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Abstract

Conversion coefficients from source density to effective doses were
developed using anthropomorphic phantoms and Monte Carlo simulation for
exponentially distributed ground sources which are important in nuclear
accidents. In severe nuclear accidents such as the Chernobyl Nuclear Power Plant
accident and the Fukushima Daiichi Nuclear Power Plant accident, radionuclides
deposited on ground remain in the ground and keep on giving exposures to the
public for a long time. Since, in many cases, radionuclides deposited on ground
show distributions approximated by exponential functions of depth, long-term
dose evaluation after nuclear accidents needs dose conversion coefficients for
exponentially distributed sources.

As the effective dose varies according to energy and incident direction of
gamma rays, a method to calculate effective doses taking into account the
characteristics of environmental gamma rays is necessary for proper dose
evaluation in the environment. Thus, a new method was developed to simulate
exposures in the environment. This method utilizes a secondary simulated source
to reconstruct environmental gamma ray fields, and separate the environmental
gamma ray transport calculation from the dose calculation using phantoms. The
developed method was validated from two different viewpoints: first, it was
confirmed that environmental gamma ray transport without a human body would
not significantly perturb the calculated gamma ray fields; second, it was checked
that gamma rays emitted from the secondary simulated source would properly
reconstruct the gamma-ray fields obtained from the transport calculation in the
environment.

Environmental gamma ray transport calculations were performed using
a Monte Carlo code developed by the authors dedicated to environmental research,
which can easily consider conditions particular to the environment. The code has
been utilised to analyze results from environmental measurements carried out
under various conditions, and the simulated results have shown good agreements
with the experimental data. For dose calculation, in addition to the reference
voxel phantoms defined in the new ICRP (International Commission on
Radiological Protection) publication, a voxel phantom of 8-week old developed at
GSF (Gesellschaft fiir Strahlen- und Umweltforschung) was used to investigate
difference in doses due to age.

In order to cover many radionuclides which are potentially important in
dose evaluation in the environment, a wide energy range was considered; further,

14 relaxation depths in the range of 0 to 100 g/cm? was postulated, since the
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relaxation depth variously change according to conditions. First, effective dose
conversion coefficients were calculated for exponentially distributed sources
emitting mono-energetic gamma rays; next, effective dose conversion coefficients
for radionuclides were composed using new nuclear data. As a result, effective
dose conversion coefficients which can apply to versatile situations were
developed. Change of tissue weighting factors from the definition in ICRP 60 to
that in ICRP 103 did not significantly affect effective doses at least in dose
evaluation in the environment.

The developed effective dose conversion coefficients were compared
between adults and a baby; consequently, it was found that using conversion
coefficients for adults can estimate effective doses for any age with uncertainty
below 50%. The effect of factors related to body size, that is, race, sex, individual
difference in body weight, and age was investigated. The other factors except age
were found not to significantly affect effective doses in the environment.

Further, the developed conversion factors were applied to the data
observed in the Fukushima site; it was confirmed that radioactive cesium would
play the most important role in exposures in future. On the other hand, it was
suggested that 1311 could contribute to external doses as well as internal doses in
the early stage of the accident.

According to these studies, the technical bases to properly evaluate
external doses 1n the environment were established; further, the effective dose
conversion coefficients for exponentially distributed sources in ground inevitable
to dose evaluation in accidents were developed. It is expected that the developed

techniques and basic data will be utilizes in many ways from now on.
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Fig. 2-(1) Angular distributions of air kerma due to gamma rays from typical

environmental sources. The total air kerma was taken to be unity for each case.
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Fig. 2-(2) Difference in radiation source amount extended by unit solid angle. The
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Fig. 2-(3) Energy distributions at 1 m height for gamma rays emitted from 238U

series, 232Th series and 40K uniformly distributed in soil.
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BREE y SR OPEE A B E LI BMEOFMFEL LT UTDO3 AT v
TYalb—var&1T79) HiEZBF L7z [Saito et al. 1990], (1)F . EEFIZH
i DR A RE L, AMEDSAFLE L2 WIREE TR D i & D v BROBRER T T
S FH R 2 M L, M EOFE7ZL v #RG 2R D, (WRIT, T O y MR G R ORE R
[ZFEES W THEE ORI Z BRI 5, ZOMBEBRIENSH IS v B2, A
T v (DO EHEMEREEZ B BT L0 IS ERET 5, @)Fkiz, K
HEAEERROFIZEMEAER 7 7 > b A EFRE L, #RIRFEE D) D S vl y Bkt
THWIL A EZEMT 5, ZOHBERROBERZX 2-1-(DIZRT,

) Calculation of environmental gamma-
%x PHANTOM ray fields (energy, angle, height

distributions) without the phantom

SECONDARY
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Construction of a secondary
cylindrical source based on the
calculated gamma-ray fields

_+|__PHOTON l

Calculation of organ doses for
gamma rays emitted from the surface
of the cylindrical source

20cm ]

Fig. 2-1-(1) Schematic picture of the developed method for dose evaluation in the

environment.
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ET AT D Z EREE L, FFIKETEICE LTk, AMED S OB BN 5 12

9



\ﬁﬁ@ﬁﬁﬁﬁﬁw2%’wmbfﬁm¢5@*ﬂb BRI B HH E iz v #7
D NEDFAET HALE I ET DRI 2 34 IEWEIG TR T 5720
F LT I a HEORIIMIRICELS R 5, T@b% Lﬁ@ﬁﬁﬁ i%ﬁ@vﬁ
TSR TLR 620D, NN MEIZARNT 2 ERITELS, £ T e
FHEICEB VT ﬁ%_%ﬁbﬁw§<®ﬁﬁﬁﬁ*%%H#é%%ﬁ%éo%y%ﬁ
NastREONERE FIF 572D DO FERNANARBEINTETWHDEN, WTIZLT
H E DR A E T AT 5 OIZEE LV,

ACET B ORIRDIEN Y & ZERRE~DOFGE G ETHITHD L BmHOBIFNZE
m@b@%ﬁ%bfwé kw D, Fig. 2-1-1-(Di, Mo —kR A L7z KERKK
HEETE NS O vy FRIT B EREBIREREOBGREZ R L TS [Saito
me%E%%leﬁ%mmmifﬁﬁbfﬁoty\lv—ya/@ﬁ%%m
LK TH L0, #HE1m OLETHHREFRE 100 m LLUEOBIEN SR> TL Sy
FRIZ K DHRED 10%RREFIET D ENbnd, MFRIEIZIEE LTBRIRIC OV TS

(ST ORRDOFEINRKRE L 12D, #- T, KEFRNCEENRBERDILN Y 25
BTEDHZENEE LV,

1.0

Relative air kerma
o
W

0.0 - Aecdedhd i) A A b A A J

1 10 100 1000

Source radius (m)

Fig. 2-1-1-(1) Portion of air kerma attributed to the source in a cyliner with a
source radius R. The air kerma is normalized to the air kerma from a semi-infinite
source (R=00) at each height. Natural radionuclide of 238U series, 232Th series and
40K uniformly distributed in the groud were considered. The numbers in the
figures denote detector heights: 1=1 m, 2=3 m, 3=5 m, 4=10m, 5=20 m, 6=50 m,
7=100 m, 8=200 m.

