Journal of the Georgian Geophysical Society,
Issue B, Physics of Atmosphere, Ocean and Space Plasma, v.16, 2013, pp. 13-23

Numerical investigation of the air possible pollution in case of
large hypothetical accidents in some industrial territories of the
Caucasus

Avtandil A. Kordzadze, Aleksandre A. Surmava, Vepkhia G. Kukhalashvili

Iv. Javakhishvili Thilisi State University, M. Nodia Institute of Geophysics,
1, Aleksidze Str., 0160, Thilisi, Georgia, e-mail:aasurmava@yahoo.com

Abstract

The distribution of anthropogenic passive and radioactive pollutions emitted in the atmosphere
in the industrial centers of the Caucasus are investigated by means of a regional model of
development of atmospheric processes in the Caucasian Region and the equation of substance
displacements. The distribution of pollution is simulated in cases for the four basis synoptic
situations, when the south, east, west and south-east background large scale winds blow.

It is shown, that the relief of the Caucasus significantly influences the trajectory of the pollution
displacements. The north-west oriented Main Caucasian Range resists air motion to the north,
constrains the pollution substance in the boundary layer to flow around the Main Caucasian Range
from the west or east sides. The Likhi Range resists the distribution of the pollution emitted in
atmosphere in the vicinity of t. Poti and causes its displacement to the south. It is obtained that 48
hours are mainly necessary for the pollution cloud to overflow the South Caucasus and distribute
over the territory of the North Caucasus.

The radioactive pollute can fall out mainly in the central, southeast and northwest parts of the
South Caucasus. The zone of the radioactive deposition is extended along the background wind and
deformed by the influence of the relief. The maximal length of the zone of a significant deposition of
radioactive substance equals approximately 750 km in case of the background south-east wind and
350 km in other cases. The maximum width of this zone approximately equals 150 km.

1. Introduction

The South Caucasus is the region that has a high hazard-index of the environmental pollution.
There, on a small territory of the Earth the some industrial centers, gas and oil-producing regions are
located. The oil and gas are transfer by railway and pipelines between the main Caucasus and Minor
Caucasus Ranges. The railways also used to transfer many other hazardous substances from Europe
to the Middle Asia via Georgian seaports Batumi and Poti, and Azerbaijan seaport Baku.

The Armenian Nuclear Power Plant (ANPP) is one of such hazardous objects, also. It lies in
Metsamor 20 km from the capital of Armenia Yerevan on a one of the Earth's most earthquake-prone
terrain. The accidents of the Chernobyl, Fukushima and other power plants show that the nuclear
reactors carry the great potential hazards for population and environment especially when plants are
located in the seismic hazardous regions [1, 3]. ANPP, as a very dangerous object, was closed after
earthquake in Armenia in 1988 but was reopened in 1995. ANPP has one of just a few remaining
Soviet nuclear power reactors that were built without the primary containment structures.
Consequently, the hazard of the radioactive pollution of the environment in the Caucasus becomes
highly probable event. The neighbouring countries, Turkey and Azerbaijan, protest the operation
renewal of ANPP, and Azerbaijan has called on the UN Security Council to suspend the operation of
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the nuclear power plant in Metsamor [4-6].

The pollution substances emitted in the atmosphere of the Caucasus can be distributed over the
large territory of the region and cause the significant negative influence of health of population and
ecological state of an environment. Therefore, an investigation of the distribution of pollution
emitted in the atmosphere of Caucasus in result of an accident has significant practical importance.
Some questions of this problem were considered in [7].

In the present article we continue an approach made in [7]. Using the regional model of

evolution of the atmospheric processes in Caucasus region [8] and equation of distribution of
substance in the atmosphere we will simulate and investigate the dispersion of the passive and non-
passive pollution substances in the atmosphere of the Caucasus Region.

