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Abstract. Radon gas has high mobility and is driven by advection and diffusion with the soil gas throughout connected and water-unsaturated pores and/or cracks in permeable rocks and soils. Hence the radon potential of the area
could be dependent on not only geology as a constant source of radon but also from the changes of the saturation state
of the ground. The loess complex, characterized by its permeability and usual state of unsaturation, covers 10% of the
Bulgarian territory. The study deals with the principles of unsaturated domain modeling. An attempt of generic vertical infiltration model coinciding with the most upper part of loess vadose zone was performed.
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Introduction
Radon is a naturally occurring radioactive heavy noble gas, decay product of 226Ra, which is a member
of 238U chain. The main source of radon in a building is soil and rocks on which the buildings were
situated. Radon exposure is responsible for approximately half of the total annual background radiation exposure (UNCEAR, 2000). For many people,
222
Rn is an important source of exposure, which, in
principle, can be controlled to some extent (Ivanova
et al., 2019). Radon gas has high mobility and is
driven by advection and diffusion with the soil gas
throughout connected and water-unsaturated pores
and/or cracks in permeable rocks and soils. Hence
the radon potential of the area could be dependent
on not only geology as a constant source of radon
but also from the changes of the saturation state of
the ground. It is due to the fact that the presence of
liquid and gas fluids decreases the cross-sectional
area available for the flow of each other. In Bulgaria, studies for the evaluation of the radon geogenic

potential, applying the different approaches over the
whole territory are carried on nowadays at relatively
general geological spatial schemes (Ivanova et al.,
2019). Review of the hydrogeological investigations, which can be related to radon potential were
made by Valchev et al. (2020) and Kunovska et al.
(2021).
The loess complex, characterized by its permeability and usual state of unsaturation, covers
10% of the Bulgarian territory (Evlogiev, 2019),
thus there is a need for quantitative assessment of
the saturation state, even on a daily base in order
to estimate the radon potential correctly. The more
so as, the permeability is one of the key factors in
the radon risk assessment (Neznal, Neznal, 2005;
Benavente et al., 2019). One modern approach for
such assessment is computer modeling based on the
convective-dispersion equation with the addition
of evapotranspiration models (e.g. Šimůnek, Bradford, 2008; Šimůnek et al., 2013; Šimůnek, 2015).
In Bulgaria, there are few studies concerning the
unsaturated state of the near-surface sediment de-
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posits (e.g. Benderev et al., 2015; Antonov et al.,
2018), including the possibility of daily saturation
of the most upper layers (e.g. Antonov et al., 2019;
Gerginov et al., 2020). On the other hand, there are
particular field studies, investigating the hydraulic
characteristics (parameters) of the loess in the vadose zone and the moisture dynamics due to precipitation rates in Northeastern Bulgaria (Mallants
et al., 2007; Antonov et al., 2012; Gerginov et al.,
2018). The current study is an attempt to elaborate
a generic model for evaluation of the near surface
loess complex variably state of saturation.

Materials and methods
The uniform water movement in a partially saturated rigid porous medium is described by a modified
form of the Richards equation, using the assumptions that the air phase plays an insignificant role
in the liquid flow process and that water flow due
to thermal gradients can be neglected (Šimůnek et
al., 2013). The resolving of the Richards equation
requires the knowledge of two nonlinear functions,
namely the soil water retention curve θ(h) and the
hydraulic conductivity function K(h). One of the
most popular and endorse models, empirically describing these functions is developed by van Genuchten (van Genuchten, 1980) based on the statistical pore size distribution of Mualem (1976).
According to the van Genuchten model, if the
five hydraulic characteristic parameters, namely θr,
θs, α, n and Ks are known, the two functions θ(h)
and K(h) could be described (van Genuchten, 1980).
The values of these parameters for a relevant soil
can be determined directly by field and/or laboratory hydraulic tests or estimated indirectly through
prediction from more easily measured data based
upon quasi-empirical models (Antonov et al., 2012).
In addition, the numerical solution of the Richards equation requires knowledge of the initial distribution of the pressure head within the flow domain, i.e. so-called initial and boundary conditions.
For example, in HYDRUD computer program the
surface boundary (i.e. upper boundary condition)
is exposed to atmospheric conditions. The potential
fluid flux across this interface is controlled exclusively by external conditions. However, the actual
flux depends also on the prevailing (transient) soil
moisture conditions near the surface. The soil surface boundary condition may change from a prescribed flux to a prescribed head type condition and
vice-versa (Šimůnek, 2015). A free drainage (zero
pressure head gradient) boundary condition is usually specified at the bottom of the soil profile (i.e.
lower boundary condition). This boundary condition assumes that the groundwater table is deep
below the considered soil profile and that the bot220

tom flux is driven only by gravity (Šimůnek, 2015).
Finally, actual daily infiltration rate, i.e. actual flux
(rain precipitation minus actual evapotranspiration) can be determined by using some of the
well-known equations describing evapotranspiration rates, e.g. Hargreaves (e.g. Hargreaves, 1994)
or Penman-Monteith (e.g. Monteith, Unsworth,
1990) formulas.

Result and discussion
Based on one of the main properties of the Bulgarian loess complex, i.e. its predominant vertical hydraulic coefficient in vertical direction, a vertical
1D-profile model is being concerned as the most
suitable one. In addition, one-dimensional model
is proposed and been suitable because of the observed downward water percolation of the alluvial
deposits (Antonov et al., 2019). The loess domain
will be characterized for each of its specific layers –
loess and fossil soils sediments deposited during the
different glacial and interglacial stages (Evlogiev,
2019) with the respective five hydraulic parameters
for each layer. Such schematizations will be in accordance with the existing or newly acquired field
observation data using the information on the sediment layers’ depth. The upper boundary condition
represents the number of time-variable boundary
records, i.e. the precipitation records (existing or
newly acquired) and the bottom (lower) boundary
condition is set to free drainage. Elaborated like that
the model allows to be applied for the near-surface
estimation of the moisture dynamics in relatively
tick loess sediments (more than 2 meters), which
in general covers the most part of the Bulgarian
loess complex (Evlogiev, 2019). In case of the opposite (less than 2 meters depth) the model should
take into account the possibility of a groundwater
level at the bottom of the profile. The initial condition is arbitrary set to pressure head of – 100 cm.
The model could be implemented in any existing
numerical code for unsaturated modeling allowing
the implementation of evapotranspiration rates, e.g.
VS2DI, HYDRUS, etc. For the further assessment
of the saturation state of the near-surface loess complex HYDRUS-1D code will be used.

Conclusion
A generic vertical infiltration model, coinciding
with the most upper part of loess vadose zone was
elaborated. The model will be applied for the parts
of the loess complex with more than 2 meters tick
in Bulgaria. Implementing the following parameters as daily precipitation rates, temperature, and
the specific hydraulic parameters of the loess layers
will allow estimating at a reliable degree the state

of variable saturation and thus to assess the radon
potential at a specific site.
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