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Due to the fact that the potential threat to the health to the public living near nuclear power
plants is largely determined by the level of air pollution by radionuclides, identification of the
dispersion conditions of pollutants in the atmospheric boundary layer is of great importance
in the development of engineering protection means for nuclear facilities. In turn, the engi-
neering protection of nuclear power plants provides for the development of automated radia-
tion monitoring systems and their main components, z. e. atmospheric boundary layer status
monitoring systems. When analyzing and predicting the radiation situation in the vicinity of
nuclear power plants, the determination of atmospheric dispersion variability parameters
over time is essential. This research is aimed at assessing interannual and intra-annual vari-
ability of atmospheric dispersion parameters in the Belorussian nuclear power plant siting re-
gion based on the atmospheric boundary layer monitoring data. This study has revealed the
relative interannual stability of the main average annual atmospheric dispersion characteris-
tics throughout the observation period in 2015-2019. At the same time, the average seasonal
values of the atmospheric boundary layer dispersion parameters are characterized by signifi-
cant fluctuations thereof over the annual course. The feasibility of such monitoring for other
potentially hazardous industrial facilities, such as thermal power plants and chemical plants,

is also noted.
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INTRODUCTION

Due to the general upward trend in the environ-
mental safety level of hazardous industries, including
nuclear power plants (NPP), the development of envi-
ronmental monitoring is noted [1]. It is known that
NPP are characterized by potential release of
radionuclides into the atmosphere, as well as their mi-
gration in various landscape components [2].
Radionuclide dispersion mainly occurs in the atmo-
spheric boundary layer (ABL), which extends from
the ground surface to the heights of about 1 km. At
that, the ABL is the key medium through which
radionuclides ingress into other media. The level of at-
mospheric pollution significantly affects human
health [3] and depends on the conditions of atmo-
spheric dispersion, which is a combination of the pol-
lutants transport by directed air-flow (wind) and tur-
bulent diffusion [4].

* Author's e-mail: pniiis-gip@mail.ru

Therefore, at various stages of the NPP life cycle
(construction, operation, and decommissioning) a de-
tailed study of the ABL atmospheric dispersion condi-
tions is carried out at the NPP sites. In particular, it is
envisaged to develop automated radiation monitoring
systems and their main components — ABL parameters
measuring systems [5]. According to [5, 6], the key
tasks of such monitoring are:

— to determine the ABL dispersion characteristics
that are required for calculations of the potential
radiation impact on plant personnel, the public
and the environment in case of violations in nor-
mal NPP operation, including accidents,

— to predict and timely detect the trends in fluctua-
tions of the ABL dispersion characteristics over
time, and

— to develop recommendations aimed at mitigating
the adverse impact of NPP on the environment.

The ABL monitoring provides for implementa-
tion of continuous observation of the ABL status, and
first of all, the wind speed and direction, as well as the
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air temperature, which determine the mode of atmo-
spheric dispersion. In addition, the monitoring system
ensures archiving observational data and calculating
the design dispersion characteristics of ABL.

Currently, in various countries of the world, the
ABL status monitoring is usually carried out by means
of acoustic and radio-acoustic sensing of the atmo-
sphere with the help of sodars and RASS systems
[7-9]. Combined measurement systems consisting of
sodars and RASS allow remote recording of vertical
profiles of the wind vector and air temperature in the
lower atmospheric layer extending to the heights of
600-1000 m [10-12].

This research is aimed at assessing interannual
and intra-annual variability of the ABL dispersion pa-
rameters in the Belorussian NPP siting region based on
the monitoring data of remote sensing of the atmo-
sphere. This article contains the data observed over the
last five full years (from 2015 to 2019) and obtained by
specialists from the Scientific & Industrial Associa-
tion Gidrotekhproekt and the Moscow State Univer-
sity of Civil Engineering. The climatic regime of at-
mospheric dispersion in this area was studied earlier in
the framework of engineering surveys using radio-
sonde observations [13].