10



— . MEERELRNWS I 2 —3 g o Tlid, PA A M) —OHEZFIH LT
AEFHEOMER % T WAL 5 Z ENATREL 725, MBRERZHIE L TEZTHD,
Fig. 2-1-1-@QIWTR$ & 912, 8 R1 /5 R2 OHIEHEIZ AT T DREIEN S i S h
5y M a IR DO E 1 m 2R E Lo AU A TRIET 5 E5T, iRmics v
SRR S e Stz y a1 m (2R E L7221 R1I 5 R2 OO R TR
HT2FREEMTHLZ NS, RSN 7NV AEHATRTELUTD
XoZh s,

27 [ ¢(x, —x,) * dR 2-1-1-(1)

ZIT xs TR D v A ST DR xq 13y R SR O FERE T
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27 [ ¢(x, = x,)* dR
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Fig. 2-1-1-(2) Modelling of infinity in horizontal directions utilizing geometrical
symmetry. Detecting gamma rays emitted from ring-shaped source with a radius
between R1 and R2 on the ground by a point detector at 1 m height is equal to
detecting gamma rays emitted from a point source on the ground by a ring-shaped
detector with a radius between RI and R2at 1 m height. If we take R1 =0 and R2
= oo, infinity can be simulated.
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Ol O RIRFCEMERL TR (238U SRAIEEHE, 282Th SRAIEEHE, 90K OIREHIR) ThH D,
Fig. 2-1-3-(1)~(6) IZZDOfEREZXIZ LY, F£7= Table 2-1-3-(DIZ, ¢11ZxT 5
<M@%$ﬁ0:%%w—v@w4%ﬁ1 Td, IROMEDBH LN T,

1) BELEETORMICH LT, 20 LDEXKI—~L o110 L DERI—~D 6%
AR T,

2) EREIC, LTHEL L7 y BRS¢ 2 I H D D EIEIE, R THEL L7z vy BOEFIE X
DHREDoTz, Zhud, BT S y SR OVAERRIFREIR 2 R - T
KHMERMENZ L E2EWT D, LTk y BOWINEIG N KE L RDHERT R
F— (50 keV) ([ZBWVTIE, ZERIC I 2 HELBII LIS X 2 HELR & RIFRE CTH -
776

3) d1ITxT D ¢ DEIGIX, FTHRNHESND v BB KEWEIGZ 5D D22
ﬁ@EA’ﬁkf&oto

4) 61T D ¢ DEIGIX, RAESIEO RN DI N THE X 72, Z D45y
FFEICERIC iéﬁﬂﬁ@ﬁm R L, T2 X 2 EELROEIGIZE T E M
Lo,

9¢u:ﬂ¢5¢z@% IR R — L I L7223, BR o —~ DEE

T Lz, 2, @ x X —yfda 7 b oEGELIC LY RE kb
f%@i*wﬁ—%%bzkmﬁﬁﬁéo

WIFNDEE DS ¢ 1 ITHART o2 T HIT/N S < mONTRE LITARENLY LD Z &
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mL é j/'-/f\_o

Table 2-1-3-(1) Quantative comparison of ¢2 to ¢1 for three different kinds of
sources distributed in the environment. ¢ 11s the number of photons which enter
the source region for the first time, and ¢ 2 the number of photons which have

escaped out of the source region and enter it again.

Source type Initial energy (MeV) b,/ b, Ratio of air kerma
L 0.10 0.06 0.05-0.06

Volume source in air

3.00 0.10-0.11 0.02

0.05 0.01-0.02 0.01 - 0.03
Plane source in ground 0.10 0.02-0.03 0.02 - 0.03

2.00 0.04 -0.05 0.004 - 0.005
Volume source in ground Mixture of U, Th, K 0.05-0.07 0.01

15



GAMMA RAY NUMBER

- 5 105¢ 3 10°g
E RADIUS m a) S C  RADIUS 2m b E RADIUS 4m ¢
C N 7 C 3 C E
l,: 1 — = ¢l — - ¢1 -
B cmeeen B 3l 7T i il S
SIS A T N RS i S O I B I
- ; - 3 = ! : . = : . .
- H ' — - 1 ' - ~ 1 ' -
L .‘\\ . _ L ' ' - L |\\\ ! .
- : : - - :\ N -1 - : ! -1
! : i ; : i ! ?
= e, e DR
I S H IS BT/ L) S B H 2 L '
- \ = = ' 3 107 [ | =
- ' 3 - : 3 - ! 3
- . . — ' - - ] =
C 13 - -~ - 13
- ' . - ! . L ' .
b— ] - — ' - — ' —
. H i
B H B E B ' 1
| | 1 : 1 ' :
10 1 1 1 10" 1 1 1 '
40 80 120 0 40 80 120 0 40 80 120
GAMMA RAY ENERGY (keV) GAMMA RAY ENERGY (keV) GAMMA RAY ENERGY (keV)

Fig. 2-1-3-(1) Comparison of ¢2 to ¢ 1 for infinite volume source in air emitting

100 keV gamma rays. ¢1is the number of photons which enter the source region

for the first time, and ¢ 2 the number of photons which have escaped out of the

source region and enter it again.
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Fig. 2-1-3-(2) Comparison of ¢2 to ¢ 1 for infinite volume source in air emitting

3 MeV gamma rays. ¢1is the number of photons which enter the source region

for the first time, and ¢ 2 the number of photons which have escaped out of the

source region and enter it again.
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Fig. 2-1-3-(3) Comparison of ¢2 to ¢ 1 for infinite plane source in ground at
depth of 0.133 g/cm? emitting 50 keV gamma rays. ¢ 1is the number of photons
which enter the source region for the first time, and ¢ 2 the number of photons
which have escaped out of the source region and enter it again.
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Fig. 2-1-3-(4) Comparison of ¢2 to ¢:1 for infinite plane source in ground at
depth of 0.133 g/cm? emitting 100 keV gamma rays. ¢ 1is the numbere of photons
which enter the source region for the first time, and ¢ 2 the number of photons

which have escaped out of the source region and enter it again.
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which enter the source region for the first time, and ¢ 2 the number of photons

which have escaped out of the source region and enter it again.
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Fig. 2-1-3-(6) Comparison of ¢2 to ¢1 for natural radionuclides distributed

uniformly in ground. ¢1is the number of photons which enter the source region

for the first time, and ¢ 2 the number of photons which have escaped out of the

source region and enter it again.

18



2) REFREMNMOHRE SNtz y ROBRMEICET S5

IRAERRIE DS S HH S 37z v B, BEEH I L » THE L2 O BREE v #5 & EY)
ICHBTE D 2 L OMREITo T2, 2D, RARICHERE L& S 180ecm DM
%%ﬁ@ﬁﬁ@ﬁ%l%mn@ﬁéLm#éﬂMm@@m%%%ﬁbfﬁ@ﬁﬁﬁB
B Sy Emt L, TRy #G et Lz, Z 2Tl LEEF o 0.133
glem? R OEEFRICHT T DR Z <7, 50keV, 100 keV, 1 MeV, 3 MeV. 10
MeV OHA T RV — g f % T 58 2 8 E L=,

Figs. 2-1-3-(N~QDIF= RNV X —0AADEHFE R TH D, XD a)d, FIET
WA B ERE v SRR T b e 23— R YURLIC X A3 E#E R 4277, YURILIZ
K DB v B OEEFHE TlX 106/m2 OFREDOHIRZBET 5, 2 WHRIR» G IX
T 105D y A L TRH LERREZR LT D), 22 TEmRrr¥—75
AR DFRRI I 22 el 2 AT o 72y WTNOE T R F—ICEH L TH, TRILF—4
ORI ELFHINTWDZ Enbod, Figs. 2-1-3-(12)~16) 21X, AES
MO Z 7T, 2bblid, 27NV 2% LICHEBILLEETRL TS, AE
IDAZBE L T ENW—ERHL N TS, ZILD ORI & Jik
SNy B3, SEIERFMHFITBNTHILO v MG EZEUNCHI TE 5 2 &2k
BN,

F 7o, BREE v BROMEEFHFEAE R 2 GUBRRR EICRE T 5 2 FEO FIEIC OV TR
Ltok%%@ﬁﬁf%x@fﬁvﬁ%%%mﬁw THBELTXD0, 27 /v=
VALRE U CHERE R A RO D L (FiE2) OIE50, 2O ve M
BT HHE (FED) IZHARX 0 BB EZRTZ Enbootz, FrZ, FHikl

TSN NAEICBE LT, BEERBELS W ERRNLHALNTH D, &
AUE, HiE1 TREZEICHWE tan 0 o DEY 2 BREARE E 2o TV RN T EEERL
T3,

Z 2 TR L7e iR ORI LSMT & | 28— RR AR AR & HiH O RIRBERE I 3 L
THHBEZI T8, WTFhb HiE2Z2HWA 2L T, BWUNCTO y B2 HHE T
DT ENERTE T,

4

19



10° g 3 107 E 3
- YURI 1 C SOURCE ]
[ S0keV ] I 50 keV ]
10 E 10 F 3
E i = C ]
L ] = C ]
< L 4 =) L .
e L 1z L METHOD 2 i
~ <
=
w 10*F 3 3 10°F 3
z F i = - ]
) . B | n
brsg L i ] L ]
=
]l 2 L ]
)
T 2
1% E 10" ¢ E
- . - METHOD 1 .
. ] _ ]
- oa) . - b) 1
102 ! | 1 1 10" 1 1 1 1 L
0 20 40 60 0 20 40 60
GAMMA RAY ENERGY (keV) GAMMA RAY ENERGY (keV)

