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Diminution of Terrestrial Gamma Ray Exposure Rate
due to Snow Cover

— Ground Survey and Aerial Survey -

Toshi NAGAOKA, Ryuichi SAKAMOTO
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and Shigeru MORIUCHI

Department of Enviromnmental Safety Research
Tokai Research Establishment
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Tokai~mura, Naka-gun, Ibaraki-ken

(Received November 26, 1991)

In order to clarify the diminution characteristics of terrestrial
gamma.ray exposure rate due to snow cover, measurements were performed
on the ground with and without snow cover. Aerial measurement was also
performed above the snow cover in order to cobtain information about
collective dose evaluation by means of wide and quick environmental
survey. The diminution factors observed were 0.36 -~ 0.17 for the
region of 12 - 23 g/cm2 of water equivalent of the snow cover.
According to a calculation by Monte Carle method, the diminution
factors for the same water equivalent range were 0.32 - 0.16, They
agreed well as a whole, while the fluctuation of the factors measured
were fairly large. The fluctuation is deemed to be due to the
inhomogeneity in the distribution of the snow cover and the gamma ray
field. The exposure rates on the ground with and without the snow
cover were estimated using the aerial survey data with ARSAS (Aerial
. Radiological Survey and Assessment System). They agreed fairly well
with that measured on the ground, while the range of the estimation was
several 10%. The estimation range is expected to decrease with
increasing the homogeneity of the distribution of the water equivalent

and the gamma ray field.
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Table 1 Distribution of flux density due to gamma ray of 2.61 MeV.

on the ground {(with 3" ¢ sph. Nal(Tl) }

f1lux density (1/cen® sec)

point on the bare ground on the snow cover diminution factor
L1 0.082 +0.005 0.035 +0.003 0.42 =*£0.05
Lo 0.16 =£0.007 0.045 £0.004 0.28 £0.03
L2 0.20 £0.008 0.030 +0.003 0.16 40,02
av. 0.15 =£0.004 0.037 %0.002 0.25 +0.02
Le 0.17 £0.007 0.013 +0.002 0.12 0,02
L+ 0,16 £0.007 0.022 +£0.003 0.14 *10.02
Le 0.15 <0, 007 0,022 +0.003 0.14 +0.02
av. 0.16 +0.004 0.021 =£0.007 0.13 =0.01

in the sky (with DET-1024)

flight flux density (1/en®. sec)
course altitude on the bare ground on the snow cover
f4-Uz 1W00m e 0.014 £0.001

90m  meee 0.010 =0.001

Wom e 0.007 £0.001
DD WOm - 0.015 +0.001

e - 0.012 £0.001

wmn - 0.009 *+0.001

Table 2 Distribution of water equivalent (WE) of the
snow cover in the field, estimated based on

snow sampling.

point depth{cm) density{g/en”) WE(g/cn®)

Lo-L1 50 *10 0.4 £0.05 20 4.7
L1-L2 59 0. 45 22.5%5. 1
L2-Ld 3% 0.45 15.844.8
Ls-L8 3% 0.35 12.3+3. 9
L6-L7 50 0. 45 22.5%5.12
L7-L8 40 0.45 18 +4.9
Lo-Ly 50 0.35 17.5+4.3
L3-L8 40 0.45 18 *£4.9
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Table 3 Measured and estimated dose rates (or exposure rates)
at 1 m on the snow cover. WE of the snow cover is

assumed to be 20g/cm2.

dose rate (nGy/h)

flight course altitude in the sky on the ground
estimated measured
Ui-u2 100 m 5.4 =+ 1.0 12,1 £ 1.9 16.1 = 6.3
15¢ m 4.1 &£ 0.5 10.8 £ 1.3 min= 7.8
200 m 3.0 £ 0.4 10,5 £ 1.4 max=28.7
Di-D2 100 m 5.1 £ 1.0 10,9 £ 2.1 9.7 + 3.8
150 m 4.4 £ 0.3 11.5 £ 0.3 min= 5.2
200 m 41 + 0.4 4.7 £ 1.4 max=21.8

exposure rate (xR/h)

flight course altitude in the sky on the ground
estimated measured
U1-uz 100 m 0.73 4+0.12 1.39 £0.22 1.85 *+0.72
150 m 0.47 +0.086 1.24 £0.15 min=0.9
200 m 0.34 £0.05 1.21 4018 max=3. 3
D1-D2 100 m 0.85 £0.12 1.25 +0.24 1.11 £0. 44
150 m 0.50 £0.04 1.32 £0.10 min=C.6
200 m 0.47 =0.035 1.69 +0.186 max=2.5
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Fig. 2 Distribution of exposure rate due to terrestrial gamma ray,

at 1 m on the ground.
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The slope of the straight

line corresponds to the diminution factor.



JAERI-M 91-210

AR R R SR AN RS SRR SRR AR
b
w 1.0 —
m - —
o N .
How L A
o M
[+ . ] ’_ ._
0
¢ O r —
0w Q B i
0w
[T 3]
1 o -
0
H .
0 calculated
+ 0.1
O [
o L
L‘-l -
c —
I B >
-
—
2 — -
o
-
E ~ -
-A
o]
c.01 SRR NSNS ENI R NE RN AN R R RSN E RN RREE
G 1C 20 3G 40 50

: - Water Equivalent (g/cmz)
Fig. 6 Relation between water equivalent of the snow cover based on
snow sampling, shown in Table 2, and diminution factor of
exposure rate at 1 m on the ground.

50 TTTTUITTI l[lIllllli]llllllll[i]Illl[ll TTTITTTT

40

(g/cm?)

rom diminution factor cof exposure rate

30

20

Water Equivalent

estimated f

10

llIiIIII]TTIIIIYIII[ll]llllli]]l]TTTT‘IIl[III[I

IllllllIIlllll!illlllll][[!]Illllllllllllllllll

O [,lllllll.l,ll.llLl[[!l.[llll[l.[!llllllj._LJ_J.l[LllJ.ll[Jf

10 20 30 40 50

Water Equivalent (g/cm2)
estimated based on snow sampling

(]

Fig. / Correlation between water equivalent of the snow cover based
on snow sampling, shown in Table 2, and that based on the
diminution factor of exposure rate measured on the ground.
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Fig. 8 Correlation between water equivalent of the snow cover based
on snow sampling, shown in Table 2, and diminution factor of
flux density of 2.61 MeV gamma ray on the ground.
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Dependency of diminution facter of exposure rate upon the
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