2. Formulation of the Problem
The equation of the substance transport in the atmosphere is

Zf+u2§+vgg+(v~v V\iied)?g=pm+£v§ +aC, (1)
where t is time; X, y , and z are the axes of the Cartesian coordinate directed to the east, north
and vertically upwards, respectively; (= (z-0)/h is the dimensionless vertical coordinate; dis
height of the relief; H (t, x y) is the height of the tropopause; h=H-8; u, v and W are the wind
velocity components along the axes X, y, and { , respectively; C is the concentration of substance;
the index o =In2/T,,, is the decay constant; T, is a decay period; W, is an aerosol deposition
velocity. pu and vare the horizontal and vertical turbulent diffusion coefficients, respectively. u, v,

W, pand Vvare known functions of temporary and spatial coordinates; W, determined by Stockes

formula, T, is known parameter.
The initial and boundary conditions for (1) are following:
C=C,if0<t<T andx,yand € Q;
0C/ox=0 if x=0, X; 0C/0y=0 if y=0,Y; (2)
vaC/d =Alv,|C if ¢=0; aC/ag=0if {=1.
Where Qis the rectangular area where the emission of the pollutant substance takes place;

|
\ (u?(t,x,y,0)+v2(t,X,y, 0))5 is the wind velocity on the upper boundary of the surface layer
€ =0, Xand Y are the lateral boundaries of the area of solution along the axes x and y, respectively.

The coefficient p = 5%10° m%/s; A= 0.001.

Equation (1) is numerically integrated using the implicit monotonic scheme [6]. The finite-
difference-grid with horizontal and vertical steps equal to 10 km and 1/17, respectively, is used. The
time step is 1 min. For the every time step the wind velocity components were calculated by the
Regional Model of the atmospheric processes [8].

The equation (4) shows that any functions that equal to C (t,x,y,{) X const obey also the
equation (4). Therefore we will consider C (t,X,y,{) as unit value and then in order to obtain the
real magnitude of concentration we must multiply the calculated field of C on a const

The equations (1) is solved in the coordinate systems (t, x, y,{)and (t, X, y, 2),
respectively.The initial and boundary conditions, the values of background fields, and methods of
parameterization of the separate meteorological processes are selected in accordance with specific
objectives of modeling.
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3. Analyses of results

Since we limit ourselves by the Caucasus Region, the calculations were performed for the winds
that are most characteristic for this territory. For this purpose we consider the cases of the passive
substance emission in the vicinity of t. Poti, Batumi and Baku, and emission of the radioactive
nuclide "*'T in the vicinity of t. Metsamor (Fig.1). The calculations are performed for a period up of
48 h. The pollutant substances during first 6 h are emit in the atmosphere into rectangular prism
area Q (10 km* 10 km*0.8km), in the vicinity the sources. The initial concentration q,= 100
arbitrary unit (a.u.). Such situation can take place in cases of accident on the oil tankers or the oil
storages and in other processes of transfer of the air pollutants.
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Fig. 1. The Caucasus Region relief and topography (heights in km) and the location of the
ANPP (the red circle).

The temporary change of the spatial distributions of the pollutant substance emitted in the
atmosphere in the vicinity of seaport t. Poti is shown in Fig. 2. This figure shows that the main part
of the pollution cloud in the surface level z < is moved to the north-west direction and at t =24 h
is distributed over the north-east part of the Black Sea and west part of the Main Caucasus. The
small part of the pollution substances is carried out to the east over the Colchis Lowland and
passing over the Rikoti Pass is spread on the East Georgia over Kartli Plain. The maximal value of
the concentration for 24 h interval of time in the boundary layer is decreased from its initial value
100 a.u. to 70 a.u. (z=1 km).

For t = 48 h and 144 h the concentration of the pollution over the Georgian territory is
significantly decreased (about 10* times when t = 144h). On the surface level the maximal value of
the concentration is in interval 0.16-0.18 a.u. and it is obtained in the north of the modeling area
over the north- east part of the Caspian Sea. In other areas the concentration is less 0.01 a.u. The
concentration decreases with a height and on the level z = 3 km, the concentration 0.01 a. u. is
obtained only in a small area over the north-east part of the Main Caucasus Range.

When the background northern wind blows (Fig. 3.) the spatial distribution of the pollution

substance is significantly different than it is obtained in case of the western wind. The orography of
the Main Caucasus and Likhi Ranges resists the pollution cloud movement to the north and east,
and constrains the pollution distribution from north to south. During all 48 h the pollution clouds
are located over the west part of Georgia, northern Turkey and Armenia.
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Fig. 2. The spatial distribution of the concentration C(a.u.) of the passive pollution substance
emitted in the vicinity of t. Poti in t = 0, 6, 24 and 48 h on the levels z =9 (x,y) and 2 km in

case of the background western wind.