Fig. 2-1-3-(7) Comparison of energy specta of photon fluence between a) the
original gamma ray field calculated by YURI to b) the one reproduced by a
simulated cylindrical source; infinite plane source in ground at depth of 0.133
g/em? emitting 50 keV gamma rays.
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2.2 FEFHRICAVNS 77 2 FARUERMRE

N OVgids « R O &2 BN CRBL L2 BN 7 7 o b AR =
B AHBEFMOY — & LTS b, Z2<OFHRRT —# 24 L Tx 7,
ICRP M AR 7278 2 J7 2 R U C & T U BRI D 43 B Tl PEER A DRl N & xF 52
ELTMEEFEDOREL L THWD Z EREAREINTWD, D7D, THEZEH®E
NEWIBEERIRE S, TR AIZRE T DK BT — % OFFHLELIC RS X | 1
RREEYE N DK T — &2 BPiE Sz [ICRP 1975, 2002], Z D& 2 12t~ T, Mg
SisE CHERA SN 257 7 > b ADfgE - MO EEIX, EEAT —XIZ—&KT 5 X
INHEET DO EH ThH -T2 BT 7o baD—fFlE LT, A DOIRBESHRES
ERFZERT (GSF) 7BA% L7= Adam & Eva % Fig. 2-2-(1)iZ~ 7 [Kramer et al.
19821,

ADAM EVA

Fig. 2-2-(1) Stylized phantoms Adam and Eva developed at GSF, Germany
modeling the ICRP reference male and female.

L, #7777 P OISR E AW T AR EZ KRBT 5 FEICERT S HIRNEF
L. FEAMMSBARICE L CEAER T —Z IS TER S =T /L Tl Rz
D AMEKEOZF Ofiggs - Mk O 2B EIZIEFITITWE TR T HZ L3 Lo
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7o, AT TITEGALERE I O IR 2 5o & L ¢, CT mif%<> MRI Hi{5% D AR D=
BT — ZICEDEERT 2R 7 BT 7 FABREB I, Z<HVWLBND X DI
2o TET, UiERERE THWONIEIET 7 & N ADERIZ OV TIFER ORI
EEIZEFLEHHN TS [Saito 1998, 2007, 2011b; Petoussi-Henss et al. 2002; Xu
and Eckerman 2010],

EEH DL, RN & BARANDOBEDENEZH OLNICT A Z EEZ2HIYIZ, AT
DTOFRENRZBLVT 7 hAE LTHESITOND ARANRANBLDOR T )L
7 7 k& Otoko [Saito et al. 2001] & Onago [Saito et al. 2008] % Bi% L 7= (Fig.
2-2-(2); Appendix I ZH), Zi 6D 7 7 & b AFINBHIT < R OWERLIL < DOf &
FHRACMEH 4, B2 2R 2 L7 BEBOME LN LIS TE 72, 4
AL < ITHOWNTWZIE S8R O X 72 B OV T L7255 12X A AR A
EVERR AN DR EDZITIRE L RN & ERIOIEERICIER LA I ARICE R T
57250 BEAZEDIFOVNEETHD Z EEOMABHELINTE TS [Saito et al.
2009a, 2009b, 2011; Sato et al. 2008; Ohnishi et al. 2004], NEEHKIX < IZBIL TH .
MEIM O LT — % TH HWINEIS (AF: Absorption Fraction). HWRIVEE

(SAF : Specific Absorption Fraction) % DFHE 2470, MIRD 7 7 > k A & DLk
=N Th T & 72 [Kinase et al. 2003, 2004, 2005; Kinase and Saito 2007;
Akahane et al. 2007; Tsuda et al. 2007], F 7=, Otoko & Onago DBAFREER & HiZ |
EOICEPERRDO B ARNT 7 v b LA0BFE 417 [Sato et al. 2007a, 2007b, 20091,
T RRIG R IZ3 1T D M AN~ S HAFSE & 32k S 4u7- [Saito et al. 2006, 2007;
Deloar et al. 2006; Kunieda et al. 20071,

ICRP % Publication103 TH#ErRs L 7= B O A H 2B W T [ICRP 2007]. 4F&
DRT VN T 7 N DS %BRETIAICHWS Z E 2R L, BRI A B Zo
RN T 7 b A AM & AF (Fig. 2-2-(3)) DFffli7e 7 —# % Publication 110 (Z
;xL7= [ICRP 2009], Z DOIEHAER 7 L7 7 o kAt KA Y BREEEEN Y ¥ —

(Helmholtz Zentrum Munchen, [H GSF) 2B L= DO THY . @ AD CT HE
TR EERICLUTERET VAR L, Kk, (KE, s - AikoE &2 TREEEA
DIERKET — 22— T2 L 9 ICHBAE 2 AWV CTHREN{THO [Zankl et al.
2005],

THEDOR 7 BN T 7o P ABEBER SN TE T, Jix, MEBHEOTZDITRIIC
AR ENTEAR 7BV T 7 AL, GSFIZX D 7Toshio~7 7 s A Child 726
N2 8 DAL D7 7 > b & Baby ToHh - 7= (Fig. 2-2-(4)) [Zankl et al. 1988; Veit et
al. 1989], = 5IZ, FTIFAFERDOERE T 7 o A EZEHRLE Y EWH BN HH D,

AW TR AR O PICRE T AMEHFEHOBE 7 7 o F AL LT A
RRAEHE AR 7 L7 7> b AM, AF L3277 > b A Baby 2 L7, D&asit
END R ELFET I, BLoBOIERIIET L CidlgssiiEs Ly L., B
& 2 WM LMEITR A DIFFRIC DWW TEENE N OISR Ot &2 £ D £ MV, ICRP
DOFENE R ST EREE O CONEZ (T 725 ICNE L7 [ICRP 2007 ],
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Baby 13 Toh 5 03 BHAN R E N TR Z 7-fiE%H LT\ 5, £7-, ICRP
2007 FEIEIZB W CTEDBRE DO Gilfas 238 2 72 Z LTk LBz IZgss 2 &7 L
ELTMA TEY, EREOHEICLERFSRE 2T —KICEXTWnD, ZNHD
IE#RAR BT AR & R UARIN BRIV TR EAFHE L, (B L. EEEI
ERITITRANCKH L TER SN LOTHY , Z 2 TR OEEZH L NICT 57
DIZHRN & FIBR D E 2 THEMREFI LB A LI L THEHE LTz,

F2hii e E1X ICRP IZ X DU FOERICHE > TFHAE L7z [ICRP 20071,
E = Yrwr Xgwg Drg = Xrwr Hy 2-2-(1)
ZZT
wr g R T (29 DRI E LR SR ()
wg @ HURHRR R SR 2 B BRS¢
Dr g @ JUEHR RS X0 IBES - FBfk T 125 2 7o EEWRIGi & (Gy)
Hy s #6% T oMtk E (Sv)

RELAT N BRI T I MR O MRV B D s - RIS L W AR D Z & 2BE T L7120
DIMERBTH D, BEBITER L TEC DB XD THERIZ, FREIER A D
B, DK DFFMBER, BIAREEZBE LICMIEZITo727 b Y AV bzl
FAE T LIZEIR L. Sy k0T B U AL hADFLGS 2R TREL L Twrldik
D BTN D, BEHINEAREIT B BR ORI X2 AR BOENEZMIEST 5720
ICEASINTZETHLIN, AFRICEBNTEy RIC L DI 25 T2
wp=1 & LTEGMELZFE L TV 5, MMIMERE DA% Table 2-2-(DIZRT,
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PHANTOM

Fig. 2-2-(2) Voxel phantoms modeling Japanese male and female adults developed
by the authors [Saito et al. 2001, 2008].

Reference male (AM) Reference female (AF)

Fig. 2-2-(3) The voxel phantoms modeling the ICRP reference male and female
defined in ICRP publication 110 [ICRP 2007].
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Fig. 2-2-(4) Voxel phantom Baby modeling a 8-week-old baby developed at GSF,
Germany [Zankl et al. 1988; Veit et al. 1989].

Table 2-2-(1) Tissue weighting factors indicated in ICRP Publication 26 [ICRP
19771, ICRP 60 [ICRP 1991], and ICRP 103 [ICRP 2007].

