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Due to the fact that the po ten tial threat to the health to the pub lic liv ing near nu clear power
plants is largely de ter mined by the level of air pol lu tion by radionuclides, iden ti fi ca tion of the
dis per sion con di tions of pol lut ants in the at mo spheric bound ary layer is of great im por tance
in the de vel op ment of en gi neer ing pro tec tion means for nu clear fa cil i ties. In turn, the en gi -
neer ing pro tec tion of nu clear power plants pro vides for the de vel op ment of au to mated ra di a -
tion mon i tor ing sys tems and their main com po nents, i. e. at mo spheric bound ary layer sta tus
mon i tor ing sys tems. When an a lyz ing and pre dict ing the ra di a tion sit u a tion in the vi cin ity of
nu clear power plants, the de ter mi na tion of at mo spheric dis per sion vari abil ity pa ram e ters
over time is es sen tial. This re search is aimed at as sess ing interannual and intra-an nual vari -
abil ity of at mo spheric dis per sion pa ram e ters in the Belorussian nu clear power plant sit ing re -
gion based on the at mo spheric bound ary layer mon i tor ing data. This study has re vealed the
rel a tive interannual sta bil ity of the main av er age an nual at mo spheric dis per sion char ac ter is -
tics through out the ob ser va tion pe riod in 2015-2019. At the same time, the av er age sea sonal
val ues of the at mo spheric bound ary layer dis per sion pa ram e ters are char ac ter ized by sig nif i -
cant fluc tu a tions thereof over the an nual course. The fea si bil ity of such mon i tor ing for other
po ten tially haz ard ous in dus trial fa cil i ties, such as ther mal power plants and chem i cal plants,
is also noted.
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IN TRO DUC TION

Due to the gen eral up ward trend in the en vi ron -
men tal safety level of haz ard ous in dus tries, in clud ing
nu clear power plants (NPP), the de vel op ment of en vi -
ron men tal mon i tor ing is noted [1]. It is known that
NPP are char ac ter ized by po ten tial re lease of
radionuclides into the at mo sphere, as well as their mi -
gra tion in var i ous land scape com po nents [2].
Radionuclide dis per sion mainly oc curs in the at mo -
spheric bound ary layer (ABL), which ex tends from
the ground sur face to the heights of about 1 km. At
that, the ABL is the key me dium through which
radionuclides in gress into other me dia. The level of at -
mo spheric pol lu tion sig nif i cantly af fects hu man
health [3] and de pends on the con di tions of at mo -
spheric dis per sion, which is a com bi na tion of the pol -
lut ants trans port by di rected air-flow (wind) and tur -
bu lent dif fu sion [4].

There fore, at var i ous stages of the NPP life cy cle
(con struc tion, op er a tion, and de com mis sion ing) a de -
tailed study of the ABL at mo spheric dis per sion con di -
tions is car ried out at the NPP sites. In par tic u lar, it is
en vis aged to de velop au to mated ra di a tion mon i tor ing
sys tems and their main com po nents – ABL pa ram e ters 
mea sur ing sys tems [5]. Ac cord ing to [5, 6], the key
tasks of such mon i tor ing are:
– to de ter mine the ABL dis per sion char ac ter is tics

that are re quired for cal cu la tions of the po ten tial
ra di a tion im pact on plant per son nel, the pub lic
and the en vi ron ment in case of vi o la tions in nor -
mal NPP op er a tion, in clud ing ac ci dents,

– to pre dict and timely de tect the trends in fluc tu a -
tions of the ABL dis per sion char ac ter is tics over
time, and

– to de velop rec om men da tions aimed at mit i gat ing
the ad verse im pact of NPP on the en vi ron ment.

The ABL mon i tor ing pro vides for im ple men ta -
tion of con tin u ous ob ser va tion of the ABL sta tus, and
first of all, the wind speed and di rec tion, as well as the
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air tem per a ture, which de ter mine the mode of at mo -
spheric dis per sion. In ad di tion, the mon i tor ing sys tem
en sures ar chiv ing ob ser va tional data and cal cu lat ing
the de sign dis per sion char ac ter is tics of ABL.

Cur rently, in var i ous coun tries of the world, the
ABL sta tus mon i tor ing is usu ally car ried out by means
of acous tic and ra dio-acous tic sens ing of the at mo -
sphere with the help of sodars and RASS sys tems
[7-9]. Com bined mea sure ment sys tems con sist ing of
sodars and RASS al low re mote re cord ing of ver ti cal
pro files of the wind vec tor and air tem per a ture in the
lower at mo spheric layer ex tend ing to the heights of
600-1000 m [10-12].

