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SUMMARY

Along with the content of uranium in the soil, which causes high density flows of radon into
the ground air, there are also deep sources of its supply. The high thickness of the
sedimentary cover can dissipate and dampen the diffusion-advection flows of radon from
crystalline rocks or other uranium-containing strata. Also the presence of faults, zones of
fracture and increased permeability, the absence of low-permeable cover, high transport
characteristics of sedimentary deposits, and ultimately, the high radonogenic potential of ores
can create conditions for abnormal exhalations of radon. All this can create additional radio-
ecological risks for the population in view of the deployment of uranium mining
technologies. Monitoring of the state of radon emanations on the industrial site of the
enterprise and the surrounding residential premises is necessary for an adequate assessment
of the  probable additional influx of radon into  dwelling  air.
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Introduction

The intensity of radon exhalation depending on the type of soil, the content of uranium/radium,
permeability and humidity of the soil, geological, structural and geomorphological data of the
territory. High levels of radon can be detected in areas where there is no uranium mineralization, but
mostly the higher U-content on rocks the higher content of soil (Vyzhva et al., 2017). All this creates
the great uncertainties of evaluation of the transition of radon into the atmosphere and its risks to the
population.

Radon emission from geological sources (uranium and radium in crystalline rocks and/or in loose
subsurface deposits) is carried out through the movement of radon to the surface. However, the
mechanisms of migration, diffusion and advection are today generalized without a clear mathematical
basis, which does not allow us to obtain quantitative data on the nature of the sources of the
emanation field. It might be a “deep” or “subsurface/soil” source. So, it is necessary to carefully to
join experimental and modeling data to obtain radon potential of study area.

The development of plans for the development of Surska area by the technology by the underground
desalination of uranium raises a number of radio-ecological aspects. There is plan of the extraction
and primary processing of the radioactive mineral - uranium give a full list activities, completed or
scheduled notably including radiation risk assessment. Preliminary radioecological studies by Institute
of Environmental Geochemistry of the National Academy of Sciences of Ukraine (Technical report,
2021) established that the dose loadings due to external irradiation do not have a pronounced man-
made loading and absence of man-made radiation pollution. However, there are a number of signs that
can be potential sources of radon risks. The radon exhalation rates exceed background levels, which
can negatively affect the formation of internal radiation doses of the population. Surska area has a lot
of uranium (a slightly increased content of transuranium elements in the soil; specific characteristics
of underground uranium mining - cutting and storage of the soil layer, drilling injection and pumping
wells). All this causes the demands of regular radio-ecological monitoring activities.

Method
The research is based on the following premises:

e Exhalation of radon into the surface atmosphere is a combination of its deep and subsurface
sources.

e Uranium in the rocks of the crystalline foundation and sedimentary rocks is a source of
emanation of radon into the geological medium.

e An isoconcentration profile of radon from the surface to the crystalline foundation is formed
taking into account the U-content in the rocks and the features of migration (diffusion and
advection in various forms).

e The potential amount of radon that can be obtained from the available U/Ra-content in the soil is
not all emitted into the ground gas, and therefore not all radon is mobilized into the exhalation
flow.

e An approximate estimate of the share of radon of "soil" and "deep" sources in the measured
radon flow density (RF) is possible by comparing experimental data (field measurements of the
RF and its content in ground gas) and modeling of radon migration to the surface. Numerical
modelling includes besides a selection of the appropriate migration model, availability of values
diffusion, advection and U/Ra-content content.
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Experimental data of RF was measured on the soil surface according to the methodological
recommendations with "Alpharad +" measuring complex. Data on the content of radium in soil

samples is based on the content of uranium-238. In turn, the potential radon content Ryc (4% on the
formula 1) is calculated using the formula
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where 4% - volume radon activity (calculated), Bq/m’; Ke_ radon emanation coefficient, no
dimension; **°Ra - specific activity of radium-226, Bq/kg; # - bulk density of solid soil particles,

kg/m?®, T - soil porosity

Numerical modeling of the concentration profile of radon in a layered geological section is based on
the used equations of radon transport in a porous medium with constant coefficients (Shabatura et al,
2021)
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where z - spatial coordinate directed downward (0<z<cw), De - diffusion coefficient, v - advection

coefficient, A - radon activity, 4 - pore activity of radon in the soil; boundary conditions: A(0) = 0,
Ale0) = A,