Tissue, organ Tissue weighting factors
ICRP 26 ICRP60 | ICRP 103
Gonads 0.25 0.2 0.08
Bone-marrow (red) 0.12 0.12 0.12
Colon 0.12 0.12
Lung 0.12 0.12 0.12
Stomach 0.12 0.12
Bladder 0.05 0.04
Breast 0.15 0.05 0.12
Liver 0.05 0.04
Oesophagus 0.05 0.04
Thyroid 0.03 0.05 0.04
Skin 0.01 0.01
Bone surface 0.03 0.01 0.01
Brain 0.01
Salivary glands 0.01
Remainder tissues 0.3 0.05 0.12
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E£3E BEyHEHEHEECTAHILOI— K YURI OB
3.1 a— FOBE

BRI AT Ok EIC OV T, BE y IR L2y I a L —va v
R L FEME T X HEBREE v #iEEH R = — F YURI (Young-eyed User-code for
Simulation of Radiation Intensity in the Environment) ZBi% L T [Saito and
Moriuchi 19851/ L 7=, Z D =— RORHEIL, BREICRA 7R BRI A I B85
LIEMERFFLTHRY ., 2 OREEARSCHIEAMEZ Y I 2 L—3 3 Y FREOHIC
BAGVHHIATe Z ENTELZ &, OV F A N —OFRMEZFIH L TR0
BWoylal—vardMizdlbtTthd,

YURI THEE L TV 5 y SO IGERRIL, HERIN, =27 CBELLOE
KA TH D | BAAXAERIC LD ARSI 134 U U CHEBEIRS 2 = L
FCRETTANT 2 8D 0.511 MeV UK v # & ittt 72 S fBE L T 5,

y BROWEHAR L UCIR, BEICFHAOBA L LT2R. BROKEEAL LTE
2 TCn5, BRFEREZSL, 2RI Noy O KON Ar BENEI 75.5%, 23.2%.
1.3%DHEENN—t L N TEHEEND L L [NAOJ 2006], 72720, MED5S % O
IZEmOTNDTZD, O DA EERL D 6 0.1% K& 2o TWD, — iR HEED
FTHER S TH D SiOs. AleOs. FexOs, HoO (2 LV, Hid#EK S5 & L [Takada et
al. 1984], 0 TOEE/ N\~ "2 5225 Z LIC L0 EEWRINAED B BIMICEHE
ENnb, £, BERETFICOWTIIEBEL AT 5,

BREE R OWEH AR E LTI ZER E LR CHET 2K EETH Y, &
Rl —varORE SNDIBRESRMIIZOEBIKANFEH T 2580850, £
7o BT UC¥qm, BR, AR, P8, F5HH. FEFIAR, BEh#RiE, Ah#RAR,
YR, BRI E TIRREMANLTH T ENRARETH D,

FRIFTAR & U CORRRIR, AR, i, SRR IR 2 2 R T&, UF
AN —ZET D L TR 2O MRIREZ 7T ML TE 5, BIROET MRIC
Hloo T, BEFIZH VG~ RBIROBEROBIENHE SN TE Y . #IEIRE
TFENTA—HERET D Z L TRGITHIROREN TR Z D, FFIC, BRIEHF O
7RI & LT, ZBHR DT 7 A7 — AR B N O R BEIH o kiR & 23 7
A—HDIRPUZLVRET D ENAETH D,

T AT N— KT T, R IIRERR D> B RIS S U7 U P FE S B T 1
BT 5 & &, Bl E®E R 2 W, 3700 bIEE M &K UKL M E DR N
EHDATDERELTET/VTHY | IR D 6 K S 37 U AR O fi ik
P TOA TR T 2 DIZJAL VBTV, BT EBENETI20-> T, 4D
IRV RS /NG A— 2 Th L IR0 OREERZDEINS 225, B TRk & AR YER
ZDOBRIIKALEEICL VBT D, R]REZEEBOEERAL LT, NAFX /LD
7 —# [Pasqill 1961] ZfEHTHIZEEL L 7= [Hayashi and Shiraishi 1980] % H
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VW72, Pasquill 12 ZIVIZREAEZEE (Atmospheric Stability) X A 205 G 20 S
TEY., AlXRD RABARLERRET ob b, s 2 < IV FEECJR Mz
X U CHEA NI < B EWE IR T 2 REE2 T, — T b ZERRKRED
G TiE, A DY OEFIZE W TSR PRI EA T RA~OIER D 1T/ S0,
YURI TiE7v—20HEm S, JBE, KRREZEE, 700N y B Z BB 58
BEHAE 5252 LT, HI AL NN —LET IS T-RIRABED T v & 57
VT RATO ZENHEETH D, AMFTED L/ & 7p > T2 Hid o FR 5B S o AR BRI
ONTIE, BEHEEREO P ~OBITOREEZRTNNTA X THDH 25252 L
T, BROWES HONIED T VX LV T o T RITH, BITREGRE & MEEh 5 %
T A= T, BTN B> Tt 5 & &0, MIRmIC TR
D 1e (e 1334 BT 5 ; 2.72) 12D THERELZEKRL TV D,

MR R F— L L CTFHEATRLX — & D WIET RV —0510 & R o T2 &
BERDHTENTE D, BEPITRA O RREES T TH 5 238U ZFIEEME, 232Th &
FIEFRIZ DWW CTUE, BB ER US> TN D EDIRED S LT AT hLT —H M
Bz 5nTEY, HIMETHD 285U HDHVT 22Th OELEREZ AT L. RIIE
FERENOHEND v EENZOMMBEIZ LN > TT X L7 7
b,

FRHHERICBI U T, iR mEI AT R iR 2 WD Z & R0y SR O
A DS T LTckk 2 IR O Fm 2 L TR Z1T9 2L b AEETH 5, A
M, FBE L7 W% v A3 L7 & 12 100% D= TRt L, ZO xR /L¥—
A EAESM AT D &L BIT, B, ERUC L DBELR, TS X D HGELBR O
R Z ek 5, P L THRIT 28BEREL TRIHT 22 bAETH D,

3.2 O— FOEE

fA¥E L7z=2— K YURI Z W TER&x 2kt a G b Licdv I 2 b—3a V&2 5E i
L CHRAKER OB AT T2, WERE RIS EN—FE2/RLTNDZ Enb,
V3ial—va U EROBEROREY I 2 b—a 0w AMICEE T 5 %40t
DRRFE S 7=,

N TR R, RN ERFE DO 235l L TEL DYy I alb—va &5
L7, 2 b—a rOERMRELITICHNET H, N THGHEZREIZEE LT,
RGP TZEHIT 60Co Z-D 0 FIF TITOAL - ARIR SRR, T Rl Kot Eic
60Co L N 137Cs Z %1 L CTIT o 7o ZBi  — oA U 27 ARIEFEER, [H H AR 714
ZEATOMFE AR T 0 5 it S 7z 41Ar FcH B OB 2R — 1 12 & D HEE TR,
F )V ) T A BT DERE v S ORISR O 7= D OREEHAE, RIS F=L /) 7
A MZEBT D HET—_A FEROH E~DOEBELRE OB HENHIT B D,

— 7, RIRHGTMAZREICES U Cix, #irh o 238U SRAIB%FE, 232Th RAIELHE, 40K %
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KL L, 2D ORMSHERRED O i S35 Husk v B B & IS X A o
AV aFE =X AHHE, Mgy MOBBICL2WE, i 1m BT R1L¥—
IR DFEAT, FRIRN IR D SRA L ZEMBREROBROMBITEN D D, T b DK
FRAEFE R D 5 BER DO ELLTITRT,

[H B AR OM7ERr (Bl A ARIFEF S0P 5EBR s <ld, ~V 272 —%2FfH L T
JEIR DR E RN 2 BRFENCHIET A Z 2 B E LT — XA VAT LD
BiF 21T -7 [Saito et al. 1985; Nagaoka et al. 1985; Tsutsumi et al. 1986], = ®
G, BAFE L7ZHE > AT A O ESCHIE FIEORREE 21T 2 72912, WL OO R
IR DR AR L LT EE FM L7z, 2 2 CH%E Lz v A7 MIBUER 222
it 2 =M LTS 2 AT AORTE & LTREST b, B hiaHilit
B =D AT DMIE RS IR IR EITFEEZE O —_ A THH I TE T,

