to the forest fire

To assess the effects of the fire on June 5-7, 2018,
a set of models of the ISP NPP was used, which includes:
1) the mesoscale numerical weather forecast model
WREF-ARW; 2) the model for the formation of a convective

Table 2. Data on radionuclide contamination
measurement of top soil samples

Sample code Nuclide | °P ;é);lsii;?lt(%n;;g;tlon

B7Cs 457

P2-2 (Site no. 2) B4Eu 1.30
MAm 15.2

B7Cs 341
P2-4 (Site no. 2) 134Ey 0.802
2Am 9.97

B7Cs 346

P2-5 (Site no. 2) 4Ey 1.44
21Am 154

B7Cs 176
P2-8 (Site no. 2) 4By 0.564
21 Am 4.99

) B7Cs 149
L-2 (non-burning SRy 0.454

area)

2 Am 4.59

, 137Cs 127

L-4 (n(;rrlé:)urmng Sy 0.281
HAm 3.22

plume over the fire area — for estimation of the maximum
lifting height of radionuclides in the atmosphere at the initial
stage of their transport; 3) the Lagrangian-Eulerian diffusion
model LEDI of the radionuclide atmospheric transport
and their deposition on the surface — for calculating
the atmospheric transport of radioactive aerosol particles
products at distances up to 100 km.

The results of the WRF-ARW numerical weather
forecast model (current version of model V3.9.1) [23] were
used as input meteorological information for modeling
of radionuclides dispersion released into the atmosphere due
to the fire. A numerical grid covering the territory of Ukraine
with the center in the vicinity of the Chornobyl NPP was
chosen with the number of nodes on the horizontal plane
of 144x120 and the grid step of 5 km. The number of levels
in height was set as 35. Calculations using the WRF-ARW
model were performed using the results of the project
of data re-analysis from the international meteorological
network ERA-40 (global atmospheric reanalysis) performed
in European Center for Medium-Range Weather Forecasts
(ECMWE) [24].

For the subsequent modeling of atmospheric transport
of radioactive aerosol, calculated 3-dimensional fields
of wind and air temperature were used, as well as the
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C

Fig. 8. Calculated time-integrated *’Cs activity concentration in the air (Bq « s/m?). a - June 5, b -] une 6, c - June 7,
d - a sum for 3 days of the fire (June 5-7, 2018)

values of characteristics of the atmospheric boundary layer
(the atmospheric boundary layer height and the dynamic
velocity u,), obtained with a time step of 1 hour for the period
from 00 h June 5 to 00 h June 8, 2018.

In the simulations, the fire area is considered
as a constant area source of radionuclide emission in the
atmosphere. According to the obtained data, the total *’Cs

activity in the burning areas was estimated as about 5.510"
Bq. According to previous studies, the part of activity
entering in the air of the forest area was set equal to 5% of this
value. The height of the rise of the smoke plume formed over
the fire area was estimated to be about 300-500 m (depending
on meteorological conditions during the fire period) with
using the above-mentioned model of a convective plume over
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Fig. 9. The modeling dependence of the '¥’Cs activity in the air (Bq/m?®) on time for 4 settlements
(lines) compared with the measurement data (columns 1 and 2 — “Ecocenter” data for Chornobyl,
column 3 — SSTC NRS data for Mila). Labels on the X axis are date and hour

the fire area. The radioactive aerosol particle size formed due
to the fire was set constant and equal to 1 um.

The fields of instantaneous and integral (for the whole
period of the fire) of the *’Cs volume activity in the surface air
(Fig. 8) and the ¥’Cs deposition density on the earth’s surface
were calculated using the atmospheric transport model LEDI.

Additionally, "¥Cs activity in the air was calculated for
4 settlements: Kyiv, Chornobyl, Dytyatky and Mila (105 km
to the south from the Chornobyl NPP). The last settlement
was chosen for the calculation because the personnel of the
State Scientific and Technical Center for Nuclear and
Radiation Safety (SSTC NRS) made a special measurement
during the fire with using a mobile laboratory [25]. The *’Cs
activity in the air in the period from 13:15 to 14:25 on June 6,
2018, was measured to be 0.6 mBqg/m’.

According to our calculations, the maximum activity
of ¥’Cs (averaged over a l-hour period) in the surface
air in Kyiv reached 0.82 mBg/m® at 23 h on June 5 and
1.22 mBq/m? at 02 h on June 7, 2018. For Chornobyl city
the estimated maximum "*’Cs activity in the air was about
10 mBg/m’ (in the afternoon on June 5 and at 18 h. on June
6,2018, when the radioactive aerosols transport was directed
to the city), and for Dytyatky — it could reach up to 1 mBgq/
m’. In general, the obtained results are in agreement with
the measurements of the cesium-137 activity in the air carried
out by the ASKRO networks of the “Ecocenter”, as well as the
data of SSTC NRS (Fig. 9).

