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Abstract

An advanced version of the regional short-term forecasting system for the easternmost
Black Sea, is presented. The forecasting system consists of hydrodynamic and ecological
blocks. The hydrodynamic block includes a high-resolution 3D regional model of the Black
Sea dynamics of M. Nodia Institute of Geophysics, but the ecological block consists of 2D and
3D models of spreading of oil and other admixtures in the sea environment. The regional
forecasting system, which is one of the parts of the basin-scale Black Sea
nowcasting/forecasting system, is functioning in the near real time and provides 3 days’
forecast of sea dynamic fields — the current, temperature and salinity with 1 km resolution,
but in special situations the system will also provide to calculate impurity’s concentrations
and pollution areas.

Key words: numerical simulation, forecasting system, pollution of Black Sea.
Introduction

Coastal and shelf zones of seas and oceans are undergoing great human pressure
because of the economic and domestic activities of man, which creates a serious danger to the
ecosystem of these areas. The Georgian Black Sea coastal zone is not exception. A significant
increase in tourists in recent years, the construction and planning of appropriate
infrastructures, hydraulic structures and ports (e. g., Anaklya port) dramatically increases the
danger of contamination of Georgian coastal waters by oil and other toxic ingredients. In such
conditions, development of the forecasting system of the state of the coastal waters is
considerably urgent, which should become the basic component of the coastal monitoring and
management system.

Development of in-situ and remote sensing methods, computing and communication
tools and high-accuracy numerical modeling of sea dynamic processes in the last decade have
led to the creation of the basin-scale Black Sea nowcasting/forecasting system, which allows
short-range forecasts of the basic hydrophysical fields [1-3]. Such an achievement of the
Black Sea operational oceanography was made possible by close cooperation of
oceanographer-experts of the Black Sea riparian countries in the framework of NATO and EC
international scientific projects under the coordination of the Marine Hydrophysical Institute
of the National Academy of Sciences of Ukraine (MHI, Sevastopol). The regional forecasting
system for the easternmost part of the Black Sea developed at the Institute of Geophysics of I.
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Javakhishvili Thilisi State University is one of the components of this basin-scale Black Sea
nowecasting/forecasting system. In [4-8] description of the regional forecasting system and the
results of the verification, simulation and prediction of dynamic fields are given.

In the present study, an advanced version of the Black Sea regional forecasting system
extended by inclusion of 2D and 3D impurity’s dispersion models is shortly described and
some results of modeling and 3 days’ forecast of circulation and spreading of polluting
substances are also presented. This study may be consider as continuation of researches
presented in [9,10], where some results of forecast of dynamic fields and distribution of
contamination in the easternmost Black Sea water area are given.

BSM of Black Sea
dynamics of MHI
(Sevastopol, Ukraine)

Model of atmospheric
dynamics ALADIN
(Bucharest, Romania)

Upper houndary conditions I

Upper boundary conditions _ Initial and boundary congdjtions
1 I on liquid boundary

Forecasted 3D flow  Regional model of Black Sea | Forecasted surface flgw
field dynamics of Institute of field

— Geophysics (Tbilisi, Georgia)
3D nonconservative j.J:‘” - 7 %‘\}, - 2D oil spill transport
impurity’s dispersion f: el \ model
model
=z z|E
Z|s = - =
= =] § ‘g § E‘
=|E Forecasted flow, temperature =|E
and salinity fields for the

easternmost part of the Black
Sea with 1 km spacing

Forecasted 3D pollution Forecasted oil pollution
concentration fields and concentrations and zones
zones on the sea surface

Fig.1. The forecast area, structure and scheme of functioning of the extended version
of the regional forecasting system.

Advanced version of the regional forecasting system

In fig.1 the forecast area, the structure and the scheme of functioning of the regional
forecasting system are shown. The regional water area is limited to the Caucasus and Turkish
coastal lines and the western liquid boundary coinciding with the meridian 39.08° E. The new
advanced version of the regional forecasting system consists of hydrodynamic and ecological
blocks. The hydrodynamic block is based on the Institute of Geophysics of I. Javakhishvili
Thilisi State University’s high-resolution regional model of the Black Sea dynamics (RM-IG),
which is based on a primitive equation system of ocean hydro and thermodynamics in
hydrostatic approximation. This model is nested in the basin-scale model (BSM) of Marine
Hydrophysical Institute (MHI, Sevastopol). The input data - the initial and prognostic
hydrophysical fields on the open boundary, also 2D prognostic meteorological fields at the
sea surface —wind stress, heat fluxes, evaporation and precipitation rates needed for the
regional forecasts of dynamic fields are provided from MHI everyday in the near-real time
mode via Internet. Prognostic hydrophysical fields are results of forecast by the BSM of MHI
[11] and 2D meteorological boundary fields represent the results of forecast by regional
atmospheric model ALADIN [12]. All these fields are given on the grid of BSM with 5 km
spacing and with one-hour time step frequency for the integrated period. During the regional
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model implementation these fields are transferred to the grid of the regional model at every
time step with 1 km spacing by interpolation.

The ecological block is based on 2D and 3D diffusion models describing spreading of
oil and other nonconservative substances in the water area and using nonstationary flow field
calculated from the hydrodynamic block. The 3D diffusion model is based on the
nonstationary advection-diffusion equation for nonconservative substance:

9p 0up Ove oWp  , 0 ,00,0 00, 0 00
ot 0x oy 0z ox  o0x 0y o0y 0z o0z

+ f, (1)

where ¢ is the volume concentration of a substance; u, v, and w are the sea current velocity
components along x, y and z axes, respectively; xand v are the coefficients of horizontal and
vertical turbulent diffusion, respectively; o=In2/T, is the parameter  describing
changeability of concentration because of physical and biochemical factors; T, represents the

time interval, during which the initial pollution concentrations decrease two times; in general,
f describes the space-temporal distribution of a specific source power, which in case of the

point source may be represented by the delta function
f=Qo(X-Xq)d(y—Vo)0(z—12,),

where x,, y, and z, are coordinates of the source location. Q is power of oil emission from

the point source. 2D version of the equation (1) was applied for simulation and forecast of oil
spill transport. In both 2D and 3D versions Neumann boundary conditions are applied, at
initial time pollution of the sea is absent.

The diffusion coefficient was variable calculated by the formula suggested in [13]

2 2 2
U =y AXAy Z(QJ + @+§—V +2 ov_ ,
o X oy OX oy
where Ax and Ay are horizontal grid steps along x and y axes, respectively; y IS some

constant.

To solve the problems in both blocks splitting methods are used, which enable the
solution of complex nonstationary problems to reduce solutions to relatively simple two-
dimensional and one-dimensional problems [14,15].

The transport models of oil (2D task) and other substances (3D task) are included in
the forecasting system as a separate modules and enables to calculate pollution zones and
concentrations in special cases. With this purpose it is required to input in the calculated
program written on the algorithmic language “Fortran” the following parameters: coordinates
of source location, amount of emission, duration of emission and the parameter ¢ describing
the change of pollution concentrations due to physical and biochemical factors depending on
the type of polluting substance.

Thus, the regional forecasting system provides 3 days’ forecast of 3D dynamic fields —
flow, temperature and salinity with 1 km spacing, and in case of accidental situations — the
forecast of spreading the oil and other pollutants in the Georgian Black Sea coastal zone and
adjoining water area.




Implementation of the regional forecasting system

All numerical models included in the regional forecasting system use a grid having
215 x 347 points with horizontal resolution 1 km. On the vertical, the nonuniform grid with
30 calculated levels on depths 2, 4, 6, 8, 12, 16, 26, 36, 56, 86, 136, 206, 306 to 2006 m are
considered. The time step is equal to 0.5 h. the parameter of o depends on the type of
chemical ingredient. At simulation of oil spill transport we took into account that reduction of
oil concentrations due to evaporation is very intensive during first day after oil flood [16].
Therefore, we accepted o =1,6.10° if t<24 hand o =8,2.107 if t >24 h. The first value
of o corresponds to double reduction of oil concentrations for 12 hours, and the second one -
to double reduction of concentrations during 10 days.
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Fig.2. Simulated surface current field and oil spill transport corresponded to the
following time moments after oil flood: (a) - 4h, (b) - 24 h, (c) - (48), (d) - (72). The
forecasting interval is 00:00 GMT,25-28 September 2011. The source coordinates:
142Ax and 132Ay.



Regular calculations of the regional forecasts started since 2010 show that the
easternmost part of the Black Sea, including the Georgian water area, is dynamically very
active zone, where continuous generation, deformation, and disappearance of the mesoscale
and submesoscale cyclonic and anticyclonic eddies occur throughout the year [8].

Fig. 2 illustrates forecasted regional circulation in the easternmost part of the Black
Sea and drifting of oil slick in case, when 50 t was occurred on distance about 50 km from
Poti shoreline in the point with coordinates 142Ax and 132Ay (the forecasting period is 00:00
GMT, 25-28 September 2011). Taking into account that the maximum allowable
concentration of oil pollution is usually taken to be 0.05 mg/L in all the numerical
experiments we have taken to be zero concentration of less than 0.001 mg/L.
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Fig. 3. Simulated surface current field and distribution of impurity att =4, 24, 48 and 72 h
after start of getting impurity to the sea from rivers Chorokhi and Rioni. The forecasting
period is 00:00 GMT, 6-9 December, 2014.



From fig. 2 is well visible that during the considered forecasting interval 25-28
September 2011 the regional circulation in the Black Sea easternmost part is characterized by
significant variability with intensive mesoscale and submesoscale vortex formations. Such
circulating reorganization is essentially reflected on moving of the oil spill. In the course of
migration the oil slick extends gradually and deforms. Simultaneously there is a reduction of
oil pollution concentrations, that is caused by diffusion expansion, evaporation and other
physical and chemical factors, which are taken into account in the model indirectly.

The numerical experiments carried out in case of different location of hypothetical
sources and real circulating modes show a significant role of circulating processes in
formation of spatial-temporary distribution of pollution. The numerical experiments also
showed that oil spill transport is significantly sensitive to the turbulent diffusion coefficient
and the type of oil.
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Fig. 4. Simulated surface current field and distribution of impurity on depths of 12 and 56 m
(a, b) and in some vertical sections (c, d) att= 72 h after start of getting impurity to the sea
from rivers Chorokhi and Rioni. The forecasting period is 00:00 GMT, 6-9 December, 2014.

Figs. 3 and 4 illustrate results of simulation and forecast of circulation and the
distribution of the nonconservative impurity which has been discharged into the sea from
rivers Rioni and Chorokhi in the following amount per 1 s: from river Chorokhi - 100000
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reference units, from southern and northern Rioni branches - 5000 and 10000 reference units,
respectively. The time of disintegration T, was taken equal to 30 days. The factor of vertical
turbulent diffusion was 15 cm?/s. The forecasting period corresponded to 00:00 GMT, 6 — 9
December 2014. In Fig.3 the distribution of the impurity on the sea surface at time moments
4, 24, 48 and 72 h after start of getting the impurity to the sea from rivers is shown, but Fig.4
illustrates the distribution of the impurity on depths of 12 and 56 m (Fig.4a and 4b) and in
some vertical sections (Fig.4c and 4d) att= 72h.

The main feature of the circulation for this forecasting period is very high speeds of
sea current, which are caused by strong winds for the considered period. Strong winds and
therefore strong wind stress considerably influence sea surface current and renders smoothing
action weakening vortex formation in the sea upper layer [17]. From Figs. 3 and 4 it is clearly
visible, that the character of circulation considerably predetermines the basic features of
impurity’s distribution processes. The analysis of the pollution concentration fields showed
that the impurity is distributed not only in a horizontal direction, but also on a vertical due to
vertical diffusion and vertical flow. pollution concentrations reached up to depth
approximately 150 m during 3 days.

Conclusion

The paper presents a new version of the regional forecasting system for the easternmost
Black Sea allowing to forecast with 3-days forward not only 3-D dynamical fields — the
current, temperature and salinity with 1 km spacing, but also spreading of pollution zones and
concentrations of the oil and other pollutants in the case of accidental situations. The regional
forecasting system is a part of the basin-scale nowcasting/forecasting system and all required
input data are provided from MHI (Sevastopol) in the near-real time mode via Internet. The
numerical experiments carried out in different locations of hypothetical sources and real
circulating modes, show a significant role of circulating processes in the formation of spatial-
temporary distribution of pollution.
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IIporHo3 AMHAMUYECKHX I10JIell M PACHIPOCTPAHPEHM IPUMECH B
BOCTOYHOM yacTh UepHoro mops

A.A. Kopmzanze, JI.1. lemerpamsuian, B.I'. Kyxanamsuin

Pe3rome

[IpencraBnena ymydieHHass BEpCUsl PErHOHAIBHON CUCTEMBI KPAaTKOCPOYHOTO MPOTHO3A IS
BOCTOYHOU 4acTu YepHoro mMops. Cucrema mporHo3a COCTOUT W3 THUAPOJUHAMUYECKOTO U
3KOJIOTUYECKOTO omokoB. ['mapoaumHamuveckuid OJOK BKIOYAaeT B ce0s  BBICOKO
pa3pemnaroilyi0 TPOCTPAHCTBEHHYIO PETHMOHAIBHYI0 MOJENbh JWHAMHKKA Mops MHcTuTyTa
reopusukn uMm. M. Hoama, a »dkonoruueckuid OJOK COCTHOT U3 JABYMEPHBIX U
MIPOCTPAHCTBEHHBIX MOJIENIEN pacpoCTpaHeH! HePTU U APYTruX MpuMeceil B MOPCKOH cpefie.
PernonanbHas cuctema MporHo3a, Kotopas sSBJISETCS OJHOM U3 YacTe CUCTEMBI JUarHo3a u
nporuo3a YepHoro Mopsi B Maciitabax Bcero 6acceiiHa, (pyHKIMOHUPYET B PeKUME OJIM3KOM
K peajbHOMY U 00ecleyuBaeT MPOrHo3 Ha Tpoe CYTOK TMHAMUYECKHX IMOJIeH ¢ pa3perieHeM
I KM — TedeHHs TeMIEpaTypbl M COJICHOCTHM, HO B UPE3BBIYAWHBIX CHUTYyalUsAX
MIPOTHOCTHUYECKasi cCUTeMa OOECIEeUUuT TaKXKe pacdyeT MPOTHO3a KOHIEHTpalUud MpPUMECH U
30H 3arps3HEHUS.
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Abstract

Numerical simulation of distribution of contaminants discharged to Kura River is
elaborated using nonstationary linear three-dimensional equation of transition-diffusion of
substances in continuous medium. Model is meant for study of distribution of polluting agents
in Kura River in the first approximation. Kura River is divided in 10 conventionally uniform
linear sections and annual average values of hydrological parameters specific for the river
are used for each section.

Ammonium ions (NH;) distribution discharged from cities situated at Kura River is

modeled. Distribution pattern for ammonium ions concentration in Kura River is received
using numerical experiment. It is shown that values of concentration received via
mathematical modeling with permissible accuracy are coincided with data of field
observations.

Distribution of passive polluting agents thrown to Kura River near Georgian-Turkish
state border is modeled  using numerical experiment in case of stationary source. Using the
modeling there is determined the time, which is necessary for polluting agent to reach points
placed along the river, to pass various sections of river, to reach Georgian-Azerbaijan border
and Mingachevir reservoirs. Distribution pattern of polluting agent concentration in the river
bed, as well as concentration change when passing from one section to another are
determined, and relative change of concentration in 10 conventional river sections is
estimated.

Distribution of passive contaminant thrown to Kura river by salvo during 6 hours near
Georgian-Turkish state border is studied. Pattern of gradual shift of the contamination plume
in Georgian section of Kura River and gradual concentration change are shown.

A possibility of using the model for prediction aims is considered.The correspoding
tasks are determined.

Key words: numerical simulation, equation of mass transfer, pollution of Kura,
ammonium, passive contaminant.

Introduction
The Kura River has an important role in the economy of the Georgian and Azerbaijan
Republics. It is one of main sources of the drinking water in the South Caucasus and is
intensively used for agricultural and industrial purposes. Georgian part of the Silk Road —
main traffic artery of Georgia, the oil and gas pipelines, railways and highways are passing
along it. Therefore, it is the water object of high ecological risk factor.
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Annually rising turnover between the Europe and China and Middle Asia causes a threat
of the ecological disasters in this transport corridor and therefore ecological protection of
Kura River is one of main topical problem of the Georgian government.

Scientific and nongovernmental organizations of Georgia [1, 2] are carrying out the
natural observations and experimental measurements of the water quality of the River Kura.
These investigations are very important and give us the static picture of the river pollution.
But there are some other ecological tasks, the solution of which can’t be made only on the
basis of observation data. In particular, the complications of distribution of contaminant in the
river, forecast of the river pollution, and optimal management of the surface waters, e. t. are
related to such problems.

The developed countries are widely used the software packages of water pollution
forecast, investigation of surface water pollution and the optimal control systems [3-8]. These
packages are mainly elaborated for large waters, require a special personnel training and are
difficult for use in case of mountains rivers.

According to [7, 8], we elaborated a simple numerical method for calculation of
diffusion of passive admixtures to Kura River and we investigated a kinematics of
propagation of contaminants. This work is considered as first stage of elaboration a method of
prediction of pollution of Georgian mountain river in case of disasters

Formulation of the Problem

For numerical modeling of the pollution distribution the Georgian section of Kura River
513 km length from Georgian-Turkish border to the Mingachevir Reservoir is divided into ten
conventionally uniform sections [9] (Fig. 1). It is assumed that each of the river’s section is a
linear canal and river’s hydrologic parameters are constant along it. Therefore, the distribution
of pollution may be described by transfer-diffusion equation [10]

o, ., &, ¥C . FC o )
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where t is time; X, y, and z are the Cartesian coordinates; x axis is horizontally directed along
the river flow; y is the horizontal axis directed perpendicularly to the canal; z axis is directed
upward vertically from river bottom; u; is the river’s flow velocity at i section along x axis;
river flow velocity is equal to zero along y axis; w, is the velocity of sedimentation of

polluting agent; u,, p, and p,are kinematic coefficients of turbulent viscosity along the X,

y and z axes, respectively; C; is the concentration of the contaminant in the i section of river;
a is a velocity of chemical transformation of polluting agent.
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Fig. 1. The scheme of Kura River division into conventional sections.
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Fig. 2. The scheme of the river flow, velocity and contaminant in vicinity of discharge
source.

The river water velocity u; in each river section is a known and constant value along the
axis X, and changes along the 'y and z axes as follows:
U; (% y,2) =15U; o *sin(try/Y;)sin(0.5mz/H;) (Fig. 2). Ujp=const is the known value of the
river water velocity in the i section. Y; and H; are the width and depth of the section i. Uiy, Yi, Hi
are taken from [9]. Since the values of coefficient of turbulent diffusion for Kura River were not
determined on the basis of observation data, we used the values given in [11] as follows:

b, =5x6.4x10*m?/s and g, = 1, =5x557x10° m’/s for territory with complex mountain

relief (sect. 1-4) and p, =6.4x10 *m%s and p, =p, =5.57x10° m%s for sections placed at
plain territory (sect. 5-10).

Table 1
The hydrological parameters of sections.
Section Section name Length Width Depth | Velocity of
No. (km) Yi(m) Hi(m) flow
Uo (m/s)

1 The Georgian-Turkish state 27 40 1.0 1.1
border — R. Faravani

2 R. Faravani —V. Minadze- 42 45 1.2 0.9

3 V. Minadze- V. Atskuri 20 35 1.2 1.2

4 V. Atskuri —V. Qvishkheti 47 40 1.3 1.2

5 V. Qqvishkyeti-T. Gori 61 75 1.2 1.2

6 T. Gori-V. Dzegvi 51 85 1.0 15

7 V. Dzegvi-V. Soganlughvi 39 80 15 15

8 V. Soganlughvi — V. Poili 94 90 1.6 14

9 V. Poili — R. Dzegmachai 70 95 1.8 1.3

10 R. Dzegmachai — 62 100 2.0 1.2
Mingechavir Reservoir

For integrating of equation (1) the corresponding initial and boundary conditions are
used: the concentrations of the contaminant in the points of discharge source, in the beginning
of section and at the initial time are known values. The gradient of concentration in the end
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points of sections x ; = Kj, in the river bank and bed points y; = 0, 10 and z; = 0,10 are equal
to zero, respectively. The concentrations of the contaminant during the whole interval of time
of spilling at the source points are known values. An inflow of tributaries into Kura River is
taken into account using change in the parameters Uip Y, and H;. In the table 1 the values of
the hydrological parameters of the River Kura for the sections 1-10 are given.

The numerical integration and solution of equation (1) is made using the split method
and balance numerical scheme [10] on the rectangle numerical grid. The grid step along the x
axis depending on goals of concrete numerical experiment varies within interval of 20 m —
1000 m; the grid steps along y and z axes are equal to Yi/11 and Hi /11, respectively.

Results of simulation

Accidentally, full real data of natural measurements of the distribution of
contaminants discharged in Kura are absent. Therefore, the accuracy of simulation we
determine by using the standard observation data is.

The quantitative accuracy of calculation will made by means of numerical simulation
of ammonium diffusion, for which modeling of h the values of river discharge and
concentrations obtained by natural observation are known. In Tab. 2 the mass of ammonium
discharged per second to Kura River from Georgian towns is shown. These data are
calculated by means of formula Q = (7x N)/(24x3600) (g/s) ,where N is a number of city

residents. This formula implies that one citizen discharges about 7 g NH, per day [12]. On

the basis of experimental measurement the value of background concentration near the
Georgian-Turkish state border is taken equal to C1, = 0.4 mg/lit.

Table 2
Mass of NH discharge per second to Kura River from Georgian towns.
No 1 2 3 4 5 6
Towns Borjomi | Khashuri Gori Mtskheta | Thilisi Rustavi
Civilians 14.4 28.5 46.7 7.7 12000 | 1220
(thou.)
NH, (g/s) 1.17 2.31 3.78 0.62 97.20 9.88

In Fig. 3 the distribution of ammonium along the Kura River obtained using numerical
modeling is given. When comparing these results with data of Tab. 3 we can conclude that
results of numerical simulation are in good correspondence with observation data.

Table 3
Concentration (mg/lit.) of ammoniun obtained via natural measurement.
Point of observation Borjomi Gori Mtskheta Thilisi Rustavi
Average Multlyear value | 49 0.52 053 095 | 088
September of 2013 0.48 0.51 0.47 1.02 0.72

The analysis of the distribution of the contaminant along the river shows the ammonium
concentration gradually increases from t. Borjomi to Rustavi (Fig. 3). The rapid growth of
concentration takes place in vicinity of the points of discharge. The maximum growth of
concentration is obtained in vicinity of Thilisi in the areas of sewage network attaching to the
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river. The area of rapidly increased concentration is about 5 km near small towns and 25 km
for Thilisi. With increase of distance from the discharge points due to diffusion and dilution
caused by waters of influent rivers the concentration gradually decreases. As the calculations
show, the concentration of ammonium in Georgian part of Kura River gradually increases
along the river and exceeds twice the maximum permissible concentration (MPC) near
Mingechavir Reservoir.

The series of numerical experiment are conducted for investigation of kinematics of
contaminants propagation in Kura River and possibility of pollution forecast. First, is
considered the case when the contaminant is discharged into Kura River in the points located
near Georgian-Turkish state border (sect. 1).The concentration of polluting agent is equal to
100 conventional units
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Fig. 3. Distribution of ammonium concentration in the Kura River. City names show
discharge points.

(c.u.) in the area of the pollution source during all modeling time. Fig. 4 shows a qualitative
picture of distribution of contaminants during the first 6 minutes of the pollution process. As
we can see the polluted area is of elliptic form and it is distributed at the distance of about 300
m in the direction of flow and takes the whole width of the river. But the main part of
polluting agents is located along the bank where takes place the discharge and is spread
approximately at 0.6H;— 0.7H; distance in width.

