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1. INTRODUCTION

Many people in the world live in high latitude region where
it snows frequently in winter. When snow covers the ground, it
considerably reduces the external exposure from the radiation
sources in the ground. Therefore, the evaluation of snow effect
on exposure due to terrestrial gamma radiation is necessary to
obtain the population dose as well as the absorbed dose in air in
snowy regions. Especially the shielding effect on indoor ex-
posure 1is essentially important in the assessment of population
dose since most individuals spend a large portion of their time
indoors. The snow effect, however, has been rather neglected or
assumed to be the same both indoors and outdoors in the popula-
tion dose calculation. Snow has been recognized only as a cause
of temporal variation of outdoor exposure rate due firstly to
radon daughters deposition with snow fall and secondly to the
shielding effect of snow cover. This paper describes an approach
to the evaluation of shielding effect of snow cover on exposure
and introduces population dose calculation as numerical example
for the people who live in wooden houses in Japan.

2. ASSUMPTIONS

Representative conditions were assumed as follows. Snow
covers the smoothed flat interface of infinite half space of
ground, where an isol?ted house stands. Snow has a variety of
density from 0.1 g/cm® of freshly fallen snow to more th%n 0.4
g/cm’® of wet snow. Two typical values of 0.2 and 0.4 g/cm” were
chosen for light and heavy snow, respectively. Soil moisture
content is assumed to be constant regardless the depth of snow
cover. The terrestrial radiation sources of uranium and thorium
series, and potassium are assumed to be uniformly distributed in
the ground. The radon daughters floating in the air are
neglected as they c%ntribute little to the total dose from
natural background(1 . In addition, the dose from the radon
daughters deposited on the ground surface by precipitation in not
taken into account since it is negligibly small as far as the an-
nual dose is concerned. The house is assumed to be made of wood.
Based on the indoor and outdoor exposure measurements in Japanese
houses, the indoor ?xposure rates in wooden houses appear to be
equal to outdoors(2 . It 1is consequently assumed that wooden
structures have 1little shielding effect on the radiation
penetrating from the outside and no dose contribution from the
building materials. The representative building area is assumed
to be 60 m“. The effect of the area size is also considered by
changing the parameter. Occupancy factor of 0.8 and 0.2 for in-
doors and outdoors, respectively, is used to evaluate the popula-
tion dose.

3. CALCULATIONS
Indoor gamma exposure soukrces can be divided into three
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components; (1) the building materials, (2) the soil under the
house and (3) the soil outside the house. The first component is
neglected in this paper, since it is assumed that building
materials in wooden houses have no dose contribution to the in-
door exposure rate. The other two are evaluated separately with
a computer code based on the Adjoint Monte Carlo Method. The ex-
posure resulting from the soil under the house can be estimated
from the calculation of dose due to the radiation originating in
a limited area. 1In this case it is not necessary to consider the
shielding effect of snow even when snow covers the ground, since
snow will not cover the area under the house. Whereas, the
radiation emitted from the third source must penetrate the layer
of snow to reach the house when the ground is covered by snow.
The reduction of ?§?osure by snow cover can be roughly estimated
using the results for the shielding effect of snow cover on
the outdoor exposure. Further specification is necessary to ob-
tain a better estimate of indoor exposure due to outdoor radia-
tion. When there is a house, snow covers the ground only outside
the house thus making a difference in the configuration of the
snow cover. For this reason another series of shielding calcula-
tions was performed taking into account the presence of a house
on the ground.

4. RESULTS AND DISCUSSION

Fig. 1 shows the dose contribution from radiation originat-
ing in the circular area of radius R m. It is shown as a frac-
tion of the total exposure rate from the sources in the infinite
area. The receptor is located 1 m above the center of the
circle. The dotted line in the figure shows the solid angle at
the receptor subtended by the area of radius R m. The exposure
rate are lower than the subtended solid angle. The difference
between the two lines reveals the fact that the dose contribution
from a distance is larger than expected by the solid angle.
Moreover, it shows the necessity of simulation calculation of ex-
posure from the limited area to obtain dose from the source under
the house. These results permit estimation of the dose contribu-
tion from the building area. When the building area is 60 m¥4,
the area provides 68% of the total exposure. This exposure frac-
tion varies slowly with the size of the area. If this area
decrease half or increase double, the fraction would change a
little to 61 or 74%, respectively. It thus proves that the
simplification in shape of the building area introduces no sig-
nificant error. The residual of the fraction represents the dose
contribution from the outside with no snow cover on the ground.
The outdoor radiation_contribution in the house is 32% for the
building area of 60 m<“. This dose contribution is reduced fur-
ther when snow covers the ground.