WLZERE Y — A U AT LAORIEZAT 9 123012, P B Kt o> —H0 1 X B 0 i
K ZRE L TRBEEZEE, N a XY=V AT A2 EH LT EDEETED
AT LM ERS A 2 HE LZ, Fig. 3-2-(Di%. Z OROHIERE S & YURI
LDy Ialb—va UERERELIZLDTH D [Saito et al. 1985], XIHIZiL
Ra2lb—va Nl ROT-EZEMMRER L BEERIC L D ERRER L EHE S T
L TWD, BIEOE E2NR S S WZEMBERELZ R L, B D OBERENA R E <7
DIZONERNBAD T 508, ZERMEBERN Ny 7 7T 070 KLY RT3
KEWVWEZATIEEIEE I 2 b—ra TRV —FHERLTND,

F72 A UERIZBWTHELNTZZERICEBIT 5 v B x V¥ —514f % Fig. 3-2-(2)
W U=, ERMEOT 7 43— T 4 T FELE L TA M) v TEEZ W=
B, 662keV DE—7 DILNVIZEVDEWVR RSN, BERICEWD RS
b,
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Fig. 3-2-(1) Comparisons of calculated exposure rates with experimental data for a
point source of (a) 6°Co, (b) 137Cs on the ground. Calculation (1) stands for total
exposure rate, calculation (2) for contribution from scattered gamma rays. All
data are normalized to a source intensity of 3.7 X 1010 Bq. Experimental data were
obtained using a 5” diameter spherical NalI(T1) detector on a helicopter flying at a
constant height [Saito and Moriuchi 1985].
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Fig. 3-2-(2) Experimental and calculated energy distributions of flux density. In
the experiment, gamma rays from a 1.15 X 1010 Bq 137Cs source on the ground were
detected by a 3” diameter NaI(T1) detector on a helicopter at a height of 20 m. The
observed pulse-height spectra were unfolded using a stripping method [Saito and
Moriuchi 1985].
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FLZEfgt — A AT K& TR a2 6 S 402 B AR o i &
ZHEE T 5 71L& BR%E L7z [Saito et al. 1988; Saito and Moriuchi 1988], A J51ET
1%, Fig. 3-2-(NTRT L D I Zez VTR O &N 7V — a0 14247
J— Ll & EAAITHAT U, BE L7 BRI E R D I E A HEET D, BtE T v —
T OGS MR E I T AT N— LET M- TEPITHHT D EARE L,
BRx R RREEE, SRR VFX— BRtET Vv —L e~ a 72— OFEEELE
ELTYIalb—yarzfr, EHBRERP DM E~OBREAEZRE LT, &
(RAZIE., B S - B R ER D 5 O ZE RIS R RO & i B2 HEE
T 5, BRI U TR LIcBARE OB %2 Fig. 3-2-(DITRd, Stz O i
PR D & B 58 L - a5 b Ak L7z,

B H AR A FIRFGERT ORFFEIE 2 & it STz 41Ar 23 LT a7 4
— = B E L, ZOBMBEREE VTR BOHEEZITW., AZ v 7 E=F—
THIE LB L el L 7= [Saito et al. 1988], Z Dt F: % Figure 3-2-(5) & Table
3-2-(1) R T, BEEOHEICTNTWTRE T 77 #—2~3LUNT, FHET
X7 7 72— 20N CTHEEZ2H#E T, Zhicky, &2 @EUIcHETE 5

PABLREE I BATE S 7= &I L7,
FLIGHT LII;JE}/

L HETGHT
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Fig. 3-2-(3) Schematic representation of positional relationships in the aerial

survey for prompt estimation of release rates of gaseous radionuclides from a

nuclear power plant.
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Fig. 3-2-(4) Examples of conversion coefficients to estimate realease rates of
radionuclide from a nuclear plant using an aerial survey (a) for method 1
converting the maximum air dose rate, (b) for method 2 converting the integrated
air dose rates; coefficients for radioactive iodines: 1=134], 2=132] 3=136] 4=135]
5=133], 6=1311, 7=129] [Saito et al. 1988].

5.0
= STABILITY B 1 - STABILITY C - STABILITY D ]
~20bk—— — -4 b+ a4 b ]
& Cooe °
~ ° o ¢} °
(=3 . LN ] L4 ° °
~— lo:—c~.—‘0“'——.'“': :._.,__‘__5_._4_% :——-A.___.__H____:
o = p) d - d ° [ O—q . ® ] - o -
= - o - = o ? -1 - o . o=
Et: L - - o - - ° 2 -
o5 F— — — — —- ey — - S ——
- = - ° - - —
B o
- - - - . —
0,2 = W T W T | | I N Y S O W | [ W N N N I |
1 3 5 7 9 1 3 5 7 9 1
RUN NUMBER

Fig. 3-2-(5) Ratios of estimated release rates (Q) to the values obtained by a stack
gas monitor (Qs). Run number indicates at various positions and times. The ratios
are shown by open circles for method 1 and by closed circles for method 2. Three
atmospheric stability categories of B, C and D were assumed for estimation [Saito
et al. 1988].
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Table 3-2-(1) Ratios of the average estimated release rate to that from a stack gas
monitor. The value in brackets shows the standard deviation of estimated release
rates [Saito et al. 1988].

Atmospheric Average ratio (Q/Q,)
stability
category assumed Method 1 Method 2
1.03(36%) 1.25(19%)
C 0.72(40%) 1.06(32%)
D 0.64(64%) 1.05(47%)

FEH DI OTT =V TANMIBWTHBIEIZY —XA VAT LAEHH L TA
WD EAT I —_A 2 FEhi L, ZEEERS M~y TE2ER LT 7 T4 FEICREE L
oo ZOBRIZ, BEVETHIE L7EZE0 0% MR ERA~HE T 565504 H L7z
[Sakamoto and Saito 2003], EHOH I 2 m & THIE L 7= 224 ER 2 E0 o Hh
F1m OEMBERANERT 72012, FEEZ BB L) HIEKED O 715G
AR EZBE LIy I 2 b—3a U2 L THRERE LR Lz, ZOkRZ, ¥
Ralb—ya LA HERE L RN X A AR A ik L7/ R % Fig.
3-2-(6) ITRT, ZZTHhyIal—yartEUNRBOEEZRLTND,

Conversion coefficient inferred

Conversion coefficient measured

Fig. 3-2-(6) Relationship of conversion coefficients between measured and infered
values to convert dose rates in air measured on a road to those around the road.
Measurements were performed in the Chernobyl area, and the inferred
conversion coefficients were determined based on simulation using YURI
[Sakamoto and Saito 2003].
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— 7 BRI AR B U Tl MLt — A S AT A2 HWTCEEEZE X THIE S
1TV, AR U 7= KRGS E D & DMk v SO m R L=<, v 21—
va UkERE DA 1T 72 [Saito et al. 1985], yinv~yay@k®@ﬁ%¥
— 2 L7p% 2380, 282Th KON 4K o Bl IE, HEER 28I L T Ge Mg
Rz y BRART RSB L0 572, EEOFHMIZBNTAY a7 & — @mr“%:
0m 75 500 m £ CTEZ CHIEZENM L7, Fig. 3-2-(MIZ ks RO —6 &2~
HEAS 400 mBEET EUMEELE S I 2L — a URERIZBW—FHARLTWD,
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Fig. 3-2-(7) Variation of terrestrial gamma ray intensity with height. Calculated
exposure rates were compared with experimental data using a 3” diameter
spherical NaI(Tl) scintillation spectrometer at the Watarase experimental field
[Saito and Moriuchi 1985].

Fo, M EOREFIZL YRy BAEEZZ T2 ST ELS LIV TWTZNN,
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K DT 2 S0 LT, FIEE OWRBIZ XV Bkx REE A R o0y, Mgk v SRR I E
PERMRN B D DITEEREICEE 2R C-EEKETH 5, HHARF IR Tl
i o HENZIBWTHEE D H 5 R & BEE D 22 WX ANE ORI ZE R &R 0
RIEEITV, T OFRERN DFEE /K E & gk vy BOWE O BfR % 7= [Nagaoka et al.
1988], & HIZ Fig. 3-2-@®)IZrnd L 91, Hy MOBEMM AT I 2L — 3 Ui
K VRO TERIE & i L, BWV—F%& & 7= [Saito 1991],
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Fig. 3-2-(8) Diminuation tendency of terrestrial gamma rays by snow cover on the
ground. Calculated deminiation factors were compared with observed values
[Nagaoka 1988; Saito 1991].