Fig. 4. The pattern of distribution of the polluting agents in section 1 within first 6 min. The
step Ax= 20 m.
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In Fig. 5 the distribution of the contaminant during first 25 hours of discharge is shown.
By means of this figure and Tab. 4 we can see that a pollution is distributed in sections 1, 2
and is reached the section 3. The contaminant passes the first rivers section in 6 hours, the
section 2 in 17 hours etc. The average velocity of passing the section 1 is equal to 0.8-1 m/s
and is in correspondence with the average river flow velocity in first section. The similar
results are obtained for the other sections of the river. The times of reaching the river section
beginning by contaminants and establishment of their constant concentration in these sections
are given in the Tab. 4.

t=1 h; section 1. t=2 h; section 1. t=5 h; section 1.
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Fig. 5. The distribution of the concentration (in c.u.) on river surface in the sections
land 2,whent=1,2,5 15and 25 h. The step Ax=20m whent<5h, and Ax=1 km when
t=15h.
Table 4

Time of reaching the section beginning by pollution substance (tmin) and time of establishment
ofconstant concentration (tmax).

SegtT:O” 1| 2 3 4 5 | 6 7 8 9 10
tim(M) | 0 | 62 | 178 | 234 | 37.1 | 537 | 658 | 747 | 981 17
trax(N) | 833 | 910 | 1033 | 122.1 | 1786 | 1968 | 2107 | 2477 | 2776 | 307

Simulation of propagation of the passive pollutant accidentally discharged during a short
interval of time (6 h) is conducted. On Fig. 6 the results of numerical modeling are shown. We see
that contamination plume that is formed in discharge place, is getting wider due to transfer and
diffusion processes and after 75 hours its length reaches 80km. Calculations shown the it is
necessary roughly 190 hours for contamination plume to pass the Georgian part of Kura River.

The numerical modeling of diffusion of the petroleum product spilled in River Kura in
vicinity of Thilisi is prepared (Fig. 7). The modeling shows that about 30 minutes are required for
pollution diffusion on all width of the river and 1.5 km along the river. The concentration is
maximum on the upper surface of river water and its value gradually decrease in the depth — by
50% on the half depth and 75% near of the river bottom.

Discussion
On the basis of nonstationary three-dimensional equation of mass transfer the numerical

model of transfer of contaminant through Kura River is elaborated. The model is created for the
area of Kura River from Georgian-Turkish state border to Mingechavir Reservoir that is divided
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into ten parts. For each part the river flow velocity is taken as well-known value and is taken from
the materials of hydrological observation. The study of river pollution by ammonium ions is carried
out. Comparison of simulation results with observation data shows that model quantitatively
correctly describes the average pattern of pollution.

The numerical experiments that investigate the kinematic features of distribution of pollution
are carried out. Some parameters characterizing the process of pollutants’ diffusion are obtained by
means of these experiments, namely: times necessary for passing Georgian section and its separate
areas by contaminants etc.

t=1 min.

100

40

30

Fig. 7. Concentration of oil products C (mg/It.) on the surface level att =1, 10, 30 and 60
min. Horisontal grid steps are equal to Ax=20m; Ay=10m.
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It should be noted that calculations are carried out for average annual river flow velocity. This
fact limits the area of application of this model because the velocity of water flow for mountain
rivers may change in wide area in relation with the precipitations taking place in the basin of the
separate tributaries. Such limitation can be overcame by two ways: first, for each section the
velocity of flow can be calculated using the equation of river water momentum, or second — by
database for velocities of flow observed in different situations must be created by means of
hydrological observation and these data must be used in equation (1). It is necessary also to obtain
semi-empirical formulas for kinematic coefficients of vertical and horizontal turbulence of Kura
River and to conduct numerical simulation with the use of them.

The used numerical model can be considered as first experiment of prediction of pollution
diffusion in River Kura. After taking into account the comments made above and comparison of the
data of the real observations with results of numerical simulation final conclusion can be made
about the possibility of using the proposed model for the forecasting aims.
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YucjieHHBII 3KCIIePUMEHT MPOrHO3a PACIPOCTPAHEHUS COPOILIEHHOT 0
3arpsiHsOero Bemecrsa B p. Kypa

A. A. Cypmasa

Pe3rome

C nomol111bI0 JTMHEHHOI0 HECTAIIMOHAPHOTO YpaBHEHUS [IEPEHOCA BELIECTBA B CILUIOIIHON cpeJie
paspaboTaHa MOJENb pacupocTpaHeHusi 3arps3HeHuss B p. Kypa. Mogens mpennazHaveHa st
HCCIIEIOBAHUS 3arpA3HEHUs] U OLICHKH BO3MOKHOCTH IPOTHO3a PaclpOCTPAHEHUs 3arpsA3HSIOIIErO
BellecTBa, copomreHoro aBapuiiHo B p. Kypa. C 3Toit 1ienpto rpy3uHckas 9actb p. Kypsl pazneneHa
Ha 10 yclIOBHO OJAHOPOJHBIX JIMHEWHUX Yy4acTKOB. JlJIf Ka)XJO0ro ydyacrka B KauecCTBE BXOJHBIX
JAHBIX UCIIOJIb3YIOTCS CPETHETOJOBbIE 3HAYEHUS TUAPOJIOTUYECKUX [TapaMETPOB.

CwmopenupoBana pacrnpoctpanerne ammonuit (NH, ), cOpomieHol B peky H3 TOpPOJIOB
pacnonoxkeHHbIXx Ha p. Kypa. Ilyrem uucieHHOro MoaenupoBaHHs MOJIyYEHBI paclpeseieHHe
KOHLIEHTpauuu ammoHus B Boje p. Kypa. [loka3aHo, yTo pacueTHHE 3Hau€HUs KOHILIEHTPAIMU C
JOCTaTOYHOM TOYHOCTHIO COBIMAJIAIOT C IAaHHBIMU HATYPHBIX HAOJII0I€HUH.

CMoenupoBaHO pacrpocTpaHeHHe TaCCUBHOTO 3arpsi3HSIONIETO BEIIeCTBa, MOCTYIMAIONIETO B
peKy W3 CTAalMOHAPHOTO MCTOYHMKA B OKpecTHOCTHAX ['py3nHCKO-Typenkou TIpaHHIIBL.
Onpenenenbl BpeMEHHbIE MHTEPBAbl, 32 KOTOPHIE BEIIECTBO JOCTUTAET OTAEIbHBIX IYHKTOB,
pacroJIO’)KEHHBIX Ha peKe M BIUBaeTcss B MuHredaypckoe BoJoXpaHuiuile. Paccmorpena
BO3MOYHOCTb HCIIOJIb30BAHUS MOJIENIM B MPOTHOCTHYECKUX LENSIX U HaMEUEHbl COOTBETCBYIOLINE
MEpPOTIPHUSATHSL.
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Abstract
In order to assessment water origin and pathway, was organized monitoring network in East
Georgia’s lowland - Alazani and Shiraki catchments. Observation set up with the aim to study
the evolution of water isotopic composition from precipitation to groundwater and stream, what
allowed determining the residence time of groundwater flow. The network estimated groundwater
flow directions and velocities between recharge and discharge areas, as well as groundwater age
for East Georgia catchments. Snow cover measurement was organized, also.

Key words: groundwater origin and pathway, isotopic analysis.

Introduction

Study area is represented by a valley surrounded by the Greater Caucasus Mountains
(altitudes up to 3500 m a.s.l.) in the north and lower Gombori Range (altitudes up to 2000 m
a.s.l.) in the south (Fig 1). The valley is drained by the Alazani river. Another important source of
water is the groundwater from numerous boreholes and wells. The origin of the groundwater
remains unknown.

Tianeti

G e i
°/77éo £ Telavii- = e
77 g Yagodekhil 4 4
) WAlazani/valle P §
e Y.

“Tblhsl

‘Dedoplls Tskaro

Fig. 1. Study area - the Alazani river valley (Gogle Earth) and location of stations collecting
monthly composite precipitation samples; GNIP station Thilisi which is relatively close to the
study area is shown as well; the distance between Tianeti and Telavi is about 47 km.
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Previous investigations carried out within the project [1-3] revealed three types of
geochemically different groundwaters:
- old groundwaters which recharged before the 1950
- younger groundwaters containing higher amounts of total dissolved solides.
- groundwater of the Alazani series, Kvareli aquifer and springs which are of modern origin
Perceptual model of the study area built by the counterpart on the basis of hydrogeological
knowledge assumes that the last group of groundwater originates by infiltration of precipitation
falling on southern slopes of the Greater Caucasus. The water percolates into the Alazani valley
which is filled by Quarternary sediments and is used in the boreholes and also becomes source of
water for the river during the dry periods [4-5].
Monitoring network was set up with the aim to study the evolution of water isotopic composition
from precipitation to groundwater. The database of isotopic data contained over 600 samples.
Isotopic analyses were made using the Picarro laser analyser obtained within projects. Overview
and interpretation of available data are summarised below.

Evaluation of available data

Isotopic composition of precipitation was studied on the basis of monthly composite
samples from stations located at altitudes 400-1100 m a.s.l. (Tianeti, Telavi, Lagodekhi, Dedoplis
Tskaro; Fig. 1). The highest altitudes of the Greater Caucasus are sparsely inhabited which
prevented monitoring of isotopic composition of precipitation. Data on precipitation depths for
each station need be completed in cooperation with the national hydrometeorological service.

Available data on isotopic composition of precipitation is presented in Figs. 2-4. Several
samples, especially from the most arid conditions at Dedoplitskaro were affected by
evapotranspiration (Fig. 2). Evaporated samples mostly did not occur in the hottest months which
indicates that evaporation probably occurred either in the gauge or after sampling. Such samples
should be excluded from further processing. Isotopic composition of precipitation at Dedoplis
Tskaro between August and October 2013 and then November to February 2014 (Fig. 3) did not
show any variability which is unusual and does not resemble to data from other stations.

Isotopically the lightest precipitation was measured at stations Lagodekhi and Tianeti. That
would agree with expectations. However, according to the coordinates of stations provided the
elevation of station Legodekhi is only about 400 m a.s.l. This should be checked when newer
samples are analysed and an attempt to estimate possible altitude gradient of isotopic
composition of precipitation is made. Additional data from Gudauri, if available should be used
as well to evaluate the gradients at least for the limited period of December 2014 to April 2015.
In months where rainfall and snowfall were measured separately, the weighted averages should
be calculated.

River water was systematically monitored at GNIR station Shakriani near Telavi, about 40
km from the place where the Alazani River leaves the Greater Caucasus Mountains and enters the
Alazani valley. Shorter data series were available from Dedoplis Tskaro. The isotopic
composition of the Alazani river near Telavi presented in Fig. 4 shows that the river is
contributed mainly by isotopically light water from higher altitudes. Deuterium excess has higher
values which are typical for mountain precipitation and snow in other mountain ranges, e.g. in the
Carpathians. Seasonal variability of 5'°0 and §°H indicates an influence of snowmelt in spring
2013 (Fig. 5). Minimum values occurred in May 2013. Isotopically light (probably snowmelt)
water in 2014 was observed already in January. It indicates snow-poor and warm winter.
Amplitudes of 5'®0 and 8°H in precipitation (Lagodekhi) and in the river suggest the mean transit
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time of river water at Shakriani of about of about 15 months according to exponential model (the

sine curves method).
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Fig. 3. Seasonal variability of §°H in precipitation; evaporated samples are excluded.
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-160 \ \ \ \ \ \

Thilisi Tianeti Telavi Lagodekhi Dedoplis Tskaro Alazani river

Deuterium excess [%o]

Thilisi Tianeti Telavi Lagodekhi Dedoplis Tskaro Alazani river

Fig. 4. Box-whisker plots of monthly precipitation (samples approximately between January
2013 and October 2014) and Alazani river water from January 2013 until February 2015.

Evaporated samples are excluded; the whiskers represent minimum and maximum,; stations
are plotted approximately from the west to the east (see Fig. 1); statistics from the Dedoplis
Tskaro station are affected by suspicious samples from August 2013 to February 2014 (see Fig.
3); the data series from Lagodekhi is shorter.
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Fig. 5. Temporal variability of 8°H in precipitation and in the Alazani river at Shakriani (near
Telavi) and at Dedoplis-Tskaro.
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Limited data from the downstream part of the river at Dedoplis Tskaro (Fig. 5) show an
increase of heavier isotopes by about 0.3-0.5%. for 'O and about 1-3%. for 8°H. Snapshot
sampling along the Alazani river on 28 October 2014 (Fig. 6) indicates that isotopic composition
of river water in the Alazani valley evolves according to a line parallel with the global meteoric
water line. Isotopic composition of the river near the outlet of the headwater part of the
catchment (Omalo) changes as the river enters the Alazani valley. §'0 in Omalo and Shakriani

differ while the §°H are similar.

Omalo Akhmeta

Range Totals Distance: 454 km

Alazani river - headwater
(from springs to Akhmeta)

Akgmeta Shvakriani Duruji Chaiuri Dedoplis Tskaro

Elevation profile of the Alazani river

Alazani river - Alazani valley
(from Akhmeta to Georgian border)

48 —
-52 — @ Duruji
i ® Dedoplis Tskaro
L]
-56 — e o Chiauri
i Omalo  Shakriani
T -60 —
P
-64 —
.68 —
-T2 e
-10 -9.6 9.2 -8.8 8.4 8
5'80 [%o]

Fig. 6. Elevation profile of the Alazani river (modified from Google Earth) and position of
samples from the snapshot sampling along the river on 28 October 2014 with regard to global
meteoric water line.
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Groundwater sampling was generally conducted in the NE-SW transects, i.e. from the
southern slopes of the Greater Caucasus across the Alazani valley (Fig. 7). The sampling sites
comprise springs, boreholes and structures of the local water supply systems. Most samples were
collected during snapshot sampling campaigns. Available isotopic data indicate several groups of
groundwaters (Fig. 8). Samples from Akhmeta, Telavi and Gurjani are isotopically similar.
Groundwaters in Kvareli and Lagodekhi are isotopically disctincylt lighter, but they plot along
similar meteoric water line as the above group. Groundwaters from the Sighnaghi area probably
contain evaporated water.

Jgrvarel Lagodekhi
:Akhmeta {

/ delavi /

/

,-"

jHeretitskaIi
AR ‘Gurjani

Tsnors =
Sighnagh
ISagarejo “ 3 UL

——

‘Dedoplls Tiskaro

Fig. 7. The main groundwater sampling sites (Google Earth); the Sagarejo site is located in the
neigbouring catchment (the lori river) at the foot of the Gombori range; the distance between
Akhmeta and Dedoplis Tskaro is about 97 km.

Samples from Dedoplis Tskaro form two groups. Part of the water (from the Samtatskaro
borehole) probably represents older waters. The rest of samples are modern water which partially
underwent evaporation. The Sagarejo waters do not form one group. The most variable are
samples from Tsnori. The data presented in Fig. 9 and generalised in Fig.10 indicate the
evolution of groundwater isotopic composition from the recharge area in the mountains through
river valley to exfiltration areas. The concept which is in agreement with hydrogeological
knowledge of the area is presented also in Table 1.
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Fig. 10. Evolution of isotopic composition of groundwater in the study area (average values).

Table 1
Average values of isotopic composition of precipitation, river and groundwater samples and
perceptual model of groundwater movement (column groundwater zone).

%0 °H Deuterium
Groundwater .
Zone Site average | average | excess average
[%0] [%0] [%0]
Precipitation Telavi -7.9 -50 12.9
Precipitation Lagodekhi -9.3 -61 14.1
River Alazani (Shakriani) -9.4 -60 15.3
Recharge area GRW Kuvareli -9.5 -60 15.6
GRW Lagodekhi -9.6 -61 16.1
River valley GRW Akhmeta -8.9 -56 15.4
GRW Telavi -8.7 -55 14.6
Exfiltration GRW Gurjani -8.3 -53 13.3
GRW Sighnaghi -8.4 -55 12.1
GRW Dedoplis Tskaro -8.3 -55 11.7
M.'X.ed Wate_r GRW Sagarejo -8.9 -58 13.6
(lori river basin)
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Perceptual model suggested by current data on water isotopic composition should be
validated when all samples are analysed and water chemistry data is available. Validated
perceptual model will be useful in groundwater modelling.

Climatic data presented in Fig. 11 indicate that favourable conditions for snow cover
formation probably occur only at higher elevations. Winter precipitation is small and maximum
daily air temperature rarely drops below the freezing point even at Tianeti (elevation 1112 m
a.s.l.).
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Fig. 11. Daily precipitation and air temperature (minimum, maximum) at Tianeti, daily discharge
of Alazani river at Shakriani between 1 January 2013 and 30 June 2015.
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Snow cover measurement at 12 snow profiles (281 to 1648 m a.s.l.) was organized by the
counterpart on 11" January 2015. The depth of snow cover was only 6 to 17 cm. Comparison of
precipitation and discharge data in Fig. 11 and isotopic composition of groundwater and early
spring precipitation suggests that replenishment of groundwater storage could also take place in
spring months from precipitation. If the seasonal snow cover at the foothills of the Greater
Caucasus does not last for a longer period, spring rainfalls might be crucial for groundwater
replenishment.

Conclusions

Isotopic composition of river water in the Alazani valley evolves according to a line
parallel with the global meteoric water line. Available isotopic data indicate several groups of
groundwaters . Some of them probably represents older waters. The most variable indicate the
evolution of groundwater isotopic composition from the recharge area in the mountains through
river valley to exfiltration areas. The isotopic composition river Alazani near Telavi presented
that the river is contributed mainly by isotopically light water from higher altitudes. Deuterium
excess has higher values which are typical for mountain precipitation and snow in other mountain
ranges. If the seasonal snow cover at the foothills of the Greater Caucasus does not last for a
longer period, spring rainfalls might be crucial for groundwater replenishment.
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HNcnoab3oBanne CTA0MJIbHBIX H30TONOB VISl H3yYEeHM I
NMPOUCXO0kKAEHUSI BOJAHBIX pecypcoB B KaxeTunckom pernone

I''A Meaukan3e, JI. A TI'oako, H. O. ’Kykosa, M. lll.Tonanze, C. I'. BenxBan3e,
H. A. Kananan3se, T. A. Uukan3e, I'.'T. Kagxaus

Pe3rome

C 1enbio BBISICHEHUS JBUKEHUS U T'eHe3uca MOoA3eMHBIX BoA B Boctounoii ['py3uu B Anazanu-
[[Iupakckoil HU3MEHHOCTH ObLT OPraHM30BaH WX MOHHTOPUHT. MOHHUTOPHHIOBas CeTh ObLIa
CO3/laHa C ICJIBI0 M3YYCHHS DSBATIOIMUA BOJHBIX H30TOIMOB OT OCAJKOB, IMOCTYMAMOIIMX K
MMOJ3€MHUM BOJIaM M PEUYHBIM CTOKaM, YTO ITO3BOJIAET OIICHUTH BPEMs JBHKEHHS I0J3€MHOTO
MOTOKA, a Tak)Ke Bo3pacT Boabl Anazanu-llupakckoit Bogo360poB. Takxke ObLJIO OpraHU30BaHO
HM3MEPEHHUE BBICOTHI CHEXXHBIX TIOKPOBOB.
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Abstract

In the present work, the generation of large-scale zonal flows and streamers by
modulationally unstable short-scale drift-Alfven waves in the ionosphere is investigated.
Positive feedback in the system is achieved via modulation of the skin size drift-Alfven waves
by the large-scale zonal flow. The conditions for the instability development and possibility of
the generation of large-scale structures are determined. The instability pumps the energy of
primarily small-scale Alfven waves into that of the large-scale zonal structures which is
typical for an inverse turbulent cascade. Energy pumping into the large-scale region
noticeably depends also on the width of the pumping wave spectrum and with an increase of
the width of the initial wave spectrum the instability can be suppressed. It is assumed that the
investigated mechanism can refer directly to the generation of mean flow in the atmosphere of
the rotating planets and the magnetized plasma.

Key words: Skin-size perturbations; Small and large scale turbulence; inverse
cascade; Zonal flow; large scale magnetic field; pumping of energy with respect to scales.
Reynolds and Maxwell stresses.

Introduction

Large scale coherent structures such as zonal flows and streamers can play important
roles in transport behavior of magnetized plasmas. They present the integral parts of the
collective activity of the majority of the planetary atmospheres and are manifested in the form
of the large-scale low-frequency modes, propagating along the parallels (Busse, 1994; Aubert,
et al., 2002). In toroidally enhanced plasmas, radially localized and poloidally elongated zonal
flows can suppress (Lin et al, 1998; Li and Kashimoto, 2004), but poloidally localized and
radially elongated streamers can enhance (Diamond et al, 2001; Yamada et al, 2010), the
radial particle transport. There is evidence that these coherent structures are excited by drift
and/or Alfv’en type of waves and the corresponding turbulence at time scales below the ion
cyclotron frequency (Smolyakov et al, 2000; Kaladze et al, 2005). Earlier studies have
focused mainly on waves with spatial scales larger than the ion gyroradius.

On the other hand, oscillations with spatial scales smaller than the ion gyroradius, such
as the small-scale drift-Alfv’en waves (SSDAWSs), can also efficiently drive coherent
structures (Kaladze et al, 2007). In particular, it is found that pump SSDAWSs propagating in
the poloidal direction can excite zonal flows most efficiently (Kaladze et al, 2007), and the
SSDAWSs can be in either the electron or ion diamagnetic drift directions. However, up to
now there is little investigation on the generation of streamers by SSDAWS.
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The previous authors made the trials of investigations of the special features of the
zonal flow generation by means of drift-Alfven type fluctuation on the basis of three
sufficiently simplified models, describing nonlinear interaction between these modes: the
first, a class of the models in which the effect of the ion temperature is negligible and only the
effect of the so-called finite Larmor radius of ions according to the electron temperature
(Guzdar, et al., 2001; Lakhin, 2003) is taken into account; the second model, where both
disturbances, the primary small-scale as well as the large-scale zonal disturbances, have
characteristic scale less than a Larmor radius of ions p; (Smolyakov, et al., 2002); and the
third class of the models, where finite Larmour radius of ions are considered neglecting the
skin size inertial effects (Lakhin, 2004; Mikhailovskii, et al, 2006 b; Shukla, 2005; Kaladze et
al, 2013). Although in the work (Pokhotelov, et al., 2003), generation of the zonal flow was
studied by inertial Alfven fluctuations. But, it was made in uniform plasma neglecting
finiteness of a Larmor radius of electrons, ions (T,, T; — 0). One of the important wave
modes in non-uniform magnetized space (Stasiewicz, et al., 2000; Sahraoui, et al., 2006;
Narita, et al., 2007) as well as in laboratory (Gekelman, 1999) plasma media are
electromagnetic small-scale drift-Alfven (SSDA) modes with the transverse wavelengths,
small in comparison with a Larmor radius of ions (Aburjania et al, 2009) These small scale
fluctuations can generate large-scale zonal modes and streamers in the space and as well as in
the laboratory plasma. Moreover, the contemporary theory of anomalous transfers
(Kadomtsev, Pogutse, 1984; Aburjania, 2006; Aburjania, 1990) predicts, that the anomalous
thermal conductivity and diffusion in the plasma medium may be stipulated, in essence, by
the processes with the characteristic wavelength A, of the order of collision-less skin length

Ay, A, =2n/k, ~A, =c/mp,, Wherek  is transversal (according to external equilibrium

e . /2.
magnetic field) wave number of perturbations, wp, = (47te2n0 /me)1 is a plasma frequency.
In this connection, description of the nonlinear wave processes on the scales A, ~ A, <p;

appears necessary.

In this paper we consider excitation of streamers from modulational instability of
SSDAWSs. A nonlinear equation describing the coupling of coherent structures and SSDAWS
propagating in arbitrary directions is obtained.

1. Initial dynamic equations

The nonlinear equations describing the coupling of the SSDAWSs with coherent
structures in terms of the scalar potential ¢ and the parallel component A of the vector

potential are (Aburjania et al, 2009)

%AJrv*e %Am(u V022 %ALA =0, (1)
VZ
3<|>+v*i % _ Ve AV AL A=0. )
dt oy cCt
Here V,o; =FcT,;x, /(eB,) are electron and ion drift velocities respectively, where subscript
“e” means electrons and “i” means ions; Vi, =(T,/ me)ll 2 — electrons’ thermal

velocity; t=T,/T;, V| :8/82—851(VA><V)Z. Getting (1), (2) ion longitudinal motion is
neglected and it is supposed that longitudinal currentJ, are caused by plasma electrons,
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For threee-wave interaction involving a pump SSDAW and their satellites (secondary SS
modes) we can write:
X=X+X+X, (3)
where
X :z[>2+(k)e>qo(ik-r—i@kt)+>"i_(k)e>qo(—ik-r+imkt)], (4)

describes a spectrum of SSDA initial pumping modes, k = (k k,), ®-wave vector and

X! y!
frequency of the initial modes, amplitude satisfies the condition X_ = >~<i where asterisk
indicates a complex conjugation,
X =3 |X. (K)exp(ik, -r—io,t)+X_(K)exp(ik_-r+io t)+cc), ()
k

describes the small scale satellite (secondary) modes and

X =X, exp(-iQt+ig-r)+cc., (6)
describes zonal flows. Laws of energy and impulse conservation is written in the next form:
o, =Q*o, and k, =qg-rxk, respectively. Thus, the pairs (o, ,k)and (Q,q- r)represent
frequency and wave vector of SSDA pumping modes and zonal flows, respectively.
Amplitude of the zonal modes X, = (A,,d,) is considered to be constant in local approach.
Since the coherent structures are perpendicular to the external magnetic field we have q=q; .
Further analyze will be carried out in the frames of the standard
approximationq, /k, <<1,Q/w<<1.

