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Analysis of the research activities in Bulgaria related to evaluation
of the degree of water saturation in the near-surface layer in connection
with the assessment of the radon potential
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Introduction

Natural radon (***Rn) is a radioactive noble gas that
occurs as a result of the content of radium (***Ra),
part of the #*U family in the geological environ-
ment. The gas is a product of the decay of natural
uranium, found to varying degrees in a wide range
of rocks and soils, as well as in building materials.
The content ?°Ra and permeability vary between
the different types of rocks and soils. Radon gas
has high mobility and migrates by diffusion and
convection with the soil gas through connected and
water-unsaturated pores and/or cracks in perme-
able rocks and soils. The physical characteristics
of the soil layers, particularly its permeability, can
also affect the flow of ?22Rn (Porstendorfer, 1994).
Therefore the radon potential of an area depends not
only on geology as the constant source of the gas
but is affected also by varying saturation state of
the ground.

Relationships between the radon potential and
moisture content of the medium have been estab-
lished by different researchers, e.g., Pinault and
Bauron (1996), etc. Two tendencies have been re-
ported (Sadoka et al., 2011) for the radon potential
in large areas. The first one is based on results indi-
cating increase of radon potential with the increase
of moisture content in the medium (Arvela et al.,
2016). In this case, the geological medium is rep-
resented by granites and similar magmatic rocks.
The second tendency is opposite — increase of the

water content results in decreasing radon potential,
or so-called “screening effect” (Jonsson, 2001; Sa-
doka et al., 2011). With regard to radon potential
tendencies, currently there is insufficient data from
detailed investigations of the hydrogeological con-
ditions and hydraulic properties.

The aim of the study is to present an overview
and analyse the existing research activities as re-
gards the observation and/or evaluation of the de-
gree of water saturation of the near-surface layer.

Research activities and discussion

The studies concerning moisture dynamics in the
near surface layers may generally be distinguished
in two main groups: the first one includes investi-
gations of hydraulic characteristics (parameters) of
the soils in the vadose zone. These form the basis
for conclusions, or even for performing computer
simulations. The other group includes in situ ob-
servations (with sensors) of the change in moisture
content with time.

From the first group, the earliest published inves-
tigation results are from studies by Spassov (1966,
1969). In them, the problems of the approximate
calculation of the natural movement of moisture in
the zone of aeration is based on three methods — ten-
siometric, centrifugation and adsorption (Spassov,
1966), and the nature of the total soil moisture po-
tential (Spassov, 1969) had been discussed. The lat-
ter concerns especially loess and argillaceous-sandy
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soils. It is not a surprise, as loess soils are largely
unsaturated and cover about 13% of the Bulgarian
territory. The most recent investigations of the hy-
draulic characteristics of these soils are connected
with the in situ field-scale soil hydraulic parameters
derivation for all unsaturated layers in area close to
Kozloduy NPP by using large scale infiltrometer
tests, e.g., Mallants et al. (2007). For the second
group, consisting in real time observation of the
moisture and matrix (suction) potential on the loess
complex, are those of Gerginov et al. (2018) and
Antonov et al. (2018a). In these studies, results are
discussed, that were obtained by sensors installed at
three levels below the ground tensiometers and sen-
sors for soil moisture content.

To the first group belongs modeling studies imple-
menting the PTF's hydraulic characteristics with re-
gard to flow and arsenic transport in the Ogosta River
floodplain. The simulation results showed complete
water saturation of the floodplain deposits at some
of the arsenic polluted spots, while only the upper
layers were saturated at other sites (Benderev et al.,
2015; Antonov et al., 2018b). In connection with the
observation of moisture dynamics at the upper part of
a soil profile is the study presented by Kolev (2016)
discussing the surface-groundwater interaction at the
region of Vulche Dere, SW Bulgaria.

Conclusion

The hydrogeological investigations concerning the
moisture dynamics in the vadose zone are mainly
for the Northern Bulgaria due to the widespread
loess deposits. These studies can serve as the base
for further detailed investigation at sites with spe-
cific radon potential.
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