PLE BR& 72 5231 B OEREEZ, BA% L a— RREUICHETX 5
:k%%%ﬁééﬁ\E<ﬁ%éhfwéﬂ%@%/7ﬁwmﬂ~h_iéﬁ R ES
EDHLERL T, ¥ 2lb—a O YMHE2HH~~Z, Figs. 3-2-(9). (10)i1%
0 AT 7% AESLAFIERT TR SR 105 8 & P IA < & E O RS EE D
el ST & 7= MCNP ==— I (Monte Carlo N-Particle Transport Code) [LANL
Group X-6 1979] & DL Z 1T > - AER TH 5 [Saito et al. 1990], W T D LLiRIZ IS
WTH YURI & MCNP OFFRITEVW—F%EZRL T\ 5,

TS D AT ORE RS YURI =t — Rk 2 22 502 B W TERES v BROHH%
V3ialb—varEEUNcEZiTE D AR LT,
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Fig. 3-2-(9) Comparison of energy spectra of photon currents calculated with (a)
YURI and (b) MCNP for infinite plane source at a depth of 0.13 g/cm?2 emitting 50
keV gamma rays. Photon currents are shown at heights of 0 m and 2 m above the

ground.
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Fig. 3-2-(10) Comparison of energy spectra of photon currents calculated with (a)
YURI and (b) MCNP for infinite plane source at a depth of 0.13 g/cm? emitting 100
keV gamma rays. Photon currents are shown at heights of 0 m and 2 m above the

ground.
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F4F ITEPOBEVEBSHRECHT IRELEFRBORH

TEICRE UL, el 3R m T < OFmfR & U CIlS s 23, I

TR T DI OFMIHFITIRE L CTIT X RS H IS %2 Lo Tl s
Z> Z W% [ICRU 1994], EEIZF =L ) 7 A VEH K OVA B OE BHEHIZ B
T, FHNC L 0B S D B TR O 3 h O TR S5 A7 13 TRl T %
HOPFYEES & L TWD [MEXT 2012], Fig. 4-(Wix, F=/v/ 7 A VKR OEE
THIE Sz B OIRE S D 137Cs DIRESAfiZ R L T\ 5D wam%%ﬁﬁﬂ
Bl B CRE & L BICEMRANICHEEE L TR0, RATE SN EEBEES ATy
MERLTWDZ EDRTNn5D,

A(t) = Agexp (— é) 4-(1)

A(Y) : TRE 12T DB E (Ba/kg)
Ay - HIREICH T DU REIRE (Ba/ke)
t: P OBEE (g/cm?)

B : FRERE (g/cm?)

TR BT MAETE D M ~DBITOFRIE L 72 5 /8T A — X T FREERE N K
VM A~OBITHARENWZ L EZR LTV, 22Tk, BEOEME L CHEMNE
%%k@@i@%i%%wé_k#F<ﬁ@bm1%to_ﬂ X, BRERHm O BLE )
DITENMNEMEDH Y O HEEE TR INTRIFIEE (g/lem2) 25, # Eo vy & E
BRICBEEM T 5N 72D TH D, B OMEITFHEORGEIRE, 13, BRORNET
445, ICRU @ Report 53 [ICRU 19941127R S u-kk & 72 B OB % Table
4-(DIZ, £ 7281y 72 B OfE% Table 4-(2)IZ~7, Z OERHZ AU, FERNED 3 mm
PLEDSEMIZE T 2105 % 148 MBI B OfEIL 1 glem?2 & S TW5H, 1~5
£ B OMAIAY 22BN 3 glem?, 5~20 4EH DOfES 10 glem? & S TW5, fift-> T, k4
(AT D BT L CRAEERIHE Z24T72 9 2 &M E L 22 D, £7-. BAERNICEREE P
X< ICH G T HERICKTT 2 ERERE A L Tl Z e, R HERFEIC X
HERBEWIE OFHMEEITD 5 A TRE LD, TOT=HIT, JAVWEIFHOFREIRE B &
MEFHIOXNGR L 700 9 DZHMO MR L XR & LI BRREZFE T2 &
L L7,

B RN T A A DR X — 2 HR—TE LINWEIHE ZE L.
RANCHAT XL — IR 2 BRHEHE L, Z20RICET — 2 2 L Tk~
IRE BRI D MR A AT DI L L Lz, BIZOWVWTIZ 0 ~100 g/lem2 D
FPHC W HEHOE 2D BOEEBRET S L EHIZ, =L F—E LTIE 10 keV~5
MeV O[> 18 FADH AT 3 /L ¥ —2E LTz,

INOSDOMBAELEEEFDEE VI a2l —rar LIS LSS, SR T 7 v
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NAEAWDZ L EBETHE B TTEE r—ADTIalb—Ta Bl s,
THUIHY DR E L RS-0, 22Tk, #iE1m OERI—~ Gy 226 EhfRE
Sv ~OHBEREIZE LT, UTFORiEZRB N Ty Ialb—vaHeodi Ltz
A Te, T700H, 0.5 glem2 DRI ITHAET L FEAIRICKT T 5 Gy 226 Sv ~DHf
FAREIL, kR & 72 B DA & FF O FR B BAE D AR 6 2 A RAR S %, FFA T Dt
ETRETEDLLVIHIFHETH D,

Z OFHEIE. Fig. 4-@QUTR LI RICESLS D TH S [Saitoet al. 1998], = =
TlL, B DfEZE 0glem? (d=0 g/em2 OHFmEARUZFEY) . 3 g/lem2, MEFRK ((KFE
BIFIZARY) 2L ESHT Gy 205 Sy ~DOHERE AR L, 0.5 glem? OFES D
AR 2 HBARE & TV 5, Z ORI L UE. 0.5 glem? EO SR
DOHFAREL ., 2T ORBEIBS MR OB FALRE % 15% AN DFEZE T A[EE T H
V. B OMENFEEEZEAER ORI TH 2 3 glem2 LN THIUE 10%LIN DREZE
TOELDBFRETH 5, BREEH COMEIANICI T D4 RRR BN O EE B &
FTIUX, ZOBEFHDICHFEINIHATHL EEZLND,

PLEowigIcESE, UTNIORT PIECHRESREEZ KD,

a) Chernobyl site b) Fukushima site
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Fig. 4-(1) Depth profiles of 137Cs in the ground observed (a) in the Chernobyl area
and (b) in the Fukushima area. The both profiles fit to exponential functions.
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Table 4-(1) Measured values of relaxation depth in various conditions for
radiosecium. [ICRU 1994]

;jrtiargss?tfifr: Source of fallout Location Relaxagt/iz:qzd epth®
3-4 weeks Chernobyl Western Russia 0.1-2.0°
5-6 weeks Chernobyl Germany 0.5-1.0°
<1y Chernobyl Sweden 2.2

<1y Chernobyl Germany 1.4

<1y Chernobyl Germany 0.5-4

1-3y Chernobyl Germany 1.0-10
1-3y Chernobyl Western Russia 14102
4y Chernobyl Western Russia 1-7

4y Chernobyl Belarus, Ukrane 1.4-5.6
15y Weapon test Eastern U.S. 4.2

5y Chernobyl Western Russia 2-4.5

36y Chernobyl Germany 2.5-15
36y Chernobyl Ukrane 1-4

36y Chernobyl Western Russia 3.3+0.7°
>15y Weapon test Western U.S. 14 £ 4°
>15y Weapon test Western U.S. 2.9+ 1.6°
>15y Weapon test Southern U.S. 14-20
>15y Weapon test Eastern U.S. g:: éfgc[:lzts))

a X indicates standard deviation of the mean.

b Wet deposition.