1.1 Generation of the zonal flows by SSDAWSs

If we consider a case when q, =0, ei.q, =q,, following the standard quasi nonlinear

procedure, substituting the expressions (3)-(6) in the equations (1), (2) and neglect small
nonlinear terms with high frequency modes we obtain the coherent structures — the zonal
flows:

cTk, k2 ~
(o — o), (K) —— 2L A, (k) =0, (7)
TEe Ng
k,c(l+ 7)o, (K) -[mk(1+k273)jA (k)=0. ®)
2 2 2
(coJr+0)*|)(j)+ &Ai =Fal . C-I-ikz(kzi2 dx) ’ )
N b k,(L+ 1)
Tk, c(l+1)d, +[A+ k322w, FouJA, =Fa|l-a D Kk . 10
@+ 1) +[( s) A, =Fo4 TR v— (10)
- cT.q2
i = 5Tk Ry (K). (12)
4me’n,B, k
—iof+ 22 A, Mzksz(k)JriqxxizkyRs(k). (12)
By « By k

Here
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1+t+ki22 ic ~ - ic ~
Qo =T 0 =k G Db, 0 = kTl Ao

o 1+r+q§k25 0 - 0
Ri(K)=q,(A A, —AA J+2k, (A A +AA )R, =68, -5,
. N ck, (1+t .

5, =A, - (17) ®.

: (1+ kiksz)(ok — g
RS = ki (A+(’I\)— + ¢—A+ _A—(’I\)+ - ¢+A— )+ q>2( (¢—A+ - ¢+A—)+ 2qux (¢—A+ + ¢+A—)'
1.2 Dispersion equation of the large scale zonal flows and magnetic fields

Using the above expression general dispersion relation can be obtained:

o = Ldid_)o +L1A, (13)
Ay =LY, + LA, . (14)
where
(L¢ L2 L LA):Z(If’ IlA’ Ig’ I?) _ (15)
ot B2 b2 )T (Q-qXVg)2
Here V, =V, (k) - zonal group velocity, defined by equality bellow:
V. - 2k, (0o, — oy )[(1+ kiki)u)k —w*e] | (16)
T K2 204+ k2A2 oy — (14 K202 fos; —
And the functions (Ii’ 12,18, I@) denote
qyk ((Dk — O )ro2
1§ = (1+7) 22 ~R?, (17)
KD [+ k222 oy — o [l + K222 ooy — (14 K222 Jouy — 0

A qukx ((Dk_(D*i)rO2 A

_1 R (18)
1 2 b "M
C koKD [201+ k222 oy — 1+ K222 Jouy — v |
2
kzro{(lﬂ)Rg PO o km)Rg}
19 =c(l+1) , (19)
i [0+ K222 Jo,, — e |- [21+ K222 Joe — (14 K232 Yooy — e [
2
rg[Rg\ s Rg]

IA = —(1+ T) ! (20)

i [P+ k222 oy, — (14 K222 Yo — 0 [

where

CZqZkZ

0= gz (22)

0
From the closed system of equations (13) and (14), we simply get the dispersion equation
for large scale zonal flows and the magnetic fields:
1- (L +14)+ L35 — L4 L2 =0, (22)
The dispersion relation of the zonal modes (22) allows an investigation of their generation

via continuous spectrum of the initial modes with skin scale, which is the main subject of the
traditional theory of such generation, which uses a Kkinetic equation for the waves,
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summarized in (Diamond, et al., 2005). Thus, the approach developed in section 3.4, based on
dynamic equations of magnetic hydrodynamics of the ionosphere, is an alternative to the
approach in (Diamond, et al., 2005) and in our opinion, is more convenient in to realize, also
in the interpretation of results obtained based on them. It’s obvious that the dispersion relation
(22) represents bisquared equation according toQ —q,V,. However, as it will be shown

bellow, this equation can be reduced to a squared one for a very interesting range of
frequencies Q of the zonal perturbation.

1.3 Generation of the streamers by SSDAWSs

Let us consider the case of coherent structures ¢, = 0. We define an angle between the
direction of pump wave SSDAW k, and x radial direction 0,, angle between k, and
direction of the coherent structure q, - 6,. Therefore, zonal flows and streamers correspond

to 6,=0"and 6, =90, respectively. For 6,=0"and 0, =90, it corresponds to oblique
coherent structure.

— iVZp? .
(Q — o} )CDO = _ﬁ?[(kka B k+xky )(ki - kii )AkAk+ (23)
—(kyk_y - k_xky)(ki —kEL)AEAk_];
— ic 1 . .
(Q-0f)A0= —B—O[u;)[(kka —K, Ky ) (ADy, — Ay, D) 20
—(keky =Kk ) (A@y —A Dy )I;
Where
(D*i,e = V*i,eky1 (Dgi,e = *i,eqy’ mfi,e = V*i,ekiy’
ic 1 —
o= —B—O(1+;J(kyqx —kqu)q)k,
+ + k2
D, =(0. -0 )( 0, -0, | -5 (0, —0, (0 — 0, ).
ki
We can obtain the coupling equations for the coherent structures:
1
—2(Q—m*i)D+D_ —aly ayly, —
@g; Do
L E_ J =0, (25)
byly, —(Q-0,,)D,D_—byl,, [\A°
i
Eq. (25) gives the general dispersion relation of the coherent structures
%(Q—a)*i )D,D_—aly %(Q—m*e)D+D_ —b,l,, [+a,bl,l,, =0. (26)
i O

If the nonlinear term |B.1/Bo|2 is small and can be neglected, Eq. (26) is reduced to
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D?D? (Q-o )(Q-0f ) =0, (27)
whose solutions are

T2
QZi:l(—bi 0?—4c._), (28)
2
Q, =),
Q, =0,

Where

0 _ 0
b, =+(20) — 0, — 0, ) — 0y — O,

Ci = i(’OSI ((Dk —w*e)iﬁ)ge (0)k _0)*9)+0‘)Si0)2e
1
_E(qiiZkL-qL)(mk —0,) (0 — s ),

where Q,, and Q,, are the solutions of D+= 0 and D-= 0, respectively.

Discussion of the results and conclusion

In this work, the features of the generation of large scale zonal flows and the streamers
due to small scale drift Alfven (SSDA) turbulence in the ionospheric plasma medium are
investigated. Two self-consistent interconnected nonlinear equations (5) and (6), determining
electrostatic and vector potentials describing the dynamics of the wave structures with finite

ion Larmour radius. They are valid for the structures till the skin scale (kiczlmﬁe ~1).

Analysis of these structures was carried out in the frames of nonlinear parametric formalism,
analogous to the theory of convective cells generation due to monochromatic pumping waves,
but generalized in the sense that instead of separate monochromatic packet we investigated
the initial waves arbitrary according to spectrum width. Such modification of the parametric
approach reveals a new feature of the interaction of the small scale and the large scale modes .
As in the majority of preceding works, we suppose the existence of some linear or nonlinear
mechanisms of initial mode excitation responsible for growth of their amplitudes above the
fluctuation level. Due to competition between linear and nonlinear effects, some stationary
state of the initial waves will form. Herewith, we consider that zonal mode generation treated
by us takes place at the end of the corresponding initial modes’ stationary level formation.
These initial modes have real frequencies.

It must be mentioned that zonal mode generation by SSDA pumping waves is possible

(see eq. (26), only at drift effects (w.,; #0), but the initial nonlinear equations of these

modes (5) and (6) are valid also neglecting these effects, i.e., for uniform plasma.

It is established, that SSDA of the skin size as well as comparably long wavelength one,
effectively generate the large scale zonal flows and the streamers. These modes will be
excited due to joint nonlinear action of the Reynolds and Maxwell stresses. Physical reason of
the zonal flow generation due to electron drift modes represents Reynolds stress. As it comes
to quasi electromagnetic ion-drift waves, they as well as kinetic Alfven pumping in uniform
plasma, can not excite the large scale zonal modes as a result of whole compensation of
moderate Reynolds stresses with Maxwell’s ones.
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We suppose, the mechanism discussed in this work is applicable for theoretical
foundation experimentally observed mean flow generation in the atmospheres of the rotating
planets and in magnetized plasma. On the one side, it can play a definite role in boundary
layer Alfven turbulence formation (Pokhotelov, et al., 2003). On the other side, parametric
instability can cause shear flow generation in laboratory plasma where it can sufficiently
impact the drift plasma turbulence and suppress the transfer processes (Smolyakov, et al.,
2000; Manfredi, et al., 2001). Thus, this instability can be one of the main nonlinear saturation
mechanisms of amplitudes of the wave perturbations in space and laboratory plasma.

This study developed a general nonlinear dispersion equation to describe the
generation of coherent structures by SSDA modes. For the meso-scale streamer
structure (B.n = 90°), it is found that its excitation comes from either the nonlinear
coupling between two branches Q. and Q,_ for the ion diamagnetic-drift pump wave,

or two branches Q;_ and Q. for the electron diamagnetic-drift pump wave. The

excitation is most effective when the pump SSDA mode propagates at Opymp ~ 30

The study compared the streamer excitation to the zonal flow excitation. It is
shown that like the streamer case both ion and electron diamagnetic-drift pump modes
can drive zonal flows. However, the strongest excitation of zonal flows happens at the
angle different from that for streamer excitation. Therefore, it proposed that the
generation of coherent structures depends strongly on Opump.

The theory which is developed in this work is applicable for nonlinear dynamics of the
ionospheric Alfven resonator (IAR). Ground-based observations of mid-latitudes (Belyaev, et
al., 1990; Bosinger, et al., 2002), high-latitudes (Belyaev et al., 1999; Demekhov, et al., 2000)
and satellite observations (Grzesiak, 2000; Chaston, et al., 2002) convincingly verify the
existence of IAR in the upper ionosphere. Results of ionospheric measurements indicate also
(Stasiewicz, et al., 2000), that Alfven waves excited in the IAR actually are not seen as small
amplitude linear waves. They always have comparably large amplitudes and represent eigen
modes of AR in a strongly nonlinear state. Let’s estimate effectiveness of the mechanism
considered for 1AR regions (Pokhotelov, et al., 2003). For characteristic parameters of 1AR

(Pokhotelov, et al, 2003): E~1072v/im, B, ~3x10°T, A,~100m, Kk, A ~1,
0 S S

dy ~ 0.01k,, we get y,y ~10° s™'. Thus, the considered parametric instability pumps

energy of SSDA pumping waves into the energies of the large scale zonal flow or streamers in

~10"°seconds. A more detailed qualitative comparison of the theoretical results obtained
through the observed and experimental data is outside the scope of this work and is a subject
for a separate publication.

Thus, our analysis shows that the parametric instability in the ionosphere is developed
simply, and can become a sufficient nonlinear mechanism of energy pumping from small-
scale drift Alfven turbulence into large-scale (or meso-scale) zonal flows and the streamers.
Such energy distribution leads to a small-scale turbulence level decreasing and to noticeable
weakening of anomalous transfer processes in the medium. So, parametrically excited meso-
scale flows can present sufficient parts of elements of the structural plasma turbulence in the
ionosphere and lower magnetosphere of the Earth.
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I'enepanus 30HAJBHBIX TEYUCHUH U CTPUMEPOB MEJIKO
MACIITA0HBIMHU JApei(Poro AJibBEeHOBCKMMH BOJIHAMU B
HOHOC(hepHOH TU1a3Me

X. Yapra3us

Pe3rome

B pabote u3yuena reHepanusi KpylmHOMAacIITaOHBIX 30HAIbHBIX TEUEHUH U CTPUMEPOB C
MOAYJIILIMOHHOM HEYCTOMUMBOCTHIO MEIKOMACIITAOHBIX IpeH(POBBIX AJIBBEOHOBCKHX BOJH B
noHoc(epHoil 1Iazme. BelsBieHa mno3uTUBHAs oOpaTHas CBsI3b MEXAy JApeilpoBBIMU
ANbBEOHOBCKMMH BOJIHAMH CKMHOBOW TOJIIIUHBI U 30HAIBHBIMU TeueHUsAMU. OmpeaeneHbl
YCIIOBUS pa3BUTUS HEYCTOMYMBOCTHM M TE€HEpaluy KPYIMHOMACIITAOHBIX CTPYKTYP.
HeycroitunBocTs ompenensier MNepekauky »JHEPrud € MEJIKOMAaclITaOHbIX Aper(oBbIX
AJNBBEOHOBCKHMX BOJIH B 30HAJIBHBIX TE€UEHUH, YTO CBOWCTBEHHO TYpOYJIEHTHOMY OOpaTHOMY
kackany. Ilepexkauka sHepruM B OTHOCHTEIBHO KpyMHOMAacHITaOHON 00JacTh 3aBUCHUT OT
UIMPUHBl CIIEKTpa HAYaJbHBIX BOJIH, C POCTOM KaTOporo HEYCTOMYUBOCTH YOBIBaeT.
PaccMoTpeHHBI MexXaHM3M MepeKaykd SHEPruH MOXKET ObITh HCIOJb30BaH s ciydas
reHepanuu (QOHOBOrO Te4YeHHMs] B arMocdepax BpallalolIMXCs IJIaHeT, a Takke JUIs
MAarHUTHBIX MTOJIEH.
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Abstract

The rapid economic growth and development in Algeria especially in Algiers which is the
main metropolis in the country take place last decades. Uncontrolled urbanization and
industrialization are contributing to deteriorate the environment. All these activities lead to
an increase in the number of vehicles in the Grand Algiers, which adversely affect the air
quality. Air quality in urban areas constitutes a major concern, taking in consideration the
impact of pollution on environment and inhabitant’s health. The main important urban air
contaminants in terms of emissions and effect on environment and human health which could
be taken into account are: carbon monoxide, nitrogen dioxide and particulate matter PM. The
aim of our research is to assess the risks of man-made emissions into the atmosphere of
Grand Algiers as a result of impact from stationary and mobile sources of pollution. GIS
maps of air pollution with PM 1.0; 2.5; 10 microns in Grand Algiers were carried out. Based
on the obtained results, it was revealed a tendency of increased content with nitrogen dioxide
in the atmosphere of Algiers which demonstrates the existence of the risk of falling out of
nitric acid rain not only within the city limits but also in the scale of grand Algiers. According
to the GIS mapping revealed features of the propagation of man-made dust particles size 1.0;
2.5 and 10 microns. Further investigations should be focused on the establishment of a
sufficient number of monitoring stations and planning ways to reduce the negative impact on
the environment.
Key words: Air pollution, particulate matter PM 1.0; 2.5; 10 microns.

Introduction

Industrial objects growth in the cities of Algeria are followed by a series of negative
phenomena and, first of all, extra accumulation of different contaminating gases and
vaporized pollutants. Mainly, emissions take place in the cities of Algiers, Annaba, Oran and
Skikda because of the high concentration of harmful industries located in these cities.

The development of urbanization, the increase in the number of industrial facilities, the
constant improvement of the density of urban transport in the Grand Algiers accompanied by
a number of negative phenomena, and, above all, excessive accumulation in the atmosphere
of various gas and vapor contaminants. The main components of harmful substances into the
atmosphere are emissions from high-temperature fuel combustion products (exhaust gases of
vehicles, aircraft, industrial emissions) [1-6]. Industrial activities in Algiers associated with
engineering, chemical and petrochemical industry. Significant impact on the state of
atmosphere of the metropolis due to the heavy vehicular traffic. Aerotechnogenic pollution of
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the environment is the cause of most problems related to the presence of atmospheric dust
particles of various sizes, which differ in size into three types (1; 2.5 and 10 um). The
potential adverse effects associated with these particles by their sizes (they are easily and
deeply penetrate into the alveoli of the lungs) and the presence of toxic heavy metals (iron,
lead, cadmium). The fine particles and, particularly diesel emissions are nowadays in all cities
around the world, the problem for the public health. Moreover, national report on the state of
environment demonstrated that 30% of consultations are for respiratory diseases, 40% of
infant mortality (children under 1 year) is caused by respiratory diseases and 600 000
asthmatics suffer permanently [7-9].

The purpose of our research is to assess the risks of man-made emissions into the
atmosphere of Grand Algiers as a result of stationary and mobile sources of pollution.

Material and method.

Regular grid satellite measurements were interpolated into ground observation points
and regression is built on these relationships. The satellite measurements are recalculated for
the whole study area by regression equations obtained. The monthly-averaged concentrations
of the atmospheric contaminants are processed under time series analysis algorithm,
interpreted and mapped. The data of CO remote atmospheric sensing in 4 cities of Algeria
have been obtained within the different periods for the last decade.

Specialized optical or microwave sensors, mounted on the remote sensing satellites
were used to analyze the Earth’s atmosphere. Now the atmospheric remote sensing satellites
Envisat (equipped with GOMOS, MIPAS and SCIAMACHY spectrometers), MetOp
(equipped with 1ASI, GOME-2 and HIRS/4 spectrometers), EOS (equipped with MOPITT,
AIRS, OMI and TES infrared spectrometers as well as HIRDLS and MLS microwave
radiometers) and NPOESS (equipped with OMPS ultraviolet/visible spectrometer) are
operated. Assessment of the atmospheric pollution with inorganic gases is carried out by
satellite measurements using ground truth data. As the source the level 3 data products from
NASA Goddard Earth Sciences Data and Information Services Center (GES DISC) are used.
Spatial segment of interest and required data layers selection and monthly averaging produced
by Giovanni web-service (http://disc.sci.gsfc.nasa.gov/giovanni/).

Automatic selection of air samples in Algiers held since 2002 [7]. Monitoring posts
have been set up in four areas: ler Mai, Ben Aknoun, Bab El Oued and El Hamma.
Additional studies were conducted during the first decade of the 21* century, and in other
parts of the Grand Algiers [10].Among them, three urban areas with high population density:
U1- district of Bab-Ezzouar; U2-center of Algiers; The U3-region Bach-djerrah, S - National
Polytechnic University, and two suburbs (PU1l- Dely-Brahim and PU2- Bouzaréah). The
resulting average daily, monthly and annual averages data of background monitoring of test
substances in the air compared to the maximum permissible concentration (MPC). According
to WHO standards, the MPC for NO, is 0.03 mg / m® [11]. SAMASAFIA [1, 15, 17]
Networks analyzers are equipped with size of 10 microns. In a further series of investigations
was assessed not only by the size of 10 microns, but also other dangerous for breathing (2.5
microns), as well as emitted by diesel engines (less than 1 micron). The two classes of PM10
and PM2.5-particles are strictly regulated by the WHO in developed countries [10]. In
accordance with WHO and EU limit values for PM10 standards of technological dust are 0.02
and 0.04 mg / m®, but in Algeria, they were raised to 0.08 mg / m*®. MPC according to the
WHO standards for man-made dust particles PM 2.5 is 0.02 mg / m® [10].
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Results and discussion.

The data on remote sensing of CO concentration in the troposphere during last decade
and its distribution in the north of Algeria are shown in the fig. 1.
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Fig.1. Giovanni web-service processing results: Aura/AIRS CO monthly volume mixing ratio
AIRX3STM.005 data product, Algeria, September 2006

The data on annual monitoring of CO concentration in the urban agglomerations of Algiers
are shown in the fig. 2.
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Fig. 2. Annual evolution of carbon monoxide concentration in Grand Algiers [7].
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Carbon monoxide results from incomplete combustion of fuels and fuels. In the ambient
air, it occurs mainly in the vicinity of the tract of traffic. A decrease of the annual values in
2007 from 0.98 mg/m® at Bab El Oued to 0.53 mg/m® at Ben Aknoun because of the traffic
more disturbed and less rapid. At the level of the urban agglomeration of Algiers, the carbon
monoxide is essentially the automotive traffic. Gasoline vehicles are the main sources of
emission of the pollutant.

The dynamics of air pollution nitrogen dioxide in Algiers from 2003 to 2009 is shown in
fig. 3.
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Fig. 3. The dynamics of air pollution with nitrogen dioxide in Grand Algiers

It could be argued that the average concentration of nitrogen dioxide from 2003 to 2007
in the city territory was close to 1 MPC. The annual average levels in NO; at the stations of
Ben Aknoun and Bab El Oued are very contrasting depending on the environments
considered.

The highest contents are recorded on sites in the vicinity of the axes busy in the case of
Ben Aknoun (37 pg/m®), followed by the urban site of Bab El Oued (17 pg/m®). All sites do
not exceed the quality objective, annual (40 pg/m®).

It is known that nitrogen dioxide entering into a chemical reaction with water vapors
converted to nitric acid [11]. In this regard, there is a risk of precipitation of nitric acid rains
over Algiers. Necessary to consider that continuous acidification of soils due to the
precipitation leads to increased migration of heavy metals in the links: soil - plant, soil -
groundwater. Significant environmental risks are also associated with the increase in
frequencies of respiratory human disease [12] anthropogenic degradation of soil biocoenosis,
reduced crop yield in areas of acid rain [13]. Results of air pollution with dust particles during
the years 2003 and 2004 in megapolis are shown in fig. 4.
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Fig. 4. Annual evolution of dust concentrations in the urban area of Algiers [15]

Comparing the obtained data demonstrates that the content of PM10 dust particles in
Algiers is 1.5-4 times higher than the WHO standards. Atmospheric pollution with
technogenic dust is associated with fallout of lead and other heavy metals. Data on the content
of heavy metals of man-made dusts, selected in two posts of SAMASAFIA are shown in
Table 1.

Table 1

Content of heavy metals in the atmosphere of two districts of Grand Algiers, pg / m®

Element Station of Bab EIl Oued Station of Ben Aknoun
14.08.05 12.09.05 14.08.05 12.09.05

Lead 0.38 0.80 0.05 0.08

Cadmium 0.001 n.d n.d n.d

Nickel 1.56 1.67 0.37 0.38

Been recorded a greater pollution with lead, nickel and cadmium in the district of Bab
El Oued compared to Ben Aknoun district. Exceeding the European standard (0.2 mg / m°)
reaches up to 4 times. Unfortunately, until now the preferential refueling of vehicles in
Algeria used gasoline as an antiknock additive of tetraethyl lead (0.4-0.8 g / I) [16]. However,
the presence of such additives leads to the fact that more than half of lead pollution of soil and
plants accounted for the share of road transport.

Additional monitoring of technogenic pollution with PM10 was organized in the large
settlements of Algiers, where the population is exposed to particles of about 60-70 pg / m°.
GIS maps of air pollution with PM 1.0; 2.5; 10 microns in Grand Algiers are shown in fig. 5-
7.
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Fig. 5. Air pollution with PM10 in Grand Algiers

Fig. 6. Air pollution with PM2.5 in Grand Algiers

Pollution levels of ground layer air in the area of Bab-Ezzouar, in the center of Algiers,
district Bach-djerrah (point U1, U2 and U3); near the Polytechnic University (S)
concentrations of PM-10 and PM-2.5 exceed the international standards. In suburban areas
pollution levels was twice less.

Fig. 7. Air pollution with PM1.0 in Grand Algiers
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The highest level of air pollution in the area S is associated with an enormous cluster of
cars around the Polytechnic University.

The weak or total absence of vegetation along the streets and in residential areas
contributes to a high level of air pollution with dust particles.

Decrease in pollution growth compared to the current level can be expected in the
nearest future after the introduction of ecological management measures Cement works
companies Meftah and Rais-Hamidou, displacement and disposing of some animal waste
repositories in the locality of Oued-Smar. It is possible to wait for better, if develop the
measures to reduce the emissions from road transport. One of alternatives is the application of
environmentally friendly anti-knock additives. It is known that effective additives based on
metal complex compounds for diesel engines [14]. A further measure is to increase the
efficiency of automobile engines.