Equation (2) is solved by the finite element method. In this case, the geological space on the semi-
infinite interval 0<z<oo is divided by a grid with a step 4. Expanding the derivatives according to

Taylor's formula, the values of the coefficients A; By, C;) F; are obtained alternately in the
neighborhood of an arbitrarily chosen node of the grid, and after them, the solution

AYig =Gy + By = F 3)
. A = De v _ D, v
where { = L2,..N — 1. N _ the number of grid nodes; coefficients: ¢ — rz  2m, !  h2 ' o,

The model does not take into account the effect of fractures and cracks when another type of radon
migration may be occurs. The most typical transport and petrophysical coefficients for the study

geological section were used: De (M%/c) - 0,0000009, Kner — 0,6, 2 (kg/m®) — 1800, " (%) — 30; U
(m/sec) - 0,000001

Results

Experimental measurements of RF do not reveal any correlation with R, (Fig. 1a). Instead, the
calculated diffusion flux of radon in the upper part of the section, even under the condition of the
minimum U-content in the ore-bearing deposits (1000ppm U) (Fig. 1b), indicates a potentially
sufficient amount of radon capable of exhaling into the atmosphere.
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Figure 1 Calculated and model values of the emanation characteristics of the geological section and
soil cover of Surska area

a) RF against R;¢; b) radon concentration curves (in the upper near-surface part of the section) corresponding to
the minimum and maximum uranium content in the ore horizon (10,000 and 1,000 ppm U, respectively), Rpc
histogram added

Another argument for the prevalence of the "deep" origin of radon exhalation is the comparison of
isolines RF and Ry (Figs. 2a and 2b), which, in turn, spatially gravitate more towards the paleo-relief
of the crystalline basement.
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Figure 2 RF and R, maps of Surska area
The points of sampling and measurement of the SHPR are marked in black circles

Conclusions

Quantitative parameters of radon exhalation vary significantly depending on soil conditions and
weather factors (wind, moisture, temperature), season, time of day, etc. The average RF parameters
measured in the studied area are 40.2 mBg/sec m”, which exceeds the average level for the territory of
Ukraine (11 mBg/sec m?), which is typical for uranium mineralization zones (Institute of
Environmental Geochemistry of the National Academy of Sciences of Ukraine, 2021). This is
confirmed by the simulated values U-content and radon in the soil cover, which exceeds (by
approximately 20 times) the probable amount of radon that can be emitted from uranium in the soil.

The above indicates the need to continue studies of radon exhalation on the territory of Surska area, in
particular after the beginning of the development of deposits. The main objects of radioecological
monitoring should be:

Monitoring should be deployed on the planned (deprived of the soil layer) industrial site. It is
planned to remove the top layer of soil with a thickness of 0.3...0.5 m on the territory of the
industrial site of the processing complex. This operation would deprive the natural "emanation
buffer" of the territory and will contribute to free emanation transport.
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e  The injection and pumping well of the mining enterprise, their sludge receiving and other related
technological sites are the possible radon leak locations.

e Radon survey in residential premises around the enterprise and inspection survey of workplaces.
Taking into account that the exceedance of the background values RF for Ukraine and the
Dnipropetrovsk region can be up to 7 times (up to 1220 uBqg/(m?* sec), as well as a significant
excess of the background in the air, as well as a high radon content in groundwater, one can
expect abnormal concentrations radon in dwellings.

e  Monitoring will make it possible to assess the impact on the population of the radiation factor
from the enterprise's activities, in particular in the part of the inhalation component of the
effective dose of population exposure, which is closely related to the concentration of radon and
its decay products in the air.
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