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1. Introduction

Various estimation methods have been developed for
radon exhalation from building materials and soils.
Recently, a new method using only gamma detectors has
been proposed by A. Awhida.[1] In a previous study by
Seyoung Yu[2], the gamma peaks of radon progenies in
building materials was analyzed using Nal(Tl) detectors.
The study evaluated the gamma-ray spectrum of radon-
emitting samples, assuming closed and open surface
conditions, using Monte Carlo simulation (MCNP6.2).
The relative ratios of open-closed measurements for
radon progeny by energy was compared as in Figures 1
and 2.

In this paper, to evaluate the radon depth profile in the
building material, the radon diffusion model with various
moisture contents and porosities within the sample is
studied. Monte Carlo simulation results of the ratios of
gamma peaks from radon progenies are presented for
various values of moisture and porosity.
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Fig. 1. Building material and Nal(Tl) detector layout used in
MCNP (1) measurement on an open surface (2) measurement
on a closed surface
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Fig. 2. Simulated gamma peaks of radon progenies (com-
parison between open/closed surface measurements)

2. Materials and Methods

2.1 Radon Diffusion model

Radon (?%2Rn), produced from the decay of ?°Ra, can
diffuse through the air within the sample. The radon
diffusion equation in the sample is expressed as follows:

(1) D, 26X _ 3¢, (x) + ACpgy = 0

dx?

(2) D, = Dggpexp (—6mp — 6m**?)

3) € = fo{l + a[1 — exp(—bm)}[1 + ¢(T — 298)]

@e= [

Where D. is the effective diffusion coefficient, € is the
emanation coefficient, A is the decay constant of 22Rn, L
is the radon diffusion length, m is the moisture content in
the sample, and p is the porosity of the sample. Addi-
tionally, the parameters fo, a, b and ¢ are emanation para-
meters related to grain size of the sample.[3]

The general solution of Eq. (1) with boundary con-
ditions (Ce(0) = 0,0Ce(H)/0x = 0) is as follows:

(5) Cne = CRa(l - E)
(6) Ce(x) = Crae (tanh (%) sinh (%) — cosh ()—LC) + 1)
(7) Cror = Cue + €e0) = G (1+ tanh) sinh() — e cosh (%))

Where H is the height of the sample. Radon exists in both
the particle (Cne) and the air within the sample (Ce).
Therefore, the total radon concentration in the sample
(Cior) is sum of Cpe and Ce.[1]

Due to € and D are functions of moisture and porosity,
the radon depth profile was evaluated based on radon
diffusion model with varying moisture content and poro-
sity within the sample, as shown in Figure 3.

2.2 Monte Carlo Simulation

In MCNP6.2[4] Monte Carlo simulation, two Nal(TI)
gamma spectra were taken: one with the detector on the
open surface and the other with the detector on closed
surface.
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Fig. 3. The radon depth profiles based on the radon diffusion
model: (1) with various values of porosity (moisture m = 0.1),
(2) with various values of moisture content (porosity p = 0.05)

The measurement system is made of a cement sample
(1 m x @ 0.07 m), an acrylic cylinder (5 mm thick, only
one side open), and a 3 x 3 inch Nal(Tl) detector whose
resolution data are taken from Maeng’s study[5]. All of
the system is surrounded by lead shield as shown in
Figure 1.

We assumed equilibrium between radon and its
progenies in the sample, the source nuclides of interest
are 24P (with y-ray energies of 295.22, 351.93 keV) and
214Bi (with 609.32, 1120.28, 1764.49, 2204.1 keV). The
radon concentration for each case was calculated by
dividing the sample into 10 regions based on the radon
diffusion model, and the relative radon concentration
was input in the MCNP. For spectral results F8 tally was
used.

3. Results and Discussions

Monte Carlo simulation results of the relative ratios of
open-closed measurements from radon progenies were
evaluated for various values of moisture and porosity as
in Figure 4. From the results, one can tell as porosity
increases the relative peak ratio increases. In addition,
the theoretical values derived from the radon diffusion
model and Monte Carlo simulation result were compared
in Figure 5.
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Fig. 5. Comparison between theoretical values derived from the

radon diffusion model and results from MCNP simulations: (1)

with varying porosity, (2) with varying moisture content
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Fig. 4. Open/closed peak ratios of radon progenies by energy:
(1) with various values of porosity, (2) with various values of
moisture content

For instance, at a moisture value of 0.1 and porosity
is 0.2, the average ratio of open-closed gamma peaks is
0.856 £ 0.014, differing about 4.3% from the radon diff-
usion model. Similarly, with a porosity of 0.05 and
moisture of 0.4, the average ratio is 0.684 £ 0.010, diff-
ering about 5.9 % from the radon diffusion model.

4. Conclusions

In this study, the depth profile was evaluated from the
radon diffusion model with varying moisture contents
and porosities. Additionally, Monte Carlo simulation
results for the gamma peak ratio of radon progenies were
calculated and confirmed a difference of 4 ~ 6 % from
the diffusion model. This will provide valuable data for
evaluating radon concentration inside building materials
with various moisture content and porosity.

In the future, we will focus on the reliability of
simulations by conducting experiments and continue to
invent a new methodology of finding radon concentra-
tion and surface exhalation rate of building material by
external gamma spectrometry.
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