Conclusions.
The obtained results allowed us to draw the following conclusions:

1. At the level of the urban agglomeration of Algiers, the carbon monoxide is essentially
the automotive traffic.

2. Revealed the tendency of increased content of nitrogen dioxide in the atmosphere of
Algiers which demonstrates the existence of the risk of falling out of nitric acid rain not only
within the city limits but also in the scale of grand Algiers.

3. According to GIS mapping, it was found a features of man-made propagation of dust
particles size 1.0; 2.5 and 10 microns.

4. Further investigations should be focused on the establishment of a sufficient number of
monitoring stations and planning ways to reduce the negative impact on the environment.
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IKOJIOTHYECKNE PUCKH TEXHOTEHHOTI'0 3arpsi3HEHUs BO3/yXa B
boasmom Amkupe

A. ben3zenxoy06, M.M. Xapurtonos, A.O. 3aituenko, C.A. CtankeBHY

Pe3rome

B mocnegnue necstunetuss HaOMOAAeTCsl OBICTPBIA SKOHOMHYECKHH POCT M Pa3BUTHE
Amxupa, 1 ocobeHHO ero cronuilbl — bombimoro Amkupa, KOTOpBI SIBJISETCS TJIaBHBIM
MeramnojucoM  cTpanbl. HekoHTpomupyemas  ypOaHu3auuss W HHAYCTPHAIHA3ALIMS
CHOCOOCTBYIOT YXY/ILICHUIO OKPY)KAIOIIeH cpelbl. YBEIMUEHUE KOJUYECTBA TPAHCIOPTHBIX
cpenctB B bonbmioMm Amkupe HEraTWBHO BIIMSIET Ha KauecTBO Bo3ayxa. KauecTBo Bo3myxa B
TOPOJICKUX paiioHaxX TMpeAcTaBisieT co0oil cepbe3Hylo 03a004Y€HHOCTb, NpPUHUMAs BO
BHMMAaHUE BIUSHUE 3arpsi3HEHHS Ha HE TOJBKO HAa OKPYXKAIOIIYIO Cpely, HO U Ha 3J10POBbE
xuteneid. OCHOBHBIMH 3arpsi3HUTENSIMA TOPOJICKOTO BO3AyXa C TOYKU 3PEHHsI BHIOPOCOB U
BO3JICHCTBUSL Ha OKPYXKAIOIIYI0 Cpey M 3/J0pPOBbE 4YeJIOBEKa SBJISIOTCS: OKHCH YIJIEpoja,
IBYOKHCH a3oTa u mbuieBble yacTuibl ([TY). Llenp Hamiero uccienoBaHus 3aKioyaiach B
OIICHKE PUCKOB, CBS3aHHBIX C TEXHOT€HHBIMH BBIOpocamu B atmocdepy bombimoro Amxupa
OT CTallMOHAPHBIX M MEPEABUKHBIX HMCTOYHUKOB 3arpsizHeHus. [loctpoenst ['MC-kapThl
sarpsizHenus Boznyxa II4 1.0; 2.5 u 10 mukpon B bonbmom Amkupe. Ha ocHoBanum
MOJIyUEHHBIX pEe3yNIbTaTOB Obllla yCTAHOBJIEHA TEHJCHIUS YBEIMUYEHUS COJEpKaHUs
JIMOKCUIA a30Ta B aTMocdepe AJKHpa, KOTOPBI MOXKET CIIOCOOCTBOBAThH MOBBIIICHUIO pUCKa
BBIMAJICHUs] A30THOKUCIBIX JOXAEH He TOJBKO B Ipenesnax ropoja, HO M B Macmirade
bonpmoro  Amxupa. CormacHo I'MC-kaprorpadupoBaHusi BbISBIEHBl 0COOEHHOCTH
pacnpoCTpaHEHUsI TEXHOTEHHBIX 4YacTHl] nbuid pasmepom 1.0; 2.5 m 10 mMxm. [lanpHelimme
UCCIIEIOBAaHUS JIOJDKHBI OBbITh HampaBiIeHbl Ha OOOCHOBaHHME CO3JIaHHs JOCTaTOYHOTO
KOJIMYECTBA CTAHIIUM MOHUTOPHUHIA U IJIAHUPOBAHUS NyTe CHU)KEHUS] HEraTUBHOTO BIUSHUS
Ha OKPYKAIOILYIO CPEly U 3J0POBbE YEJIOBEKA.
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Abstract

Some years ago the authors suggested new fluids bubble boiling method (BBM) for modeling
vertical convection processes having place in the geospheres. Then they were developed in
our recent articles for artificial solutions and analyzed by means of T (t), AS (T), and T (p)
experimental curves for definition of admixture of the mass content density of any solution or
natural waters. In suggested article, luckily, were obtained optimal values of the liquid
volume, the heating intensity, and temperature measurement frequency at any solution
concentration allowed us, without waste of time and any trouble, to work out the original
method BBM for modeling of above mentioned geophysical convective motions in the
laboratory conditions and provide at that stage the planned experiments. Thus, it was
investigated: the regimes of heating, the first smallest air-vapour micro-bubbles (d =~ 70 cm),
then macro-bubbles (d ~ 2 - 10" cm) boiling before the end of experiments (T = Tpax = T >
100 °C). The experimental curves showed clearly the succession of the regimes: (1) thermal
(To =10 °C < T < Ty = 40 °C); (2) microscale bubbles (T < T1 = 40 °C); (3) macroscale
bubbles (T < T, = 80 °C); (4) intensive, in the form of some winding vertical bubble-chains
(80 °C < T < T3 = 100 °C); (5) bubble-projectile (T > Ts = 100 °C ). To the end of
experiments, mean value of loss of liquid mass was equal to about 10 % of the whole mass.
At last, it was constructed universal experimental curves, connecting the values of parameters
of the liquids at the points of the boiling regimes, changed and obtained three linear curves T
(t), 4S8 (1), and T (p), and sinusoidal AT (At) one for natural waters of Georgia and artificial
chemical matter solutions of any density at the points of the regime break.

Unlike the Nu-Ra case, our BBM allows to experimenter for short time to determine main
thermodynamic parameters, avoid technical difficulties of preparation, and carry out
measuring, especially near the breaking points of the regimes, and recommend it to
corresponding physical-chemical laboratories.

Keywords: vertical convection, incipience, one-dimensional, two-phase flow, temperature,
entropy, points of discontinuity, Archimedes force, bubble boiling, vapour, beaker.

Thermodynamic laws are empirical, therefore they

may be considered with different ways, which are
equivalent... It would be great mistake to be carried

away mathematics and forget about physics. Ryogo Kubo.
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Introduction

It is well known lots of scientific works devoted to the investigation of convective motions in
different geospheres such as thermals and convective clouds, thermal waters, gazers,
volcanos, many technical applications, sufficiently small scale geophysical phenomena, etc.
[1-28]. Our laboratory experiments provided earlier on the water solutions of NaCl, C¢H120s,
other matters of different concentrations, and some natural waters of Georgia showed some
new results [25-28]. The liquids bubble boiling method (BBM) have presented in the more
complete form. New results analyzed in the context of the entropy change regimes allowed us
to confirm their reliability. A work, as a priest gravity and Archimedes forces. The last part of
the article is dwelled on the optimal characteristics of the modelled system — natural waters
and artificial waters solutions — significant peculiarities of these simple models. One may say,
that even this simplest case of one-dimension vertical motion reveals a rich wealth of
considered phenomena.

Il. Laboratory experiments

(a) Here are obtained and analyzed results of systematic laboratory experiments on the
modeling of the wvertical convection process and independent investigations of the
thermodynamic parameters of the Georgian thermal waters by means of suggested original
method BBM. The experiments, carried out on a samples of natural waters, are following: the
spring of the Berebis Church (t. Tsalka); the Black Sea water (t. Anacklia); sulphuric waters
(lake Lisi, Thilisi); sulphuric waters (Bath-Houses, old Thbilisi); mineral waters (m/c
Kazbegi); spring waters of m. Mtatsminda Pantheon (over Cap.Thilisi) (according to the
annals data, sacred waters sprang in the Mtatsminda Pantheon, thanks to the urgent prayers of
the Pantheons priest, David Garejeli (VI a.Chr.))

Results of these experiments are illustrated in Figs. 1-5.

Fig. 1 shows thermodynamic picture of the Berebis Church drinking waters sample (t. Tsalka)
on the basis of our bubble boiling method.
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Fig. 2. The Lake Lisi sulphuric waters sample (Thilisi)

Analogical result was obtained for the sulphuric waters sample of the old Thilisi range
(Abanoebis Ubani) by means of our bubble boiling method.
Results of constructions of dependence between the characteristics of studied natural waters at
the breaking (changes of boiling regimes, kink when takes place large-scale vertical convection)
points — the second kind discontinuities during the bubble boiling process (Figs. 1-5).

b. Special sample of well-known in Kakheti Region of Georgia, r/c Velistsikhe, a grapes juice —
badaghi — natural glucose of different values of density.
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Fig. 3. Kakheti, t. Velistsikhe, (badaghi — CsH;,0¢ solution): (a) — max density
of glucose; (b) — outlayed heat against the time of heating of badaghi solutions.

Fig. 3b shows the AQ(t) function for glucose water solutions of different densities. The points
of change of bubble boiling regime are indicated by the pair of pointers (1, 2, 3, 4, 5).
Experiments carried out by the bubble boiling method on artificial solutions and natural water
samples showed that measuring of some parameter change gives us sufficiently full and
precise information about the changes of heating and bubble boiling regimes values of
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respective bubble boiling temperature, density and other thermodynamic parameters of
investigated object.

For example, the water solutions of NaCl and a honey of the same density (p = 1.03 g/cm®)
have equal values both of all three measured values of parameters (T, p, t) and calculated
values of the entropy AS(T). Thus, the investigated fluid, having volume equal 300 ml, is
heated from below; the temperature is measured in time, T(t), beginning from initial value,
T(0), through all studies of formation of bubble boiling regime having fix the two by two
points of the second kind of discontinuities (“kink”, “break’), T1 and T, before achievement
of the last, most intensive bubble boiling, T3 = 100 °C. After detail analysis of the results of
these experiments we constructed two groups of the experimental curves, T(t), AS(T), and
T(p): (a) — concrete values, and (b) — for the points of the discontinuity. These experimental
curves have universal character. It is evident, that using suggested method, these universal
experimental curves, one can determine unknown values of the density, characteristics of each
stage of investigated liquids for modelling of vertical convection in nature: in the atmosphere,
oceans, volcanoes, etc. It is necessary to note that investigation of this process, having great
scientific interest, may be qualified as independent significant problem. In this light, suggested
original simple and cheap method may recommend to physical and chemical laboratories.

I11. Construction of universal curves at discontinuities thermodynamic main parameters.
The (T, t), (AS, T), and (t, p) experimental curves of (for any samples of liquids) investigated
liquids helped us to obtain following results. (a) the temperature-time curves fix all points of
bubble boiling regime change (break / kink) which are between T = 40 °C (solution with
density p > 1.2 g/lem®) and T = 80 °C (clear water, p = 1 g/em®) (see Figs. 1-5); (b) the
entropy-temperature curves show only the latter point T = 80 °C; these curves, having make
the others round, grow linearly before the point T = 80 °C and then, bending to the right,
continue their grow to the T = 100 °C, but with diminishing rate (Figs. 1, 2, 5a).

Below, Fig. 4 represents the universal experimental curves connecting with each other the
main thermodynamic parameters points of the second kind of discontinuity (kink, break)
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Fig. 4. Universal curves of the parameters characterizing the change of bubble boiling
regimes:

@) — (T, ik ; (b) — (t, p )kink; 1— spring of r/c Tsalka(21.5 min); 2— Black Sea’s water, t.
Anaklia (17 min); 3 — sulphuric water of the Lisi Lake (14.5 min); 4 — sulphuric water
of Thilisi old region’s bath-houses (11 min); 5 — honey solution (7 min).

The data of parameters of investigated liquids, presented above in Fig. 4, illustrate linear
character of the functions (T, t) and (p, t) at the points of change of the bubble-boiling regime
(usually noted by terms: “kink” or “break”, or “discontinuity of the second kind”) for any
natural liquids or artificial solutions. Their corresponding empirical formulas have following :
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Tusa = To + of, To = 19°C, o = 2.8°C/min;
(P — 1)l +t/b=1, a =0.18 g/cm®, b=215°C. (1)

Repeated boiling experiments with artificial water solutions or natural waters shoe that
measured value of their any parameter (for example, Tink(tink)) gives us sufficiently right an
d precise information about bubble-boiling regime and unknown parameter (for example,
density, p) of studied liquids (natural/thermal/mineral waters).

For example, the water solutions of an edible salt (NaCl) and a honey (CgH;206) of the same
volumetric density (p = 1.03 g/cm®) on the curves Tyinc(pkink) and Tiin(tink) have the same
reading of experimentally measured values of three parameters (T, p, t) and calculated values
of entropy, ASkink(Tkink). Full picture give the control experiments on the specially prepared
samples of water solutions of a honey with following proportion ((1:2:3:4:5) g) / (300 g of
water) confirmed once more obtained earlier (Fig. 3 in [26]) conformity to natural laws (Tkink
Ipkink):

%Ooéll.o g/lem®; 70°C /1.02 glem®; 60°C /1.07 g/em?®; 50°C /1.08 g/cm®; 40°C /1.27 glcm®. (2)
Thus, suggested bubble boiling method allows us during ~ 50 min obtain a density,
temperature, entropy, intensity of heating any solution at the points of change of the thermal-
bubble-boiling regimes, respectively by means of the system experimental curves.

IV. Heating of fluids from below — fast straight absorption process.
Using equality of the heating flux through the bottom of the vessel

dQ = A (T — T)/8 Sdt, (3)

to the quantity of the heat dQ = mc dT, spent on the heating of the m mass of liquid, we
obtain the simple differential equation

A (T~ T)/5 Sdt = me dT, 4)

at the conditions:
t=0,T=Tpt=1, T=Tg (5)

where Ty is a temperature of the bottom of the chemical vessel, A — is the vessel’s material
thermal conductivity, 6 and S are the thickness and the square of the vessel’s bottom,
respectively; the temperature homogeneity at the whole bottom surface was achieved by means
of thin metallic plate between the vessel’s bottom and an electric stove. Analytical solution of
differential equation (4) is

T(t) =Ty + (To _ Tk) e (AS/3me)t . (6)

Formula (6) describes initial stage of heating of fluid as a solid body, where a heat
conductivity prevails over convection and, of course, latter is absent, a circumstance expressed
by means of an exponential multiplier of formula (6); the first and third addendums of equation
(4) consider as most important ones. Using numerical values of parameters given in (11), one
obtains for exponent:

AS/& mc=0.007 - 11.9/0.3 - 300 - 4.19 s*=7-107s'= 0. (6"
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Temperature of liquid achieves the point T = T = 100°C. This is a process of heating of liquid
modelled by means of criterions of similarity Fo and Pe, and in case of its boiling — with Nu
and Ra, [9, 15-18]. Here we note, that construction of experimental curves (T, t)ink, (AS,
Tkink, and (T, p)kink allowed us to obtain some new results on the physical properties of the
investigated fluids (natural waters, sea water, artificial solutions etc.). They are following:
changing of regimes (at the surface of beaker’s bottom T ~ 108 °C) — over the bottom of
beaker thermals (20 °C), microscale bubble boiling (40 °C), macroscale bubble boiling (80 °C),
intensivg heavy turbulent in form of vertical bubbles pillars (100 °C), saturated vaporization
(100, 8 C).

V. Loss of heat by fluid — slow reverse process. Let us consider heat conduction, Q, through
lateral cylindrical wall of a beaker
T-T,

Q=r—"D (")

where L is coefficient of heat conduction of beaker’s lateral wall; d — thickness of beaker’s
lateral wall; D — square of beaker’s lateral wall; T — temperature of beaker-liquid system); T,
— temperature of laboratory air (constant during experiment at open window).

In more concrete, Fourier law, form, of beaker’s

Q =7»(3—-[ 2nRh, (8)

where dT/dr is temperature gradient in cylindrical wall of the beaker; R is a radius of the
beaker’s circle bottom; h is thickness of liquid’s layer in a beaker.
Consider two cases of boundary conditions:

(a)dT/dr<0, (T<Ta)
dT
Qi=mc AT + AmL + XW 2nRh + MC'AT; (9)

(b) dT /dr =0 (cylindrical wall is isolated),
Q2 =mc AT + Am L + Mc'AT, (10)

where M is the mass of the glass; ¢'=0.779 ]/ (g - K) is the glass heat capacity; usual glass A1
=0.7J/(m-s*K)=0.007J/(cm - s - K); quartz glass A, = 1.36 J / (m - s+ K) = 0.0136 J/ (cm
-5+ K); AT=90°C; d=0.3cm; S = 7R* = 37.37 cm?, h =8 cm, m = 300 g; Am =30 g; Rbor =
3.45cm;p=1g/cm’ c=1cal/g-K=4.19]/(g-K); L=2.25101/g; Wo =103 J /s,
Woot =47 J/s. (11)

VI a. Peculiarity of behavior of the liquid temperature under their heating at different
intensity.

Changing rates of liquids heating process we determined relation between scales of
parameters of studied liquids — time intervals (At); temperature interval (AT); mass of liquid
(Am); form and size of beaker (cylinder, AV); interval of solution density (Ap); intensity of
heating (q). Obtained values are following: At = 5 min; AT = 5 °C; Am = 300 g; AV = 10°
cm®; Ap = (1+1.2) gem®; q =47 Js™.
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Fig. 5. (a) — entropy-temperature dependence, AS (T); (b) — temperature-
time, AT (t), dependence at the heating intensity, respectively: g = 35 J/s
(low branch), g = 47 J/s (intermediate branch), and q = 75 J/s (upper branch);
(b) — the sinusoidal temperature-time dependence AT (t), obtained for every
successive time interval At =5 min, at the intensity of heating q = 47 J/s).

The empirical formula of the temperature-time dependence, T (t), for the r/c Tsalka natural
thermal waters sample has following sinusoidal form:

T(®)emp = To+ (To =To) (t/7) A sin 2n(t/r), (12)

where A = 2 °K and t© = 35 min are the mean value of the amplitude and the period of
sinusoidal change of temperature, respectively; To and Ty, are the initial temperature and the
point of boiling of liquid, respectively.

It was possible to measure the average temperature during providing of experiment with an
accuracy to + 1 °C by using of both optimal quantity mass of solution and time interval of
measuring. The latter was in following: the mass of a liquid was approximated to the m = 300
g = 300 ml which boiled between 40 min with intensity, water and time interval about nine
points between laboratory temperature To = 10 °C and then as initial constant one before
beginning of every experiment (by using refrigerator). As it is was shown in this work, whole
process of thermodynamic state of liquids, heating from below, is characterized,
quantitatively, and, as well as qualitatively, by temperatures To = 10 °C, Ty wink = 40 °C, T in
=80 °C, Ty = 100 °C, Ty, and Tup — overheating of fluid at the rigid bottom of the vessel and
free upper surface of liquid, respectively.

Fig. 1A shows that the curves: (a) AS (T), and sinus (b) AT (At), reveal only one point of the
second kind of discontinuity (at 80 °C = 353 °K). Only the entropy displays effective growth
with temperature AS(T) (at different intensities of heating of liquid, q),

VI b. Energetic characteristics of liquids bubble-boiling process obtained in laboratory.
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The Table 1 shows data obtained on the base of optimal values of parameters of the
thermodynamic system (samples of studied waters): q = 47 J — the intensity of an electrical
source; m = 300 g — the mass of a liquid; V =10° cm® — the volume of a beaker; AT = 5 °C; At
=5 min.

Table 1. Energetic characteristics of heating of clear thermal water from r/c Tsalka
(q=47Js, m=300g, V =10°cm®, AT = 5 °C, At = 5 min)

T,°C t, min Heat quality, Qp, J Share of Q,/Q, Q./Q, %
10 0 - - -
40 9 25320 25320/112800 22.5
80 21.5 35310 35310/112800 31.3
100 40 52170 52170/112800 46.2

VII. Fragments from discussion of known numerical modeling of large-scale convective
motions in atmosphere and ocean [22].

During intensive and heavy turbulent boiling part of liquid, the entropy curve increase shows
slowing-down to the end of experiment; that means that heat energy spends almost
completely for evaporation of liquid. The following quotations from article [22] as we think
would be very useful and relevant at discussion of results of our experiments: (1) Two general
expressions are derived for a rate of entropy production due to thermal and viscous dissipation
(turbulent dissipation) in a fluid system. It is shown with these expressions, that maximum
entropy production in the Earth’s climate systems suggested by Paltridge, as well as
maximum transport properties of heat or momentum in a turbulent system suggested by
Malkus and Busse, correspond to a state in which the rate of entropy production due to the
turbulent dissipation is at a maximum...For thermal convection of a fluid layer heated from
below (our case), Malkus (1954) suggested that the observed mean state represents a state of
maximum convective heat transport. For turbulent flow of a fluid layer under a simple
shear, Malkus (1956) and Busse (1970) suggested that the realized state corresponds to a
state with a maximum rate of momentum transport. (2) Two developments should be
mentioned here. One is a theoretical investigation of MEP (maximum entropy production)
based on statistical interpretation of entropy (Dewar, 2003). Information theory (Jaynes,
1957) showed that the most probable macroscopic steady state is one with MEP among all
other possible states, given the boundary conditions and mass and energy conservation laws.
This statistical approach will broaden the horizons between MEP and information theory
(Lorenz, 2002, 2003). It will also be a theoretical basis for the energetic explanation shown
above since the between the heat energy and the Kinetic energy is only of statistical
significance. That is, spontaneous conversion of the heat energy into the kinetic energy is in
principle possible, but is just extremely improbable. (3) Another development has been made
with numerical model simulations: (a) numerical experiments on Bénard-type experiments of
thermal convection in a rotating fluid system — obtaining a kink in the rate of entropy
production between two different convection regimes. One founded that irreversible
changes always occur in the direction of the increase of entropy production (see [22])
(compare with our experimental results, Figs. 1-5, !).
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VI11. Heating balance of the liquids’ bubble boiling process.

Defined more precisely with additional information, the method allow better understand both
the peculiarities of liquids bubble boiling kinetics and their regimes changing high rate:

(1) thermals (at To = 10 °C < T < T, = 40 °C); (2) microscale bubbles (at T < T; = 40 °C); (3)
macroscale bubbles (at T < T, = 80 °C); (4) intensive, in the form of some winding vertical
bubble-chains (80 °C < T < T3 = 100 °C) — wellknown in literature intermediate structure —
“bubbly-slug flow” [13] ; (5) bubble-projectile (T > T3 = 100 °C ), [13],

It is suggested improved defined more precisely simple laboratory method of definition of
admixture density of any fluids or water solutions. We can determine a degree of purity of
liquids using experimentally obtained universal curve Tyink(pkink) (See Fig. 3, [26, 25]), (lower
mark “kink” was used by Ozawa et al. [22]). Results of constructions of dependence between
the characteristics of natural waters or artificial solutions at the breaking points (changing of
boiling regimes) show a linear character of all experimental curves (T, t)xink, (AS, T)kink, (&,
p)kink- As a rule, the term “breaking” is used in thermodynamics and special literature (for
example, cited here, [5, 7, 10, 13, 19, 30, 31]), the authors of article [22] use term “kink” to
the change of large scale thermal convection regimes in atmosphere and in oceanic general
circulation, [32].

Latter data are in accordance with our modelling results (Figs. 1-5).