Fig. 2 shows the fractions of absorbed dose rates in air at
1 m above the ground surface as a function of snow cover. The
solid line shows the shielding effect on outdoor exposure. Snow
cover introduces an effective shielding of gamma radiation from
ground sources. This calculation provides rough estimation of the
exposure reduction due to snow cover. The simulation calculation
considering the presence of a house shows that the exposure
reduction inside the house is 10 to 30% larger than outdoors.
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The results for the
representative house
with a floor area of
60 m“ is shown with
the dotted line in
Fig. 2 taking into
account the outdoor
dose contribution of
32% to the indoor
exposure. Large
shielding effect on
outdoor exposure
turns out to be
small in the case of
indoors due to the
large contribution
to the indoor ex-
posure from the un-
derlying soil.
Fig.2 permits cal-
culation of the
reduction of ex-
posure from the soil
outside the house
with snow cover on
the ground surface.
Verification of this
calculation is not

satisfied in actual



condition. However, the present evaluation by computer simula-
tion is in relatively good agreement with the results obtained by
actual measurements.

5. POPULATION DOSE ESTIMATION

Population dose is estimated considering the snow effect on
the indoor exposure in wooden houses. The amount of snow
precipitation has varied substantially from place to place and
year by year. The published values of average depth of snow
cover over past 30 years in each city were used to evaluate the
snow effect on population dose. The depth of snow cover is
classified into a category of 5 groups; less than 10, 10 to 20,
20 to 50, 50 to 100 and more than 100 cm. The average number of

days in each group has been reported. Since no data is available
about snow density, two densities are chosen to estimate the
range of the effect of snow cover. The annual outdoor absorbed

dose in air was found to be reduced down to 43 or 57%, respec-
tively for the density of 0.4 or 0.2 g/cm”® in the northern part
of Japan. Whereas, the corresponding values for indoor absorbed
dose in air are 79 and 83%, respectively. When the occupancy
factors are taken into account to obtain the annual dose, the
corresponding values are 71 and 78%.

In the case of heavy structures, one has to take into ac-
count the walls as attenuators of outdoor radiation and also as
sources of radiation. Hence the evaluation of snow shielding ef-
fect on the indoor exposure in concrete houses becomes rather
difficult. The effect depends on the place in the house. At a
position near the window, larger shielding effect might be found,
since about half of the radiation comes from the outside. On the
other hand, the center of the house has little snow effect due to
both the predominant dose contribution and the large shielding
effect by the wall.

6. SUMMARY AND CONCLUSION
The simulation calculation has shown that snow cover causes
large reduction in the outdoor exposure due to terrestrial gamma
radiation, but that the degree of the reduction decreases in in-
doors. When the shielding value in the outside is applied to es-
timate the population dose, it should cause a significant under-
estimation. However, one cannot neglect the snow shielding ef-
fect on population dose. Neglecting snow effect will cause more
than 20% of overestimation for the people who live in wooden
houses in snowy regions. Therefore, it is necessary to employ
the approach described in the present paper to obtain a better

estimate of population dose in wooden houses.

REFERENCES

(1) K. Fujimoto; External Gamma Exposure to Radon Progeny in In-
door Air, J. Nucl. Sci. Technol. 22, 1001 (1985).

(2) S. Abe, K. Fujimoto and K. Fujitaka; Relationship between
Indoor and Outdoor Gamma Ray Exposure in Wooden Houses,
Radiat. Protect. Dosimetry 7, 267 (1984).

(3) K. Fujimoto; Shielding Effect of Snow Cover on Terrestrial
Gamma Exposure Rate, Hoken Butsuri, 21, 3 (1986). (in
Japanese)



