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The paper suggests methods and means for solving 
problems of determining contamination by radioactive waste, 
appearing as precipitation when moving radioactive particles 
in the atmosphere. The model for predicting and evaluating 
radioactive fallout is developed. Meteorological conditions 
determine the conditions for turbulent diffusion of pollution 
on a regional and global scale.

The deposition of radioactive wastes like precipitation 
is formed as a result of the settling of long-lived explosion 
products from the atmosphere. If the parameters of the 
explosion (intensity, geometry, type of explosion and etc.) 
form a qualitative composition of radioactive products, then 
the effect of the meteorological infl uence are fi nally reduced 
to transport and change of the concentration of radioactive 
contamination.

Scattering of radioactive impurities is determined by 
stratifi cation, turbulence and other parameters of the 
atmosphere, the direction and speed of their spatial distribution 
- the parameters of the direction and speed of the wind. 
Particles with sizes less than 10-12 microns moving at a speed 
identical to that of vertical movements (≈1cm /s) precipitate on 
the Earth’s surface either in the turbulent motion of air masses 
(dry deposition), or by washing out sediments (wet and wet 
sediments) [1].

Assuming, in accordance with the well-known idea of   
Taylor and Schmidt [2], that the process of turbulent diffusion 
is equivalent to the process of molecular diffusion, one can 
obtain the next formula for the vertical turbulent heat fl ux in 
the surface layer of air. 
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where  is the air density (typical value is around 1.23 × 
10-3 g/cm3), Cp is the heat capacity of air at constant pressure 
(normally depends very strongly on physical conditions at 
which the air exists, and equal to 1,007 kJ/kg·K at 300K and dry 
weather), w is the temperature of the active Earth’s surface, 
 is the air temperature at a certain height, (measured in m), 
D is the integral characteristic of the conditions of vertical 
turbulent transport between the underlying surface and the 
atmosphere (cm2/sec) which is called by M.I. Budyko [3] as the 
coeffi cient of external diffusion and is expressed in the form 
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herein z is the air level at temperature  (for example, if 200 cm, 
then z200 см), k is the coeffi cient of turbulent exchange expressed 
in cm2/sec (Figure 1)’. 
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Figure 1. Graph of the relationship between the climatic 
parameters of the stability parameter and the ratio of the 
integral turbulent exchange rate coeffi cient to the wind speed 
for the Transcaucasus region (black dots for July, bright for 
January) [3].

Crucial point herein is the character of the relationship 
between the integral coeffi cient of intensity of heat and 
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moisture exchange (D) and the coeffi cient of turbulent 
exchange (k). In accordance with equation (2), we can write
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Due to varying the value D between 0.5 and 1.3 in dependence 
on the climatic and landscape conditions, the average monthly 
values   for climatological calculations will also have different 
and specifi c values which obey the same pattern [3].

Radioactive contamination of the terrain, among other 
things, depends on the speed of movement of radioactive 
particles in the atmosphere under the infl uence of wind. If we 
assume that the process of moving radioactive particles in the 
atmosphere is described by the diffusion equation, then for an 
excess concentration of particles marked as △n (excess over 
the atmosphere, which is also radioactive), we have
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The following symbols are introduced into the equation (4): 
vz is the speed of the forced motion of radionuclides (in terms 
of the diffusion equation, this is the speed of the convection), 
and  is the coeffi cient of molecular diffusion of radionuclides 
in the layer under consideration.

When modeling this process, we assume that the excess 
concentration appeared as a result of a one-time radioactive 
explosion (this could be an explosion at a Nuclear Power Plant 
abbreviated below as NPP which is immediately blocked). The 
equation (4) describes the stationary distribution of radioactive 
particles as they move away from the nuclear power plant 
(from the epicenter of the explosion). For simplifi cation of the 
approach an one-dimensional problem is considered when 
radionuclides move only in one direction (for example, in a 
plane layer of the atmosphere). An one-dimensional problem 
is considered when radionuclides move only in one direction 
(for example, in a plane layer of the atmosphere).

The last term in Eq. (4) describes the mass exchange 
between radionuclides emitted into the atmosphere and 
adjacent uncontaminated layers (the index  is the mass 

transfer coeffi cient); △n0 – is exactly the “clean” or 
atmospheric concentration of particles (it is believed that this 
concentration is constant along the direction of movement of 
the radioactive cloud).