Conclusions

According to the both direct measurement data and
modeling results an increase in the activity concentration
in the air during forest fires in the ChEZ is quite low. It does
not lead to a significant increase in the dose of the population
of Ukraine and other countries. However, the problem
of assessing the forest fires danger in the contaminated
territories in the ChEZ remains relevant. Each event of a
forest fire in the ChEZ attracts the attention of the media and
the population living near the ChEZ, including the residents
of Kyiv and other major cities. In the case of particularly
large and prolonged fires, radioactive aerosols can spread
over long distances outside Ukraine, including the countries
of Western Europe. Therefore it is necessary to have a reliable
means for rapid assessment and prediction of atmospheric
transport of radioactive aerosols rising into the air as a result
of forest fires. To date, the main problem that requires further
research is the development of methods for operational
determining the parameters of the forest fire territory as an
area non-stationary source of radioactive aerosols. Among
them are the following:

1. Rapid assessment and prediction of the territory
size covered by a forest fire, including the temporal dynamics
of the spread of the fire front. In general, it is necessary to use
a special surface fire spread models for the calculation of fire
spread over the area taking into account the properties
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of the area and weather conditions. However, these models
require detailed information on the characteristics of the
forest, which is not always available. These values can be set
according to the observations and by expert estimates.

2. Estimations of the value of the radionuclide emission
fraction during forest fires are differed considerably — from
a few percent to 70 % according to the reviewed experimental
and modeling works. The most valid are the results of field
experiments and model estimates of the radionuclide
emission fraction, carried out for the fires in the ChEZ,
which give values 3-5% of '’Cs and *°Sr and up to 1%
of the Pu isotopes. Conditions of experiments for biomass
burning, for which estimates are obtained from 20% and
above, as a rule, don't fully correspond to the real conditions
of the wood burning in a forest fire. In addition, it’s necessary
to note that in the second year after the deposition the bulk
of radionuclides migrates to the forest litter and soil. As a
result, the proportion of radionuclides that could potentially
be raised to the atmosphere from forest fires, in their total
stock in the contaminated area is steadily decreasing over
time. Thus, the model estimates of the effects of forest fires
on the territory of Ukraine and neighboring countries,
obtained using the emission fraction value of 10% or more,
can be considered as very conservative.

3. Effective height of the smoke plume lifting over a forest
fire. Its value is determined primarily by the ratio between
the kinetic energy of the rising air flow (determined by the
intensity of heat release in the fire zone) and the wind kinetic
energy.

4. The size distribution of particulate matter formed
during burning The large particles (more than 20 microns)
that are formed in a fire, deposited near the burning territory
up to 100 meters). Ignoring this factor in the simulation
could lead to an overestimation of the long-range transport
of radionuclide’s, and simultaneously to an underestimation
of the value of the additional deposition in the near
(up to 100-1000 m) fire zone.

Clarification of these parameters values and methods
for their reliable estimation will enable to improve models
of atmospheric transport of radioactive aerosols rising into
the air as a result of forest fires, for a variety of spatial scales.
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Tuemumym npobnem 6esnexu AEC HAH Yxpairu,

yn. Jlucozipcoka, 12, Kuis, 03028, Yxpaina

“Ilepsaste cneyianizoeane nionpuemcmeo “Exouenmp”,
eyn. lxinvta, 6, Yoprobunv, 07270, Ykpaina

OmniHKa paflioaKTMBHOTO 3a0pyHEHH I NOBITPA
BHACTiJIOK TicOBOI noxKexKi B YopHOOMIbCBKill 30Hi
Bimuy:xeHH:A 5-8 yepBHa 2018 p.