METHODOLOGY

The SODAR/RASS-based monitoring system
provides for real-time measurement of the following
ABL parameters:

—  air temperature,
— wind speed and direction, and
— air turbulence.

The SODAR is used for remote measurement of
the turbulence structure and wind vector at various
heights within the ABL. To detect atmospheric
inhomogeneities caused by atmospheric turbulence,
sodars emit acoustic waves. The reflected acoustic signal
is processed by the built-in software and the resulting
values of the intensity and frequency shift are used to de-
termine the wind speed and direction, as well as the tur-
bulence properties [9, 12].

The radio-acoustic method of sensing the atmo-
sphere is based on the fact that RASS systems emit
electromagnetic waves that are reflected from atmo-
spheric inhomogeneities created by acoustic waves
during the operation of sodars. Electromagnetic radia-
tion passing through the air causes periodic changes in
the dielectric constant of air, which scatter electromag-
netic waves with a coherent addition of scattered en-
ergy [12]. Electromagnetic radiation reflected from
the periodic structure of inhomogeneities is received
by the RASS antenna. Using the parameters of the re-
ceived signal, it is possible to determine the speed of
sound at various heights of the ABL, and conse-
quently, the air temperature. Initial processing of re-

ceived signals and temperature calculations are per-
formed by the software built into the RASS system.
[12].

The observation monitoring system, which in-
cludes the SODAR/RASS measuring complex and a
data processing subsystem, carries out automatic re-
cording and accumulation of the measurement data.
This subsystem provides for maintaining a database
and calculating a set of the ABL dispersion character-
istics by means of the specially developed software
[5].

A SODAR/RASS measuring complex devel-
oped by the METEK GmbH (Germany) was installed
at a weather station in the village of Markuny located
4.5 km east-northeast of the Belorussian NPP site (see
fig. 1). The area adjacent to the Belorussian NPP is
slightly hilly: elevation difference varies from 10 m to
20 m per 1 km. Upon completion of the equipment ad-
justment and commissioning, continuous sensing of
the atmosphere was launched in August 2014 and it is
going on to date. The ABL parameters are automati-
cally measured and recorded every 10 minutes. A
photo image of the measuring complex is presented in
fig. 2.

NPP site 0 2 4 km

Figure 1. Location of the ewather station A and the
observation monitoring point l in relation to the NPP
site

Figure 2. Measuring and monitoring SODAR/RASS
system
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The operation of the SODAR/RASS complex at
the Belarusian NPP site has demonstrated that in some
cases there are significant errors in measuring the air
temperature. Earlier, such errors with a systematic
component were identified in [14]. Along with this,
measurements of wind speed and direction provide
quite reliable results. So, according to [15], the error in
the wind speed measuring does not exceed 1 m/s,
while the error in measuring the wind direction is sev-
eral degrees. Moreover, the components of the wind
vector do not have systematic errors. To eliminate er-
roneous air temperature values at the stage of statisti-
cal data processing, the temperature data is controlled
based on the climatic norms for standard heights in dif-
ferent months of the year and corresponding standard
deviations.

Taking into account the wide distribution of
SODAR/RASS complexes at the sites of various NPP
and the positive experience of their operation, such
complexes can be considered optimal for ABL moni-
toring. The economic benefits of SODAR/RASS com-
plexes versus the conventional methods for ABL stud-
ies, such as radio sensing systems and meteorological
masts, should also be noted. Besides, a significant alti-
tude limit of measurements (up to 500-900 m) pro-
vides additional advantages of SODAR/RASS over
meteorological masts, usually having a small height
(up to 150 m). However, it should be emphasized that
the ABL characteristics are measured more or less reli-
ably up to the heights of 500-600 m.

