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Abstract. The paper presents the results of the research in the degree of the effect of space
weather meteorological parameters and factors on the dynamics of soil radon levels and o- and
B-radiation flux densities in a seismically passive region. The cross-correlation analysis
showed a significant correlation of B-radiation flux density with temperature in summer, and
no correlation in winter. A significant relation between a- and B-radiation flux densities and
pressure within the intra-annual range was not observed. The investigation of the high-intensity
precipitation effect on radon volumetric activity and a- and B-radiation flux densities showed
their abnormal increase. The dependence of the anomaly duration on the depth was revealed.
The abnormal jumps in o- and B-radiation flux densities data series occur in the snow-melting
periods as well. Low-intensity precipitations significantly violate the standard "diurnal
variations" of o- and B-radiation soil fluxes and radon volumetric activity. Fourier analysis
showed the diurnal (24 hours) and semidiurnal (12 hours) harmonics for the observed radiation
values at a depth of 0.5 m. The obtained results can be used for interpretation of the data on the
soil radon monitoring in order to predict earthquakes, etc.

1. Introduction

Zones of strains and compressions occurring in the lithosphere cause changes in the intensity of the
gas flow (including radon) from the earth interior into the atmosphere [1-10]. Thus, variations of soil
radon are an indicator of changes in stresses in the lithosphere and they are used as a precursor of
earthquakes. The interpretation of the monitoring data on radon in seismic areas is a complex problem
since the variations related to the change in stresses in the lithosphere are affected by "background"
variations due to meteorological or other factors. These "background" variations are interferences and
the spectrum and the factors affecting them are far from being fully studied. These background
variations should be explored in seismically passive areas [11—-12]. Therefore, the main research aim
was to study the degree of the effect of meteorological parameters and space weather factors on the
dynamics of soil radon in a seismically passive region.
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2. Materials and methods

The investigation of the influence of meteorological parameters and other factors on soil radon
dynamics was started from the end of 2008 at Tomsk Observatory of Radioactivity and Ionizing
Radiation [13, 14]. Volumetric activity (VA) of soil radon was measured with help of highly sensitive
intellectual scintillation a- and B-radiation detectors BDPA-01 and BDPB-01 (ATOMTEX, Republic
of Belarus), respectively, with high time resolution of data series (10 min). Ionizing radiation (IR)
detectors were mounted into boreholes of 0.5 and 1 m depths. The distance between boreholes was
about 1.5 m. Radon isotopes and its decay products (DPs) radiometer EQF 3200 (SARAD, Germany)
was used for calibration to convert the measured a- and B-radiation flux densities (FD) into soil radon
VA [15].

In order to determine the degree of external factors influence the monitoring of meteorological (air
temperature, pressure, air relative humidity, wind speed and direction, surface temperature and soil
temperatures), actinometrical and atmospheric-electrical values was performed via automated
information measuring system of IMCES. The precipitation data were taken from
http://rp5.ru/8218/ru.

3. Results and analysis

The analysis of seasonal variations of a- and B-radiation FDs showed that, on the whole, seasonal
changes by both types of IR measured at 2 depths are very close. However, variations of -radiation
FD in soil have more dispersion compared to the a-radiation FD. The dispersion of variations at a
depth of 0.5 m for both types of radiation is greater than that at a depth of 1 m.

The following seasonal pattern has been identified. After melting of the snow cover all the IR
detectors recorded a significant increase in a- and B-radiation FDs: at a depth of 1 m, it was ~2-fold,
and at a depth of 0.5 m, it was 2.5-3-fold. This is due to the filling of the top layer pores with the soil
water, which reduces the exhalation of soil radon into the atmosphere and causes it to accumulate in
the soil.

It is well known that pressure and temperature have a significant impact on the variation of soil
radon. A decrease in temperature is accompanied by gas compression, whereas, an increase is
followed by its extension, therefore, when the temperature of the soil decreases, new portions of the
atmospheric air enter the soil, and quite the opposite process occurs when heated. These processes
have distinct diurnal variations.

