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Depositions of radioactive dust in the atmosphere
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It is an important task to estimate the future state of the polluted site near the

Fukushima plant.

The major method for predicting the future concentration of radioactive aerosols is,

as well known, the computer simulations that are based on the numerical fluid dynamics. Those
simulations are an effective and powerful, but we propose a different approach.

In the present study we deal with a phenomenological model that considers stochastic
processes.

At the Fukushima accident, a lot of radionuclides have released into the atmosphere.

The diffusion process of such nuclides is complicated and is not described in the

usual diffusion equation. Furthermore, the measured aerosol concentration varies a lot day by day,
depending on the meteorological condition. On a day of high concentration, the risk,

especially the internal exposure risk, becomes large.

This research aims at developing a new model that can evaluate the magnitude of

fluctuations in the concentration of radioactive aerosols. In our previous studies, we derived a

formula C(t) ~ exp(-at) t"(-b)

which reproduce the long-term, averaged concentration of aerosols. In the present study, we make a model to reproduce tl
day-by-day fluctuations and thereby evaluate the deviations from the averaged behavior.

We assume that the logarithm of the day-by-day concentration changes as the Brownian

motion. We found that the log-concentration can be well approximated by the

Ornstein-Uhlenbeck process, one of the stochastic processes.

We solved a stochastic differential equation of the process and obtained the

analytical solution.The solution shows that the increments between observations follow the log-normal

distribution. Both the mean and the variance of the distribution do not depend on time;

both of them serve as fixed values.

Finally, we make a figure (below) in which the long-term concentrations together

with the range of their fluctuations every standard deviation.
Keywords: predicting the future, fluctuations in the concentration of radioactive aerosols, stochastic processes, Ornstein-Uhlenbs
process, log-normal distribution
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Long term and wide prediction of radioactive diffusion by means of levy flight model

opooo
Yuki Shiga*

lDpoooOoO
!Graduate School of Systems and Information Engineering, University of Tsukuba

We applied the Levy-flight model for estimating the special distribution of surface
radioactivity in Fukushima. The reason why we use the Levy-flight model is that the
data, measured in the 50 km vicinity of Chernobyl, follow the model.

We analyze the data of Chernobyl and found that the surface concentration of a
specific radionuclide, such as Cs-137, decreases with the power law (that is one of
the characteristics of the Levy-flight model) as the distance from the hypocenter
increases. Of course, the surface concentration should be strongly site-specific,
depending on many conditions, especially geomorphological or meteorological.
However, we would think that it is still useful to make a rough estimate of the
spatial distribution of the pollution.

The Levy-flight model is one of the stochastic models. A Levy flight is a random
walk in which the step-lengths have a certain probability distribution that is
fat-tailed. In the present study we use the power function as the probability
distribution. In the two-dimensional space, the steps made are in isotropic random
directions. The trajectories of Levy flight are a mix of long and short

trajectories. The difference of this model from the ordinary Brownian maotion is that
the Levy flight produces extremely long trajectories sometimes. Such kind of
randomness can be found in turbulent fluids. It is also known that the Levy flight

is related with the fractal science. Some studies show that a

fractional-differential equation corresponds to the density of particles which are
doing Levy flights.

In the following, we explain how we apply the Levy-flight model to the surface
radioactivity. We assume that the radionuclides, which had been deposited on the
ground, spread mainly by wind. According to the studies about resuspension, it is
known that resuspension occurs when the wind velocity is larger than a threshold
value. If the wind velocity is below the threshold, radionuclides are not suspended
in the air and do not move. We regard the movements of suspended nuclides as the
long flights of Levy flights, because the radionuclides are carried for a long

distance during suspension. Immobile nuclides are regarded as short Levy flights.
Artificial disturbances such as agriculture or traffic should be affect

significantly to the movement of radionuclides. However, we assume them negligible,
since we deal with a wide-range behavior of radionuclies in this study. In wide
region such as 30 km, artificial disturbances may be small enough, compared with
natural winds that blows all over the region, and all time.
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The procedure of our calculation is as follows. We define the parameters of Levy
flights, using the measured data of Chernobyl. The probability of existence of a
particle of the Levy flight corresponds to the surface concentration. Then we
calculate the special- and temporal evolution of the concentration by means of
solving numerically a fractional-differential equation. Following Grunwalt-Letnikov
formula, we use the software Mathematica and obtained the special distribution of
the surface concentration.
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Radioactivity measurements for air-dust samples around Fukushima prefecture
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