Acknowledgements. The samples of natural waters (from t. Tsalka and t. Anaklia) were
friendly delivered to us by Mechanical engineer, Gocha Jamrishvili, (Mob.
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HccaenoBanue 0CHOBHBIX TCPMOIUHAMHUICCKHUX
HapaMmETpoOBIIPUPOAHBLIX BOJ pr3l/ll/l OPpUIHHAJIBbHBbIM
METOAOMITY3bIPbKOBOI'0 KHIICHUA KUTIKOCTH

A.HU. I'esecnann, H.I'. YnaOpumsuian

Pe3rome

[Tomy4yeHbl yHUBEpCaJbHAble SKCIIEPUMEHTANbHBIC KPHUBBIC JUIS OIPENEIICHUS IJIOTHOCTH
COJIepKaHUs TIPIMECH B JKHMIIKOCTH JIIOOOTO PacTBOpA WIIM €CTECTBEHHBIX TEPMAIIBHBIX BOJ
OpPUTHHAIBHBIM METOJIOM IY3bIPEKOBOTO KUTIEHHIX. [10JydeHbl ONTHMaIbHBIE COOTHOIICHHS
MEXIy 00BEMOM HCCIETyeMOW KHUIKOCTH W HMHTEHCHBHOCTBIO II0JIABAEMOTO TEIJIOBOTO
notoka.  KoHTponmpyeTrcst  mpoliecc  TMOSBICHHS  IY3BIPhKOB ~ OT  MeJbUYalIImx
(MuKpoMacmITaOHBIX) pa3MepoB, JUAMETPOM MOPSAJIKa 102 cm, 10 KpynHbix ~ 0,2 cM.
VYCTaHOBIIEHO TO-TIAPHOE CYIIECTBOBAaHMWE pPAa3phIBOB HEMPEPHIBHOCTH BTOPOTO poja B
untepsaie (40-80) °C. TlomyueHHsie sxcrepuMenTanbabie kpussie, T (p), T (1), and AS (T),
W JeTalbHbIC TaOIWIBl MAOT TOJHYI0 WH(POPMANHI0 O TUIOTHOCTH TEPMOIMHAMHUYECKOH
cucTeMbl M Jpyrux e€ xapaktepHbix mapamerpax. ITocie T(t) Bcrymaer B ponbs AS (T) B
YCTaHOBJICHUM MOMEHTOB CMEHBI PEKHMOB KUIICHHUS JKUIKOCTH, B 0COOCHHOCTH BO BTOPOI
MIOJIOBHHE TIpoIiecca OypHOTO ITYy3BIPHKOBOTO KHUITIEHHUS B BHJIE YCTOWYMBBIX M3BUBAIOIIMXCS
BEPTUKAIBHBIX 1[Il My3bIPHKOB Map-BO3/yX (BICUATIISIOMNX “My3bIPHKOBBIX NUIAHTOB™Y).
DKCIepUMEHTAIbHbIC KPUBBIC HArJISITHO OOHAPYXKHMBAIOT CMEHY pexumoB: (1) — pexum
cBOGOIHOH KoHBekuuH (Tepmukossiit, oT 0 °C 10 40 °C (2) — peskuM MenbyaiinX Ta30BbIX
my3bippkoB Tipu T < T; = 40 oc; (3) — KpyMHOMY3BIPHKOBBINA PEXHUM C SIPKO BBIPAKEHHBIM
uszomoMm T () u AS (T) kpusbix mpu T < T, = 80 °C; (4) — pexum GypHOrO KpymHO-
My3bIPPKOBOTOTO KUIEHUS B BUJAE psAla BEPTUKAIbHBIX IIENel, CTOJIOMKOB B WHTEpBaJe
TeMIeparyp 80°C - 100°C; (5) — pesxuM my3BIPHKOBO-CHAPSIIHOTO KureHus npu T3 = 100 oc;
(5) — pexxuM Mmy3BIpbKOBO-CHapsiiHOrO Kumenus mpu Tz = 100 °C: B CpeIHEM K KOHITY
skcrepuMeHTOB — ¢ 10 %-if  yObuIbIO Beel Macchl kuakoctu (Am 30 r.). ITocnemyromiue
pexumsbl: (6) — aucrniepcHslii U (7) — mapooOpa3oBaHus, HE BXOJWIN B MPOrPaMMy HACTOSIIIMX
HUCCIIEJOBAHUM.

MeTon 1O03BOJSET 33 KOPOTKOE BpeMsi JIOCTATOYHO TOYHO OMNPEICNIUTh IUIOTHOCTH,
TEeMIIepaTypy, SHTPOIHIO, HHTEHCUBHOCTh HarpeBa BOJHOIO pacTBOpa JHOOOTO BeElIeCTBa B
MEPEXO/IHBIX TOYKAX PEKUMOB KUIEHHs, o0oiTu Tpynoémkue noctpoeHuss Nu-Ra xpuBbix.
Hakonen, npocrota u AemeBru3Ha pa3pabOTaHHOTO METOJAA MO3BOJISIET PEKOMEHJ0BATh €ro
Pa3HOTO YpOBHS y4eOHBIM U HCCIEAOBATEIbCKUM (PU3UKO-XUMHUYECKUM J1A00OpaTOpUsM IS
03HAKOMJICHHUSI.

63



Journal of the Georgian Geophysical Society,
Issue B. Physics of Atmosphere, Ocean and Space Plasma, v.18B, 2015, pp. 64-68

Content of Some Heavy Metals in Soils of Kakheti Region

Liana N.Intskirvreli, Nugzar S. Buachidze, Lali U. Shavliashvili

Institute of Hydrometeorology of Georgian Technical University, e-mail: intskirvelebi2@yahoo.com

Abstract

Content of some heavy metals (Cu, Zn, Pb, Cd) in soils and surface waters of Kakheti
region is considered in the work. Physical and chemical parameters (pH, electric
conductivity, salt content, temperature, amount of water-dissolved oxygen) of river water
were determined in field conditions. In particular cases in soil samples were identified high
contents of lead and zinc, which several times exceed their appropriate maximum allowable
concentrations (MAC).

Key words: soil pollution, natural water, heavy metals, ecosystems, maximum allowable
concentration (MAC)

Introduction

Kakheti is the eastern border region of Georgia. It adjoins in the north with Russian
Federation, while in the east and south with Azerbaijan republic. Area of Kakheti region is
11,310 thou. sqg. km, that is 17,5% of Georgian territory. According to January 1%, 2013 data
of GEOSTAT (National Statistics Bureau of Georgia) there are 405 thousand people in
Kakheti that equals to 9% of whole population of country. According to this parameter,
Kakheti is on the fourth place, after Imereti, Kvemo (Lower) Kartli and Samegrelo — Zemo
(Upper) Svaneti. There are 9 cities and 276 villages in the region, and Telavi is the
administrative center of Kakheti. Location of Kakheti, in particular, vicinity to Thilisi and
common border with Azerbaijan republic causes the role of this region as of transport corridor
and creates good basis for economic cooperation between countries in case of increase of
tourist flow.

11-12% of forest area of Georgia falls on Kakheti region. 30% of Kakheti territory is
covered by forests and in this regard it is on third place in Georgia compared with other
regions. 98% of regional forests belongs to category of mountain forests, which are of great
ecological and economic importance.

Kakheti is main agricultural region, and mineral fertilizers and toxic chemicals are
intensely used here. Lots of toxic agents are added to soil along with fertilizers. For instance,
due to high rates of systematic use of phosphorous fertilizers takes place soil pollution by
heavy metals — lead, cadmium, copper, chrome, zinc that created great threat to the health of
humans and animals. Most of potassium fertilizers causes environment pollution by chlorine
and sodium. Also should be mentioned the fact that there are a lot of uncontrolled dumps in
Kakheti region, which usually are located near settlements in village gorges (where rivers
flow frequently) or near pasture lands. All this also creates the threat to health of population
resident in the region.
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Proceeding from abovementioned is obvious that there are a lot of sources of ecosystem
pollution (including soil contamination) in the selected region. That’s why we decided that
assessment of soil contamination degree by heavy metals is one of the priority problems of
Kakheti region. Based on this circumstance the goal of carried out research works was a
determination of carcinogenic metals content in soils of some districts of Kakheti, such as Cu,
Zn, Pb, Cd, as well as determination of physical and chemical parameters of some surface
waters.

Study area, method and data description

Physical-chemical and hydrochemical analyses in Kakheti region were conducted in
Sagarejo, Gurjaani and Telavi (Ikalto village) districts, on soil and water analysis samples
taken from previously selected observation points.

For correct assessment of pollution degree on territories under study we selected object
of study, which played the role of background (Gombori, 1800 meters above sea level) that
was conditioned by the fact that this observation point is at a distance from all types of
pollution sources. In some cases obtained results were compared with maximum allowable
concentrations (MAC) of determined components; sometimes, for comparison we turned to
such parameters as tentative (estimated) allowable concentrations (TAC) of heavy metals in
soils. Physical-chemical parameters (pH, electric conductivity, salt content, temperature,
amount of water-dissolved oxygen) of river water were measured in situ (in field conditions),
by means of portable equipment.

Following methods and equipment were used in studies for determination of researched
components:

1. lon-selective chromatography (ICS-100) 1SO100304-1:2007
2. Spectrophotometry SPECORD 2051S0O7150-1:2010

3. Membrane filtration 1ISO9308-1, 1SO 7899-2

4. Plasma-emission spectrometry ICP-MS

5. Field portable device.

Heavy metals in soil and water samples were determined by atomic-absorption method
that implies transition of metal being in excited state into the solution. Also flame
spectrometers are used, where metals’ atomization occurs at high temperature, which is
created in the device by flame. Thanks to modern equipment (ICP-MS) metals’ atomization
occurs by means of laser beam that sufficiently increases method sensitivity. We offer exactly
this equipment — plasma-emission spectrometer ICP-MS, which is characterized by high
determination sensitivity. Given equipment and used methods [1-5] in all cases (soil, water,
and air) give us an opportunity to simultaneously test several dozens of samples using the
device and respectively to simultaneously determine several dozens of components by its
means.

Results and discussion

Results of chemical analysis of all taken water and soil analysis samples are given in
Tables 1-3 and Diagrams 1-2.

As we can see, total content of some heavy metals (Pb, Zn) in soil samples is quite high.
In particular, lead concentration in soil samples from territory adjacent to Sagarejo is 9-times

65



higher than MAC and 2-times exceeds estimated allowable concentration. Also zinc content
in the same sample is 1,6-times higher than its estimated allowable concentration. It should be
noted that soil analysis sample section, which was selected at Sagarejo territory is placed near
uncontrolled dump, which exists for many years as local residents testify. In our opinion
exactly the dump existing at the given territory is the reason of the fact that increased contents
of lead and zinc were discovered in analysis samples, since only this type of pollution sources

is located at the given territory.
Table 1

The heavy metal (Cu, Zn, Pb, Cd) concentration in the soil samples collected from the
adjacent areas of uncontrolled landfill sites in Kakheti Region

Sampling location Sa”f‘p"“g Coordinates A Cu, | Zn, | Pb, )
time (m.as.l) ppm | ppm || ppm | ppm
Sagarejo, 524120
Tskarogtavijvi“age 01112013 | O 00 813 65 | 350 | 295 | <2.5
Gurjaani, irrigation 568940
Channel (3_kmfrom the || 21.11.2013 4623145 303 70 | 170 || 15 <2.5
city)
Telavi, Ikalto village 539596
(200 m from the 06.12.2013 4644794 589 20 75 20 <25
settlement)
Gombori, 1200 m.a.s.| 513908
(background) 06.12.2013 4634711 1200 50 | 200 || 15 <25
Maximum Allowable 32
Concentration (MAC)
Estimated Allowable
Concentration (EAC) 132 ] 220 || 130 2.0
350
300
250
200
150
100
50 e Ph
0 . edsMAC

Diagram 1. The lead concentration in soil samples collected in Kakheti Region.
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Diagram 2. The zinc concentration in soil samples collected in Kakheti Region.

Water samples from irrigation channel (uncontrolled dump is located nearby) situated near
Gurjaani, and water from lkalto village were taken for analysis in Kakheti region. Physical-chemical
parameters and heavy metals contents (Tables 2, 3) were determined in them. Obtained results are

given in Tables 2-3.

Table 2

Physical-chemical parameters of Gurjaani irrigation channel and Ikalto water (2014).

. . Sampling . Conductivity - o
Sampling location time Coordinates | pH uSicm Salinity | Do | T,°C
The river flowing 532596

into Ikalto gully 29.04.2014 4644794 8.2 368 0.04 |397| 21.0
Irrigation channel (3 568940

km from Gurjaani 21.11.2013 8.08 297 001 |531) 99
4623145

center)

Table 3

The heavy metal (Cu, Zn, Pb, Cd) concentration in water samples of Gurjaani irrigation
channel and Ikalto water (2014).

. . Sampling . Cu, Zn, Pb, Cd,
Sampling location time Coordinates | pH opm | ppm || ppm opm
Irrigation channel (3 km 568940 0.00
from Gurjaani center) 21.11.2013 4623145 8.08 | 0.02 || 0.03 3 0.0012
The river flowing into 532596 0.00
Ikalto gully 29.04.2014 4644794 8.2 | 0.02 | 0.02 3 0.0012

As we can see, according to physical-chemical parameters both surface waters (lkalto
water and Gurjaani irrigation channel) don’t experience any kind of heavy anthropogenic
impact, as to heavy metals, their concentrations in water phase are considerably lower than
MACs that is caused by high pH index of water (Table 3), at this time major part of heavy
metals experiences sedimentation in bottom settings in the form of hydroxides.
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Conclusions

Researches and obtained results obviously showed that high contents of some toxic
elements (Pb, Zn) were found in soils samples of Kakheti region, particularly at territories
adjacent to Sagarejo district. Their concentrations several times exceeded not only MAC
values, but even their content in background samples. In our opinion it is caused by the
presence of agricultural and domestic waste that are located in large quantities in settlements
of Kakheti region. As to surface waters, no signs of anthropogenic load are observed in them.

References

[1] Fomin G.S. Soil: Control of quality and ecological safety according to international
standards. Reference book. “VNIIstandart”, M., 2000, (in Russian).

[2] Fomin G.S. Water: Control of chemical, bacterial and radiation safety according to
international standards. Encyclopedic reference book. “Protector”, M., 2010, (in Russian).

[3] Cleanup Georgia, 2012, “Report on Municipal Solid Waste Management in Georgia”.

[4] APHA, “Standard methods for examination of water and wastewater”, 21st edition,
American Public Health Association, Water Environment Federation Publication,
Washington, DC., 2005, 224 p.

[5] Hydrochemical indices of environmental conditions / Under the editorship of T.V.
Guseva/ M., FORUM: INFRA-M, 2010, (in Russian).

3969000l M9a0mbol 60539090 BMmy0gMmo 8dodg erommbols
0993390 ™dd

. 0bfi30M390o0, b. 3958009, . 953¢05d30¢0
M9bomdg

99Log3e000s Jobgmol MHgaombols Modm©gbodg Moombol (LsasMgxm, FmMxssbo, Mgwsgo,
3030MmM0) 605sgdOLS s BYPI30MWIO Yol sd0BANMHYdOL badolbo bmyogdmo ddody
wommboo (Cu, Zn, Pb, Cd) s 309m3w9boos ©s00bdmMmgdol fysmm. syowbyg, bsggwry
30007030, bLEBOZOM0s Bgs3oMH o {ywgdol BobozMEM-Jodor®o dsbz969dwgdo
(PH,  909d@HOMRaGHMMds, F5M0w056mds, (3ga3gms@ e, §gowdo goblbowo 7sbadool
5m©9bMdY).

ConepxxaHue HEKOTOPBIX THAMKEJIbIX METAJJIOB B IOYBAX PErMOHA
Kaxern

JLLH. Mauxkupseau, H.C. bByauunase, JL.Y. [llapauamBuiu
Pe3rome

N3yueHa cTeneHp 3arps3HEHHs MOYB M IOBEPXHOCTHBIX BOJ HEKOTOPBIX PailOHOB PErMOHA
Kaxeru, I'py3us (Tenasu, I'ypmxaanu, Carapemxo, ['om6opu) TsxénsiMu metamnamu (Cu,
Zn, Pb, Cd). BbisBieH HCTOYHHK 3arps3HEHUs. B TOJEBBIX YCIOBHSAX, C IOMOIIBIO
MOPTATUBHOTO aIllapara, OnpeeneHbl (PU3NKO-XUMHUECKUE TTapaMeTphl MOBEPXHOCTHBIX BOJ
(pH, 211eKTPOIPOBOHOCTD, TEMIIEPATYPA, COJICHOCTh, PACTBOPCHHBII B BOZIE KHCIOPO/).
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Abstract

The aim of this paper is to study regimes of fog in urban areas and to determine its variation. It
is used 5 years (2012-2016) of meteorological bulletins (SYNOP and METAR) from two
meteorological stations (MS): Thilisi (WMO code 37545) (403 m.s.l.), and Thilisi airport (ICAO
code UGTB) (495 m.s.l.). It is analyzed the following characteristics of fog: quantity of foggy
days per months, duration (hours), periodicity of foggy days in different dates, fog gradation, and
number of occurrences of fog. For a determination of changes in these characteristics, we
compared 2012-2016 data to the mean of 1936-1965.

Key words: Fog dynamics, Meteorological station, SYNOP and METAR, Thilisi.

Introduction

Fogs represent one of an important climateforming factor. Together with such dangerous
geophysical phenomena as earthquakes, eruptions of volcanoes, landslides, mudflows,
avalanches, mountain collapses; strong wind (storms, hurricanes, tornadoes, blizzards, etc.),
intensive or long precipitation (rain, snow, hail), thunder-storms, high level of ultra-violet
radiation, extreme air temperatures, droughts, etc.; floods, sea storms, typhoons, tsunami,
intensive drift of ices, etc.; magnetic storms, falling of meteorites, cycles of solar activity, etc. the
fogs frequently bring essential harm to the living environment of people [1-4].

Current changes in the global climate, mainly expressed by warming tendency effects on
climate systems, is also undergoing significant changes of its cause and effect components.
Warming of the climate system is unequivocal, and since the 1950s, many of the observed
changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed,
the amounts of snow and ice have diminished, sea level has risen, and the concentrations of
greenhouse gases have increased [5-8].

Fogs represent not only an important climateforming factor, but also a sensitive indicator of
climate change. Therefore, in Georgia, where almost all kinds of climate are encountered, the
investigations of fogs have always carried a particular importance. A detailed analysis of the
variability of the number of fog days per year N and some reasons of variations of N in
different locations of Georgia is given in Amiranashvili et al. [9-15].
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For example, trends of the mean number of fog days per year to one meteorological station
in Eastern Georgia, Western Georgia and Georgia in 1936-1990 are negative and are
satisfactorily described by the nonlinear equations of the third order. In Eastern Georgia in
comparison with Western Georgia the decrease of the number of the fog days per year in 1936-
1990 occurred less intensively [9-11]. In different localities of Georgia the mainly reasons of
variations of number of fog days per year are different. However, for some regions (for example
Senaki, Sukhumi) variations of number of fog days are weakly connected with variations of the
meteorological parameters and air pollution. In Thilisi, Anaseuli and Tsalka the mainly reasons of
changeability of N are air pollution. In Telavi the mainly reasons of variation of N is atmospheric
pollution and air relative humidity. However the share of air pollution in the N variations is 2.6-
6.9 times higher than share of the air relative humidity (respectively in Thilisi 4.5 times, Anaseuli
— 6.9 times, Telavi — 2.6 times) [12].

In [13] the detailed statistical analysis of number of days with the fog (N), duration of fogs
(T), number of days with the haze (P) and duration of haze (Q) in Dusheti (Georgia) in 1941-
1990 are present. Thus, for all four indicated parameters the autocorrelation has a significant
effect on the value of the standard error of annual average. The correlation relationships between
Tand N, Qand P, Pand N, Q and T are obtained. The long-term variations of monthly, year and
half year values of N, T, P and Q are studied. In particular, the clearly expressed trend of the N,
T, P and Q is not observed. However, as a whole in 1941-1990 there is a tendency of the decrease
of the number of days with the fogs and duration of fogs. An increase in the number of days with
the haze and the duration of haze at the same time is observed.

The aerosol pollution of atmosphere has a definite effect on fogs and haze duration. With
an increase in the pollution of atmosphere the duration of fogs during the week-days and
weekends becomes identical, whereas the duration of haze during the week-days becomes less
than into the weekends. With an increase in the air pollution for the week-days the duration of
fogs does not change, but during week-days it is increases. For the haze duration another picture
is observed. During the week-days the duration of haze is decreases, but during week-days it is
does not change [15].

In [16] results of an analysis of the influence of fogs on air pollutions in Thilisi (the capital
of Georgia) in December — February 2009-2011 at the windless weather are presented. In
particular it is obtained, that in cases with fog in comparison with cloudless atmosphere the mean
values of radon content in air and sub-micron aerosol concentration increase by 14 and 116 %,
bat values of small ions and ozone concentration - decrease by 17 and 69 % respectively (air in
the fogs is dirtier than in the cloudless weather).

This work is a continuation of the mentioned investigations and concerns the investigation
of fog regimes in and around Thilisi.

Because of safety concerns, fog occurrences are associated with disruptions in air traffic at
airports and navigation in marine ports. Unforeseen reductions in airport capacity associated with
reduced ceiling and visibility lead to significant cost increments to the large air carriers [17]. For
this reason, fog has many times been responsible for the cancellation or postponement of flights,
until the weather conditions improve. Fog is formed in almost every part of the earth if given
suitable synoptic and geographical conditions. Fog is a limitation of horizontal visibility below
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1000 meters, which is caused by the accumulation of condensation and sublimation products of
vapor in surface layers. Accordingly, the intensity of fog can be “very strong” (50m.), “strong”
(50-150 m), “moderate” (200-500 m), or "weak” (500-1000 m) [18].

In its genesis fog is both inter air-mass and frontal (figure 1). Fog can be formed by
evaporation as well as by cooling of the air. This cooling can be caused by radiation and
advection factors. Such conditions are created by the following: central parts of anticyclones;
anticyclonic col; small gradient pressure fields; front parts of occlude cyclones; and, warm
sectors of cyclones. Fog also can be formed during the invasion of cold air behind cyclones. Fog
Is also formed by orographic factors (height and form of relief), reservoirs, industry, and

urbanization.
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Fig 1. Fog classification scheme.
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Fig.2. Foggy days in the territory of Georgia (Source: National Atlas of Georgia, 2012) [20].
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Distribution of foggy days and its regime are complex in the territory of Georgia. This is
caused by the impact of aerosynoptic conditions on the orografic features. Fog is formed
throughout the year in Georgia and is characterised by diverse intensity (fig. 2). Fog is prolonged
in the Georgian winter period. Foggy days are characterised by high indexes, especially
mountainous locations: for instance, on the average, 194 days of fog in Jvari pass (2395 m.); in
Mamisoni pass (2854 m.), 223 days; and lastly in Mt.Sabueti (1242 m.) 258 days [19].

Study area, method and data description

The aim of this paper is to study regimes of fog in urban areas and to determine its
variation. In our research we used 5 years (2012-2016) of meteorological bulletins (SYNOP and
METAR) from two meteorological stations (MS): Thilisi (WMO code 37545) (403 m.s.l.), and
Thilisi airport (ICAO code UGTB) (495 m.s.l.). Material was downloaded from the website
www.ogimet.com. We analyzed each 3 hours SYNOP (Surface Synoptic Observations) for the
MS Thilisi and 00:30 min. METAR (Aviation Routine Weather Report) for the MS Thilisi
airport. Prevailing visibility was used for MS Thilisi airport (Figure 3). It is worth mentioning
that fog was not simultaneously observed in both stations during the investigated period. Even of
more interest to note, in the bulletin of MS Thbilisi, fog was not indicated at all. The visibility, as
well as other weather phenomena groupings, were not identified in the SYNOP of MS Thilisi,
from 3:00 PM to 03:00 AM [UTC]. This time period is often characterized by a high probability
of creating fog. This discrepancy can be explained by two possible reasons: firstly, observation
on visibility had not been provided by sensors, and secondly, fog had not been observed at the
station.
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Fig. 3. Number of occurrence of fog in METAR. MS Thilisi airport.
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We studied the regime of fog only at the MS Thilisi airport. We analyzed the following
characteristics of fog: quantity of foggy days per months, duration (hours), periodicity of foggy
days in different dates, fog gradation, and number of occurrences of fog. For a determination of
changes in these characteristics, we compared 2012-2016 data to the mean of 1936-1965.

The area where MS Thilisi Airport is located is a transitional zone from the outer Kakheti
upland to the plains of Kvemo Kartli, adjoining the left side of the steppe of Gardbani [21]. The
northern and northeast parts of the airport territory are bounded by rolling hills, which belong to
Samgori valley. The surrounding terrain features a complex topographic relief with alternating or
merging rolling hills and mountain ridges. Lochini river gorge is situated near the airport. It helps
to form and develop fog during agreeable synoptic conditions. According to the long-term data
(1936-1965) given in a climatological summary of [19], fog occurs every month of the year
except for July, at the MS Thilisi airport. In our research time range of 2012-2016, fog had only
occurred from November to March (5 months). From this period of days, fog duration is
characterized best by the months of December, January and February. In March the fog duration
was for only a very short period, mainly only 2 days in 2012, totaling 1 hour and 30min, and in
2013 for one day also totaling for 1 hour and 30min. It did not occur in March of 2014 nor in
2015, while in 2016 three days were foggy for a total of 2 hours. As can be seen from our data,
distribution of foggy days varies year by year and to determine any trends of periodicity is very
difficult.

