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ABSTRACT

The reduction effect for Rn-222 exhalation from a Ra-226
containing wastes by covering of ordinary soil is calculated.
Although the concentration profile of radon in the soil for two
layer model is guite different from that for three layer model,
exhalation rates are not so much differ between the two models.
It is shown that the effective diffusion coefficient of the soil
is very effective for radon exhalation.

INTRODUCTION

Recently, concern of peoples about ennvironmental radon is
increasing gradually. 1In some occasions, we shall have to
reduce the activity level in air of radon exhaled from wastes
such as uranium tailings, excavated Ra-rich soil from various
kinds of mine, and so on., 1In order to reduce the Rn-222
exhalation from such wastes, a covering of normal soil upon the
wastes may be practical and useful.

In this paper, the reduction effect for Rn exhalation from
wastes by covering of normal soil is evaluated by calculation
using various soil parameters such as Ra-226 content, Rn
escape-to-production ratio, air ratio, and effective diffusion
coefficient of Rn.

MODEL

First, we consider two layer o]
model: First layer is ordinary soil
of thickness H,. Second layer is
wastes of thickness Hy,=w. Under
steady state conditions, the
diffusion of radon through soil to
surface can be expressed in each
layer by the diffusion equationl(2)
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where C(z) is the concentration of radon atoms in soil air
(atomecm™ of soil air), a is the supply rate of radon atom to
soil air (atomscm—3 of soil air-s~1), A is the decay constant
of radon (s™+), and D is the effective diffusion coefficient
of radon in soil air (ecm?-s-1),

If we denote & is the escape-to-production ratio of radon
(=), n is the air ratio (=air volume)/(total volume of soil),
(<), A is the Ra-226 activity (Bg-cm™3 of soil), Cg is the
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concentration of radon atoms existing in soil air (atom~cm—3

of soil), then Cg=nC(z) and a=8A/n.
The boundary conditions are given by C,(0)}=0,
n,Cy (H)=n,C,(Hy), (Cyq(H))=Cgy(H))), ACy(=T=ay,

and D (dcsl) =D (dcsz)
1 dz H 2 dz H °
1 1
The solutions are given by:
At first layer _ A a0 !
Cl(z) = Al exp(JBI z) + B1 exp ( JEI z) + T~
D n.a, - n,a
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At second layer _ _(X 22
C2(z) = 82 exp ( oo z) + 1=

n, |D
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where B, = -—|== exp (|~ H,)[{exp (|= H,)
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The exhalation rate, E(atom.cm—2s'1)
given by

[dcl \ A
E=-nDy | gz ]z=0 = "™P1 A by~ B BI)

Secondly, three layer model was treated, in which the
third layer corrsponds to the basic ground (H3 =« ). The
formulae of C3(z) and E were obtained analytically using
similar boundary conditions to those used for the two layer
model.

, at the surface is

CALCULATION

The parameters used for the present work are
D,=D,=D3=D=0.054, 0.054/10, 0.054/100, ny;=n,=n;=0.1,
aj=az=1l, and ap=1, 10, 100.

Fig. 1 Shows the results for two layer moggl. In Fig. 1
(1), profile of Rn existing in soil air (Bgq.cm of soil) is
given as a parameter of D)=D,=D assuming a;=1, a,=100, Hy=100
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and Hy=w. In Fig. 1 (2), profile is given as a parameter of
Hy assuming a,=1, a,=100, D,=D,=D=0.054/10, and H,=>,

Fig. 2 shows the results for three layer model. In Figqg.
2(1), Cg(2) (Bq.cm'3 of soil) is given as a parameter of
D1=D2=D3=D assuming aj=a3=l, a»=100, H;=H»=100, and H3=«. Fig. 2
(2) gives the profile as a parameter of H) assuming aj=as=l,
ap=100, D;=D,=D3=D=0.054/10, H,=100, and H;=>.
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Fig. 1 Rn profile in soil Fig. 2 Rn profile in soil
(two layer model) (three layer model)

Fig. 3 shows the calculated exhalation rates, E, for two
layer model (broken line) and for three layer model (solid
line). 1In Fig. 3(1), E is shown as a function of H] for a
parameter of D)=D,=D3=D assuming aj=a3=l, ay=100, Hy=» (two
layer), H2=100 and H3=~ (three layer). Fig. 3(2) gives E as a
function of H} for a parameter of ap assuming a;=aj=1,

D1 =D2=D3=D=0.054/10, H»=100, and Hy==.
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RESULTS AND DISCUSSIONS

Although the present
model is simple and parameters
used are assumptive, we may
get some informations from the
present calculation.

Comparing Fig. 1 and Fig. 2,
the profile of Dg4(z) for two
layer model is quite different
form that for three layer
model. But as is shown in
Fig. 3, exhalation rate for
two layer model is not so much
differ from that for three
layer model. It is also seen
that D is very_effective for
the value of E°’, which
suggests that radon exhaled
from wastes can be effectively
reduced by covering of soil of
low effective diffusion
coefficient. The present
treatment may also be
applicable for natural
multi-layer soil.
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Fig. 3 Calculated exhalation
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