This re search is aimed at as sess ing interannual
and intra-an nual vari abil ity of the ABL dis per sion pa -
ram e ters in the Belorussian NPP sit ing re gion based on 
the mon i tor ing data of re mote sens ing of the at mo -
sphere. This ar ti cle con tains the data ob served over the 
last five full years (from 2015 to 2019) and ob tained by 
spe cial ists from the Sci en tific & In dus trial As so ci a -
tion Gidrotekhproekt and the Mos cow State Uni ver -
sity of Civil En gi neer ing. The cli ma tic re gime of at -
mo spheric dis per sion in this area was stud ied ear lier in 
the frame work of en gi neer ing sur veys us ing ra dio -
sonde ob ser va tions [13].

METH OD OL OGY

The SODAR/RASS-based mon i tor ing sys tem
pro vides for real-time mea sure ment of the fol low ing
ABL pa ram e ters:
– air tem per a ture,
– wind speed and di rec tion, and
– air tur bu lence.

The SODAR is used for re mote mea sure ment of
the tur bu lence struc ture and wind vec tor at var i ous
heights within the ABL. To de tect at mo spheric
inhomogeneities caused by at mo spheric tur bu lence,
sodars emit acous tic waves. The re flected acous tic sig nal 
is pro cessed by the built-in soft ware and the re sult ing
val ues of the in ten sity and fre quency shift are used to de -
ter mine the wind speed and di rec tion, as well as the tur -
bu lence prop er ties [9, 12]. 

The ra dio-acous tic method of sens ing the at mo -
sphere is based on the fact that RASS sys tems emit
elec tro mag netic waves that are re flected from at mo -
spheric inhomogeneities cre ated by acous tic waves
dur ing the op er a tion of sodars. Elec tro mag netic ra di a -
tion pass ing through the air causes pe ri odic changes in
the di elec tric con stant of air, which scat ter elec tro mag -
netic waves with a co her ent ad di tion of scat tered en -
ergy [12]. Elec tro mag netic ra di a tion re flected from
the pe ri odic struc ture of inhomogeneities is re ceived
by the RASS an tenna. Us ing the pa ram e ters of the re -
ceived sig nal, it is pos si ble to de ter mine the speed of
sound at var i ous heights of the ABL, and con se -
quently, the air tem per a ture. Ini tial pro cess ing of re -

ceived sig nals and tem per a ture cal cu la tions are per -
formed by the soft ware built into the RASS sys tem.
[12].

The ob ser va tion mon i tor ing sys tem, which in -
cludes the SODAR/RASS mea sur ing com plex and a
data pro cess ing sub sys tem, car ries out au to matic re -
cord ing and ac cu mu la tion of the mea sure ment data.
This sub sys tem pro vides for main tain ing a da ta base
and cal cu lat ing a set of the ABL dis per sion char ac ter -
is tics by means of the spe cially de vel oped soft ware
[5].

A SODAR/RASS mea sur ing com plex de vel -
oped by the METEK GmbH (Ger many) was in stalled
at a weather sta tion in the vil lage of Markuny lo cated
4.5 km east-north east of the Belorussian NPP site (see
fig. 1). The area ad ja cent to the Belorussian NPP is
slightly hilly: el e va tion dif fer ence var ies from 10 m to
20 m per 1 km. Upon com ple tion of the equip ment ad -
just ment and com mis sion ing, con tin u ous sens ing of
the at mo sphere was launched in Au gust 2014 and it is
go ing on to date. The ABL pa ram e ters are au to mat i -
cally mea sured and re corded ev ery 10 min utes. A
photo im age of the mea sur ing com plex is pre sented in
fig. 2. 
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Fig ure 1. Lo ca tion of the ewather sta tion p  and the
ob ser va tion mon i tor ing point ¢  in re la tion to the NPP
site

Fig ure 2. Mea sur ing and mon i tor ing SODAR/RASS
sys tem



The op er a tion of the SODAR/RASS com plex at
the Belarusian NPP site has dem on strated that in some
cases there are sig nif i cant er rors in mea sur ing the air
tem per a ture. Ear lier, such er rors with a sys tem atic
com po nent were iden ti fied in [14]. Along with this,
mea sure ments of wind speed and di rec tion pro vide
quite re li able re sults. So, ac cord ing to [15], the er ror in 
the wind speed mea sur ing does not ex ceed 1 m/s,
while the er ror in mea sur ing the wind di rec tion is sev -
eral de grees. More over, the com po nents of the wind
vec tor do not have sys tem atic er rors. To elim i nate er -
ro ne ous air tem per a ture val ues at the stage of sta tis ti -
cal data pro cess ing, the tem per a ture data is con trolled
based on the cli ma tic norms for stan dard heights in dif -
fer ent months of the year and cor re spond ing stan dard
de vi a tions. 