Results and discussion

Analysis of foggy days weather charts (500 hpa, surface map) revealed that every time
when fog occurred at MS Thilisi airport, the Southern Caucasus had been under the influence of
an upper level ridge (figure 4 a), while on surface chart (figure 4 b) anticyclone conditions were
shown to have been developed (we present weather maps for 16 February, 2016 because of
prolonged fog continuously, 16 hours and 30 min). Pressure gradients were directed from the
east (the Caspian Sea), to the west (the Black Sea), in what we call an “Eastern Circular Process”
[22]. Mainly southeasterly direction (130-160°) light breezes (4-6 kt) were blowing. This baric
condition makes favorable situations for fog at MS Thilisi airport, but this does not mean that
every time such synoptic conditions occur that fog will be observed. Without doubt one can say
that in such synoptic conditions the weather forecaster can state that in cold periods of the year,
or in early spring, horizontal visibility can be limited if not by the fog, then by the mist
(horizontal visibility form 1000m to 5000m).

In the research period 2012-2016, air-mass genesis-fog (radiation, radiation-advection,
advection) had occurred at MS Thilisi Airport. The fog had developed in the morning time
around 22 UTC and lasted until 06UTC. According to the available material of 2012-2016, in
most cases before the fog appeared there had been a clear sky. Radiation, cooling, and advection
of warm air masses from the south increased condensation products in the air, which was
followed by a dropping of air temperature up to dew point and a relative humidity exceeding
95%. This condition resulted in fog at the MS Thilisi Airport.
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Fig. 4. Synoptic situation — a. absolute topographic 500hpa chart;  b. surface chart
(source: www.kcgms.ru/unimas/).
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= strong
= moderate

= weak

Fig 5. Intensity of fog by percentage, 2012-2016. MS Thilisi Airport.

We analyzed 529 aviation weather reports (METAR) for this investigation (figure 5). It was
revealed that from November to March the lowest index (2%) was concerned with visibility at
50m. The largest index (50%) was focused on moderate gradations (500-1000m).

One of the most important characteristics of fog is its duration (hours), intensity, and its
change in time. As an example we give here data of fog which occurred on 8 February 2013
(table 1). From this table below the fog's changing nature can be noted.
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Visibility indexes of 8 February 2013. MS Thilisi Airport.

Table 1

time UTC (+4hr) visibility (m)

17:30 50

18:00 50

18:30 50

19:00 50

19:30 100

20:00 100

20:30 300

21:00 300

21:30 600

22:00 600

Table 2
Quantity of foggy days. MS Thilisi Airport, 2012-2016.
Year | November | December January February March Sum
2012 4 11 9 6 2 32
2013 3 5 4 1 13
2014 3 10 5 2 20
2015 4 1 7 2 14
2016 2 2 2
Table 3

Average Quantity of foggy days. MS Thilisi Airport, 1936-1965.

Month Quantity of days
1 7
2 5
3 4
4 1
5 0.3
6 0.2
7
8 0.1
9 0.2
10 2
11 3
12 7

annual 30

note: figure less than 1 indicates, the fog was not detected every year

As was mentioned above, for a determination of the changeability of the regime

characteristics of fog, we compared 2012-2016, and 1936-1965 years data, with each other [19].
It revealed a very interesting picture. Mainly, that fog had been observed only during the 5
months of November through March, in 2012-2016 (table 2), while almost during the full 30
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years (1936-1965) fog was observed in every month except that of July, at MS Thilisi airport, but
from May to September it was not detected every year (table 3).
As shown in Table 3 the annual index of foggy days is 30. To detect the dynamics of this

parameter we calculated deviations for each year, not from the annual figure, but from those 5
months sum, when fog was detected during 2012-2016 (figure 6). It equaled 26 days during the 5
months recorded. From diagram 6 it is well shown that every year except 2012, the quantity of
foggy days was significantly low compared with long-term data. It means that the quantity of
foggy days has been decreasing in Thilisi.

10
5
, Il
s ] .
-10
-15

-20
-25

2012 2013 2014 2015 2016

Fig. 6. Deviation of quantity of foggy days from 1936-1965 data (equaled 26) from MS Thilisi
Airport.
Table 4

Periodicity of foggy days by months in different dates. MS Thilisi Airport, 2012-2016.

Month
a

1-2 2 1 2
3-4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28 2
29-31 2 2

11 12 1 2 3

N
WP W W
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The research revealed that the last third of every month is characterized with a frequency of
foggy days (Table 4).

One of the main characteristics of fog is its duration by hours. The analysis of research
(2012-2016) and long-term (1936-1965) periods by these parameter has revealed that in 5 months
of research the period of fog duration expressed by hours was significantly reduced (table 5)
compared to long-term data.

Table 5
Average duration of fog (hours). MS Thilisi Airport.
Months 1 2 3 11 12
long-term 45 23 15 15 45
2012-2016 22 15 2 6 21

According to the criteria we used from this research period it is worth distinguishing 2
dates, the 21-22" of January 2015 — when the duration of fog was continuously 14 hours and 30
minutes, and the 16-17th of February 2016 — when the fog duration was continuously 16 hours
and 30 minutes. Because of such prolonged fog, some international flights were postponed at
Thilisi International airport. According to long-term data the average duration of fog in January is
44.9 hours, and in February 22.9 hours. As it is seen, those parameters also showed decreases.

Conclusions

Our study of fog regimes for the MS Thilisi Airport has shown that during the 2012-2016 period
the characteristics of this phenomena experienced changes. Mainly, that the quantity of foggy
days according to months, as well as its duration (hours), has decreased over this time. Such
conclusions were made by the assessment of 529 aviation weather reports (METAR). The
research apparently indicates that there are ongoing changes in fog regimes, but without many
stations’ long-period data evaluation it is very hard to distinguish if this process is similar in other
parts of the country, or not. Due to the complicated nature of fog genesis and its development, it
is very important to further study this topic, according to data from meteorological stations
located in the many different climate zones of Georgia.
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JAnnamuka tymana B Tonaucu

H. Jlomuaze, H. Cyknmnaze

Pe3rome

B crathe npuBeneHbl JaHHBIC U3YYEHHUS PEKMMa TyMaHa B YCIIOBHUSIX TOpOJa U OMpEeNiCHBI ee
u3MmeHeHus. s uccnenoBanus ObUTM UCTIOAB30BaHbI MsiTHIIETHBIE (2012-2016 r.1) 1aHHbBIE IBYX
METEOPOJIOTHYECKUX CTaHiuil: ropoga Towmmcun (BMO kox - 37545) (Beicota 403 M. Haf
ypoBHeM Mopsi) u asponopta Toumucu (MKAO unnexkc - UGTB) (BbicoTa 495 M. Haj ypoBHEM
Mopsi). JlaHHBIC HA3eMHBIX METEOPOJIOTHUYECKUX HaOmoAeHu Opaich B Buae kooB SYNOP u
METAR coobmiennii. Bpimi paccMOTpPEHBI CIEAYIONUE XapaKTePUCTHKH TYMaHOB: KOJTHYECTBO
JTHEH ¢ TyMaHOM MO MecsilaM; UX MPOJOJKUTENBbHOCTh (B 4acax); MOBTOPSIEMOCTh TYMaHHBIX
JHEW B pa3IMUHBIX JlaTax; Ipajalys TyMaHa; KOJIWYECTBO Ciiy4yaeB TymaHa. [[yis ycraHoBlIeHUs
W3MEHEHUH TyMaHa W €ro XapaKTepUCTHK Mbl CPaBHWIM JaHHBIE, MosydeHHble 3a 2012-2016
roJIbl ¢ YCPEAHEHHBIMH JJAHHBIMU, TOJy4eHHBIMHU 32 1936-1965 rojel.
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Abstract

Wide-ranging studies of contemporary climate change in Georgia were begun in 1996
and they continue on the present time. First of all the inventory of greenhouse gases in
Georgia was carried out, spatial-temporary variations in the fields of temperature,
precipitation, cloudiness, aerosol air pollution, surface cover and other climate-forming
parameters were studied. Later there have been begun works on forecasting of air
temperature and precipitation change in some region of Georgia.

In particular results of detailed statistical analysis of the average semi-annual and
annual values of precipitation in Thilisi for the period 1957-2006 are presented earlier. In the
indicated period of time the weak positive trend of precipitation in the cold period of year was
observed. A trend of precipitation for warm half-year periods was not observed. For a year
the weak tendency of an increase of the precipitation was observed.

In this work, which presents the continuation of the foregoing studies, some results of
the standard statistical analysis of observational data of the Hydrometeorological department
of Georgia of daily sum of precipitation (DSP) in Thilisi in 1957-2006 are represented.

Thus, the statistical structure of atmospheric precipitation with daily intensity of 0.1-2,
2.1-5, 5.1-15, 15.1-30 and >30 mm and annual quantity of days without and with
precipitation for the ten five-year time intervals from 1957-1961, 1962-7966, ..., to 2002-2006
is studied.

The weak positive and positive trend of DSP respectively for the ranges of 5.1-15 and
15.1-30 mm was observed. The negative and weak negative trend of DSP respectively for the
ranges of 0.1-2 and 2.1-5 mm was observed. The trend of DSP with an intensity of >30 mm
was not observed.

Key words: Climate change, urban climate, precipitation.
Introduction

Researching intensity and distribution of precipitations has always been the most actual
problem among well-known atmospheric events. It became even more important on the
background of the ongoing process of climate change. Precipitation is a basic source for
moistening earth’s surface. It belongs to those meteorological elements, which play an active
role in water-water vapor circulation. Therefore in Georgia, as in other countries, to studies of
atmospheric precipitations was always given special attention. For example, study of the
precipitation climatology, their statistical structure and distribution on the territory of Georgia
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in the works [1-4] were carried out. The detailed data about the climatology of precipitation in
Thilisi in the book [5] are represented.

In the work [6] for the specially selected region of Eastern Georgia with 18
meteorological stations the analyses of statistical structure of spring-summer precipitation
were carried out. The correlations between data from every single station are established,
corresponding correlative matrix is built, and relevant analysis (including dividing the region)
is done.

And some works the influence of the anthropogenic pollution of the atmosphere of the
regime of precipitation was studied [7, 8]. In particular it is obtained that in the Kakheti
region of Georgia during the week days a values of solid and liquid precipitations is higher
than into the holydays.

The important stage of an investigation of precipitation with wide-ranging studies of
contemporary climate change in Georgia was connected. These studies in 1996 were begun
and they continue on the present time. First of all the inventory of greenhouse gases in
Georgia was carried out, spatial-temporary variations in the fields of temperature,
precipitation, cloudiness, aerosol air pollution, surface cover and other climate-forming
parameters were studied. In particular it was obtained that in different regions of Georgia
trends of annual sum of precipitation can be as constant, so positive and negative [9]. Later
there have been begun works on forecasting of air temperature and precipitation change in
some region of Georgia [10].

In particular results of detailed statistical analysis of the average semi-annual and
annual values of precipitation in Thilisi for the period 1957-2006 are presented in [10]. In the
indicated period of time the weak positive trend of precipitation in the cold period of year was
observed. Trend of precipitation in warm half-year periods are not observed. Clearly
expressed trend of precipitation for a year are not observed also. It is observed the weak
tendency of an increase in the precipitation with the little significant level of linear correlation
coefficient.

Information about atmospheric precipitations for the development of the bioclimatic
characteristics of territories has great importance. For example, during the calculation of the
most widely known and applied tourism climate index proposed by Mieczkowski [11] data
about atmospheric precipitations are necessary. This index is combination of seven factors
and parameters with max value 100. In this case the share of the role of precipitation in the
values of tourism climate index can reach to 20 %.

So, under the more-less similar thermal conditions of the atmosphere the decisive role
in the values of tourism climate index (TCI) have the value of precipitation. For example,
because of the increased values of precipitation in Batumi (capital of the Adjarian
Autonomous Republic, Georgia) [12], values of tourism climate index here are lower than in
Thilisi and Anaklia (Georgia) [13-15]. Besides Batumi atmospheric precipitations
substantially influence on values of TCI also in other localities of Adjara (Kobuleti, Khulo,
Goderdzi) [16].

In Baku (Azerbaijan), Erevan (Armenia) and many cities of Iran (Mahabad, Jolfa,
Marageh, etc,) the value of precipitation is lower  than in Tbilisi, Batumi and Anaklia.
Accordingly in Thbilisi, Batumi and Anaklia value of tourism climate index is lower than in
the indicated cities in Azerbaijan, Armenia and lIran [17]. Thus the data about the precipitation
find wide application with the certification of the health resort and tourist resources of
territories in the aspect of their bioclimatic conditions [15, 18].

Excess precipitation contributes to the appearance of floods. The critical values of
precipitation per 12 hours, that cause disastrous water flows, flooding in rivers and in dry
ravines are: in seaside regions of Western Georgia — 130 mm and more, in the central and
western part of Colchis lowland and adjoining mountains slopes — 100 mm and more, on the
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remaining part of Western Georgia, on the Southern slopes of Larger Caucasus — 80 mm and
more, on the remaining part of Eastern Georgia — 60 mm. Using these critical values, the
recurrence rates of disastrous heavy rains are calculated and corresponding flash flood hazard
maps are compiled [19-21].

As it follows from the brief of literature revue, in Georgia there are sufficiently many
works on a study of precipitation, including in Thilisi. However, there is a certain deficiency
in the studies of the changeability of atmospheric precipitations in different ranges of their
intensity.

In this work, which presents the continuation of the foregoing studies, some results of
the standard statistical analysis of observational data of the Hydrometeorological department
of Georgia about daily sum of precipitation in different ranges of their intensity in Thbilisi in
1957-2006 are represented.

Study area and methods

Study area is Thilisi city. Data of the Hydrometeorological department of Georgia about
daily sum of precipitation in different ranges of their intensity in Thilisi in 1957-2006 are
used.

The statistical structure of atmospheric precipitation with a daily intensity of 0.1-2, 2.1-
5, 5.1-15, 15.1-30 and >30 mm and annual quantity of days without and with precipitation for
the ten five-year time intervals from 1957-1961, 1962-1966,..., to 2002-2006 is studied.

The following designations will be used below: Min — minimal values; Max - maximal
values; Stdev - standard deviation; Cy - coefficient of variation (%); R - coefficient of linear
correlation; o — the two-sided level of significance; a(R) - level of significance of R; K =
100-{Value(2002-2006)/Value(1957-1961) — 1} — value of relative changeability in the last
five-year period of time in comparison with the first, calculated according to the equation of
the regression of trend (%). The dimensionality of the precipitation (mm) in the text in the
majority of the cases is omitted.

Results and discussion
Results in table 1-3 and fig. 1-5 are presented.
Table 1

Statistical characteristics of annual sum of atmospheric precipitation for the ten five-year time
intervals from 1957 to 2006 in Thilisi

Parameter Tota_l sum of Daily intensity of atmospheric precipitation
precipitation 0.1-2 2.1-5 5.1-15 15.1-30 >30

Min 445.7 36.6 67.1 154.0 95.3 37.9
Max 601.8 49.1 92.2 236.9 148.5 119.8
Mean 493.2 41.0 79.3 186.0 122.9 64.0
Stdev 52.5 4.2 8.3 25.3 19.3 23.6
Cv,% 10.6 10.1 10.4 13.6 15.7 36.8

R 0.21 -0.39 -0.25 0.22 0.44 0.03
a(R) 0.27 0.12 0.25 0.25 0.07 no sign

Coefficients of the linear regression equation Y =a-X+b

a 3.71 -0.54 -0.70 1.80 2.81 -

b 472.8 44.0 83.1 176.0 107.4 -
K,% 7.0 -11.1 -7.6 9.1 22.9 -
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In the table 1 statistical characteristics of annual sum of atmospheric precipitation and
annual sum of precipitation with a daily intensity of 0.1-2, 2.1-5, 5.1-15, 15.1-30 and >30 mm
for the ten five-year time intervals from 1957 to 2006 in Thilisi are presented. The
coefficients of the equation of the regression of trend Y = a-X + b here are also given, where
Y is mean annual amount of precipitation for the five-year interval of time, X - number of the
interval of time from 1 to10 (1957-1961...2002-2006).

In the fig. 1-2 the graphs of trends of annual total sum of atmospheric precipitation and
annual sum of precipitation in the different ranges of their intensity for the ten five-year time
intervals from 1957 to 2006 in Thilisi are given.
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Fig. 1 Trend of annual sum of atmospheric precipitation for the ten five-
year time intervals from 1957 to 2006 in Thbilisi
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Fig. 2 Trend of annual sum of atmospheric precipitation in the different
ranges of their intensity for the ten five-year time intervals from 1957 to
2006 in Tbilisi

In particular, as follows from table 1 and fig. 1-2, positive linear trends for the total
sum of precipitation and precipitation in the range of their daily intensity of 5.1-15 and 15.1-
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30 are observed. Trends the precipitation in the range of their daily intensity of 0.1-2 and 2.1-

5 are negative. Not observed trend for precipitation with daily intensity >30.

The greatest increase in the precipitation in the last five-year period of time in
comparison with the first for range 15.1-30 is noted (22.9%), the greatest decrease - for range

0.1-2 (-11.1%). An increase in the total sum of precipitation composes 7.0%.

In the table 2 statistical characteristics of the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation (below- the share of
atmospheric precipitation) for the ten five-year time intervals from 1957 to 2006 in Thilisi.

Table 2

Statistical characteristics of the share of atmospheric precipitations in the different ranges of
their intensity from the total sum of precipitation for the ten five-year time intervals from

1957 to 2006 in Thilisi (%)

Daily intensity of atmospheric precipitation

Parameter 515 2.15 5.1-15 15.1-30 >30
Min 6.6 14.6 32.2 21.0 8.4
Max 9.7 19.0 43.2 28.9 19.9

Mean 8.4 16.1 37.8 24.9 12.8
Stdev 1.0 1.6 4.3 2.5 3.6
Cv,% 11.3 9.8 11.4 10.2 27.8

R -0.52 -0.51 -0.01 0.47 0.04
a(R) 0.05 0.05 no sign 0.07 no sign

Coefficients of the linear regression equation ' Y=a-X+b

a -0.16 -0.27 - 0.39 -

b 9.3 17.6 - 22.7 -
K,% -16.1 -13.9 - 15.2 -

In the fig. 3 the graphs of trends of the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation for the ten five-year time
intervals from 1957 to 2006 in Thilisi are given.
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Fig. 3 Trend of the share of atmospheric precipitations in the different
ranges of their intensity from the sum of precipitation for the ten five-year
time intervals from 1957 to 2006 in T bilisi
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As follows from table 2 and fig. 3,

the greatest contribution to the total sum of

precipitation the precipitation with a day intensity of 5.1-15 is made (37.8%), smallest - with a
day intensity of 0.1-2 (8.4%). Positive linear trends for the share of precipitation in the range
of daily intensity 15.1-30 is observed only. Trends the share of precipitation in the range of
their daily intensity of 0.1-2 and 2.1-5 are negative. Trends the share of precipitation with
daily intensity 5.1-15 and >30 are not observed.
The greatest increase in the share of precipitation in the last five-year period of time in
comparison with the first for range 15.1-30 is noted (15.2%), the greatest decrease - for range
0.1-2 (-16.1%).

Table 3

Statistical characteristics of annual quantity of days without and with precipitation for the ten

five-year time intervals from 1957 to 2006 in Thilisi

Parameter | Without With Daily intensity of atmospheric precipitation

precip. precip. 0.1-2 2.1-5 5.1-15 15.1-30 >30

Min 249.6 87.2 35 20 17.8 4.4 1
Max 278 115.8 54.4 28.8 27.2 7.4 2.2
Mean 266.4 98.86 46.1 23.88 21.52 5.96 1.4
Stdev 8.3 8.3 6.7 2.6 2.7 1.0 0.4
Cv,% 3.1 8.4 14.6 10.9 12.6 17.0 26.1
R 0.68 -0.68 -0.89 -0.26 0.21 0.49 0.01

a(R) 0.005 0.005 0.001 0.22 0.27 0.05 no sign
Coefficients of the linear regression equation Y=aX+b

a 1.9 -1.9 -1.99 -0.23 0.19 0.16 -

b 256 109.1 57.04 25.13 20.49 5.05 -

K,% 6.5 -15.7 -32.5 -8.2 8.1 28.3 -

In table 3 statistical characteristics of annual quantity of days without and with
precipitation for the ten five-year time intervals from 1957 to 2006 in Thilisi are given
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Fig. 4 Trend of annual quantity of days without and with precipitation for
the ten five-year time intervals from 1957 to 2006 in Thilisi
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Fig. 5 Trend of annual quantity of days with precipitation in the different

ranges of their intensity for the ten five-year time intervals from 1957 to
2006 in Thilisi

In the fig. 4-5 the graphs of trends of the annual quantity of days without and with
precipitation and days with precipitation in the different ranges of their intensity for the ten
five-year time intervals from 1957 to 2006 in Thilisi are given.

In particular, as follows from table 3 and fig. 4-5, positive linear trends for the annual
quantity of total days without precipitation and days with of their daily intensity of 5.1-15 and
15.1-30 are observed. Trends of the annual quantity of total days with precipitation and days
with of their daily intensity of 0.1-2 and 2.1-5 are negative. Trend for the annual quantity of
days with precipitation with daily intensity >30 are not observed.

The greatest increase in annual quantity of days with precipitation in the last five-year
period of time in comparison with the first for range of their daily intensity of 15.1-30 is noted
(28.3%), the greatest decrease - for range 0.1-2 (-32.5%). An increase in the total annual
quantity of days without precipitation composes 6.5%, an decrease in the total annual
quantity of days with precipitation composes 15.7%.

Thus, in the investigated period of time a certain increase of total sum of precipitation
was observed. At the same time in different ranges of their daily intensity the tendency of the
changeability of precipitation was both the constant and positive and negative. The same
relates to such investigated parameters, as the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation and the annual quantity
of days without and with precipitation and days with precipitation in the different ranges of
their intensity.

Conclusions

Investigation of climate changes and reasons for these is one of the most important
problems of the present. Precipitation is a basic source for moistening earth’s surface, and,
correspondingly, one of the most important factors of support to life on our planet. Besides
climate changes many of other factors with the changeability of atmospheric precipitations
can be connected. For example, in the industrial regions this can be the heat islands, air
pollution, the local special features of the dynamics of air masses, etc.

In different regions of Georgia long-term tendency of changeability of annual sum of
precipitation has a complex nature: they can be as constant, so positive or negative. As in
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other countries air pollution has an effect on the precipitation regime in some regions of
Georgia. In particular in the Kakheti region of Georgia air pollution influence on increase of
the precipitations.

Thilisi is megalopolis with all characteristic for such cities indicated special features.
Therefore, climate variation in this city, and in particular the precipitation regime, has special
interest for us. This investigation showed that long-term variations of the precipitations
regime in Thilisi have complex nature.

In the investigated period of time (1957-2006) a certain increase of total sum of
precipitation was observed. At the same time in different ranges of their daily intensity the
tendency of the changeability of precipitation was both the constant and positive and negative.
The same relates to such investigated parameters, as the share of atmospheric precipitations in
the different ranges of their intensity from the total sum of precipitation and the annual
quantity of days without and with precipitation and days with precipitation in the different
ranges of their intensity.

In the future the analysis of the possible reasons of the indicated special features of
variations of the precipitation regime in Thilisi will be carried out. In addition to this, the
continuation of these studies on the more extensive material is provided.
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Oc00eHHOCTH U3MEHYMBOCTH CYTOYHBIX CYMMBbI OCA/IKOB B
Tounaucu B 1957-2006 rr.

