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ANALYSIS OF PROCESSES OF AEROSOLPARTICLE TRANSFER AND DEPOSITION  

ON CHARACTERSURFACES OF INFRASTRUCTURENPP 
The developed model of calculation of dynamics of distribution of waste substance emission in 

emergency situations is presented in this article. An assessment of the mechanisms of the deposition of 
radioactive substances on the characteristic surfaces of the NPP in emergency situations is made. The 
areas of preferential deposition of waste aerosols on the characteristic surfaces infrastructure for NPP 
are defined as a result of numerical simulation. 

Introduction. The aim of the work was to 
analyze the processes of aerosol particle transfer 
and deposition on various types of surfaces under 
emergency situations on the territory of the NPP 
site. Assessing the level of possible radiation ha-
zards is one of the most important tasks that must 
be addressed at all stages of the plant’s life cycle. 
The main requirement is the principle of non-
exceedance of marginal values for NPP radioac-
tive emissions and for personnel radiation doses 
caused by them. NPP safety is ensured by analyz-
ing the levels of possible contamination and by 
taking science-based measures to protect plant 
personnel. For the identification of hazards and 
exposure of NPP emission characteristics it is ne-
cessary to create a map of preemptive nuclear 
power plant site pollution on the basis of comput-
er modeling of impurity substance transfer in 
emergency situations. 

Formulation of the research problem. In this 
paper, in the framework of formalized template 
from software package COMSOL Multiphysics 
NPP site model analogue was developed (Fig. 1). 

Impurity transport in the atmosphere and its 
depositing on the earth surface is a complex and 
multifaceted problem. Radioactive cloud distri-
bution is influenced by various factors, includ-
ing the weather conditions of the area, topogra-
phy, etc.  

The system of conservation equations for the 
individual phases is the basis for modeling of flow 
and transported dispersed impurity, which are 
solved numerically together with equations de-
scribing the interphone transfer processes. This 
system of conservation equations is complemented 
by corresponding sets of initial and boundary con-
ditions, and also integral parameters of the anthro-
pogenic sources. 

 
Fig. 1. Model analog and computational grid  

of NPP site (geometric parameters -2000×2000×300 m) 

To model the dynamics of the carrying flow 
the following system of conservation equations is 
adopted [2]: 
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xj (in this model i, j = 1, 2, 3, i ≠ j; x1, x2, x3 – spatial 
coordinates); t – time; P, T – pressure, temperature; 
ρis the density; g – acceleration of gravity; ν, a –
coefficients of kinematic viscosity, thermal diffusivi-
ty; K – turbulent kinetic energy according to the «k-ε» 
turbulence model. Lower symbol E -effective value. 

To describe the process of dispersed radionuc-
lide transport in the flow the initial system conser-
vation equations (1)–(3) is supplemented by the 
equations of motion and conservation of aerosol 
particles [2]: 
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where Np,n – the volume concentration of particles 
in the size Ln; (Wp,n)i – particle size velocity com-
ponent Ln; Dp,n – diffusion coefficient of the par-
ticle size Ln; [ N p(Ln)] – a function of the particle 
size distribution Ln; Jp,n – source particle size Ln. 
The above equations are supplemented by initial 
and boundary conditions, taking into account the 
general plan of the NPP, including meteorological 
data and the topography of the underlying surface. 
On the territory of the NPP site, there are three 
main types of surface. One can assume that in 
an emergency the surface structure affects mainly 
the dynamics of propagation of accidental releases. 
For different categories of alarms emitted prefera-
bly iodine and cesium in the form of aerosol par-
ticles with a size of 1 mm  [3]. Because of the low 
concentration of particulate matter flow equations 
(1)–(3) and (4)–(5) are solved independently. 

For the numerical implementation of the mod-
el analogue of the NPP site was used finite ele-
ment method in the interpretation of COMSOL 
Multiphysics. 

Open water. As the results of full-scale expe-
rimental and computational studies, all aerosol 
strapped in the boundary layer ≈1 m above the pre-
cipitate in an aqueous environment without re-
entrainment.  