Tak ing into ac count the wide dis tri bu tion of
SODAR/RASS com plexes at the sites of var i ous NPP
and the pos i tive ex pe ri ence of their op er a tion, such
com plexes can be con sid ered op ti mal for ABL mon i -
tor ing. The eco nomic ben e fits of SODAR/RASS com -
plexes ver sus the con ven tional meth ods for ABL stud -
ies, such as ra dio sens ing sys tems and me te o ro log i cal
masts, should also be noted. Be sides, a sig nif i cant al ti -
tude limit of mea sure ments (up to 500-900 m) pro -
vides ad di tional ad van tages of SODAR/RASS over
me te o ro log i cal masts, usu ally hav ing a small height
(up to 150 m). How ever, it should be em pha sized that
the ABL char ac ter is tics are mea sured more or less re li -
ably up to the heights of 500-600 m.

In the course of mon i tor ing, the da ta base is be ing 
main tained and up dated. Data ar rays are formed for
the cur rent months. The data pro cess ing pro grams de -
vel oped by the au thor in clude data con trol, their in ter -
po la tion to heights, as well as cal cu la tion of the fol -
low ing char ac ter is tics:
– av er age air tem per a tures at al ti tudes of 0, 100,

300, 600 m,
– re peat abil ity of at mo spheric sta bil ity classes,

– av er age val ues of the ver ti cal tem per a ture gra di -
ent in lay ers 0-300 m and 0-600 m,

– re peat abil ity and av er age val ues of thick ness and
in ten sity of sur face in ver sions in lay ers 0-300 m
and 300-600 m,

– re peat abil ity and av er age val ues of the thick ness
and in ten sity of el e vated in ver sions in the 0-600 m 
layer ac cord ing to the gra da tions of heights of the
lower in ver sions: 0-300 m and 300-600 m,

– av er age wind speeds  at  heights of 0, 100, 300,
600 m,

– speeds and di rec tions of the av er age re sult ing
wind vec tor at heights of 0, 100, 300, 600 m,

– stan dard de vi a tions of the com po nents of the wind 
vec tor at heights of 0, 100, 300, 600 m,

– re peat abil ity of wind di rec tions in 16 points of the
com pass and calm at heights of 0, 100, 200 m,

– av er age wind speeds at 16 points of the com pass
and calm at heights of 0, 100, 200 m, and

– an ar ray of joint re peat abil ity of at mo spheric sta -
bil ity classes, wind speeds and di rec tions at 16
points of the com pass at heights of 0, 100, 200 m.

The pre vi ously listed pa ram e ters  above al low
the sub se quent cal cu la tion of the con cen tra tion fields
of pol lut ing agents in the ABL. The re sults of cal cu lat -
ing ABL pa ram e ters over the past five full years make
it pos si ble to iden tify the main fea tures of interannual
and intra-an nual changes in the dis per sion char ac ter is -
tics of the ABL.

RE SULTS AND DIS CUS SION

The fol low ing main char ac ter is tics of the ABL
are dis cussed: ver ti cal gra di ent of air tem per a ture, at -
mo spheric sta bil ity classes, modulus, and di rec tion of
the hor i zon tal wind vec tor. The interannual changes in
these char ac ter is tics av er aged over cur rent years are
pre sented in tab. 1 and 2.
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Ta ble 1. Interannual changes of the av er age an nual tem per a ture gra di ent and at mo spheric sta bil ity classes

Years Tem per a ture gra di ent (°C per 100 m)
Re peat abil ity of at mo spheric sta bil ity classes  [%]

A B C D E F

2015 1.29 8.5 21.2 23.8 39.4 4.4 2.7

2016 1.30 7.4 21.2 21.9 41.4 5.1 3.0

2017 1.63 10.7 23.6 22.8 37.0 3.6 2.4

2018 1.49 11.1 24.2 20.7 35.5 5.0 3.6

2019 1.66 9.6 23.6 24.0 35.4 4.2 3.3

Ta ble 2. Interannual changes of the av er age an nual val ues of the wind vec tor

Years
Modulus of the wind vec tor [ms–1] Di rec tion of the wind vec tor (de gree)

0 m 100 m 200 m 300 m 0 m 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 2.2 3.1 217 220 224 229