If the emission takes place in the vicinity of t. Batumi the pollution cloud during first five-six
hours moves to the north along the east shore of the Black Sea and after the process of the pollution
the diffusion continues as it was described in case of emission in the vicinity of t. Poti. In Fig. 4 and
5 the spatial distributions of passive pollution substance emitted in the vicinity of t. Baku in cases of
the eastern and south-eastern winds are shown. By these figures we can conclude that the pollution
emitted in atmosphere in the vicinity of t. Baku distributes in the South Caucasus atmosphere when
the eastern wind blows. The pollution cloud during first 6 h is located in the vicinity of the
Absheron Peninsula into area heaving 300 km length and 150 km width. Then the pollution cloud
moves along the northern incline of the Minor Caucasus Range over the Mugami and Shirvani
Lowlands, and occupies almost all territory of the Armenia and Azerbaijan. When t = 48 h, the
pollution is distributed over of the South Caucasus from the Caspian Sea to the Black Sea.

The pollution cloud when the south-east background wind takes place, the displacement is over
the territory of the North Caucasus (Fig. 5). At t = 24 h the pollution cloud is distributed over the
Dagestan and Chechen Autonomy Republics, and reaches the south-west part of the Stavropol Krai.
Then the pollution moves to the north-west and at t = 48 it is distributed over the territory of the
Stavropol Krai. The zone of a maximal concentration is in the centre of the pollution cloud and its
magnitude varies in interval 0.1a.u.— 10 a.u.
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Fig. 3. The spatial distribution of the concentration C(a.u.) of the passive pollution substance
emitted in the vicinity of t. Poti in t = 0, 24 and 48 h on the atmosphere surface level z
=3 (x,y) in case of the background northern wind.
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Fig. 4. The spatial distribution of the concentration C(a.u.) of the passive pollution substance
emitted in the vicinity of t. Baki t =0, 6, 24 and 48 h on the atmosphere surface level z =0 (X, y)

and z = 0 in case of the background eastern wind.
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Fig. 5. The spatial distribution of the concentration C(a.u.) of the passive pollution substance
emitted in the vicinity of t. Baku in t = 0, 24 and 48 h on the atmosphere surface level z
=3 (X,y) and 2 km in case of the background north wind.

The possible pollutions of the Caucasus Region in case of hypothetical emission I'*' from
the Armenian Power Plant were also simulated. Were considered emissions of the iodine particles
with a radius equal 10 zm. A corresponding fall-out velocity of the particles calculated by Stokes

formula is equal to W, = lcm/s [9], the decay period T,,, =8.02 day.
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Fig. 6. The spatial distribution of the concentration in the atmosphere surface layer (upper row)
and surface density of the sediment on the earth (lower row) of the radioactive pollution I'*!
(a.u./m?) at t=0, 24 and 48 in case of the background southern wind.
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Fig. 7. The spatial distribution of the concentration in the atmosphere surface layer (upper row)
and surface density of the sediment on the earth (lower row) of the radioactive pollution I'*!
(a.u./m?%) at t =0, 24 and 48 in case of the background south-east wind.

Figs. 6 and 7 show the distribution of the concentration of I'*! and the wind fields obtained in
case of the background south wind on the surface level z = = &(x,y) and surface density of the

sediment radioactive pollution at the moment of the time t = 6, 24 and 48 h, respectively. In Fig. 6
we can note that during 6 h the radioactive emission forms the radioactive cloud over ANPP that by
wind and atmosphere turbulence is stretched to the north along the direction of the background
wind. The radioactive cloud is located into ellipsoid columns area with maximum horizontal sizes
100 km and 170 km along x and y coordinates, respectively. By calculation it is also obtained that
the vertical width of the radioactive cloud approximately equals 9 km. The magnitude of the
concentration is equal to 100 a. u. into the emission plume in the 4 km layer and exponentially
decreases on the periphery of this area.

After six hours the radioactive cloud increases step-by-step in size because of the movement
along the wind and atmospheric turbulence. Simultaneously the concentration of the pollutant
substance decreases in result of the processes of dispersion, deposition, and radioactive-decay. The
radioactive cloud in the surface layer at t = 24 h is obtained over the central part of the South
Caucasus mainly up of the territory of the north part of the Armenia and the east part of Georgia.
Over this surface layer the size of the polluted atmosphere volume gradually increases up to 6 km.
The zone of the higher concentration is displaced from the South Caucasus to the North Caucasus
(from the East Georgia to the Stavropol Kray). The magnitude of maximal concentration during the
24 hours is decreased down to 0.48 a. u.