HaseneHo pesynbTaTit MOIEMIOBaHHA PO3IIOBCIOKEHHA
PanioaKTVBHIX aepO30JIiB, AKi HOTpammIm B arMocdepy B
pesy/IbTaTi oKeXi Ha AITHKAX /Ticy B YOpHOOM/IbCHKiit 30Hi
Bimuay>xeHH1 (y partoni CBAII-2) y nepion 5-8 uepsH: 2018
p. Ins owiHky 1i Hac/migKiB 6y/10 BUKOPUCTAHO KOMIUIEKC
Mogerneit Incturyry npo6nem 6esnekn AEC HAH Ykpainn,
AKUII BK/IIOYA€ Me30MACIITaOHy MOJie/Tb IIPOTHO3Y MOTOM
WRE mozienb popMyBaHHsI KOHBEKTUBHOTO CTPYMeHs Hajl
ITOIIEIO TIOXKEKi Ta JTarpaHKoBo-efiepoBy mudysiitHy Mo-
menb LEDI armMocdepHOro nepeHeceHHs pafiOHyKIfIiB Ta
IXHPOTO OCafI)K€HH Ha MiCTIIbHY ITOBEPXHIO. MopenbHi
PO3PaxXyHKV pO3HNOBCIOIYKEHHA Pafi0aKTVBHUX NPOAYKTIB
TOpiHHA BMKOHAHO Ha BificTaHi fo 100 kM Bif pajioHy mo-
xexi. HaBezieHo pesynbraryt mpo6oBif6opy 3paskis micoBoi
HiJCTUIKM, IO BUTOPIi/Ia, Ta BEPXHBOTO NIAPY IPYHTY, BUKO-
HaHIX 3 METOIO OITiIHKM 3aIlaCiB aKTMBHOCTI Ha IBOX Ji/ISTH-
Kax noxkexi. CepejHe 3Ha4eHHS LIIBHOCTI 3a0py/HEeHH:
noBepxHi '¥’Cs craHoBut0 6/13bK0 2,85 MBK/M? (32 Bapia-
6empHOCTI 3HaYeHb Bix 1,02 o 5,40 Mbx/M?). IToTyxHicTh
€KCITO3UIIIIHOI 03U Ha AUIAHKAX, 11J0 BUTOPiIN, BapiloBaa
Biz 0,288 o 1,38 MmP/rox. 3rigHo 3 pospaxyHKaMy MaKcu-
MaJjIbHe 3Ha4eHH: aKTUBHOCTI '¥Cs y mpr3eMHOMY HOBITpi
B KueBi B okpemi mepiofyt oykexXxi MOIVIO ZOCSTaTy G/IM3bKO
1 mbx/M?, y YoproOwi — 6ins 10 MBx/m®. Otpumati pe-
3y/IbTAaTH B LJIOMY Y3TOPKYIOTbCSA 3 JAHNMM BUMIipIOBaHb
akTMBHOCTI "’Cs y MOBITpi, 1[0 IPOBOAWINICH MEPEXKEI0
IIOCTiB aBTOMAaTH30BAHOI CHCTEMY KOHTPOJIIO paflialliifiHOl
o6¢cranoBku (ACKPO) [IT «ExorieHTp», a TAKOX IaHUMI
1po6oBif6opy nosiTpst B ¢. Mia KuiBcbkoi o6macri (pesyib-
Taty Jlep>KaBHOTO HAyKOBO-TEXHIYHOTO LIEHTPY 3 AfIePHOI Ta
papiariitHoi 6e3mekn). BuzineHo ocHOBHI po6iemu Mopie-
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Evaluation of Radioactive Air Contamination

JIIOBaHHS BTOPYHHOTO 3a0py/JHEHH MOBITPsI palioaKTYBHN-
MM a€pO30/LIMI BHACTIIIOK JTICOBX IOXKEX Ha PaZioaKTUBHO
3a0pyHeHii TepUTOpii, 1110 TOTPeOYIOTh MOAAIBIIOTO YTOY-
HEHHA NIPY YJOCKOHA/IEHH] BiflTIOBITHNIX MOJEEN, a caMe:
a) iHTerpallisa Mofieneir arMOCepHOro IepeHOCy pajioHy-
KI/Ti/IiB 3 MOJE/LIMI PO3IIOBCIOKEHHA (PPOHTY MOXKeXKi Ha
TEPUTOPI, 1J0 TOPUTD; 6) OLIHKA YaCTKU aKTUBHOCTI, IIJO
MififIMAa€ETbCA B MOBITPsI PY IOXKEXKi, Bifl 3ara/IbHOTO 3aIla-
Cy PamioOHYKIIAIB y icOBilt ab0 TpaB sHilk AIAHI; B) OLIiHKA
eeKTVBHOI BUCOTY MiIOMY IVIMOBOTO CTPYMeH:I HaJl TepH-
TOPIEI0 MOXKEXKi; T) TapaMeTpu3aliia pO3HOIITY aepPO30/IbHIX
9aCTOK — MPOAYKTiB FOPiHHA 3a PO3MipaMIL.

Kntouosi cnosa: micosi moxexi, pecycrieHsis, pagionykiigu,
aTMocdepHe IlepeHeceHH A, MOIe/II0BaHH A, 30Ha Bi[4y>KeHH .