To study the dependence of the a- and B-radiation FDs on meteorological parameters a cross-
correlation analysis was performed using MATLAB. The example of cross-correlation between -
radiation FDs at depths of 1 and 0.5 m and the temperature in winter and summer of 2013 is shown in
Fig. 1 a—d. It shows that in summer, there is a correlation of the B-radiation FD with temperature, and
in winter, no correlation is observed. An interesting pattern can be observed when considering
different depths in summer: the correlation with temperature at a depth of half a meter is significantly
greater than that at a depth of 1 meter. Moreover, at a depth of 0.5 m, the correlation is positive with
an average coefficient of 0.6, and at a depth of 1 meter, the correlation is negative with the same
coefficient. The obtained result is important both to interpret the data on soil radon monitoring and to
improve the models of radon transport.

The example of cross-correlation between a-radiation FDs at the depths of 1 m and 0.5 m and the
temperature in winter and summer is shown in Fig. 2 a-d. The relation of a-radiation FDs and the
temperature of the atmosphere can be observed only at the depth of half a meter during the summer
months. The average value of correlation coefficient is about 0.6. The relation between alpha-fiecld at a
depth of 1 m and the temperature was not significant. In the winter months, the effect of the
atmosphere temperature on the dynamics of the soil alpha and beta fields was not observed.



VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012051 doi:10.1088/1757-899X/142/1/012051

0.8

neM . Ben el e

Date

) | 0 (RN { h W) \ UL
701 90211 M02M 130211 150211 170211 190211 210211 230211 260211

Date
(d)
Figure. 1. Cross-correlation between B-radiation FD at: a) 0.5 m depth in June; b) 0.5 m depth in
February; c) 1 m depth in June; d) 1 m depth in February and air temperature
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Figure. 2. Cross-correlation between a-radiation FD at: a) 0.5 m depth in June; b) 0.5 m depth in
February; c) 1 m depth in June; d) 1 m depth in February and air temperature
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The cross-correlation analysis also did not confirm a significant relation between a- and p-radiation
FDs and pressure within the intra-annual range.

Consider the influence of precipitations on the variations of soil radon VA and a-, B-radiation FDs.
Fig. 3 presents variations of radon VA at a depth of 1 m measured by the radiometer EQF 3200 (Rn 1
m), the series of f-radiation FD at 1 m depth and a-radiation FDs at 0.5 m and 1 m depths, recovered
through multiplication by calibration coefficients. All radiation values showed abnormal abrupt
increase for the precipitation intensity of 47 mm (13 of July, 2011). The abnormal increase in the
radon VA was ~4.5-fold, a- and B-radiation FDs at the depth of 1 m increased by a factor of ~2.5 and
~1.6, respectively; a-radiation FD at the depth of 0.5 m went up by a factor of ~2.8. It can also be seen
that the anomaly duration depends on the depth. The flux of a-radiation at a depth of 0.5 m recovered
to its original value after 2 days, and the flux of a-radiation, as well as the flux of B-radiation and
radon VA, at a depth of 1 m recovered only after 5 days. It is reasonable to assume that the anomaly
can be even greater, and its duration can be shorter at the depths up to 50 cm. These abnormal jumps
could be misinterpreted as the earthquake precursors in the seismic zone.
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Figure. 3. The influence of high-intensity precipitations on dynamics of soil radon volumetric
activity, a- and B-radiation FDs

It was found that low-intensity precipitations do not cause the abnormal jumps but significantly
violate the standard "diurnal variations" of a- u B-radiation soil fluxes at a depth of 0.5 m, leading to
its insignificant increase.

Consider the results of Fourier analysis for the time series of a- and B-radiation FDs at different
depths. The examples are presented in Fig. 4. In the series of a- and B-radiation FDs at half a meter,
the diurnal harmonic (24 hours) associated with solar tides can be clearly observed. The peak of the
solar tide is caused by non-uniform heating of the atmosphere and the ground surface by solar
radiation. The semidiurnal harmonic (12 hours) for B-radiation FD, which is also caused by the
influence of the solar radiation reaching the earth’s surface, can be clearly observed. It is difficult to
distinctly identify the periodicals corresponding to the solar and lunar tides in the series recorded at a
depth of 1 m. This fact confirms the minor effect of the tides on the radon dynamics at a depth of 1 m.