¢ Arid region, irrigated lawns.
d Arid region, natural sites.
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Table 4-(2) Generic relaxation depth for undisturbed grassland for deposition with
natural aerosols, annual precipitation not too different from average in moderate

climate and not extreme soil types. [[CRU 1994]

Time period Precipitation Relaxationzdepth* p?riil:;t;;%gg 0 Reductioq of kerma
(y) (mm) (glem?) fluence rate in air
0-1 <3 0.1 0.88 0.90
0-1 =3 1.0 0.56 0.65
1-5 - 3.0 0.37 0.48
5-20 - 10 0.19 0.29

*Accumulated during and after the deposition.
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Fig. 4-(2) Variation of the conversion coefficients from air kerma to the effective
dose due to difference in source distribution in the ground. The results for the
surface plane source corresponding to 8=0 g/cm2, the uniform volume source in
the ground, and the exponentially distributed source at relaxation depth of 3
g/lcm? are compared with the results for plane source at 0.5 g/cm? [Saito et al.
1998].
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4.1 FERRICHTIERND—INoEMRE~NDREZLK

F7, #HERmI S 0.5 glem2 DIES OHPIAFIET 2 o xr3 5, =50 —
~ O EE LTI D 7o O O#RERE (SviIGy) ZEMR L7z, 22 TiX 15 keV
736 10 MeV £ TO 18 IO H AT 2L X — y # 2t 2 8R A2 M8E L, HaR
Rt 2 HaRRE Z2 RO 7=, Db, 2T\ TRlb Lz FiEIckS& | BREy %
BOHE IR OMEE, 5127 7 v b aZAWES BEFHE A INERIT - 72,

BREE y MG OFHREICBWL TR, ER & ENERPECTHET L VA A N —2E X7,
1% Si02. AlsOs, FexOs, HoO M HAERL S, £ DO E&EE|IEITZZE1 58.3, 16.7,
83.16.7% Ch 5 & LTz, TEAMET 5 EFHMSIXINOLDS T ThHY [Takada et
al. 1984], £72 26O FOMEEIGENENT D Z & DREIZOWTHE L7-FER
MHIE, vy BT R F =P ARG S 2R E | R OEEIL T < /hEW T LN
BENTWD [Saito and Jacob 1995, 1998; Takada et al. 1984], ZERDEET 1.2
X103 glem3, T DOEFEIX 1.0 g/lem3 EEFE LT, EEOLOEEIIZINLY 20K
XWGANZVN, FHROES & glem2 DAL TEZ VT LOBEE I I 21— 3
UHERICEE R B2 N2 E Do TV B,

M HE 2> 5 - 180 cm D & £ T 20 em 38 X (R AR A2 R E LTz, Hirh
? 0.5 glem? O S ITE W SRR D AT RV —0 ¢ & i L T O¥#E %
T T HNRIETER L, S Ay OB - 7258 IS T DO Rk — LTSS
Mz Lz, £ Iab—T a3 B80T, HEMNS 1,000,000 O vy # 4 i LT
ZOZEEBE LT, AKEFENTIEER O S 248E Lo, B|E S AL y OB
BiaIb T 2R ERET H 2 L& Lic, \EROAN~EKN T y BRITHIE AT O v #7
BZE WV ERBE G 22N MR LT D 2T, 28T 1,000 m LA EoE S I2EE
L7Zy a5 NZHF T 1 m LEDOERSICEL vy BITZ ORES TEBBR 2 F1E LT,
Floy MO RNAF—3 10 keV LTI T L7288 1380 2 ik L7z, 10 keV LR
Dy FRIT S MBICEBERTHEZT 52 LITR2WEDTH D,

Hil- 180 cm F T 20 cm FBXITERE L2 RHE TR L7 2 kK v 7 v v
ADFERE S L2, 2.1.2 THRARZFIEIC LD 2 RIAERRIR O R B ER 2 KD T-,
BT T D HEREEBEEICE > T g VX —L a7 T Ly %
Z O 2RI G S, EOHRICHKE L7 7 P ANTOZ R VX — 5
A Ulasii &2 R 7,

T 7 FARNDy BREEXES I 2 L—3 3 2%, EGSnre (Electron Gamma
Shower) =T— KD/ /N— 3 2 v4-2-3-0 [Kawrakow and Rogers 2009] % {#H L 7=,
EGSnrc =— FiZ EGS4 =— K [Nelson et al. 1985] #EEHADI I 21— 3D
TeDIZHR LTca— RTh U | ERSE 2 H.OIR S EH SN2 ORSEE DN BRRE S
TW5D, yHIZOWTEEIN TV HIYELEERIT, ERIN, =27 #EL, &
AR, L=V —8ELTH D, vy HBOKISIZ X0 E U7E I3 @R K & fl B
IV ZOZRINAX—ER, ZEEILICL Y ZOEITHMEEZ S E LTS, Kif
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DB AEFIET D0y bAT7 =X —1F, BREE y BOEEFHE IS LT 10 keV
PLFIZRRE LT,

Kit-MN7 7> B ANTTZRILX =% 5 LA, TS5 x X —%7
G L. BB ICHEES A S I B p L X — 2 A5 L CES - Mk o R TEIL Z
IZ X Ve E A R L, /NSRBI R DR EN 1% 28X v 51T,
TNENORELMEmICE T A EICB TS A Y —$% 7,000,000 —
20,000,000 O#iPH Tl HRE LT,

Fig. 4-1-(DIZ 0.5 glem? O S ORISR D 2250 —~ 0> b Ehf B~ D
B R T, AR THROFEDMEL R EZ VN, ZHUL, AMBIZE D v RO
RN FDE, 725N y BRIRE DM EEEIC R VDT 2R ICL 6D TH D,
Z ZTlE. ICRP O LW EAENS Publication103 [ICRP, 2007] TiEF S #U7- kA%
INELREIZINZ T, ICRP D LLRiDFEAE)E Publication 60 [ICRP, 1991] TR
TR ELRE 2 L 72 S B O ER R b Lz, 272 < & HBREHR TOIMB
BIX IR L Cid, MM ERBOZBLITEMEICIZE A EREE H 27202 LR

F#E N7, ICRP Publication 26 [ICRP, 1977] TiE S/~ Lo E Y & L ICRP
Publication 60 TEF SN 7= FERED LI Z LA T 7248, 22 ThRE 2T
BRI N2 o T2 [Saito et al. 1998], ERELFH OAMNTHIE < l2BW T, Ko s L
TR RIEZ R v BB AR T 5720 AFH NI K DIEasir & OE WAL &
NHTDThHEEZLND,

1.2

0.8

ICRP 103

ICRP 60

Effective dose /air kerma (Sv/Gy)

0.4 [ Adult ° 1
Baby = — —- A i
0 [ 1 L
0.01 0.1 1 10

Photon source energy (MeV)

Fig. 4-1-(1) Conversion coefficients from air kerma to the effective dose for an
infinite plane source in ground at depth of 0.5 g/cm2. Conversion coefficients
defined in ICRP Publication 103 are compared with those defined in ICRP
Publication 60.
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4.2 BEOEHBRSTRRICHT IRBERENSERN—I~DRERHY

i DR BIBA TR IEEE N S 1 m DR —~ 2 E T 2 HEEE (Gy
per photon/m2) 2O\ TClX, PARMZBHZE Lo Z2FH Lz, S AE»-> T, #mf
D% IR S ORI ORE L 225 —~ L OB EE T Ve HEICL D
5732 L [Saito and Jacob 1995, 1998], Z O i#EF — &2 20+ 5 2L T, BEip %
TRMERE & R e S BAE D AR kT LU CL SRR E NS ZER N —~ 23T 5729
DHFARIZBR%E LTz, 2 2 TlE, 0~200 g/lem? DOHIFHD 22 DR S OFHFR, 0.01
~5MeV ® 18 DHAT R/LF —filZZ[E L, 0.1~300 m ¢ 12 O &I st
ERELCy MESFHEEZER L., BARFEREH-Y DR —~ (Gy per
photon/m2) | K OEREEHF CRSZ = &S TR E~ET HEERD 7 LT R

(photon/m?2 per photon/m2) M3 % {Efk L 7-[Saito and Jacob 1995, 1998], “Fif##
JIZR4 2 1m (2B 52250 —~ DT —# % Table 4-2-(DIZ/R" T,
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Table 4-2-(1) Air kerma at 1 m height due to mono-energetic gamma rays emitted
from a plane source in ground [Saito and Jacob 1995, 1998].