In the course of monitoring, the database is being
maintained and updated. Data arrays are formed for
the current months. The data processing programs de-
veloped by the author include data control, their inter-
polation to heights, as well as calculation of the fol-
lowing characteristics:
average air temperatures at altitudes of 0, 100,
300, 600 m,
repeatability of atmospheric stability classes,

average values of the vertical temperature gradi-
ent in layers 0-300 m and 0-600 m,
repeatability and average values of thickness and
intensity of surface inversions in layers 0-300 m
and 300-600 m,
repeatability and average values of the thickness
and intensity of elevated inversions in the 0-600 m
layer according to the gradations of heights of the
lower inversions: 0-300 m and 300-600 m,
average wind speeds at heights of 0, 100, 300,
600 m,
speeds and directions of the average resulting
wind vector at heights of 0, 100, 300, 600 m,
standard deviations of the components of the wind
vector at heights of 0, 100, 300, 600 m,
repeatability of wind directions in 16 points of the
compass and calm at heights of 0, 100, 200 m,
average wind speeds at 16 points of the compass
and calm at heights of 0, 100, 200 m, and
an array of joint repeatability of atmospheric sta-
bility classes, wind speeds and directions at 16
points of the compass at heights of 0, 100, 200 m.
The previously listed parameters above allow
the subsequent calculation of the concentration fields
of polluting agents in the ABL. The results of calculat-
ing ABL parameters over the past five full years make
it possible to identify the main features of interannual
and intra-annual changes in the dispersion characteris-
tics of the ABL.

RESULTS AND DISCUSSION

The following main characteristics of the ABL
are discussed: vertical gradient of air temperature, at-
mospheric stability classes, modulus, and direction of
the horizontal wind vector. The interannual changes in
these characteristics averaged over current years are
presented in tab. 1 and 2.

Table 1. Interannual changes of the average annual temperature gradient and atmospheric stability classes

. o Repeatability of atmospheric stability classes [%]
Years | Temperature gradient (°C per 100 m) A B C D E v
2015 1.29 8.5 21.2 23.8 39.4 44 2.7
2016 1.30 7.4 21.2 219 414 5.1 3.0
2017 1.63 10.7 23.6 22.8 37.0 3.6 24
2018 1.49 11.1 24.2 20.7 35.5 5.0 3.6
2019 1.66 9.6 23.6 24.0 354 4.2 33
Table 2. Interannual changes of the average annual values of the wind vector
Years Modulus of the wind vector [ms™'] Direction of the wind vector (degree)
0Om 100 m 200 m 300 m 0Om 100 m 200 m 300 m

2015 1.3 1.6 1.8 2.4 234 240 242 243

2016 1.0 1.2 1.6 2.7 231 236 237 238

2017 1.7 2.0 2.8 3.9 230 234 237 238

2018 0.9 1.1 1.7 2.7 224 224 226 230

2019 1.3 1.6 22 3.1 217 220 224 229




F. F. Bryukhan.: Assessment of Atmospheric Dispersion Stability Based on the ...
Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 1, pp. 50-55 53

According to tab. 1, the vertical temperature gra-
dient throughout the entire study period 2015-2019 is
positive and varies between 1.29 and 1.29-1.63 °C per
100 m. Such pattern of temperature changes with
height characterizes a high degree of ABL turbulence
that is favorable for the intense dispersion of
radionuclides. Table 1 shows the atmospheric stability
classes as per Pasquill-Vogt: A—extremely unstable, B
— moderately unstable, C — weakly unstable, D — neu-
tral, E — weakly stable, and F — stable [16, 17]. As fol-
lows from this table, classes B, C, and D characteristic
of favorable radionuclide dispersion conditions were
prevailing throughout the entire observation period.
Adverse stability classes (E and F) are observed quite
rarely, and their total repeatability does not exceed
12 %.