4. Conclusion
The analysis of the study results on the influence of meteorological parameters and space weather

factors on the soil radon dynamics in a seismically passive region allows making the following

conclusions:

— It was revealed a significant correlation of the P-radiation flux density with temperature in
summer, but in winter, no correlation is observed. The cross-correlation analysis also did not
confirm a significant relation between a- and p-radiation FDs and pressure within the intra-annual
range.
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—  When processing the results of monitoring in the earthquake zones, it is essential to consider that
high-intensity precipitations of more than 20 mm may cause abnormal jump of the soil a- and -
background and radon concentration at a depth of up to 1 m. The shape and duration of the
anomalies are similar to the geochemical precursors of earthquakes.

— The low-intensity precipitations significantly violate the standard "diurnal variations" of the soil a-
and B-radiation flux densities at a depth of 0.5 m, and lead to radiation increase.

— The abnormal jumps caused by high soil moisture can also occur in the snow-melting periods.

— Fourier analysis revealed the diurnal (24 hours) and semidiurnal (12 hours) harmonics in the time
series of a- and B-radiation flux densities at a depth of 0.5 m.

4 4
x10 x10
3

00

o
T

Amplitude
>
Amplitude

L)

-
T

30

10 20
1/Frequency (Days)

(b)

s
© ©
»
SR

Amplitude
Amplitude
A O
w
~N

N

=)
[

10 20
1/Frequency (Days)

10 20
1/Frequency (Days)
(c) (d)
Figure. 4. Results of Fourier analysis for: a) a-radiation FD at 0.5 m depth; b) B-radiation FD at 0.5 m
depth; c¢) a-radiation FD at 1 m depth; d) B-radiation FD at 1 m depth

The obtained results could be useful for interpretation of soil radon monitoring data with an aim
of prediction of the stress-deformed state of the Earth’s crust.

Acknowledgments
This work is funded by Russian Federal Target Program Ne 14.575.21.0105 (RFMEFI57514X0105) of
Ministry of Education and Science of Russian Federation.

References

[1] Durrani S A and Ili¢ R 1997 Radon measurements by etched track detectors: applications in
radiation protection, earth sciences and the environment (Singapore: World Scientific) p
387

[2] Firstov P P, Yakovleva V S, Shirokov V A, Rulenko O P, Filippov Yu A and Malysheva O P
2007 Annals of Geophysics 50 547-556

[3] Virk HS, Sharma A K, Walia V 1997 Current Science 72 656—663

[4] Segovia N, Mena M, Pena P, Tamez E, Seidel J L, Monnin M and Valdes C 1999 Radiat. Meas
31307-312

[5] Zmazek B, Vaupotic J, Zivcic M, Premru U, Kobal 12000 Fizika B (Zagreb) 9 111-118

[6] Monnin M M 2001 Radon over volcanic and seismic areas Radionuclides and heavy metals in
Environment ed M V Frontasyeva et al. (Kluwer Academic Publishers) pp 319-330



VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012051 doi:10.1088/1757-899X/142/1/012051

[7] Outkin V I, Yurkov A K and Krivasheev S V 2001 Dynamics of radon concentration in soil for
predicting earthquakes Third Eurosymp. on Protection against Radon: Proc. 137-141

[8] Steinitz G, Begin Z B and Gazit-Yaari N A 2003 Geology 31 505-508

[9] Yakovleva V S and Karataev V D 2007 Journal of Volcanology and Seismology 1 67-70

[10] Isaev A V, Ilguzin D A and Yakovleva V S 2005 Peculiarities of radon transfer in zone of
dynamic influence of breaking 11th International Scientific and Practical Conference of
Students, Postgraduates and Young Scientists "Modem Techniques and Technologies":
Proceedings 172-174

[11] Yakovleva V S and Karataev V D 2004 Radiatsionnaya Biologiya. Radioekologiya 44 216-220

[12] Yakovleva V S 2005 Annals of Geophysics 48 195—198

[13] Yakovleva V S, Karataev V D, Vukolov A V, Ippolitov I I, Kabanov M V, Nagorsky P M,
Smirnov S V, Firstov P P and Parovik R I 2009 ANRI 4 55-60

[14] Yakovleva V S and Nagorsky P M 2015 Bulletin of KRAUNTS Physical and mathematical
sciences 1 65-71

[15] Yakovleva V S and Nagorsky P M 2015 Bulletin of KRAUNTS Physical and mathematical
sciences 1 54—64.