Ac cord ing to tab. 1, the ver ti cal tem per a ture gra -
di ent through out the en tire study pe riod 2015-2019 is
pos i tive and var ies be tween 1.29 and 1.29-1.63 ºC per
100 m. Such pat tern of tem per a ture changes with
height char ac ter izes a high de gree of ABL tur bu lence
that is fa vor able for the in tense dis per sion of
radionuclides. Table 1 shows the at mo spheric sta bil ity
classes as per Pasquill-Vogt: A – ex tremely un sta ble, B 
– mod er ately un sta ble, C – weakly un sta ble, D – neu -
tral, E – weakly sta ble, and F – sta ble [16, 17]. As fol -
lows from this ta ble, classes B, C, and D char ac ter is tic
of fa vor able radionuclide dis per sion con di tions were
pre vail ing through out the en tire ob ser va tion pe riod.
Ad verse sta bil ity classes (E and F) are ob served quite
rarely,  and  their  to tal  re peat abil ity  does not ex ceed
12 %.

The Pasquill-Vogt at mo spheric sta bil ity class
sys tem used [16, 17] has a sig nif i cant ad van tage over
other sys tems, for ex am ple, the Pasquill at mo spheric
sta bil ity classes and their mod i fi ca tions, are widely
applied in the ABL state stud ies in the vi cin ity of nu -
clear fa cil i ties and ther mal power plants [16-19]. Sta -
bil ity classes make it pos si ble to de ter mine the de -
pend ence of the pa ram e ters of ver ti cal and hor i zon tal
dis per sion of con tam i nants in the ABL, un der dif fer -
ent weather con di tions, used in math e mat i cal mod els
for cal cu lat ing the con cen tra tion fields of con tam i -
nants. The ad van tage of the Pasquill-Vogt sta bil ity
class sys tem over the Pasquill sta bil ity classes is that
there is no need to use ad di tional data from me te o ro -
log i cal sta tions to de ter mine the at mo spheric sta bil ity
classes and they can be de ter mined based on the data
from the SODAR/RASS mea sur ing com plex, based

on the wind speed at a height of 10 m and the ver ti cal
gra di ent of the air tem per a ture in the lower 120-me ter
of the ABL [5].

In di vid ual classes in both afore men tioned sys -
tems have the same qual i ta tive mat ter and are char ac -
ter ized by some quan ti ta tive dif fer ences in the pa ram -
e ters of ver ti cal and hor i zon tal dis per sion. At the same
time, the ex pe ri ence in di cates that the cal cu lated con -
cen tra tions of con tam i nants in the ABL, at me dium
and long dis tances from the source (ap prox i mately
0.5-10 km), for the Gaussi an model of at mo spheric
dis per sion [16] and its mod i fi ca tions, do not have sig -
nif i cant dif fer ences when us ing both men tioned at mo -
spheric sta bil ity class sys tems. It should be noted that
the great est haz ard to the pop u la tion is rep re sented by
such weather con di tions, which are char ac ter ized by E
and F classes, which ac count for the long-dis tance
trans port of con tam i nants. How ever, a fa vor able cir -
cum stance is that such con di tions oc cur quite rarely
(see tab. 1).

The re sults pre sented in tab. 2 dem on strate that
the wind sharply in creases with height, and the char ac -
ter is tic val ues of its speed vary within 1-4 ms–1. In the
long term, interannual vari a tions in wind speed are in -
sig nif i cant and com men su rate with the mea sure ment
ac cu racy. Ta ble 2 shows that west-south west winds
pre vail dur ing the en tire pe riod of mon i tor ing ob ser va -
tions. 

Thus, the rel a tive sta bil ity of the main av er age
an nual char ac ter is tics of at mo spheric dis per sion is
noted through out the en tire ob ser va tion pe riod,
2015-2019.

At the same time, the av er age sea sonal char ac -
ter is tics of at mo spheric dis per sion dem on strate sig nif -
i cant vari abil ity in the an nual course (see tab. 3). The
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Ta ble 3. Intra-an nual changes of the at mo spheric dis per sion pa ram e ters

ABL dis per sion char ac ter is tics
Sea sons

Win ter Spring Sum mer Au tumn

Tem per a ture gra di ent in the 0-300 m layer (ºC per 100 m) 2.03 1.56 0.90 1.40

Re peat abil ity of sta bil ity classes [%]

A 11.7 9.3 9.7 6.7

B 22.1 25.2 21.6 22.1

C 26.3 23.6 17.9 22.9

D 35.2 34.9 39.1 41.7

E 2.8 4.4 6.4 4.4

F 1.9 2.6 5.3 2.2

Wind vec tor modulus at ABL heights [ms–1]

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 2.2 2.7

300 m 3.8 1.8 3.0 3.7

Wind vec tor di rec tion (de gree)