If there is a movement of radionuclides in several parallel 
(by altitude) layers, then the equation (4) can be generalized 
to the case of n set of meteorological and physical parameters, 
namely
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The solution of the equation (5) is well known. Neglecting 
one of the solutions that will give rise physically incorrect 
result, we obtain the following expression for the excess 
concentration of radioactive particles in the atmosphere (more 
detailed see in [4])

0 exp / 2zvn n c z
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where △ is the coeffi cient that determines the intensity of 
deposition of radioactive fallout (RF) and expressed through 
meteo- and physical parameters of the atmosphere in the form 
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The analysis of the formula (7) implies a very simple 
conclusion: the higher the wind speed, the greater the distance 
from the emission source from which the radioactive particles 
will be carried away. In this sense, the most undesirable 
option for studied process is a constant by altitude wind 
both in direction, and in value. In this case, all radionuclides 
independently on their mass characteristics (chemical element, 
mass, isotope and etc.) will be concentrated in one place and in 
the form of RF fall onto the Earth’s surface.

More preferable looks the option when the wind speed is 
different by altitude thereto the lower the altitude, the lower 
the wind speed. In this case, the zone of contamination of the 
terrain with heavy radionuclides will not be so wide, since 
heavy RF will fall down in areas near the source of pollution 
is located.

The zone of contamination with light radionuclides, on 
the contrary, will be more extensive. A priori, it will be very 
diffi cult to draw a conclusion about, when the total intensity 
of radiation contamination will be less or, conversely, more. It 
all depends on fact, which radionuclides were polluted into the 
atmosphere at the time of the explosion. The determination of 
the form of the function △n (z) makes it possible to estimate 
the degree of contamination of the zones of interest to us by 
radionuclides.

Since within the framework of our model we assume that 
there are n layers of radionuclides in the atmosphere, the total 
contamination per unit time and per unit length of the surface 
under consideration will be determined from the formula 
provided below.

Figure 1: 
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As a result of pollution of the RF on a regional and 
global scale, it is necessary to use ground-based and remote 
methods and means of observation. The most effective use 
of radar remote sensing systems (RSS) in conjunction with 
optoelectronic equipment [5,6]. The most benefi t of radar RSS 
is the absence of weather and time (day/night) restrictions [7] 
for getting information.

Radar means for detecting radioactive meteorological 
formation of anthropogenic nature are very different (active 
and passive radar). Monitoring principles of nuclear cycle 
enterprises is based on the appearance of anthropogenic 
release in the lower layers of the atmosphere which leads to a 
change in the physical parameters of the propagation medium, 
which creates a radar contrast and makes it possible to detect 
atmospheric inhomogeneity.

Experimental values   of specifi c effective scattering area 
(abbreviated as ESR) of radioactive emissions are due to:

a) Turbulent inhomogeneity of the air zone close to the 
exhaust pipe of NPP;

b) Increased density of particulates (water droplets, 
aerosols, clusters and so on) so that radioactivity 
contributes to the formation of clusters which, 
consequently, affect the growth of large drops;

c) Climatic and weather conditions, etc.

The analysis of the literature shows that for making studies 
targeted to creation of the satellite systems for the radar 
monitoring of radioactive releases it is necessary:

1. Creation of specialized multifrequency active and passive 
radars with increased energy potential;

2. Map of climatic and weather features of the area under 
study;

3. Data from meteorological satellites for comprehensive 
research;

4. Development of special algorithms for processing 
refl ected radar signals [8]. 

Conclusion

In this paper the main factors of formation of radioactive 
wastes in the form of precipitation are revealed. On the basis 
of turbulent diffusion, a method has been demonstrated for the 
transport of contaminants, both regionally and globally.

A model for moving radionuclides in several parallel 
(altitudes) atmospheric layers is proposed. The model takes 

into account the meteorological parameters determining the 
intensity of radioactive waste deposition. The model can be 
applied to any territory and predict radioactive pollution of 
the territory; it’s necessary just include into the model meteo 
– and terrain/landscape specifi cations of the territory under 
research.
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