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Conditions of contaminated sources and ranges of forest decontamination that effectively reduce the air dose rate in residential
areas were investigated by means of an analysis related to the decontamination of the forest contaminated by radiocesium deriving
from the accident at Fukushima Daiichi Nuclear Power Station. The contaminated sources including 134Cs and 137Cs were
assumed to be a layer of sedimented organic matter (the AO layer) and surface soils (the Al layer). The air dose rates were calculated
using the three-dimensional Monte Carlo transport code MCNP. A slope number of the forest, state of contaminant distribution,
radiocesium content in the forest soils, slope angles of the forest soils, decontamination ranges, distance from the forest boundary to
an evaluation point, and height at the evaluation point were adopted as the parameters. The decontamination of a litter (AQ) layer
within the distance of 20 m from the forest boundary was revealed to be effective in reducing the air dose rate when the source
distribution was homogeneous. The air dose rates were significantly reduced by the decontamination of the A0 layer within a
distance of 40 m from the forest boundary on condition that the radiocesium content of the AQ layer was larger than that of the Al
layer and the source distribution was non-homogeneous, such as the forest areas beyond 20 m from the forest boundary, which were

more heavily contaminated than those within 20 m.
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Table 1 Setting parameters of the forest soils including

radiocesium
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Table 2 Atomic composition of A0 and Al layers
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H C (0] Al Si Ca
A0 5.2 44.8 41.6 - 2.8 5.7
Al 1.0 - 54.4 12.9 31.8 -
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Fig. 1

The positional relationship between the evaluation
points of the air dose rate and the range to
decontaminate a single slope of the forest soils
including radiocesium

Fig.2  The positional relationship between the evaluation
points of the air dose rate and the range to
decontaminate three slopes of the forest soils

including radiocesium
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Table 3 Parameter settings for analysis
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Cutaway view of the homogeneous source distribution. Decontamination factors: (a) 27%, (b) 40%, (c) 65%
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Cutaway view of the non-homogenous source distribution. Decontamination factors: (a) 27%, (b) 40%, (c) 65%
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Table 4 Case classification and parameter settings for analysis
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Table 5 Reduction rates at the evaluation points after the
litter (A0) layer decontamination of a single slope
of the forest soils including radiocesium in the
case of the homogeneous source distribution at
the forest slope angle of 30 degrees

b R R
3 BT
LR aom Aok A0E A0 %
o, PHmAsmo 1om  20m  4om g
' PRy BRY  BRYe  BR
30° 1A1 18% 19% 20% 21% 1.0%
30° 1A4 11% 16% 19% 20% 1.6%
30° 1B1 8.6% 12% 14% 16% 1.8%
1
30° 1B4 7.3% 11% 15% 18% 3.1%
30° 1C1 6.6% 9.4% 13% 16% 3.3%
30° 1C4 51% 85% 12% 16% 4.8%
04T 3T @ —x: BRI R RS
O MEH»50m, FEX1m(1A1) X ME»50m, HE4m(1A4)
O M2 55m, X1 m(1B1) X M2 55 m, HE4 m (1B4)
O #H#E»510m, FEX1m (1C1) X Mg 510 m, &4 m (1C4)
0.03
: 0
g 0.02 Qx‘ O N ~ ~
R— R TR
P
I - I X
OO (@) )
0.00 T T T T
0 10 20 30 40 50
AOJEBRYER (m)
Fig.5  Change of the air dose rate for the litter (A0) layer

decontamination range in a single slope of the
forest soils including radiocesium at the forest
slope angle of 30 degrees in the case of the
homogeneous source distribution
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9 (Fig.5).
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i, FTORBIILY) EMBEENEL RDLOTHDHLE
AL, ZOZEE, AR ImEDbE N 4m oS
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MRDENTTA, EGOBIRERET 5 Z &I &0 22/
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BROBWVVERBENE SN TS, £z, #HliA 1B B
Yo 1cizR VT, Table5 12k 3 X 512, A0 JED 5mBR
e TIHRIEE R B 5~9%TH Y, ZhEMME. L L
b A0 BEBRYET AHEAIAT TN Z &Ik, &bk
% 2R R O A B, A0 JE% 20m £ ChrYed 2
ERBBNDIEIR R MG DN 5. T70bh, AR CITHE
IV 2 6D A0 fE % 5 m BREERRYL T 5 Z & T 15%7HE A 22 fH]
BRI T 228, JEFERIEL T Z OHE 2557201
1X20m OBRENRLETH S.