During two days (Fig. 6) the radioactive cloud mainly moves over territory of the North
Caucasus and localizes over the Stavropol Kray. In the South Caucasus the radioactive cloud is
obtained over a small territory of the central part of Georgia. The concentration there is small and is
varying between 0.00la.u. - 0.006 a.u. The maximal value of concentration in the plume of
pollution caused by the processes of dispersion, deposition, and radioactive-decay is decreased
about 2000 times from 100 a. u. to 0.05a.u. The spatial distribution of the radioactive deposition on
the earth surface is shown in Fig. 6, also. As it is shown here, the main part of the radioactive dust
falls on the territory of Armenia and Georgia into the stripe of 100 km in width and about 400 km in
length. The radioactive ingredient up to 12 h falls out only on the territory of the South Caucasus.
After this time the process of fallout begins also on the territory of the North Caucasus. After 20 h
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from the beginning of emission the radioactive fallout happens mainly on the territory of the North
Caucasus and at t = 48 h the surface density of *' I on the territory of the north slope of the Main
Caucasus Range reaches 10 a.u. on 1 m?. The radioactive deposition on the territory of the South
Caucasus ends after 30 h.

The results of the numerical modeling of the radioactive diffusion when the background south-
east wind blows, are show in Fig.7. The calculation shows that the radioactive pollution moves to the
north firstly on the territory of Armenia and then over the central and north-west parts of the
Caucasus Region. At t = 24 h the main part of atmosphere over Georgia is polluted by radioactive
ingredient. Further, the radioactive cloud falls over the Main Caucasus Range, splits in two parts and
at t = 48 h we obtain two zones of the radioactive pollution. One of these zones is located over the
Black Sea and another over the north slope of the Main Caucasus Range. The radioactive deposition
obtained at t =0, 24 h and 48 h are also shown in Fig. 7. We see that in 48 h the radioactive fallout
mainly happens on the territory of the north part of Armenia, the south, central, and north-west parts
of Georgia. The small amounts of the radioactivity are also deposited on the territories of Turkey and
Russian. The maximal magnitude of he surface density at t = 48 h is equal to 360 a.u./m’ and is
obtained in the vicinity of the source of emission.

4. Discussion

In the article the possible pollution of the atmosphere of the South Caucasus is numerically
simulated. It considers the four main cases when the pollution is distributed from four, most
hazardous in sense of accident, industrial territories. As the regional air circulation significantly
depends of the large scale background wind we have limited our simulation by cases of regional
transport of pollution into the South Caucasus. We consider the cases when the background wind in
the surface layer of the atmosphere is v < 5 m/s.

The numerical modeling shows that the regional orography significantly deforms the trajectory
of the pollution cloud. In case of the background western wind the pollution emitted in the
atmosphere in the vicinity of t. Poti can by distributed in the surface layer of atmosphere both to east
and to north-west. The pollution emitted in the atmosphere in the vicinity of t. Baku can cause a
pollution of the South Caucasus atmosphere only in one case — when it blows the background
eastern wind. When the background south- east wind blows the pollution distributes in the North
Caucasus and it does not cause a pollution of the South Caucasus Atmosphere.

The simulation shows the radioactive emission from ANPP pollutes the atmosphere of the South
Caucasus in two cases when the east and south-east winds take place. The radioactive pollution falls
out mainly on the central, southeast, and northwest parts of the South Caucasus. The zone of
radioactive deposition is extended along the background wind and deformed by influence of the
relief. In case of the background southeast wind the maximal length of the zone of significant
deposition of radioactive substance approximately equals 750 km, and 350 km in other cases. The
maximal width of this zone equals approximately 150 km. The concentration of deposited
radioactive element in the zone of radioactive fall-out decreases from 360 a.u./m*> down to 1 a.u./m’.

