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SUMMARY 

The physical conditions of the model involve the stationary transfer of radon in the layered porous 
medium by diffusion and advection mechanisms, but active diffusion is not taken into account when 
the transport of radon is complicated by its interaction (sorption) with medium components and other 
mechanisms (eg, water flows). Comparison of the simulated radon concentration profile data with 
experimental (field data) allows us to conclude about origin of emanating halos in the soil: (1) shallow, 
associated with diffusion transfer; (2) diffusion-advection or (3) with near-surface sources (localized 
zones of shielding, emanation, concentration et cet.). 
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Introduction. Within low thickness of deposition, the emanation method makes it possible to verify the 
gamma-ray anomalies. Increasing thickness of deposition is to decreases the depth of the emanation 
method because it increases the migration time of the emanation to the surface where actually determines 
the volumetric radon activity (VRA). The emanation method can more or less confidently monitor the 
uranium mineralization if  thickness of overlying deposition is 1 to 3 m (sometimes up to 5 m). Salt 
halos (uranium-radium scattering halo), changes in the mechanical composition of sediments 
significantly affect the transmission distance this method. To increase of the transmission distance 
usually carry out deepening the detectors by passing the soil cover with holes, small wells, and flaps. 
We propose an approach to create a model of radon migration to verify the results of direct 
measurements of radon in the soil air, as well as to evaluate sources of radon origin ("chthonic" or 
"geogenic" nature (Shabatura et al., 2015; Vyzhva et al., 2013). The "chthonic" source commonly is a 
high-uranium/radium geological body that is the primary source of emanation, the second "geogenic" 
source connected with the surface anomalies of emanation and shielding that cause a concentration of 
radon in subsurface conditions. 
Finding out the nature of radon anomalies allows us to more adequately make an interpretation of the 
surface distribution of VRA when solving a wide range of problems. 
 
Methods of investigation. Potentially maximum content of radon according to the content of parent 
radionuclide (here radium-226) is made according to: 
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where 𝐴  - VRA, Bq/m3; Kc - radon emanating coefficient; 226Ra - specific activity of radium-226, 
Bq/kg;  - density of solud particles of soil, kg/m3, n - soil porosity for n-layer. 
 
There are modeling of stationary radon transfer in n-layer geological media (according to conventionally 
selected geological layers, Table 1) with discontinuous coefficients (Yakovleva, 2003). The applied 
concentration coefficients for the layers are set discontinuous, that is, they can change abruptly as they 
move from one layer to another, but do not change in time, which allows us to formulate a stationary 
problem. The physical conditions of the model involve the stationary transfer of radon in the layered 
porous medium by diffusion and advection mechanisms, but doesn’t include an active diffusion (for 
example sorption with environmental components and/or water flows). According to the simulation 
results, the concentration profile of radon in a geological section is taken into account as the presence 
of radon in each of the layers (by the results of establishing the potentially maximum content of radon), 
its emanation and transport characteristics. 
 

Table 1 Schematized geological and emanation section of Dibrova structure 

Layer Content 
layer 

number n 
(n=1…N) 

Dn Kn,ст 𝜌 ,  hn 238U 226Ra AR 
m2/s, 
10-6 

 kg/m3 % % ppm U Bq/kg Bq/m3 

Soil chernozem 1 0,9 0,60 1800 30   100 252 

Deposits 
sand, clay 2 0,6 0,30 2200 24     

sandy-loamy 
deposits 

3 0,3 0,30 2200 24   30 62,7 

Weatheri
ng core 

kaolin 4 0,1 0,60 2300 30 
0,009

-
0,030 

200  7953 

Bedrock 

gneiss, crystal 
shist 

5 0,01 0,01 2600 0,50 0,033 330  21089 

ore deposit 6 0,01 0,01 2700 0,50 0,039 390  25882 
migmatites, 

granites 
7 0,01 0,01 2600 0,50 0,033 330  21089 

Notes: Radon advection rate is accepted, 𝜐  = 1 10-6 m/s 
 
The problem is solved by the numerical method in the transport equations (Formula 1) and boundary 
conditions (Formula 2): 
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Boundary conditions: at the outer boundaries of the entire layered structure: 
𝐴 0 0, lim

→
𝐴 𝑧 𝐴 ,     (3) 

where A - radon activity per unit volume of porous medium, Bq/m3; the lower index (n = 1, ..., N) 
indicates the number of the corresponding layer, N - the number of layers; 𝑙  - thickness of the nth layer; 
𝜐 - advection transfer rate in the n-th layer, m/s (coefficient of transition of the potentially possible 
radon concentration for surface conditions ranges from 4.0 to 12.8%); 𝐷  - effective (volumetric) radon 
diffusion coefficient in the n-th layer, m2/s;   - the constant decay of radon, s-1; 𝐴 ,  - the volumetric 
activity of radon in equilibrium with 226-Ra in the n-th layer, Bq/m-3, which is equal 𝐴 ,
𝐾 ,em𝐴 ,Ra𝜌 , 1 𝜂 , where is the radon emanating coefficient for layer n; 𝐴 ,Ra- specific activity of 
226-Ra in the n-th layer; 𝜌 ,  - density of soil solids, Bq/m3 for layer n; 𝜂  - soil porosity for layer n. 
 