A.I'. AMupaHamiB1IN

Pe3rome

IupoxomaciTabHbIE HCCIEIOBAHUS COBPEMEHHOIO W3MEHEHHMsS KiuMmata [py3un Obuin
HavyaTel 1996 roay M NMpoaosDKarTCsA B HacTosmee Bpems. [Ipexae Bcero Oblia mpoBeneHa
WHBEHTAPH3allUU MTAPHUKOBBIX Ta30B B [ py3uu, McciaenoBaHbl MPOCTPAHCTBEHHO-BPEMEHHBIE
BapHallMK MOJe TemrepaTypbl BO31yXa, OCaJKOB, O0JAYHOCTH, a3PO30JIHHOTO 3arpsi3HEeHUs
aTMOC(EpHOT0 BO3[yXa, IOBEPXHOCTHOTO TMOKPOBA M JAPYIHX KIMMAaTOOOPa3yIOIINX
dakropoB. [lozxke ObUTM HayaThl PabOTHI MO MPOTHO3MPOBAHHIO TEMIIEPATYpPhl BO3IyXa H
W3MEHEHMS OCaJKOB B HEKOTOPBIX pailoHax ['py3uu.

B dactHOCTH, pe3ynbTaThl JETATbHOTO CTATUCTHMYECKOTO aHaiHM3a CPEIHUX IOJYTOJOBBIX U
TOJIOBBIX 3HAYEHUH CyMMBI 0caakoB B Toumucu B iepuoxa 1957-2006 rr Obuti TipecTaBICHBI
B paHHHUX paborax. B ykazaHHbBIN mepuoa BpeMEHH HAONIOAANCS CIA0BIA MOJIOKUTEIbHBIN
TPEH]] OCAIKOB B XOJIOJHBIIN MEepHo/ roj1a. MI3MEeHUYNBOCTh OCAZKOB B TEIUIBIN MEPHO/] TO/1a HE
Habmonanacek. [lo roloBbIM AaHHBIM HaOmonanach cinabas TEHIEHIUS K YBEIWYCHHUIO
OCaJIKOB.

B nmanHoit pabore, KoTOpas MpEACTaBIAET MNPOAOIDKEHUE MPEAbIAYIINX HCCIEIOBAHUMN,
NPECTAaBICHb HEKOTOPBIE PE3YyJbTAaThl CTAHAAPTHOTO CTATUCTHYECKOTO aHAIM3a JaHHBIX
HaOJII0IeHUIT THUIPOMETEOPOJIOrHUECKOro JenapraMenTa ['py3un 3a CyTOYHOH cymMmoi
ocankoB (DSP) B Tommmcu B 1957-2006.

B uacTHOCTH, M3ydeHa cCTaTHCTHYECKas CTPYKTypa aTMOC(HEpHBIX OCaIKOB C CYTOYHOU
nHTeHCcuBHOCTRIO 0.1-2, 2.1-5, 5.1-15, 15.1-30 1 >30 MM ¥ TOIOBOTO KOJIMYECTBA IHEH C
ocazkamMHu M 0e3 OCagKOB JUId JECATH MATUIETHUX BPEMEHHBIX MHTepBajoB ¢ 1957 -1961,
1962-1966, ..., 1o 2002-2006 rT.

Cnalpblit pocT U onoxkuTenbHbd TpeH 1 DSP nabmonanuck mist nuanazoHos 5.1-15 u 15.1-30
MM COOTBEeTCTBeHHO. Craboe yMeHBIICHHE OTpHIareNbHblid TpeHa DSP  wabmomammuce,
COOTBETCTBEHHO, s Jnuana3onoB 0.1-2 m 2.1-5 mm. U3menunBoctu Bo BpemeHu DSP ¢
MHTEHCUBHOCTHIO >3(0 MM He HaOJI0/1al10Ch.
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Abstract

Large-scale experimental, experimental-production and production work on action on hail
processes in Georgia was conducted in 1960-1989 (Kakheti, Southern Georgia) over the total
area of approximately 1.2 million hectares. Positive effect changed in interval of 20 - 95%
with average value of 75 - 85%. In those following quarter of century, after the curtailment of
these works, damage to agriculture from the hail grew and returned to the level, which was to
the beginning of anti-hail works. In 2015 year in Kakheti over the area of approximately 650
thousand hectares the work on actions on hail processes were renewed. The description of
the restored anti-hail system is given which includes: contemporary meteorological radar
Meteor 735CDP10 of firm Selex ES; central remote-control station with the change
personnel; the automated system of the fire control; 85 rocket launching sites; the
autonomous automated rocket guns; anti-hail rockets; scientific group; the group of the
maintenance of radar and rocket guns. The test probation of system showed the prospect of
its further use for dealing with the hail. The physical and economic effectiveness of anti-hail
works in 2015 year, in spite of the limited quantity of means of action (rockets), it was not
worse than it is earlier in the years with the action. It is significant that if in the past in
Kakheti personnel of anti-hail service comprised more than 800 people, at present this work it
ensures only 30 people. Subsequently is assumed an increase in the shielded from the hail
areas, and also, besides the anti-hail works, the use of radar for monitoring of dangerous
hydrometeorological processes in eastern Georgia and adjacent to its territories of Armenia
and Azerbaijan.

Key words:Weather modification, weather radar, anti-hail rockets, anti-hail system.
Introduction

To geophysical hazards belong: earthquakes, eruptions of volcanoes, landslides,
mudflows, avalanches, mountain collapses; strong wind (storms, hurricanes, tornadoes,
blizzards, etc.), intensive or long precipitation (rain, snow, hail), fogs, thunder-storms, high
level of ultra-violet radiation, extreme air temperatures, droughts, etc.; floods, sea storms,
typhoons, tsunami, intensive drift of ices, etc.; magnetic storms, falling of meteorites, cycles
of solar activity, etc. [1,2].

Georgia - small mountain country with 15 climatic zones, in territory of which from
time to time proceeds majority of the enumerated geophysical catastrophes. Therefore,
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special attention was always paid and is paid to the study of dangerous geophysical
phenomena in Georgia [3].

Concerning hail damages, Georgia is one of the hail-dangerous countries of world.
Therefore to the problem of hail in this country are dedicated numerous works, that covers the
wide spectrum of studies, beginning from the climatology of hail [4-10], ending with the
mechanisms of its formation [11,12] and with the methods and the results of action on the hail
processes [13-16].

Taking into account the significant economic damage, brought by hail damages, in
Georgia in the beginning of the fifties of past century the institute of Geophysics of the
Georgian Academy of Sciences began works on the fight with the hail. Later to these works
was connected Transcaucasian Hydrometeorological institute. In 1967 for the realization of
production works on the fight with the hail on the base of the Alazany anti-hail expedition of
the institute of Geophysics the militarized service of fight with the hail in the former Soviet
Union was for the first time created. As a whole, large-scale experimental, experimental-
production and production work on action conducted in 1960-1990 in the regions of Kakheti
and southern Georgia over the total area approximately 1.2 million hectare (Kakheti — 800
thousand hectare, southern Georgia - 400 thousand hectare) [17,18].

Positive effect changed in interval of 20 - 95% with mean value of 75 - 85%.
Sometimes, when action was conducted to the super-power "super-cellular” clouds, effect
proved to be zero, i.e., was noted strong hail damage [17, 18]. Almost in all works were used
the crystallizing reagents (Agl, Pbly), in one region (southern Georgia) the action was
conducted by the combined method (Agl, NaCl).

Together with the works on the fight with the hail other work on the weather
modification ( artificial calling of a precipitation, regulation of thunderstorm activity of
clouds, artificial descent of avalanches, etc.) to the Soviet period in Georgia within several
decades were carried out. In these works rocket, plane, artillery and other methods of active
impact on dangerous hydrometeorological processes were used [12, 17, 18]. In 1989 the
specified works were stopped. In the next years the damage to national economy as a result of
negative impact of the listed hydrometeorological processes significantly increased [17-20].

In contrast to Georgia in many countries of world the work on the weather
modification in the last 25 years intensively was developed [21-28]. Considerably were
improved the means of action on the clouds and the equipment for observation on convective
clouds (meteorological radars), etc. [21, 23, 24, 25, 27]. Automatic systems for the action on
the hail clouds are developed. All this made it possible to increase substantially the
effectiveness of anti-hail works, etc. [21 - 23].Protection from the hail is achieved almost in
50 countries of world over the total area of approximately 90 million hectares (Argentina,
Austria, Bulgaria, Canada, China, Bosnia and Herzegovina, Germany, Greece, Macedonia,
Moldova, Romania, Russian Federation, Serbia, Spain, etc.). In China anti-hail works are
conducted in the territory of 42 million hectares. The countries weather modification system
employs 47700 people, and has an arsenal including more than 7034 rocket launchers, more
than 50 planes and nearly 6902 guns. In Russian Federation anti-hail works are conducted in
the territory of 2.5 million hectares, etc. [21, 28, 29]. In Russian Federation in comparison
with the Soviet period the physical effectiveness of anti-hail works grew on the average from
50-82 % to 82-92 % [21].

In Georgia in the subsequent years after the end of anti-hail works special attention
was given to the thorough analysis of the obtained earlier material about the hail damages
both in the regions with the active actions on the atmospheric processes and as a whole for the
territory of the Georgia. In particular, a whole series of works was dedicated to the
climatology of hail and changeability of hail damages in the territory of this country [3, 5-10].
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It was detected that the areas, beaten with hail in Kakheti increased in the years after
the curtailment of anti-hail works and even they became more than prior to the beginning of
the work of anti-hail service [30].

The empirical radar models of unicellular, multicellular and super-cellular
convective cloud were created, the detailed maps of the distribution of the radar parameters of
convective clouds above the territory of Kakheti were built [16]. The concept of interaction
of aerosols with the convective clouds and the stimulations of the processes of the formation
of the condensation and crystallization nuclei in them taking into account electrical, ionizing
and other processes, which take place in the atmosphere and the clouds was proposed. It is
assumed on the basis of concept that this interaction must be characterized by the regional
special features, caused by both the physical conditions for the processes of forming the
cloudiness, and by physical chemistry properties of aerosol-gas air pollution [12,31,32].

It was established that ionization of atmosphere by the natural and anthropogenic
sources (radionuclides - radon, etc., cosmic radiation, the gamma emission of soil) plays the
significant role in the formation of second aerosols in the atmosphere, including of the
condensation nuclei, which have a great effect on the formation of the microphysical structure
of clouds [32-34].

The evaluations of the influence of anthropogenic (including radioactive) pollution of
the atmosphere on the intensity of thunderstorm and hail processes, and also the precipitation
regime, showed that the relation of this pollution with the phenomena of the atmosphere
indicated they have fairly complicated nature. However, as a whole the aerosol pollution of
the atmosphere led to the intensification of the intensity of hail damages and, correspondingly,
to the decrease of effectiveness in the anti-hail works [35-37].

The annual intensity of hail processes in Kakheti depends substantially on the aerosol
pollution of atmosphere, although his dependence has fairly complicated nature. As a whole
an increase in the nonradioactive aerosol pollution of atmosphere leads to the intensification
of the intensity of hail damages and respectively to the decrease of the effectiveness of the
action of anti-hail works. This effect appears also in daily variations in the intensity of hail
processes. In Kakheti during the week-days the areas struck by hail, a logarithm of the
multiplier of maximum radar reflectance, a quantity of liquid and solid precipitation are
higher than into the weekends. Analogous situation also in the North Caucasus (mass, energy
and a quantity of fallen hailstones during the week-days are higher than into the weekends).
Increase in the fraction of the drop embryos of hail and decrease of the fraction of groats
embryos (increase in the probability of an increase in the hail by the mechanism of warm rain)
during the week-days in comparison with the weekends here occurs. In all likelihood in the
period of the realization of anti-hail works in the former Soviet Union the effect of the
anthropogenic pollution of atmosphere in the changeability of the intensity of hail processes
bore regional nature. It is proposed while performing of work on active actions on
atmospheric processes to consider the factor of anthropogenic air pollution [37].

In Kakheti (Georgia) and in the North Caucasus (Russia) in the period from 1968
through 1988 the effects of the decrease of effectiveness in the anti-hail works with an
increase in the general aerosol pollution of the atmosphere were observed (Aerosol Optical
Depth and the Turbidity Factor of the Atmosphere accordingly). In Kakheti this effect was
mainly connected with the tendencies of an increase in the pollution of the atmosphere, and in
the North Caucasus - with variations random components in the general aerosol pollution of
the atmosphere [38].

On the serious influence of air pollution on the regime of precipitation in work [28] is
noted also. It is shown, that anthropogenic aerosols might contribute significantly to the
observed reduction of precipitation over northern China, and provide a possible feedback
cycle of aerosol loading and precipitation that produces considerable harmful impacts on air
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quality, the hydrological cycle, crops, and other environmental problems. Statistical analyses
of historical precipitation and aerosols data have revealed that deeper precipitation clouds can
be influenced by aerosols in the form of precipitation suppression. In particular, the
suppression effect is stronger over mountainous areas than over plains, and the influence of
anthropogenic aerosols on convective precipitation possibly plays an important role in
summer over northern China.

Taking into account the importance of works on the artificial regulation of atmospheric
processes in Georgia, including fight with the hail, before the government of the country
repeatedly was raised the question in the need for the renewal of these works [17, 18]. Finally,
in 2013 years preliminary decision about the restoration in Georgia of works on the weather
modification was accepted, and first of all - anti-hail service in Kakheti. New development
stage of scientific and practical searches in the region of the active action on the atmospheric
processes in Georgia began from this point on.

Analytical studies of the contemporary methods of action on the convective processes,
the organizational structure of the recreated service of fight with the hail taking into account
new achievements in the region of active actions on the atmospheric processes were carried
out [25, 26, 39-42].

Taking into account that the problem of the sharp shortage of specialists for weather
modifications arose after 25 years of the interruption of the work of anti-hail service, it was
decided with the aid of the Institute of geophysics with the support of Scientific-Technical
center "Delta™ within the brief periods to conduct training the corresponding personnel.

As a result, with the support of the government of Georgia, to the active operation of
Scientific-Technical center "Delta”, the collaborators of institute of geophysics and institute of
hydrometeorology, the work of anti-hail service in Kakheti on 28 May 2015 was restored
[43]. The description of the renovated anti-hail service in Kakheti is presented below.

Results and discussion
The restored Anti-hail system consists of:

Contemporary weather radar Meteor 735CDP10 of firm Selex ES with a special software.
Central control station with the change personnel.

Automatized fire control system.

85 rocket launching sites.

The autonomous automated rocket launching device SD-26 and SD-52.

Anti-hail rocket.

Scientific group.

The group of the maintenance of radar and rocket guns.

The weather radar is a C-band, dual polarized Doppler radar, which generates all the
data to forecast hail-producing thunderstorms. All that information plus the databases of hail-
consisting clouds used by the software with the specific algorithms to generate the areas,
where the silver iodide reagent is to be dispersed (fig.1).This radar placed in Eastern Georgia
in the village Chotori on 1090m height from sea level. Its actual area is 70-100 km, but
working radius is more than 200 km with good data quality (fig. 2).
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Fig. 1. Weather radar Meteor 735CDP10.

Google earth

Fig. 2. Radar location in Kakheti.

The central control station is a dislocation place for the personnel, where all the
information from weather radar and rocket launching sites are gathered, processed and where
the automatized fire control system is. The automatized fire control system receives the data
and the areas of seeding from the special software of weather radar, defines optimal launching
site, the number of rockets needed and sends the orders to the proper launching devices (fig.
3).The central control station is located in Thilisi (80 km from Chotori).

The radar monitoring of hail processes, analysis of meteorological situation in the
region of action according to the data of radiosondes [44], and also all other works on
conducting of operations on the distance action on the clouds produces group of 4 operators
(16 operators to 4 groups).

In the work of anti-hail service is provided the participation of the scientific
organizations (institute of geophysics, institute of hydrometeorology, etc.), which must
exercise scientific methods leadership of works, participate in the instruction of personnel,
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carry out the analysis of obtained data, improve the existing procedures of action on the
atmospheric processes, develop new, etc.

Fig. 3. The central control station.

To protect the whole region of Kakheti (650 thousand hectares), it is required to place
85 launching points — one in every 10 km, which is a working range of anti-hail rocket. There
is a rocket launching device, solar panel, grounding and security systems installed on the
launching site. The launching device carries 26 anti-hail rockets, aims to any given direction
and fires (fig. 4).The launchers at the heights from 205 to 1775 m above sea level placed. In
the range of heights from 205 to 375 m located 20 launchers, from 376 to 625 m - 37
launchers, from 626 to 875 m - 19 launchers, from 876 to 1125 m - 3 launchers and from 1275
to 1775 m - 3 launchers too [41].

Fig. 4. The autonomous automated launching device SD-26.

The anti-hail rocket SK-6 the production of Macedonia (fig. 5)is an unguided, 55 mm
rocket, which carries 40 gram of silver iodide reagent and disperses it at an altitudes of 2.0 -
4.5 km, for 28-32 seconds [41,42]. Some parameters of anti-hail rocket SK-6 represented
lower. The number of rockets needed during one year estimated to be 5000 units.
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Fig. 5. Anti-hail rocket SK-6.

Anti-hail rocket SK-6 parameters.

Rocket quantity in launching device SD-26 or SD-52: 26-52 rocket

Elevation: 55-80°

Traverse: 360°

Rocket diameter: 55 mm

Rocket weight: 3445 gram

Rocket maximum velocity: 600 m/sec

Shoot maximum distance (elevation 55°): 7200 meter

The maximum from sea level (elevation 80°): 6000 meter

The outlet of reagent from the rocket at a temperature -10°C — 1.28(1 10°particles
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Fig. 6. Optimum areas of cloud seeding by the crystallizing reagent for the pointsof action by
anti-hail rockets SK-6 in the protected territory in Kakheti. Height of the isotherm -6°C = 4.0
km. In the center of circle - number of the point of action.

Optimum areas of cloud seeding by the crystallizing reagent depend on the height of
the arrangement of launchers and level of isotherm -6°C (fig. 6). As follows from fig. 6
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distribution of the optimum areas of cloud seeding by reagent is unevenly. Basic reason for
this - the insufficiently long courses of the rocket SK-6. Therefore, in near future the
production of anti-hail rockets with the improved ballistic characteristics is planned (increase
in the effective radius of action, etc.).

The special feature of the indicated launcher is the possibility of changing in quantity
and diameter of containers (stems) for the anti-hail rockets, and the possibility of distance
focusing on the angle of elevation and along the azimuth also of successive starting.
Installation successfully underwent the first test probations. In 2015- 2016 it is planned to
accomplish a production of the improved version of these installations taking into account the
arrangement of an optimum quantity ofstems, protective housings for them from atmospheric
precipitations, the improved program of the distance starting of rockets, etc. It is assumed also
to create several mobile versions of launchers.

Finally in fig. 6-11 some examples of radar surveillance of the clouds are presented.

20:49 / 224ul-2015

Fig. 6. Horizontal and vertical radar section of cloud 22.07.2015
in Kakheti in 20 hours of 49 min.

ZHAIL (Prob)
20:49 / 22-Jul-2015
Georgia

Rainbow® Selex ES GmbH

Fig. 7. Probability of hailstorm in cloud 22.07.2015 in Kakheti in 20 hours 49 min.
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Georgia

\. l'mu )
\ +20.0 mm

Paf File: FAT-SAThailsz
Clutter Filter:  GIP
Time

Fig. 8. Hailstones sizes in convective cloud 22.07.2015 in Kakheti in 20 hours of 49 min.

In fig. 6-8 fragments of radar surveillance of hail processes in Kakhetii (southeast from
Telavi) 22.07.2015 20 hours of 49 min. are presented. As it follows from these figures, at the
moment of observations the maximum altitude of hail cloud reached 17 km (fig. 6). The
horizontal area of cloud with the probability of hailstorm of higher than 80% was
approximately 50 km? (fig. 7). The horizontal area of cloud with the hailstones with the size
more than 30 mm was approximately 2 km? (fig. 8).

MAX (dBZ)
23:20/13-Jun-2015
Georgia

+1776.0 mmm

[ 865.0 mmm
[+ 421.0 mmm
[ 205.0 mmm
[+ 100.0 mmm

=
=
=
|

Fig. 9. Precipitation intensity from the thunderstorm cloud in the neighborhood of Akhaldaba
13.06.2015 in 23 hours 20 min.

In fig. 9-10 example of radar surveillance of the convective cloud in Akhaldaba region
(southwest from the center section of Thilisi) 13.06.2015 in 23 hours 20 min. depicts. As it
follows from fig. 9, at the moment of observations the horizontal area of cloud with intensity
of precipitation 50-100 mm/h was composed approximately 15 km?, the horizontal area of
cloud with intensity of precipitation more than 100-200 mm/h - 2 km?.
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For the clarity fig. 10 depicts 3D- picture of radar surveillance of this cloud. It should
note, that during this day the cloud with the intensive rain and by thunderstorm was located on
one and the same place of almost 5 hours. This led to the strong landslide, which overlapped
river Vere, that flows in the direction to Thilisi. The accumulated water subsequently broke
through earthen mound, also, during several minutes one of the center sections of Thilisi city,
including zoo, they were flooded. Perished more than 20 people and a large quantity of
animals. Essential damage was substituted to the infrastructure of city. Subsequently is
provided the more detailed analysis of radar surveillance of the cloudiness and precipitation,
which led indicated catastrophic event in Thilisi.

MAX (dB2)
23:20/13-Jun-2015
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Fig. 10. 3D fragment of the radar picture of thunderstorm cloud in the neighborhood of
Akhaldaba 13.06.2015 in 23 hours 20 min.

MPPI (dBZ)
00:56 / 16-Sep-2015
Georgia

Fig. 11. Fragment of the radar picture of cloudiness above Azerbaijan
16.09.2105 in 0 hour 56 min.

Fig. 11 depicts example of radar surveillance of the cloudiness on the territory of
Azerbaijan. As it follows from this figure, 16.09.2105 into 0 hour of 56 min. in 60 km north
from Yevlakh city cloudiness with the horizontal area with the radar reflectance 50-60 dBZ of
equal approximately 145 km?® was observed.
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Conclusions

After 25- years interruption in 2015 in Kakheti over the area of 650 thousand hectares of
work on actions on hail processes were renewed. The contemporary anti-hail system of
essential differs from that existed earlier in the Soviet period of time (contemporary
meteorological radar and rocket launchers with remote control, etc.). Control of the processes
of radar surveillance of the hail clouds in Kakheti and by rocket action on them is
accomplished from Thilisi. In the past in Kakheti the personnel of anti-hail service comprised
more than 800 people, at present this work it ensures only 30 people. A constant
improvement of methodological and technical components of anti-hail system is
accomplished.

Subsequently is assumed an increase in the shielded from the hail areas, and also,
besides the anti-hail works, the use of radar for monitoring of dangerous hydrometeorological
processes in eastern Georgia and adjacent to its territories.
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BoccTaHnoBiieHre NPOTUBOIPaa0BoOM cucTteMbl B KaxeTun
(C'py3us)

A.T'. AmupanamBwin, B.A. Unxnanse, ¥Y.B. [[3oa3yamBuiu,
H.A.I'nontn, U.II. Caypu

Pe3rome

KpymHoMacmTabHble OIBITHBIE, OIBITHO-TIPOU3BOJICTBEHHBIC W TPOM3BOJICTBCHHBIC
paboTHI 1O BO3ICUCTBHUIO HA TPasioBbie Tiporiecchl B ['py3un mpooauiauck B 1960-1989 romax
(Kaxetus, FOxnas ['py3ust) Ha o0mieit muromaan okojo 1.2 muH rektapoB. [lomoxuTenbHbINH
sbdext usmenssics B uHtepBaie 20 - 95% co cpegum 3HaueHuem 75 - 85%. B
MOCJIEYIOIME YETBEPTh BEKa, IOC]e NpEeKpalleHus 3TUX padoT, ymepd CeabCKoMYy
XO3SIICTBY OT I'pajia BO3pOC U BEPHYJICA K YPOBHIO, OBIBIIEMY /10 Hayaja MPOTHBOIPATOBBIX
pabor.