Solid surface. Aerosol deposition efficiency is 
determined by the structure of the flow and aerosol 
properties. 

To compare various types of ground surface by 
deposition rates and the formation of the surface 
concentration of radioactive substances can be 
used for effective data rate of deposition sedv . The 
value has the dimension of speed m/s (Table, [4]). 
Values can be used to determine the intensity of 

precipitation of the known concentration of fission 
products in the atmosphere by the formula 

 = ⋅ sedd q v , (7) 

where in q – concentration in the air Bq/m3; d – 
intensity of precipitation, Bq/(m2·s).  

The values of the deposition rate  
of fission products, sedv  

Type of the underlying 
surface 

210 ,м⋅sedv  

Grass meadow 0.25–4.00 
Mown grass 0.59 
Dry soil 0.33 

Experimental data refer to aerosol particles 
of  ≈0.2 mm size under turbulent mechanism of 
deposition. 

Surface with “roughness”. The analysis of the 
data given in the table has shown that the intensity 
of deposition of radioactive substances on the 
mown grass or lawn is approximately twice as high 
than the same for the dry solid surface. In case of 
more rich vegetation the intensity of deposition 
will be even higher. Such a divergence in deposi-
tion intensity is caused by the fact that the vegeta-
tion which covers the surface may have different 
specific deposition surface (per unit of a ground 
surface) and a different degree of inhibition of the 
air flow which carries aerosol particles. When us-
ing exact models of the deposition processes the 
rich vegetation may be simulated by a porous me-
dium with a different degree of porosity and differ-
ent permeability coefficient.  

The process of radioactive substances deposi-
tion on specific surfaces of NPP territories depends 
also on local hydro meteorological conditions  
such as humidity, precipitation, winds, atmospheric 
phenomena, temperature inversion. 

The climate of the NPP industrial site is tempe-
rate continental with quite warm and long summer 
and moderately cold winter. The average annual 
temperature is 5.4°С, an absolute maximum is 
+35°С, an absolute minimum is –40°С.  

Research results. The diagram of the compu-
tational experiment on the model evaluation stan-
dard is shown in the Fig.  2 [1]: 

– height of the cubic-shaped building H = 60 m; 
– wind U0 = 7 m/secon the left boundary of 

the computational domain. Wind direction from 
left to right; 

– the centre of the cube is located at a distance 
3.5Н from the left edge; 

– near the ground source at a distance 0.25Н 
behind the building. 

Concentration of contaminants emissions was 
measured on the lines L3L4 and on the track axis. 



C

ev

sc
uc

L

su
ob

th
pa
ti
ac
tu
(R

el
op
co
fo
ti

Chem

 

F
valu

C
chem
cts 

1
Live

o
m
of

F
urem
bse

C
he d
arti
ons
cco
ute 
Rus

T
l pr
ped
ome
or s
on 

0,

0,
0,
0,
0,
0,
0,
0,

0.
0.
0.
0.
0.
0.
0.
0.

mic

Fig.
uatio

Calc
me 
are

Fig

to t
 – th
erm
of th

mean
f th

of t

Fig.
men

erve
Calc
dev
icle
s. V
ordin
of t

ssia
The
rodu
d so
e to
safe
in t

8 

,7 
,6 
,5 
,4 
,3 
,2 
,1 
0 

–

8 
7 
6 
5 
4 
3 
2 
1 
0 

al E

2. S
on (

cula
wi

e sh

g. 3. 
e

the 
he m

more 
he m
nder
e La
LL

the 

.4 (
nts 
ed s
cula

velo
s em

Veri
ng 
the 
). 