Initial and geological data. The Dibrova TR-U-Th deposits was selected as the model object. The 
deposit is localized at the Vovchansky ledge in the northwestern part of the Azov megablock of the 
Ukrainian Shield at a short distance from its eastern slope. Ore-containing metamorphic quartzites, along 
with other terrigenous-sedimentary rocks, fill the Dibrova brachystructure. The rocks of the Dibrova 
stratigraphy assise consist of two subsets: the lower quartzite with three layer zones of the complex TR-
U-Th mineralization and the upper crystalline shale containing the pyroxene-magnetite quartzite 
horizon. The brachy fold is oval in shape and extended from north to south by almost 4 km with a width 
of up to 2 km. The Dibrova strata of rocks with angular and stratigraphic mismatch lie on the uneven 
denuded surface of Archean granitoids. Thorium and uranium content of Dibrova strata are commin, 
but its sum of rare earth elements is rich. The content of uranium, thorium and rare earth elements in the 
ore sample is 0.0315; 0.017; 0.362% respectively (Report (ed. Verkhovtsev ), 2014). In the study area, 
the thickness of deposition ranges from 24 to 75 m, which causes the absence of a clear correlation of 
the emanation anomalies with the surface gamma ray measurements (Table 2). Accordingly, it is 
advisable to create a matter-physical model of the section. 
 

Table 2 Radon-222 and radium in soil of Dibrova area 

Sample 

226Ra 222Rn 
coefficient of 

transition  spectrometer AMA-02-F1 VRA 
226Ra (calculated from Ra-226) 

mean 
 spectrometer AMA-02-F1 

Bq/kg Bq/m3 kBq/m3 % 
D 1/14 69,6  589 45,9  45936 12,8 
D 3/14 66,1 120 505 43,6 79,2 61413 8,2 
D 4/14 61,4 66,1 611 40,5 43,6 42075 14,5 
D 5/14 144 61,4 274 95,0 40,5 67782 4,0 
D 6/14 47,2 144 274 31,2 95,0 63096 4,3 
D 7/14 171 47,2 358 112,9 31,2 72006 5,0 
D 8/14  171 505  112,9 112860 4,5 

D 10/14 52 132 379 34,3 87,1 60720 6,2 
D 13/14 30,5 109 379 20,1 71,9 46035 8,2 
D 14/14 213 30,5  140,6 20,1 80355  
D 15/14 136 213 316 89,8 140,6 115170 2,7 
D 16/14 73,8 136 2126 48,7 89,8 69234 30,7 
D 2/14 120 69,6 611 79,2 45,9 62568 9,8 
D 9/14 132  863 87,1  87120 9,9 

The model created will provide: 
• establishment of the transmission distance of  emanation source; 
• verification of the more likely type of emanation transfer mechanism. 
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Results of investigations. As a result of the computational procedure (Formula 1, Formula 2), the radon 
concentration profile is obtained for the location of the emanation source at the lowest horizon (into 
bedrock) and the specified transport properties of the dection (Table 1). 
The layer activity recovered by (Formula 3) represents the maximum possible concentration of radon 
that can be generated by rocks. Actually, the distribution of the upper section of the section of the study 
area is characterized by considerable differentiation (Table 1, Figure 1). 
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Figure 1 Comparative characterization of radon levels in a layered geological section 
𝐴  - radon activity (recovered) according to uranium and radium content; 𝐴  - Radon activity is 
recovered taking into account the diffusion transfer between the layers of section. 
 
Recommendations and conclusions. From the analysis of curves 𝐴  and 𝐴  (Figure 1) it follows that 
the diffusion-advection mechanism of radon transfer from the lowest horizons cannot create sufficient 
concentration for the establishment of parity with the radon emanating from the layers of the upper 
section of the section. The reason for this is the low transport properties of rocks of section, its high 
thickness and the relatively low concentration of radium in the bedrocks. These facts may indicate 
shallow origin “geogenic nature” of radon in the soil air, which is most likely associated with emanation 
anomalies. As well there is a high variability coefficient of transition of the potentially possible 
concentration of radon into the soil air. Instead, the geometric similarity of the gas contours of the radon 
with the surface projection of the ore body may indicate the valid radon water migration, which will be 
the object of further research. 
 
References 
Shabatura O.V., Vyzhva S.A., Onyshchuk I.I., Onyshchuk D.I., Onyshchuk, V.I. Lognormal kriging for 

modeling of geogenic radon potential// 14th EAGE International Conference on Geoinformatics 
- Theoretical and Applied Aspects, Geoinformatics 2015, doi=10.3997/2214-4609.201412357 

Vyzhva, S.A., Shabatura, O.V., Onyshchuk, D.I., Onyshchuk, I.I. Radioecological investigations on 
condition of slope of Ukrainian crystalline shield (Conference Paper // GeoInformatics 2013 - 
12th International Conference on Geoinformatics: Theoretical and Applied Aspects, Code 
103374, 2013 

Yakovleva V.S A theoretical method for estimating the characteristics of radon transport in 
homogeneous soil // Ann. Geophys. – 2005. – № 48(1) – P. 195–198. 

Information report on the performance of research fields and laboratory works on themes: Departmental 
Fundamental Theme III – 07-11 “Development and Improvement of Methodological 
Foundations for the Search, Exploration and Evaluation of the Material Composition of Uranium 
and Thorium Ores” and the Research Topic “Estimation of the Metallogenic Potential of 
Thorium Crystalline Rocks of the Ukrainian Shield” under Contract No. K-2-61 / 2014 from 
NAS of Ukraine Verkhovtsev V.G. 