B 2015 rony B Kaxetuu nHa miomaau okono 650 ThICAY TEKTapoB pPabOTHI 1O
BO3JICHCTBUSL HA TpajioBble Mpolecchl ObUTM BO300HOBIEHBI. [IpuBoaWTCS oOmnucaHue
BOCCTaHOBJICHHOM MPOTUBOTPAA0BOI CUCTEMBI, BKJTIOUYAIOIEH: COBPEMEHHBI
MeTeopoJiornueckuii paauosiokarop Meteor 735CDP10 ¢upmsr Selex ES; nenrpanbHbIit
MYHKT JWCTAHIIMOHHOTO YIIPABJICHHUS CO CMEHHBIM [E€PCOHAIOM; aBTOMATH3UPOBAHHYIO
CUCTEeMY YIOpaBlIEHHUSI OrHeM; 85 pakeTHbIX MYCKOBBIX IUIOMIAJ0K; aBTOHOMHBIE
aBTOMATU3UPOBAHHBIE PAKETHbIE TYCKOBbIE YCTAHOBKH; MPOTUBOIPAZOBbIE PAKEThI; HAYYHYIO
TPYIIly, TPYIIY TEXHUYECKOro OOCTYKMBAaHUS PpaHOJIOKaTOpa U  PAKETHBIX IYCKOBBIX
YCTaHOBOK.

TectoBble HCHBITAHUS CUCTEMBI TOKa3aldM MEPCIEKTUBHOCTh €€ JajbHeiIiero
WCIOJIb30BaHUs i OOprObl ¢ rpagoM. Dusmyeckas U 3KOHOMUYecKas 3()PEeKTHBHOCTDH
MPOTUBOTPAAOBEIX paboT B 2015 romy, HECMOTps Ha OTrpaHMYEHHOE KOJIUYECTBO CPEICTB
BO3JICHCTBUS (pakeT), Obllia HE XY)Ke, UeM paHee B rofbl ¢ BozaeiicTBueM. CyllecTBEHHO, 4TO
ecnu B mpouuioM B KaxeTruu mepcoHan MpOTUBOTPaZoBOM ciayxObl cocTaBisii Oonee 800
YeJI0BEK, B HACTOsIIee BpeMs 3Ty paboTy obecnieunBaeT Bcero 30 uenoBexk.

B nanpHeiimeMm mpennosiaraeTcs yBEIMUYEHHUE 3alUIaeMbIX OT Trpaja IJlomaneH, a
Takke, MOMUMO MPOTUBOTPATOBHIX pabOT, UCIIOIB30BAHNE PAIMOIOKATOPA IS MOHUTOPHUHTA
OTIACHBIX THUAPO-METEOPOJOTHUECKUX MpolleccoB B BoctouHoi ['py3uu u mpuierarommx K
Heill TeppuTopuil Apmenun u Asep6aiipkaHa.
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Abstract

Some new data about the bioclimatic characteristics (Tourism Climate Index and light ions
content in air) of the village Mukhuri (Western Georgia), useful for the development of the
health resort-tourist potential of this locality are represented. It is shown that for the
development of mass tourism the months from March through November are favorable. The
results of measurements of light ions concentration in air near the bank of river Khobistskali,
in Shurubumu karstic cave and forest showed the prospect of development in the indicated
locality ionotherapy. It is noted that all months of year are suitable for the therapeutic and
preventive tourism.

Key words: Tourism Climate Index, small ions, health resort- tourist potential
Introduction

Information about different bioclimatic characteristics of known and potential health
resort - tourist zones has vital importance for an increase in the effectiveness of their
therapeutic, rehabilitative, prevention and reducing properties [1-3]. In particular, they include
the so-called Tourism Climate Index (TCI) [4,5], and also the concentration of light (small)
ions [6-8].

TCI is a combination of seven parameters, three of which are independent and two in a
bioclimatic combination:
TCI=8Cld +2-Cla+4R+4S+2W

Where Cld is a daytime comfort index, consisting of the mean maximum air
temperature Ta, max (°C) and the mean minimum relative humidity RH (%), Cla is the daily
comfort index, consisting of the mean air temperature (°C) and the mean relative humidity
(%), R is the precipitation (mm), S is the daily sunshine duration (h), and W is the mean wind
speed (m/s).
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In contrast to other climate indices, every contributing parameter is assessed. Because
of a weighting factor (a value for TCI of 100), every factor can reach 5 points. TCI values >=
80 are excellent, while values between 60 and 79 are regarded as good to very good. Lower
values (40 — 59) are acceptable, but values < 40 indicate bad or difficult conditions for
understandable to all tourism [4]. Data about TCI are used for the information on the
“Average Tourist” and can be useful for the planning developments of mass tourism.

The content of light ions in the atmosphere (n. - positive ions concentration, n. -
negative ions concentration) plays important role in molding of the physiological state of
population. Simultaneously light ions are the indicator of the purity of air [9,10]. If sum light
ions concentration n.,. is < 600 cm™ (n. =300, n.= 300, less than the minimum level), their
physiological action on the human organism is the following: fatigue, weakening attention,
retarding of reactions, worsening of the memory, headache, the disturbance of the regime of
blood pressure, etc. When n.,. is 1000-8000 cm™ (n. =400-3000, n.= 600-5000, minimally
necessary — optimum levels) their physiological action on the human organism is positive and
has preventive and therapeutic effect: optimization of blood pressure, positive influence on
the course of the diseases of respiratory organs, such as bronchial asthma, also, antiseptic
actions, etc. [11].

Optimum, useful for the health of the human concentration of light ions in air, usually is
observed in the Kkarstic caves, in the forests, in the mountain locality, near the coasts of rivers
and seas, near waterfalls, etc. Therefore, for expanding the health resort-tourist potential of
one locality or another, it is desirable to determine places with the increased air ionization.
These places can be recommended for organizing the medical and preventive procedures
[7,8].

The results of the studies TCI and light ions content in air in some locations of
Georgia, which were carried out earlier, were represented in the works [3-8, 10-17]. The data
about indicated bioclimatic the characteristics for the village Mukhuri (Western Georgia) are
cited below.

The region of studies, material and methods

Village Mukhuri is a populated place in Western Georgia (42.6330 N, 42.1769 E,
altitude: 272 m). Mukhuri located on the shore river Khobistskali. Distance from Mukhuri to
the capital of Georgia Thilisi - 240 km, to the capital of the Adjarian Autonomous Republic
Batumi - 120 km, to the second in the value city of Georgia Kutaisi - 60 km, to the coast of
Black sea - 55 km (fig. 1).

Mukhuri is famous as the health resort, with coniferous, mixed forest and alpine
mountains. The cool and pure river Khobistskali divided the village with two sides. There are
different kinds of fished in the river and also mineral waters runs in it. One of them is 9% -
calcium chlorine - "Lugela”, which is used for medical treatment— rachitis, allergy, blood
bleeding, osteoporosis, skin rashes, parenchymal hepatitis, nephritis, stomatitis, conjunctivitis,
also is used in cosmetology. Carbonaceus mineral water "Skuri” is located at a distance of 5
km length from the village Mukhuri, which is used for treatment of intestinal and urogenital
organs.

The Shurubumu cave deserves the attention by its uniqueness and extent; its entrance is
opened at 3 km away from the village of Mukhuri on the left bank of the Khobistskali River,
where the thin layered limestones (0.2-0.3 m) of the Upper Cretaceous (turonuli) age come
out on the earth’s surface.

Data of Hydrometeorological Service of Georgia was used for the TCI calculation data.
Light ions concentration (cm™) measurements with the aid of the portable ions counter of the
production of firm “AlphalLab, Inc.” are conducted. Radon content in air (the basic ionizer of
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air in the atmospheric boundary layer) with the aid of the portable device PB-4 was
conducted.
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Fig. 1. Location village Mukhuri in Georgia.

Results and discussion

Information about TCI category in fig. 2 and 3 are presented. Data about radon and
small ions concentration in some locations of Mukhuri (fig. 4-7) in the table is presented.
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Fig. 2. The intra-annual distribution of Tourism Climate Index in Mukhuri.
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As follows from fig.2 the intra-annual distribution of the TCI values for Mukhuri has
bimodal nature with the extremum during June and September. It is known, that the bimodal
type of distribution of TCI values in many other places is observed [14]. TCI categories
change from “Unfavourable” (December, January, February) to “Very good” (June). For the
development of mass tourism the months from March through November are favourable.
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Fig. 3. Share of different components in Tourism Climate Index in Mukhuri.
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As it follows from fig. 3 the values of daytime comfort index (Cld varied from 46.7 %
61.5 % with average value 54.0 %) and daily sunshine duration (S varied from 13.3 % to 7.4
% with average value 19.1 %) make the greatest share to the mean annual values of TCI in
Mukhuri.

The values of daily comfort index Cla and precipitation R make the smallest share to
the mean annual values of TCI (Cla varied from 8.2 % to 16.7 % with average value 11.4 %
and R varied from 0 % to 7.4 % with average value 2.0 %).

As a whole, the relatively lowered values of TCI in Mukhuri (in comparison with
Baku, Yerevan, Thilisi, different location of Iran, Turkey etc.) are caused by more rainy
climate, decreasing the contribution share R to the general value of TCI [14,18-22]. At the
same time values of TCI in Mukhuri are close to their values for the cities Batumi, Kobuleti

and Khulo, located on the coast area of Black sea [13, 15].
Table

Radon and small ions concentration in some locations of Mukhuri (September 2015)

Small ions, cm™ Coeff. of
. Radon . .

Location 3 unipolarity
Bg/m n. n. N/ n/n
At the entrance into the cave 315 1650 1965 0.19
Cave, 1 hall, center 9 250 1570 1820 0.16
Above the cave, forest 4 410 1100 1510 0.37

. . ) 1160- | 1435-
Near shore river Khobistskali 275-400 1750 2150 0.24-0.23
Court of apartment house near from the

river 480 1750 2230 0.27
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In the table results of measurements of radon and light ions concentration in some
locations of Mukhuri (fig. 4-7) are presented.

Fig. 4. Measurement of the radon and light ions
concentration at the entrance into the cave. In
the foreground: A. Amiranashvili (to the left)

and V. Chikhladze (to the right).

Fig. 5. Measurement of the light ions
concentration in the cave (V. Chikhladze).

Fig. 6. Forest in the environments of cave. In the
center: V. Chikhladze (to the left) and N.
Bolashvili (to the right).

Fig. 7. One of the site of Khobistskali river.

As follows from the table, the light ions concentration in air near the bank of river
Khobistskali, in Shurubumu Kkarstic cave and forest are sufficiently high and generally
correspond to category minimally necessary — optimum levels.

It should be noted that the first hall of Shurubumu cave (area - approximately 20 square
meters, volume - approximately 60 cubic meters) is not isolated from the environment (fig.
4,5). Therefore in this cave the low concentrations of radon and correspondingly the low
concentration of light ions for the karstic caves are observed [23, 24]. For applying the cave
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for therapeutic purposes it is necessary to install doors in the entrance of the cave. As a result,
the concentration of radon and light ions considerably will be increased in the cave.

It should also be noted, that both the cave, forest near cave and some places near
Khobistskali river, are located in the out-of-the-way places (fig. 6,7). Therefore for the
possibility of the visiting the indicated objects for purposes of ionotherapy it is necessary to
create the appropriate infrastructure (stairs, paths, benches for leisure, shelters from the rain,
medical consultants, etc.). For ionotherapy (therapeutic and preventive tourism) all months of
year will be suitable in this case.

Conclusion

Climate has a strong influence on the tourism and recreation sector and in some regions
represents the natural resource on which the tourism industry is predicated. In this work the
new data about such bioclimatic characteristics as “Tourism Climate Index” and small ions
concentration for the village Mukhuri (Western Georgia) is obtained.

In the future we plan a more detailed study of the climate resources of this location for
the tourism development.
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HexoTopbie HOBbIE IaHHbIE 0 OMOKJIUMATHYECKHUX
xapakrepucTukax cejaa Myxypu (3anagnas I'py3us)

A.I'. AmupanamBwin, H.P. bonamsuiu, B.A. Unxuanse,
H.A. Txanapunse, K.P. Xa3zapanse, P.P. Xa3zapan3e,
3.1. Jlexkasa, K./A. Hukapumsuin

Pe3rome

[IpencraBiaeHBl HEKOTOPHIE HOBBIE JaHHBIE O OWOKIMMATHYCCKHX XapaKTEPUCTHKAX
(KTUMaTUYECKUM HMHJIIEKC Typu3Ma U COJIEp’KaHHE JIETKUX HMOHOB B BO3/Ayxe) cena Myxypu
(Bamamnas ['py3usi), mone3Hble IS Pa3BUTHSL KypOPTHO-TYPUCTHUECKOTO TOTEHIMAIa STOM
MecTHOCTH. [lokazaHo, 4TO NJIsi pa3BUTHS MAcCCOBOTO Typu3Ma OJIArOTPHUSTHBIMH SIBJISIFOTCS
MecSIIbl C MapTa 1Mo HOSIOpb. Pe3ynbraThl M3MEepeHni KOIEHTPAIMH JIETKUX NOHOB B BO3/IyX€
okoyio Oepera pexku XooOwucikanu, B LllypyOymMckol KapcTOBOW Tmemiepe W Jiecy IMOoKa3aiu
MEePCIEKTUBHOCTh PA3BUTHs B YKa3aHHOW MECTHOCTHM HOHOTepanuu. OTMe4aeTcs, YTo s
J1e4eOHOTO U 03/I0POBHUTEIIHLHOTO TypH3Ma MPUTOIHBI BCE MECSIIHI TO/1a.
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Abstract

The data about equivalent- effective temperature of air (EET), content of light ions in air and
chemical composition of water in Bazaleti Lake (Eastern Georgia) are represented. It is
shown that in the hottest months (July, August) in Bazaleti Lake in comparison with Thilisi the
more comfortable for human health thermal conditions is observed. The content of light ions
in air in Bazaleti Lake and in the limits of several hundred meters from it is above minimally
necessary for the health of people, whereas in Dusheti ions concentration is less minimally
necessary. The data about the chemical composition of water in the lake and in the spring,
which is located in several kilometers from the lake, do not indicate the essential deflections
from the standards for the drinking water.

Key words: Equivalent Effective Temperature, water chemical content, light ions, health
resort- tourist potential

Introduction

For the complex characteristic of the health resort-tourist resources of localities in
recent years is accepted conducting their certification. Special attention is paid also to the
level of the pollution of environment, including air and waters [1, 2].

In Georgia similar systematized works was not carried out, although there are many
works on the description of the fundamental characteristics of health resort-tourist resources.
In particular, in recent years for different regions of Georgia studies of such important for the
health of people bioclimatic characteristics as: air temperature [3,4], air Equivalent-Effective
Temperature [4-11], Tourism Climate Index [12-16], light ions concentration in air [4, 16-22
], surface ozone concentration [4, 23] etc., are carried out.

The bioclimatic properties of locality, and especially health resort-tourist zones, are
frequently characterized by so-called equivalent-effective temperature of air (EET). EET is
the combination simultaneously observed air temperature, relative humidity and wind speed,
expressed by the conditional value of temperature, which creates the same sensation of heat as
stagnant air at a relative humidity 100% and a specific temperature. EET create the same heat-
sensation as stagnant air at a relative humidity 100% and a specific temperature. Six basic
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gradations of EET are separated: < 1° - Sharply coldly, 1-8° - Coldly, 9-16° - Moderately
coldly, 17-22° - Comfortably, 23-27° - Warmly, > 27 ° - Hotly [8, 10, 24, 25].

The content of light ions in the atmosphere (n. - positive ions concentration, n. -
negative ions concentration) plays important role in molding of the physiological state of
population. If sum light ions concentration n.,. is < 600 cm™ (n. =300, n.= 300, less than the
minimum level), their physiological action on the human organism is the following: fatigue,
weakening attention, retarding of reactions, worsening in the memory, headache, the
disturbance of the regime of blood pressure, etc. When n.,. is 1000-8000 cm™ (n, =400-3000,
n.= 600-5000, minimally necessary — optimum levels) their physiological action on the human
organism is positive and has sanitation- preventive and therapeutic effect: optimization of
blood pressure, positive influence on the course of the diseases of respiratory organs,
bronchial asthma, antiseptic action, etc. [4,16].

The data about air equivalent-effective temperature, light ions concentration and water
chemical content for the Bazaleti Lake (Eastern Georgia) are presented below.

The region of studies, material and methods

The Bazaleti Lake (Lat. 42.037° N, Lon. 44.679 E, Alt. 879 m as.L) is a lake in
eastern Georgia some 60 km northwest of the nation's capital Thilisi and 5 km south of the
town of Dusheti. It is used for fish culture, irrigation and recreation. The nearby village and
the historical district around the lake are also known as Bazaleti. The surface area of the lake
is 1.22 km? and its maximum depth is 7 m. (fig. 1, 2).

The area around the lake housed a flourishing medieval town and is surrounded by
many legends. In 1626, the Battle of Bazaleti between two rival Georgian factions took place
there.

Currently, the area is a popular recreational area served by a modern tourist complex.

It is known that Bazaleti Lake has an outflow but it has not been discovered. Locals claim that
the water recirculates. They tell a story about a bull which was drowned in the lake and was
later found in a well in the nearby village. According to local legend, a golden-haired child is
lying in a golden crib on the bottom of the lake. The lake was formed from his mother's tears.
The story is retold in a Georgian poem.
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Fig. 1. Location Bazaleti Lake relative to Thilisi.
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Fig 2. Bazaleti Lake.

For the EET calculation data of Hydrometeorological Service of Georgia about the
monthly average values of the air temperature, relative humidity and wind speed was used. Values
of EET were calculated according to the formula, represented in [24, 25].

Light ions concentration (cm™®) measurements with the aid of the portable ions counter
of the production of firm “AlphaLab, Inc.” are conducted.

The chemical analysis of water is executed on the chromatograph Shimadzu — HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC).

Results and discussion
Information about EET in day hour in Thilisi and Bazaleti Lake in table 1 is presented.

Information about chemical composition of water in Bazaleti Lake and spring near lake in
table 2 is presented.

Table 1
EET in day hours in Thilisi and Bazaleti Lake
Month Thilisi . Bazaleti Lake _
EET, grad EET, heat-sensation EET, grad EET, heat-sensation
1 1.4 Coldly -3.2 Sharply coldly
2 2.1 Coldly -2.3 Sharply coldly
3 6.7 Coldly 3.2 Coldly
4 13.6 Moderately coldly 10.5 Moderately coldly
5 18.4 Comfortably 15.3 Moderately coldly
6 21.6 Comfortably 18.7 Comfortably
7 24.4 Warmly 21.9 Comfortably
8 23.9 Warmly 21.3 Comfortably
9 20.6 Comfortably 17.9 Comfortably
10 15.2 Moderately coldly 12.3 Moderately coldly
11 9.6 Moderately coldly 6.4 Coldly
12 4.3 Coldly 0.3 Sharply coldly
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As follows from table 1 the values of EET in Thilisi varied from 1.4° (January,
gradation - "Coldly ") to 24.4° (July, gradation - "Warmly"). Values of EET in Bazaleti Lake
varied from -3.2° (January, gradation - "Sharply coldly”) to 21.9° (July, gradation -
"Comfortably”). In Thilisi monthly average in day hours values of EET with gradation
"Comfortably” in May, June and September, in Bazaleti Lake — from June to September are
observed. Thus, in the hottest months (July and August) in the Bazaleti Lake in comparison
with Thilisi comfortable for the health of people thermal conditions is observed.

The single measurements of the light ions concentration in air near the Bazaleti Lake
and in Dusheti in summer 2015 showed the following:

e Near the lake, the sky is clear, wind speed is 1-2 m/sec: n. = 1400 — 1470 (average -1435)
cm, n.= 1860 — 1960 (average -1910) cm™, n,,. = 3260 — 3430 (average - 3345) cm™.

« 300 meters from the lake: n. = 570 — 640 (average - 605) cm™, n. = 1780 — 1820 (average -
1800) cm’®, n,,. = 2350 — 2460 (average -2405) cm™.

e Dusheti: n. = 530 — 640 (average -585) cm™, n. = 210 — 280 (average -245) cm*, n,,. = 740 —
920 (average -830) cm™.

As these measurements showed, near the lake and in the limits of several hundred
meters from it the summary concentration of light ions in air changes from 2405 cm®to 3345
cm (higher than minimally necessary level). In this case, the concentration of negative ions
exceeds the concentration of positive (so-called “waterfall effect” caused by hydro-ionization
[21]).

In Dusheti the summary concentration of light ions in air is equal 830 cm® (less than
minimally necessary level). In this case the concentration of positive ions exceeds the
concentration of negative, which usually is observed in the places, where the formation of
ions mainly occurs due to gamma-radiation of soil, radon and cosmic radiation.

Table 2
The chemical composition of water in Bazaleti Lake and in spring near lake
composion L The norms of | Norms o
drinking water, irrigation
Location Bazaleti Lake Spring notare more | water, notare
Mg/L more Mg/L
Ffluorides (F) 0.839 1.476 0,7
Chlorides (CI) 6.248 19.692 250
Nitrites (NO,) 0.010 0.132 0,2
Bromine (Br) 0.112 0.156 0.1
Nitrates (NOs) 0.143 63.24 50
Phosphates (PO,) 1.617 4.83
Sulphates (SOy) 8.353 31.554 250
Lithium (Li) 0.011 0.024 0.3
Natrium (Na) 12.678 16.230 200
Amonium (NH,) 0.000 0.000 0.39
Potassium (K) 3.139 0.700
Magnesium (Mg) 25.541 59.376 85
Calcium (Ca) 17.681 20.624 140
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As it follows from table 2 that both samples of water (water from the Bazaleti Lake and
water from the spring, located on the road, in 3.8 km to the east of lake, at the height of 711
meters a.s.l.), in comparison with the norms of drinking water, a comparatively high
concentration of fluorine is noted. In the water from the spring the values of nitrates are high,
while in the lake they are very insignificant. In the lake and in the spring water the
concentration of such parameters as chlorides, sulfates, and also sodium and calcium is
considerably lower than the tolerance levels. As far as the maximum permissible
concentration of the parameters of water, which can be used for the irrigation, is concerned, in
both samples is noted small exceeding of the content of bromine, and lithium also of amonium
in the limits of standard [26].

Conclusion

In Georgia in recent years health resort-tourist industry is intensively developed. One of
the places for the organization for people of leisure and tourism is Bazaleti Lake. Comfortable
thermal conditions in the day hours here from June through September are observed. The
preliminary data of the measurements of the content of light ions in air showed, that in the
calm weather near the lake and its environments the ionization level of air above minimally of
necessary, that favourably for the health of people.

At present vigorously is developed the infrastructure around the lake, which facilitates
the use of this place for leisure and tourism the year round. Therefore it is important to
maximally use bioclimatic resources of lake for expanding its health resort-tourist potential.
In connection with this in the future, in particular, is expedient conducting the more detailed
analyses of the distribution of the concentration of light ions near the lake and in its
environments under the varied conditions of weather for the designation of places for their use
for prevention, reducing and therapeutic purposes.
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HexoTopbie OMOKJIMMaTHYECKHE MIOKA3aTEJIU KyPOPTHO -
TYPHCTHYECKOro KoMIuIekca o3epa bazanern (I'py3us)

T.I'. bananze, B.A. Unxaanze,H. /0. T:xkanapun3e,
K.P. Xazapanze, P.P. Xazapanse,I'.U. Meaukan3se,
H.JA. Bapamamsuiau, C.I'. BenxBaase

Pe3rome

[IpencraBiensl naHHBIE 00 OSKBUBaJCHTHO-d(pekTuBHON Temmneparype Bosayxa (EET),
COJICpKAHUU JITKHX HOHOB B BO3JyXe M XHMHYECKOM COCTaBe BOJbl o03epa bazamern
(Bocrounast I'py3usi). [lokazaHo, 4To B caMble JKapKHE MeCAIbl (MIOJb, aBTYCT) Ha 03epe
bazanern mo cpaBHeHuto ¢ TOwnmcu HaOmomaercs 0Oojiee KOMGOPTHBIN UL 30POBBS
4yenoBeka TepMuueckuil pexxuM. CoaeprkaHue JIETKUX HOHOB Ha o3epe bazaneTu u B npeaenax
HECKOJIbKUX COTEH METPOB BBIIIE MHHHUMAIHLHO HEOOXOIUMOU NIl 3I0POBbS JIIOJIEH HOPMBI,
Torga Kak B JlylIeTd KOHIEHTpallds MOHOB HIDKE MUHUMAIbHO HEOOXoAuMou. J[aHHBIE O
XMMHUYECKOM COCTaBe BOJBI B 03€pe U B POJAHHKE, HAXOAIMIEMCS] B HECKOIBKUX KHIIOMETpax

OT 03€pa, HC YKa3bIBAKOT Ha CYIICCTBCHHLIC OTKIIOHCHUA OT HOPM JJIsA IMUTHEBOM BOJBI.
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