H. H. Tanepko', T. [I. /Ies', C. V1. Kupees?,
B. A. Kammyp', A. I. Ky3pmenko'

Hnemumym npobnem 6esonactocmu ASC HAH Yipaunol,
yn. Jlvicoeopckas, 12, Kues, 03028, Yxpauna

2Tocydapcmeetoe CHeyuanu3uposarHoe npeonpusmue
“Oxouenmp’, yn. lkonvras, 6, Yeprobuinw, 07270, Yipaura

OneHKa pafiI0aKTMBHOTO 3arPA3HEHNA BO3AyXa
B pe3y/IbTaTe IeCHOTO NoKapa B YepHOOBIIbCKOIT 30He
oTyy:KaeHus 5-8 mons 2018 1.

IIpuBeneHbl pe3ynbTaThl MOAEIMPOBAHUS PACIPO-
CTpaHEHNA PaiNOaKTVBHBIX a9p030JIeil, TIONABIINX B aT-

Mocdepy B pesy/bTaTe IOXKapa Ha y4acTKax jeca B YepHo-
ObUTbCKOV 30He OTUy>Kzienus (B paitoHe XOST-2) B nepuop
5-8 urons 2018 1. [l oLleHKM ero MoC/IenCTBII ObIT UC-
HI0/Ib30BaH KOMIUIEKC MOfieneit VIHcTuTyTa mpobem 6es-
onacHocT ADC HAH YkpanHbl, KOTOPBII BKIIOYAeT Me-
30MacIITabHYI0 Mofenb mporaosa norogsl WRE Mozens
¢opMupoBaHNA KOHBEKTMBHOM CTPYM HaJl IUIOIA/IbIO
HOXKapa U JIATPaHXXeBO-3i/1epoBY A Qy3NOHHYI0 MOZIENb
LEDI armoc¢epHOro IepeHoca paayoHyK/INIOB M VX OCaXK-
JIeHIAA Ha TTOfICTIIAONIE}T IIOBEPXHOCTI. Moyie/tbHbIe pacye-
ThI PACIPOCTPAaHEHN PaII0aKTYBHBIX IPOYKTOB TOPEHVIA
BBITIO/IHEHDBI Ha paccTossHuM o 100 KM OT parioHa nmoxapa.
ITpuBeneHsI pe3ynbTaThl MPOH60OTOOPA 0OPA3I[OB BHITO-
PpeBIIIelt TeCHOTI IOACTIJIKU VI BEPXHETO CJI0SI TIOYBBI, BBI-
TIOJTHEHHBIX C Ie/IBI0 OLIEHKY 3aI1acOB aKTMBHOCTM Ha IBYX
yJacTKax nokapa. CpejHee 3Ha4eHNe INTOTHOCTY 3arpsi3He-
H1sA noBepxHocTy '’Cs cocTaBuo okono 2,85 Mbx/M? (ipu
Bapuabe/IbHOCTI TON Be/m4uHsI oT 1,02 1o 5,40 MBk/m?).
CormacHo pacueTaM, MaKCUMa/lbHOE 3HaYeHNe aKTWB-
HocTi ’Cs B mpuseMHOM Bo3nyxe B Kuese B oTmenbHbIe
HepuoAbl I0XKapa MOIJIO JOCTUTATh 3HAYEHUI OKOJIO
1 mBx/M?, B YepHOoObITe — OKOMIO 10 MBK/M. TTonyueHHbIe
Pe3y/IbTaThl B LIEJIOM COITACYIOTCS C JAHHBIMU M3Mepe-
HIiT akTUBHOCTY 'Cs B BO3/IyXe, IPOBOAMBIINXCSA CETHIO
IIOCTOB AaBTOMATU3MPOBAHHOI CHICTeMbI KOHTPOJIA pajya-
uyonHo o6cranoBku (ACKPO) I'TI “OkoreHTp”, a Takke
JAHHBIMU IIP0600TOOpa Bo3ayxa B ¢. Muta KueBckoit o67a-
ctu (pesy/nbTaTel [ocyapcTBEHHOrO HAYYHO-TEXHIYECKOTO
LIeHTpA I10 SAEPHOI 1 PafiNaIYIOHHO 6e30IacCHOCTM).

Kntouesvie cnosa: necHble ITOKaphl, PECYCIIEH3MA,
PaIMOHYKIN/bI, AaTMOC(EPHBI TepeHOC, MO POBaHNeE,
30Ha OTYYX/IEHUL.
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