For the reason of the absence of the observation data it isn’t possible to estimate a quantitative
reality of the obtained results. But, having compared the trajectory and shape of the radioactive
cloud (Fig. 8.) obtained in this article and in other works [10, 11], it may be concluded that the
obtained results properly describe the main features of the radioactive dispersion process in the
Caucasus. Therefore, the model and results obtained here can be considered as first approximation
for the further investigation and practical use. In addition, in our opinion, the spatial grid step 10 km
is rather large for adequate description of studied process over complex terrain of Caucasus. We
intended simulating the diffusion processes of radioactive pollution with the horizontal step
approximately equal to 1-5 km in the atmosphere of the Caucasus.
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Fig. 8. Atmospheric dispersion of radionuclides from the Fukushima-Daichii Nuclear
Power Plant [10].
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YmucsieHHOE MCCIeJ0BAHHE BO3MOKHOIO 3arpsi3HEHU BO3/1yXa B
CJAy4YasiX TUNOTETHYECKUX KPYIIHBIX AaBapPUil B HHAYCTPHAJIbHBIX

HEHTpax KaBka3za
A. A. Kopazanze, A. A. Cypmasa B. I'. Kyxanamsunu

Pesrome

C moMompl0 pEernoHaJIbHON MOJENH pPa3BUTHS aTMoc(epHbIX mporeccoB B KaBkasckom
peruoHe, ypaBHEHU MepeHoca MacCUBHOW M paJMOaKTUBHOW MPUMECE HCCIEIOBAHO BO3MOXHOE
3arps3HEeHUe aTMocdepHoro Bo3ayxa KaBkasza B Cilydasix THIIOTETHUECKHX aBAPUIHBIX BBIOPOCOB
3arps3HAOLIMX BEUIECTB B MHAYCTpUanbHbIX LeHTpax Kaskaza.. Pacmpoctpanenue 3arpsizHeHus
WCCIIEJOBAHO JJISi YETHIPEX OCHOBHBIX CHHONTHYECKUX CUTyallMd, KOTJa HMMEIOTCS 3araJiHbIid,
CEBEPHBIN, BOCTOYHBIN U 10KHBIN ()OHOBBIE BETPHI.

[Tokazano, uro penbed KaBkaza B mpuzeMHOM cioe aTMOC(epbl CYIIECTBEHHO BIIMSET Ha
TPACKTOPHIO paclpocTpaHeHuss mpuMeceid. OpHEHTOPOBaHHBIM Ha CeBepo-3amaa  bombimon
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KaBKa3CKHH XpeOeT, MpensTCTBYS MEpEeMEIIEHHIO BO3/lyXa Ha CEeBEp, 3aCTaBIsIeT OCHOBHYIO YacTb
3arps3HEHUs] 00TEKaTh MPEMSATCTBHE C CEBEPO-B3AIAJHON WM C CEBEPO-BOCTOYHOM, CTOPOHBI, U
Jlaniee pacrlpoCTpaHUThes Haja Teputopuerd CeBepHOTO KaBkaza. JIuxckuid XxpebeT mpensTcTBYs
paclpoCTpaHEHUIO 3arpsi3HEHMs, BBIOPOLIEHHOrO0 B aTMocepy Ha BOCTOK, 3aCTaBIIsieT €ro
nepememarbes Ha or. [lomydeno, uro npobiam3uTenbHo 48 4acoB HYKHBI 00JIaKy 3arps3HEHHS IS
neperekanus yepe3 FOxubIil KaBKkazckuil XpeOeT u pactpocTpaneHus Hax CeBepHBIM KaBKa30M.

OcHOBHas Macca paJiMOaKTUBHBIX BEUIECTB MOTYT BBINACTh HaJ EHTPAIbHOMN, CEBEpO-3araHOM
U I0ro-BoCcTOYHOM YacTsiMu HOxHOTO KaBKka3a. 30HBI PalMOAKTUBHOTO OCAXICHHUS BBITSHYTHI BJIOJIb
(OHOBBIX BETPOB W YAaCTUYHO Je(OPMHPOBAHBI TIOJ BIHSHUEM penbeda TEepPUTOPHUH.
MakcuManbHasi ~ OJMHA ~ 30HBI  3HAUYMTEIBHOTO  BBINAACHUS  PAJMOAKTHUBHBIX  BEIIECTB
MpHOIM3UTENIEHO paBHA 750 KM B ciydae (POHOBOTO IOTO-BOCTOYHOTO BeTpa M - 350 KM IS ApyTrHX
HarpasyieHUi (OHOBBIX BETPOB.
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