e co
ucts
oftw
o a c
ety j
the 

3 

Eng

Sch
(des

atio
ith 
own

Re
mis
con
mod
Na

mea
ring
awr

LNL
of

Rus

(ana
acr
pre
atio

oped
mis
ific
to 
Ru

omp
s co
war
con
just
Rep

–

inee

heme
sign

ons 
the
n in

elativ
ssion
ncen
del o
ation
asure
g flo
renc
L; 4 
f the
ssian

alog
ross
ead 
ons 
d m
ssio
atio
the

ussi

para
onf
e m

nclu
tific
pub

–2 

erin

e of
natio

ba
e us
n Fi

ve c
ns o

ntrat
of th
nal L
ed v
ow)
ce  L

– F
e Nu
n A

g of
s th
of v
we

mod
ns d
on 
e da
an 

ativ
firm
mod
usio
cati
blic

L

ng, 

f sta
ons 

ased
se o
ig. 3

conc
on th
tion
he R
Lab
valu
; 3 –
Live
FLU
ucle

Acad

f Fi
he tr
valu
ere 
del 
dist
of 

ata 
Aca

e an
ms a
dule
on th
ion 
 of 

L1 

3

–1  

Hea

anda
are 

d o
of a
3. 

cent
he l

n of 
RAN
bora
ues o
– th
erm

UEN
ear S
dem

ig. 
rack
ues
pe
of 
trib
thi
of 
ade

naly
an a
e w
hat 
of 
Be

3.5Н

     

at E

ard 
giv

on t
a nu

trati
line 
the 

NS 
atory
of c

he m
ore 

NT; 5
Safe
y of

3) d
k (t
– v

rfor
the

butio
s m
the

emy

ysis
auth

wher
thi
the
laru

Н

    0
u/Н

Engi

pro
ven 

the 
umb

ion 
L4 n
 tes
type
y, L
conc
mode

Na
5 – 

fety 
f Sc

dem
taki
vort
rme

e dy
on i

mod
e Nu
y of

s of
hen
reb
is m
e N
us. 

0     
Н 

inee

ced
acco

gi
ber 

of c
norm
t so
e of

LLN
cent
el of
ation

calc
Inst

cien

mon
ing 
tex 
ed 
yna
in e

del 
ucle
f Sc

f th
tici
y i

mod
NPP 

 

L2

     

1

erin

dure 
ordi

iven
of 

con
mal
ourc
f the

NL); 
trati
f th
nal L
cula
titut

nces 

nstr
into
flo
wit

amic
eme
wa
ear 
cien

he d
ity 
it is
dule

un

2 

2.5Н

 1  

1 

ng a

of m
ing 

n e
f mo

tam
ized
e(F
e La
 2 –
on (
e LE
Lab
ation
te  
(IB

ates
o a

ow).
th t
cs 
erge
as c

Sa
nces

diffe
of 
s p

e ma
nder

Н 

      

2 

3

and 

mod
to t

expe
ode

mina
d  
ig. 2
awre
– the
(vor
ES 

borat
ns 

BRA

s th
cco
. 
the 
of 
ency
carr
afety
s (IB

eren
the

poss
ay b
r co

L

  2 

3 

Ene

dels
the t

erim
el p

nts

2): 
ence
e ran
rtex
type
tory

AE)

he m
ount

us
aer
y si
ied 
y In
BR

nt m
e de
sibl
be u
onst

L3

L

      

4
5

ergy

s  
text

men
prod

 

e  
nge

x  
e  
y, 

mea
t th

e o
roso
itua

ou
nsti

RAE

mod
evel
e t
use
truc

L4

    3

y-Sa

 

t)  

nt
d-

 

e 

a-
he

of
ol
a-
ut
i-

E)

d-
l-
o
d

c-

3

avin

c
t
t
n
a
c

e
o
d
l
w

N
r
w
p
0
i
c
w
d
b
e
s

f
m
c
f
o
t
p
d
o

o
m
i

ng 

(

culi
tion
ters
nolo
affe
con

exp
on 
dist
leas
was

NPP
ronm
win
part
0,1 
in d
calc
wer
dep
be a
equ
stru

field
mat
cite
field
of t
tion
part
dow
one

of t
moi
imp

Fig
(cal

It s
iarit
n of
s of
ogic
ect t
nditi

In 
perim

the
tribu
se o
s a p
Ca

P m
men

nd c
ticle
mp

diam
cula
re e
posi
acc

uatio
uctu

Re
ds o
tter
ed in
ds 
ther
n, re
ticu

wnw
e as 

Fig
ther
istu
pure

0.6

0.5

0.4

0.3

0.2

0.