Mg S 20 m LLED A0 JE DRI >WTIE, 40 m £
THRY L THIREER Ry 13 1~3% &K<, HERBAMMIRZE
OFEFHZ 20 m PLEICHERT 5 2 LI L D ERIBREROK
BRI RITE DO TRWEE 22 (Tables).
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I —A 2 OfRFT#E R % Table 6 35 S OF Table 7, Fig. 6 1271
. BEEROE VI X DB ER OB IOV T
=R 2 EHEEAR— 2 (R 307 H—RHEE)— A —
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BT 2 Z L2k, AR — A TR R A3 20% (Table
5) THDHOIIK L, AFEHT7— ATl 16% (Table 6) T
HY, REEDOZL IR, BRIEOEIMEMEANZH 5.
ZHE, RHEEDS 1 DS, BRIED O Ol A — O
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WRT & 918, WEROFMA (D) 23, BE o 7oL
BT 2RI 2 TREOFR L U@ DOFIEN b Ui %
ZF570THD. FlzE, FEOBIUON, @OL%EL
VIR R (19%) Thiud, A — % LRI R
23 20%IZIEVME TR B S . L LA b, FHEA 3D 1%
FEOFB L O@DHEL DEENTALBICH D72, (RIRE
RZMEWY (Table7). Z D72, RIFETHRARZ X 91T, HE
6 BT R A B O TR, A0 B DOBRYRIC X DR MK
<725, 2F0, OB LUV@D A0 BEFRYE L THRT
fii A 3D 12T D EMIMREBERITE F LIT< W LRS- T
FEAM AL 3D 12T D AHEOR L U@ R 2% 11% & J&
KA — 2T WKL 7o T2,

Table 6 Reduction rates at the evaluation points after the
litter (AQ) layer decontamination of three slopes
of the forest soils including radiocesium in the
case of the homogeneous source distribution at
the forest slope angle of 30 degrees

. S R
l (ISR
3D1 16% 17% 1.3%
3D4 15% 18% 3.0%
? 3E1 12% 15% 3.3%
3E4 13% 16% 4.2%
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Table 7 Dose rates and reduction rates at the evaluation
points after the litter (A0) layer decontamination of
three slopes of the forest soils including radiocesium
in the case of the homogeneous source distribution
at the forest slope angle of 30 degrees

A0 JEbRY: Mm@ (@) (KR FEQ (KR
FEAT AL AP DHE5- R DE5- R
(m) (uSv/h) (%)  (usvih) (%)
3D1 0 7.5E-03 - 2.2E-02 -
20 6.7E-03 11 1.8E-02 19
40 6.5E-03 14 1.8E-02 20
3D4 0 8.6E-03 - 1.9E-02 -
20 7.6E-03 11 1.5E-02 19
40 7.3E-03 15 1.5E-02 20
3E1 0 8.8E-03 - 6.9E-03 -
20 7.7E-03 12 6.1E-03 12
40 7.4E-03 15 5.8E-03 15
3E4 0 9.8E-03 - 7.7E-03 -
20 8.6E-03 12 6.7E-03 13
40 8.2E-03 16 6.4E-03 17
005 y—22 GHES )
O MEEiE1 m (3D1) X Mg &4 m (3D4)
O EREEE1 m (3E1) X JE{EXIREH &4 m (3E4)
0.04Sz
% 0.03 9] (72
§.0 e X
57 0.02
]
0.01
0.00 T T T T
0 10 20 30 40 50

AOJE BRI (m)
Fig. 6  Change of the air dose rate for the litter (AQ) layer
decontamination range in three slopes of the forest
soils including radiocesium at the forest slope angle
of 30 degrees in the case of the homogeneous source

distribution
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5 10 mEEL TV 5 (Fig. 1 B8 X UVFig. 2) T, Table 7
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U (12~13%) (25 7-0Thb
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3ETIE, ®mEN4mOFMA BE4) OFRE-T-. =

LFHH = — K MCNP % VN 72 ZRARBR G2

22 [ R SR ORI R D M

O, EAZF—ALRLTHY, ZERBRERO KR
fRIZBWT, RIEKOBENCEDE(LITA LT,
MkxDr5 20 m LUED A0 J8 DFRYIZOWTIE, 40 m bR
e U CHAKIEE Ry 28 1~4% LK< (Table 6), H—FHrD
%Kﬁgxtﬁﬁi,ﬁﬁﬁ%%@f@“l%ZOmuL
WHERT 5 2 LI K D 2= EROEBEIRITE b TR
WEEZRD.