The Pasquill-Vogt atmospheric stability class
system used [16, 17] has a significant advantage over
other systems, for example, the Pasquill atmospheric
stability classes and their modifications, are widely
applied in the ABL state studies in the vicinity of nu-
clear facilities and thermal power plants [16-19]. Sta-
bility classes make it possible to determine the de-
pendence of the parameters of vertical and horizontal
dispersion of contaminants in the ABL, under differ-
ent weather conditions, used in mathematical models
for calculating the concentration fields of contami-
nants. The advantage of the Pasquill-Vogt stability
class system over the Pasquill stability classes is that
there is no need to use additional data from meteoro-
logical stations to determine the atmospheric stability
classes and they can be determined based on the data
from the SODAR/RASS measuring complex, based

on the wind speed at a height of 10 m and the vertical
gradient of the air temperature in the lower 120-meter
of the ABL [5].

Individual classes in both aforementioned sys-
tems have the same qualitative matter and are charac-
terized by some quantitative differences in the param-
eters of vertical and horizontal dispersion. At the same
time, the experience indicates that the calculated con-
centrations of contaminants in the ABL, at medium
and long distances from the source (approximately
0.5-10 km), for the Gaussian model of atmospheric
dispersion [16] and its modifications, do not have sig-
nificant differences when using both mentioned atmo-
spheric stability class systems. It should be noted that
the greatest hazard to the population is represented by
such weather conditions, which are characterized by E
and F classes, which account for the long-distance
transport of contaminants. However, a favorable cir-
cumstance is that such conditions occur quite rarely
(see tab. 1).

The results presented in tab. 2 demonstrate that
the wind sharply increases with height, and the charac-
teristic values of its speed vary within 1-4 ms~!. In the
long term, interannual variations in wind speed are in-
significant and commensurate with the measurement
accuracy. Table 2 shows that west-southwest winds
prevail during the entire period of monitoring observa-
tions.

Thus, the relative stability of the main average
annual characteristics of atmospheric dispersion is
noted throughout the entire observation period,
2015-2019.

At the same time, the average seasonal charac-
teristics of atmospheric dispersion demonstrate signif-
icant variability in the annual course (see tab. 3). The

Table 3. Intra-annual changes of the atmospheric dispersion parameters

ABL dispersion characteristics - - Seasons
Winter Spring Summer Autumn

Temperature gradient in the 0-300 m layer (°C per 100 m) 2.03 1.56 0.90 1.40
Repeatability of stability classes [%]
A 11.7 9.3 9.7 6.7
B 22.1 252 21.6 22.1
C 26.3 23.6 17.9 229
D 352 34.9 39.1 41.7
E 2.8 4.4 6.4 4.4
F 1.9 2.6 53 22
Wind vector modulus at ABL heights [ms™']
0 1.8 0.8 1.4 1.6
100 m 2.3 0.9 1.7 1.9
200 m 3.0 1.1 22 2.7
300 m 3.8 1.8 3.0 3.7
Wind vector direction (degree)
0 217 242 274 213
100 m 219 250 275 227
200 m 226 248 272 212
300 m 230 235 263 220
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air temperature gradient in the 0-300 m layer is posi-
tive and reaches its maximum in the winter months and
the minimum — in the summer months. The repeatabil-
ity of adverse atmospheric stability classes (E and F)
increases from winter to summer from 4.7 to 11.7 %.
In spring and autumn months it is about 7 %. In all sea-
sons, the wind speed significantly rises with height,
while its direction remains relatively stable. In the an-
nual course, the wind speed weakens from the winter
months to the spring and summer ones, but its direc-
tion is characterized by relative stability.

The experience gained in the ABL monitoring
with the use of SODAR/RASS system at the
Belorussian NPP site has shown that it is an effective
means of obtaining initial data for assessing the cur-
rent and time-averaged characteristics of radionuclide
dispersion in the atmosphere. Similar studies of the
ABL status have prospects for assessing dispersion
conditions of the pollutants released into the atmo-
sphere by thermal power plants and chemical enter-
prises.