0

g. 4.
cula
repr

sho
ty o
f no
f im
cal 
the 
ion
the

men
e an
utio
out 
plum

alcu
mas
nt t

curr
es i
ps, 
met
atio
emp
tion
oun
on, 
ure.
esul
of c
s on
n F
in F
rma
esu
ular
wind

we
g. 6
rma
ure f
e pa

6

5

4

3

2

1

0
0.00

 Co
atio
rese

uld
of t
ot o

mpur
ele
em

s. 
e fr
nts 
naly
on 
fro
me 

ulati
ster 
tem
rent
in t
wh

ter 
ons, 
phas
n m
nted

all

ts o
con
n th

Fig. 
Fig

al va
lts 

r, pr
d si
ell.
6 m
al co
from
artic

0     

once
ns w
ente

to

d be
the 

only
rity
eme

miss

ram
the

ysis
in 
m t
alo

ions
r pl

mper
t – 
the 

hat c
and
tw

size
mec
d in
low

of t
ncen
he s

5. 
g 5, 
alue
in m
rese
ide 

ay 
onv
m c
cles

1.00

entra
wer
ed in
o th

e em
dev

y dy
y pa
ents
sion

mewo
ere 
s of
em
the 
ong 
s w
lan 
ratu
10 
car

con
d 10

wo p
ed: 
han

n the
wing

the 
ntra
subs
Fro
in 

es o
mor
enc
of 

serv
vect
cool
s fro

0     

atio
e pe
n th
he sc

mph
velo
ynam
artic
s o
n plu

ork
wer
f th

merg
ven
the

were
an

ure w
mp
rrie
nfor
000
prin
gra

nism
e ge
g p

cal
ation
stru
om 

pa
of e
re r

ce o
f the

ve a
ion
ling
om 

 2.0

on o
erfo
e pr
chem

hasi
ope
mic
cles
f N
um

k of
re c

he d
genc
nt t
e w
e ca
nd s
was

ps. S
er cu
rms
0 kg
ncip
avit
ms 
ene

pres

cul
ns a

uctu
the

artic
emi
real
of d
e so

as i
n, as
g to
the 

00   

f co
orme
rese
me i

ized
ed m
c bu
s em
NPP

me, e

f th
con
dyn
cy 
tube
ind
arri
sum
s 20
Sett
urre
to 

gpm
pal 
tatio
for

eral 
senc

atio
and

ure o
e ty
cula
issio
l co
depo
ourc

illus
s we
ower

ind

  3.

onta
ed b
ent p
in F

d th
mod
ut a
mis
P th
espe

he m
nduc
nam

situ
e. A

d. 
ied 
mme
0оС
tling
ent 
the

m3 [
dep
ona
r im

sys
ce 

on o
d de
on t

ype 
ar, f
on, 
once
osit
ce, 

stra
ell 
rs o
dust

00  
u/Н

amin
by th
pape
Fig. 

hat t
del 
also
sion

hat 
ecia

mod
cted

mics 
uati
An a

out
er 
С, m

g v
at 

e pa
3] 

posi
al an
mpu
stem
of 

of t
epos
the 
of 
foll
i.e

entr
tion
bu

ation
as d
on e
tria

    4
Н 

nant
he m
er a
3 ) 