0 217 242 274 213

100 m 219 250 275 227

200 m 226 248 272 212

300 m 230 235 263 220



air tem per a ture gra di ent in the 0-300 m layer is pos i -
tive and reaches its max i mum in the win ter months and 
the min i mum – in the sum mer months. The re peat abil -
ity of ad verse at mo spheric sta bil ity classes (E and F)
in creases from win ter to sum mer from 4.7 to 11.7 %.
In spring and au tumn months it is about 7 %. In all sea -
sons, the wind speed sig nif i cantly rises with height,
while its di rec tion re mains rel a tively sta ble. In the an -
nual course, the wind speed weak ens from the win ter
months to the spring and sum mer ones, but its di rec -
tion is char ac ter ized by rel a tive sta bil ity.

The ex pe ri ence gained in the ABL mon i tor ing
with the use of SODAR/RASS sys tem at the
Belorussian NPP site has shown that it is an ef fec tive
means of ob tain ing ini tial data for as sess ing the cur -
rent and time-av er aged char ac ter is tics of radionuclide
dis per sion in the at mo sphere. Sim i lar stud ies of the
ABL sta tus have pros pects for as sess ing dis per sion
con di tions of the pol lut ants re leased into the at mo -
sphere by ther mal power plants and chem i cal en ter -
prises.

CON CLU SION

Based on the ABL re mote sens ing data of the at -
mo sphere at the Belorussian NPP site, the interannual
and intra-an nual vari abil ity of the main ABL dis per -
sion pa ram e ters was as sessed. It was es tab lished that
the ABL state is char ac ter ized by a high de gree of the
ABL tur bu lence that is fa vor able for dis per sion of the
pol lut ing agents. At the same time, the re peat abil ity of
ad verse at mo spheric sta bil ity classes is in sig nif i cant
and does not ex ceed 12 %. It is dem on strated that the
main av er age an nual char ac ter is tics of at mo spheric
dis per sion (such as ver ti cal gra di ent of tem per a ture,
at mo spheric sta bil ity classes, wind speed and di rec -
tion) are char ac ter ized by interannual sta bil ity
through out the 2015-2019 ob ser va tion pe riod. Along
with this, the av er age sea sonal val ues of these dis per -
sion pa ram e ters are char ac ter ized by sig nif i cant
changes over the an nual course. It is noted that the
ABL mon i tor ing is also prom is ing for as sess ing dis -
per sion con di tions of the pol lut ants re leased into the
at mo sphere by ther mal power plants [19] and chem i -
cal en ter prises [20].
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Fedor F. BRJUKAN

PROCENA  STABILNOSTI  ATMOSFERSKE  DISPERZIJE  NA  OSNOVU 
MONITORINGA  ATMOSFERSKOG  GRANI^NOG  SLOJA  U  OKOLINI

BELORUSKE  NUKLEARNE  ELEKTRANE

Zbog ~iwenice da je potencijalna pretwa zdravqu stanovni{tvu koje `ivi u blizini
nuklearnih elektrana u velikoj meri odre|ena nivoom zaga|enosti vazduha radionuklidima,
identifikacija uslova disperzije zaga|iva~a u atmosferskom pograni~nom sloju je od velikog
zna~aja za razvoj sredstava in`ewerske za{tite nuklearnih postrojewa. Za uzvrat, in`ewerska
za{tita nuklearnih elektrana omogu}ava razvoj automatizovanih sistrema za pra}ewe zra~ewa i
wihovih glavnih komponenti, to jest, sistema za pra}ewe stawa atmosferskog grani~nog sloja.
Kada se analizira i predvi|a stawe radijacije u blizini nuklearnih elektrana, va`no je odrediti
parametre promenqivosti atmosferske disperzije tokom vremena. Ovo istra`ivawe ima za ciq da 
proceni sezonsku i vi{egodi{wu promenqivost parametara atmosferske disperzije u regionu
beloruske nuklearne elektrane na osnovu podataka pra}ewa atmosferskog grani~nog sloja. Ova
studija otkrila je relativnu stabilnost tokom godina glavnih prose~nih godi{wih
karakteristika atmosferske disperzije u posmatranom periodu 2015-2019. Istovremeno, prose~ne
sezonske vrednosti parametara disperzije grani~nog sloja atmosfere karakteri{u zna~ajnu
fluktuacije tokom godi{weg kursa. Uo~ava se primenqivost takvog nadzora za ostale
potencijalno opasne industrijske objekte, poput termoelektrana i hemijskih postrojewa.

Kqu~ne re~i: zaga|ewe vazduha, atmosferska disperzija, radijaciona sigurnost, nuklearna
..........................elektrana, atmosferski grani~ni sloj