CONCLUSION

Based on the ABL remote sensing data of the at-
mosphere at the Belorussian NPP site, the interannual
and intra-annual variability of the main ABL disper-
sion parameters was assessed. It was established that
the ABL state is characterized by a high degree of the
ABL turbulence that is favorable for dispersion of the
polluting agents. At the same time, the repeatability of
adverse atmospheric stability classes is insignificant
and does not exceed 12 %. It is demonstrated that the
main average annual characteristics of atmospheric
dispersion (such as vertical gradient of temperature,
atmospheric stability classes, wind speed and direc-
tion) are characterized by interannual stability
throughout the 2015-2019 observation period. Along
with this, the average seasonal values of these disper-
sion parameters are characterized by significant
changes over the annual course. It is noted that the
ABL monitoring is also promising for assessing dis-
persion conditions of the pollutants released into the
atmosphere by thermal power plants [19] and chemi-
cal enterprises [20].
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®enop ©. bPJYKAH

INPOLIEHA CTABMJIHOCTN ATMOC®EPCKE JUCIIEP3UJE HA OCHOBY
MOHUTOPUHI'A ATMOC®EPCKOI' TPAHUYHOI CJIOJA Y OKOJ/IMHU
BEJIOPYCKE HYKIEAPHE EJIEKTPAHE

3060r unmkEeHNIE 1a je MOTEeHIMjaTHa PETHA 3/IpaB/by CTAHOBHUIIITBY KOj€ SKWBU y OJIU3WHH
HYKJICAPHUX €JICKTPaHa y BENHKO] Mepu ofipeheHa HMBOOM 3araheHOCTH Ba3flyxa pagHOHYKIUIUIMA,
ueHTH(UKaIFja yClIoBa aucnepsnje 3arabuBaua y atMochepckoM MOTPAHUYHOM CJIOjY je Off BEJMKOT
3Havaja 3a pa3Boj CpeficTaBa MHXKEHEPCKE 3aIITHTE HYKJIECAPHUX MOCTPOjera. 3a y3BpaT, MHXKEHepcKa
3aIITHTa HYKJICApHHX eIeKTpaHa oMoryhaBa pa3Boj ayToMaTH30BaHMX CACTpeMa 3a paheme 3padeba u
I UXOBHX TNIABHUX KOMIIOHEHTH, TO jecT, cucTeMa 3a mnpaheme cTamba aTMOC(EpPCKOT TPAaHUYHOT CJI0ja.
Kapa ce ananusupa u npefiuba crame pajujanyje y OJIM3uHI HyKIICApHUX SIIEKTPaHa, BAXKHO je OAPEeuTH
mapameTpe MPOMEHIJBUBOCTH aTMOC(epeKe ANCIep3Hje TOKOM BpeMeHa. OBO HCTpakiBarhe NMa 3a IAJb f1a
IPOLCHI CE30HCKY M BHIICTOMMIIY IPOMEHIBIBOCT IapaMeTapa aTMOC(epeKe Aucnepsuje y peruony
Oeltopycke HykjleapHEe eIeKTpaHe Ha OCHOBY IOfaTaka mpahera aTMOCepcKor rpaHndHor cioja. Osa
CTylWja OTKpWIa je pelaTHBHYy CTaOWIHOCT TOKOM TOJIMHA TJIABHUX MPOCEYHUX TOJUIIHUX
KapaKTepucTuka aTMocdepcke aucnep3nje y nocmatpanom nepuoay 2015-2019. MicroBpemeHo, mpoceune
CE30HCKE BPENHOCTH IapaMeTapa AUCIep3dje TPaHWIHOT Clioja aTMocepe KapaKTEepully 3HadajHy
(pnykTyanmje TOKOM TOAWIIE-Er Kypca. YouaBa ce MNPUMEHJBUBOCT TaKBOI Haa30pa 3a oOcTaje
MOTEHIWjaTHO OIIACHE UHAYCTPHjCcKe 00jeKTe, TIOMyT TePMOCIEKTpaHa U XeMHUjCKHUX MOCTPOjera.

Kmwyune peuu: 3azabewe 6azoyxa, aiimocgepcka ouciiepauja, paoujayllona cuzZypHoci, HyKaeapta
enaeKilipana, attmocgepcku ZpaHusHu caoj