3.3 BREOFRY—SHOEE

=R 3B LT —R 4 OFFFTHER % Table 8 35 & U Fig.
TITRT. F—A3BLOr—R 41%, FEAYr—2 (R
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Bj—534r—R) OIGEROFAREE R — (5 £F) 128’
ELIZHLDOTHD.

%ﬁ# 20 m LIEE DB OB o LR
EVIREEIZIEWW T, Table 8 12779 L 512, A0E% 20 m B
%Lﬁﬁm@ﬁﬁ¢Ri,$~ﬁﬁ1¢4m@3ﬂﬁf4
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IZEE 3 RE D RGO ZNRAME. T OBMIE, FiE
Dr—A 2 @ RHER) A —A) OEHTHER LRI Th
5. Fiz, Bk LB —0AIC81F 5 A0 BB D 20 m Br:C
I, ARIEEE R, B — X (H—F}E) T 12~20% (Table
5, MU —A 2 3#bE) T 12~16% (Table 6) T
ol INODOE—BADr—A L RD L, RE—o3Ai
ThDHARMNTr—A (Table8) 1%, (KKK R MEL, By
DNREBE -T2, DF Y, BmBHOKSEE Y T ARED
wﬁﬁi%wemﬂﬂﬁk%< A0 D 20 m BT
ZERIRR R OB R S 2N E b o T,
gD 20 m LD A0 B DBRYECIE, Fig. 7 2577 &
’:,m%@tyvbﬁﬁmﬁmﬁ%iﬁ%ﬁﬁﬁé:k

2LV, ZERIMEROEE, & ASGHESNEmNE A
THLNT. L LR D, Table8 1 X 91T, Z2RifE

Table 8 Reduction rates at the evaluation points after the
litter (AO) layer decontamination of a single or
three slopes of the forest soils including
radiocesium in the case of the non-homogeneous
source distribution at the forest slope angle of 30

degrees

Ju IR R

| BT

I\T:). SEAT A AOIE;;Om AO{Eﬁ:Om Rao
1A1 12% 13% 1.9%
1A4 9.5% 14% 4.7%

: 1C1 3.9% 9.1% 5.5%
1C4 4.5% 11% 6.3%
3D1 7.9% 11% 3.6%
3D4 6.5% 12% 5.8%

! 3E1 4.3% 9.7% 5.7%
3E4 4.5% 10% 6.2%
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Fig.7  Change of the air dose rate for the litter (AO) layer

decontamination range in (a) a single or (b) three
slopes of the forest soils including radiocesium at
the forest slope angle of 30 degrees in the case of
the non-homogeneous source distribution

BRIT, AVBABMNAC 40m £ THREL TS, BRkLA
UVVIRTEBDN D 9~14%DIRIBICE £ 7=, £7-, EHER Ry
X 2~6%Tho7=. LERST, g s 20 m LUEDL
MO > 7 NBEREW K 5 2B — oA O
A, BEREREA A0 (ALRE =27:73, OFY A0JE
W AL JBIZHUR I E O 7 ARE < EEN A RPN
Tit, AOJBZ 40m £ THIL L2 E LTOIEDIEL, &
BRI & 2 28 BB R OB R NS D e .