the 
is 

o th
ns o
can

ally

del 
d te

of 
ions
acc

t fo
con

maxi
velo

10 
arti
in d
itio
nd 

urity
m o

tra

thre
sitio
NP
the

low
. th
rati

n no
ut on

n o
diff
emi
l ve

4.00 

ts em
meth
acco

dis
the
erm
out 
n s

y in 

com
est c
f ra
s w
ide

or t
ndit
imu
city
m 

cle
den
n m
dif

y m
of co
ansp

ee-d
on 
PP t
e co

ws th
herm
on 
ot o
n th

f th
fuse
issio
enti

     5

mis
hod

ordin

stinc
e co
mal

fro
ign
em

mpu
calc
dio

with
nta

the 
tion
um 
y of
hei
s o

nsity
mec
ffus
matt
ons
pare

dim
of i
terr
once
hat 
mal 
pro

only
he 

he i
e co
on 
lati

5.00

sion
dolo
ng  

ctiv
onsi
par

om 
nific
merg

utat
cula
onuc
h th
l re

spe
ns: 
spe
f ae
ight
f 30
y. I
chan
ive
ters 
serv
ent 

mens
imp
ritor
entr
acc
con

ofile
y o
opp

nflu
onde
flum
ion 

0      

8

ns  
gy 

ve p
ider
ram
tec

cant
gen

tion
atio
clid
he r
elea

ecif
env

eed 
eros
t w
0 µ
In th
nism
. Th
m

vatio
su

sion
puri
ry a
ratio
cou
nve
es. 
n th

posi

uen
ens
me 
tub

6.00

81 

pe-
ra-

me-
ch-
tly
cy

nal
ns

des
re-
ase

fic
vi-
of

sol
was
µm 
he
ms
he
ay
on

ub-

nal
ity
are
on

unt
ec-
In
he
ite

nce
ed
of

be.

0 



82 ISSN 1683-0377. Proceedings of BSTU. 2014. No. 3. Chemistry and Technology of Inorganic Substances 

 
Fig. 5. Distribution of concentrations of aerosol particles in the NP infrastructure  

(geometrical characteristics conform to Fig. 1):  
а – space distribution of concentrations in the task on determination;  

b – projection of the concentrations field on substructure (range of concentrations change from 48 10−⋅  to 0.5) 

Fig. 6 cites results of the computing experi-
ments on definition of maximum aerosol concen-
tration on substructure at emission from the venti-
lation tube with the account of the cooling tower at 
their various placements in respect to the wind cur-
rent. Within the framework of the computing expe-
riments the following situations were analyzed: 
situation # 1 – emission  only form the industrial 
ventilation tube 100 m high; situation # 2 – joint 
emission from the industrial ventilation tube and 
“cold” emission  of condensed moisture from the 
cooling tower 170 m high at its placement behind  
(along the wind current) the industrial ventilation 
system; situation # 3 – reciprocal to the  situation # 
2; situation # 4 –  situation # 2  + «hot» emission 
from the cooling tower; situation # 5 – reciprocal 
to the situation # 4. 

 
Fig. 6. Maximum concentration on the substructure  

at the emission from the ventilation tube  
with the account of the cooling tower:  

1 – situation # 1 (according to the text); 2 – situation 
#  2;3 – situation #  3; 4 – situation #  4; 5 – situation 
#  5 (concentration range from 710−  to 4 310 kg /m− , 

range of changes of distance from the source  
from 0 to 2500 m) 

Aerosol concentration in the places of near-
surface accumulation of radioactive aerosols makes 
up value of about 0,001–0,100% of the concentration 
at the initial point of emission (at the exit from the 
ventilation tube). Secondary pollution of the atmos-

phere from the ground surface may happen because 
of secondary dust formation in the air and carrying 
over of the precipitated radionuclides by wind. 

Rise of the radionuclides from the ground surface 
does not depend on their physical and chemical cha-
racteristics. It results from the characteristics of the 
activity carrier only – dispersed particles. However, 
the measurements have shown [4] that indexes of 
radioactive products rise by wind are insignificant. 

Conclusion. Within the framework of pro-
gramming environment for computer procedure 
COMSOL, computer module was originated for 
calculation of processes of transport and precipita-
tion of aerosol particles on specific surfaces of the 
NPP infrastructure. 

Process of precipitation of aerosol particles on 
various types of surface in emergency situations on 
the NPP site territory was analyzed. It was found out 
that the area of dominating radioactive aerosols pre-
cipitation depends on aerosol particles characteristics, 
outside weather conditions, condition of the ground 
surface, NPP site territory infrastructure, as well as 
flowing thermal currents form the cooling tower. 
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