FEfAS O S F oW T, Ao r—2 (EA
F—ABIONr—2R 2) RN ER L (Fig. 7).
AL, Mg D 20 m LLmO B U AR EW
B LD S DRBAZ I 12120, ZERIRERIT, S
MEOENT 4m) BNT_TEL 2722 LICRNT 5.
£, ZEMBREROBKERICEL X, fEEOE NI
LB T H BN (Fig. 7).
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3 0.020
; : X
/\
o4 0.015 Z—X
LN - a8
0.010 g
0.005 T T T %
0 10 20 30 40 50
AOJE YA (m)
Fig.8  Change of the air dose rate for the litter (AO) layer

decontamination range in (a) a single or (b) three
slopes of the forest soils including radiocesium at
the forest slope angle of 30 degrees in the case of
the decontamination factors of 40% and 65% for
the forest soil layers with the homogeneous source
distribution
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B D54 19~33%, 3 fHE DG 21~28%, ke
RN A0SE (ALJE =65:35 TH R D4 33~57%,
3HHDOBEE 34~49% L 720, WFROFHILEICE N T
A0 J& D 20 m BRI CZEMIRER OISR RH - 72, AL
JEIZHAS A0 JBIZE EN DR EES U DO RN D
WO THRYPEDOBIENEL 72D Z & RNbhoT.

A0 B% 20m /5 40 m & CTERYE L7254, (KHER Ry 1
BEEIZ X 53, HETREEL N A0 JB (ALE =40:60 D
BT 1~9%, e ELS AOJE ALJE =65:35 DA,
H—RHIZ BT 2 MR OFMA DO F S 23 1 m DS (1AL
ZERE 14~19%Th 7=, ALBICH~N A0 BICE TN DK
FHEE T T AOBBENTFVEBREOENE S, =R
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Table 9 Reduction rates at the evaluation points after the
litter (AQ) layer decontamination of a single or
three slopes of the forest soils including
radiocesium in the case of the homogeneous
source distribution at the forest slope angle of 30
degrees and the decontamination factor of 40%

FH5E 2 — K MCNP % AV 72 ZRARBR G

or 65%
b IR R
Lo HRERIC ey AR Ao FME
No. : = 20 m 40 m 20
40 : 60 1A1 33% 33% 0.87%
40:60 1A4 28% 32% 4.5%
> 40 : 60 1C1 19% 26% 8.3%
40:60 1C4 20% 27% 7.6%
40:60 3D1 28% 31% 4.7%
40:60 3D4 25% 30% 7.0%
! 40:60 3E1 21% 27% 8.1%
40: 60 3E4 21% 271% 8.6%
65:35 1A1 57% 60% 8.0%
65:35 1A4 48% 55% 15%
° 65:35 1C1 35% 45% 15%
65:35 1C4 33% 45% 19%
65:35 3D1 49% 56% 14%
65:35 3D4 41% 51% 16%
° 65:35 3E1 34% 46% 18%
65:35 3E4 34% 46% 18%

AU HEAMEIER Ry IZBHE (/N E o7, DF 0, FHf
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FERIK TIIFHMI A E A SV (4 m) BEholz. 20
BINE, A —AB L —22 LR L TH-7. £,
ZE MR E R O FRBRICB LT, i o 7 — 2 Tl
HE R OB N X 2B (LIEA Do Tz,
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Fig.9  Change of the air dose rate for the litter (AO) layer
decontamination range in (a) a single or (b) three
slopes of the forest soils including radiocesium at
the forest slope angle of 30 degrees in the case of the
decontamination factors of 40% and 65% for the
forest soil layers with the non-homogeneous source

distribution
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Table 10 Reduction rates at the evaluation points after the
litter (AO) layer decontamination of a single or
three slopes of the forest soils including
radiocesium in the case of the non-homogeneous
source distribution at the forest slope angle of 30
degrees and the decontamination factor of 40% or
65%

b IR R
| AARER

June 2017
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40: 60 1AL 21% 31% 4.5% Fig. 10 Change of the air dose rate for the litter (AO) layer
40:60 1A4 20% 27% 9.3% decontamination range in a single slope of the
9 40 60 1C1 11% 20% 10% forest soils including radiocesium at the forest
slope angle of 45 degrees in the case of the
40 : 60 1C4 10% 20% 11% R
homogeneous source distribution
40 : 60 3D1 19% 26% 8.6% ) ) )
Table 11 Reduction rates at the evaluation points after the
11 40 : 60 3D4 15% 24% 11% litter (AQ0) layer decontamination of a single
40: 60 3E1 11% 21% 11% slope of the forest soils including radiocesium in
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13
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