Source Air kerma per unit source intensity (Gy per photon.m™2)
depth
(g.cm™) Energy (MeV)
1.00E-02 1.20E—02 1.50E—02 2.00E-02 3.00E-02 5.00E-02 7.00E—02 1.00E-01 1.50E—-01
0.0 1.82E—16 2.17E—16 221E—16 1.88E—16 125E—16 8.15E—17 8.52E—17 1.10E—16 1.73E—16
0.10 5.53E—18 1.92E—17 4.33E—17 6.72E—17 7.22E—17 642E—17 7.23E—17 9.71E—17 1.53E—-16
0.15 1.30E—18 7.37E—18 240E—17 4.76E—17 6.05E—17 5.93E—17 6.84E—17 9.28E—17 147E—16

0.20 3.25E—19 3.04E—18 1.39E—17 3.49E—-17 5.19E—17 5.55E—17 6.52E—17 8.93E—17 142E—-16
0.30 2.32E-20 5.61E—-19 5.04E—18 2.01E—17 3.99E—-17 4.92E—17 6.01E—17 8.34E—17 133E—-16
0.50 0 2.35E—-20 8.02E—19 7.64E—18 2.56E—17 4.03E—17 5.26E—17 7.50E—17 121E—-16

0.70 0 0 1.43E—19 3.18E—18 1.75E—17 343E—-17 4.71E—17 6.90E—17 1.12E—16
1.00 0 0 1.1I9E-20 9.37E—19 1.05E—17 2.77E—17 4.10E—17 6.19E—17 1.01E—16
1.50 0 0 0 1.36E—19 4.84E—18 2.03E—17 3.36E—17 S533E—17 8.87E—17
2.00 0 0 0 2.20E-20 2.37E—18 1.55E—17 280E—17 4.67E—17 7.94E—17
3.00 0 0 0 6.64E—22 6.33E—19 9.35E—18 2.04E—17 3.71E-17 6.52E—17
5.00 0 0 0 0 531E-20 3.79E—-18 1.16E—17 247E—-17 4.71E—-17
7.00 0 0 0 0 5.19E-21 1.63E—18 6.87E—18 1.71E—-17 3.52E—-17
10.00 0 0 0 0 0 491E—-19 325E—18 1.01E-17 231E-17
15.00 0 0 0 0 0 723E-20 9.83E—19 4.35E—-18 1.20E—-17
20.00 0 0 0 0 0 1.11E-20 3.10E—19 1.90E—18 6.26E—18
30.00 0 0 0 0 0 2.63E-22 295E-20 3.63E—19 1.74E—18
50.00 0 0 0 0 0 0 3.07E-22 142E-20 1.35E-19
70.00 0 0 0 0 0 0 0 6.28E—22 9.51E—-21
100.00 0 0 0 0 0 0 0 0 0
150.00 0 0 0 0 0 0 0 0 0
200.00 0 0 0 0 0 0 0 0 0
2.00E-01 3.00E-01 5.00E-01 6.62E-01 1.00E+00 1.46E+00 2.00E+00 3.00E+00  5.00E+00
0.0 240E—16 3.76E—16 6.35E—16 8.19E—16 1.18E—15 1.60E—15 2.03E—15 2.73E—15 3.99E-15

0.10 2.14E—16 333E—16 S5.60E—16 7.27E—16 1.05E—15 142E—15 1.81E—15 243E—15 3.52E-15
0.15 2.05E—16 3.19E—16 5.35E—16 6.95E—16 1.00E—15 1.36E—15 1.73E—15 233E—15 3.37E-15
0.20 1.98E—16 3.08E—16 5.16E—16 6.70E—16 9.64dE—16 131E—15 1.67E—15 225E—15 3.26E—15
0.30 1.86E—16 2.89E—16 4.84E—16 627E—16 9.05E—16 1.23E—15 1.57E—15 2.11E—15 3.08E—15
0.50 1.68E—16 2.61E—16 437E—16 5.67E—16 8.16E—16 1.12E—15 142E—15 1.92E—15 28IE-15
0.70 1.56E—16 241E—16 4.03E—16 5.23E—16 7.53E—16 1.03E—15 1.32E—15 1.80E—15 2.62E—15
1.00 1.42E—16 2.19E—16 3.66E—16 4.76E—16 6.86E—16 9.41E—16 1.20E—15 1.64E—15 240E—15
1.50 124E—16 1.94E—16 3.22E—-16 4.17E—16 6.04dE—16 833E—16 1.07E—15 146E—15 2.15E-15
2.00 1.11IE—16 1.74E—16 290E—16 3.76E—16 545E—16 7.51E—16 9.69E—16 1.33E—15 1.96E—15
3.00 930E—17 145E—16 244E—16 3.18E—16 4.62E—16 640E—16 828E—16 1.14E—15 1.70E—15
5.00 6.85E—17 1.09E—16 1.86E—16 243E—16 3.58E—16 S5.01E—16 6.55E—16 9.11E-16 137E—15
7.00 5.24E—17 8.53E—17 1.48E—16 195E—16 2.90E—16 4.10E—16 542E—16 7.61E—16 1.15E—-15
10.00 3.62E—17 6.14E—17 1.09E—16 146E—16 221E—16 3.17E—16 4.24E—16 6.06E—16 9.35E—16
15.00 2.02E—17 3.67E—17 6.96E—17 9.57E—17 1.50E—16 221E—16 3.01E—16 4.42E—16 6.98E—16
20.00 1.13E—17 224E—17 4.53E—17 641E—17 1.04E-16 1.60E—16 223E—16 3.36E—16 543E—16
30.00 3.65E—18 8.44E—18 1.98E—17 3.01E—17 533E-17 8.79E—17 129E—16 2.06E—16 3.48E—16
50.00 3.85E—19 1.24E—18 3.99E—18 6.94E—18 1.50E—17 2.88E—17 4.79E—17 8.50E—17 1.62E—16
70.00 3.94E-20 1.78E—19 8.32E—19 1.66E—18 4.27E—18 1.01E—17 1.86E—17 3.76E—17 8.05E—17

100.00 1.30E—21 9.22E-21 6.50E—20 1.75E—19 6.87E—19 2.10E—18 4.70E—18 1.20E—17 2.99E—17
150.00 0 0 0 0 2.99E-20 148E—19 4.89E—19 1.80E—18 6.30E—18
200.00 0 0 0 0 0 0 6.05E—20 2.52E—19 1.36E—18

N.B. E-16 means x107'6.

Z ONHEARIZ KT 2 RS ICEAMF T E L THEST 52 812X D, 0~100
glem?2 OHIPHD 14 O F72 DARMEIRE B 2 FF I EB fRIRIC kT 5 25—~
2B NT 7 Vv A DMBEARE A B LT, Tab1e4 2- N BB AR AR 65
HHLE 1 m OZER—~DEEZRT, IOITET —F 2L T 129 OFUHEFE
(X D HUEARER A PR LT, 2 ORERIE. 22 O RFE SRR S OV o A MR L 2t
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THHBEREE & BT
A7 M VHIESCHR BRI O 72D O HitgET
RSB DO~=a T [F <= A EEKBRHE S -

[MEXT 2008] 2% Z ® ICRU Report53 OHARALRE A ERH S dv, 4 [BlIOE 55— R

ICRU o Report 53 [ICRU 1994] |

CERM S HL. BREE

—Z L LTS TV,

y RO A

in-situ H|E |

FIIREHOFEHD in-situ JE THEH SN TS, In-situ PIEITIBW TR, A—F
7V Ge RIS CTHIE LIz AT MO E—7 GHEEEN D B O ik
A 2 & D22 &
LRI S 7o ibaE B, TEEERF AR L CREM L 72k s & e, 70 %E

(Bq/m?2)

P A= Z LV HE S T2

AL,

AN

HIGFE DL &
REHEFMT 5, ZDOFIEIZ

TR ERIT

CE R & AR B A R LTV D,

Table 4-2-(2) Air kerma at 1 m height due to monoenergetic gamma rays emitted

from exponentially distributed source in the ground (mGy per photon/m?2) [ICRU

1994].
Photon Relaxation mass per unit area g cm~2
energy
keV 0.0 0.1 0.2 0.3 0.5 1.0 2.0
10 1.82-10-10 6.90-10-11 4.03-10°11 2.84-10"11 1.79-10711 9.26 - 1012 4.71-1012
12 2.17-10-10 8.74-10-11 5.23-10-1 3.72-10"11 2.36-10-U 1.23 - 10-11 6.31-10-12
15 2.21-10-10 1.00 - 10-10 6.33 - 10-11 4.63-10-11 3.02-10-u 1.61-10"1 8.37-10"12
20 1.88-10-10 1.02- 1010 7.05-10-1 5.44-10-11 3.76 - 10-11 2.13-10°11 1.15-10-11
30 1.25-10-10 8.51-10-11 6.72-10-1 5.65- 1011 4.36-10"11 2.83-10°U1 1.69-10-11
50 8.15-10-1 6.77-10-11 6.00 - 10-11 5.48 - 1011 4.74 - 10-11 3.67 - ].0':'ll 2.61-10-11
70 8.52-10-Uu 7.47-10"11 6.86-10-u 6.42-10"11 5.79-10-11 4.80-10-11 3.70 - 10~
100 1.10-10-10 9.93-10-1 9.27-10-1 8.78 - 10-11 8.08-10-11 6.94-10"1 5.63 - 10-11
150 1.73 - 10-10 1.57-10710 1.47 - 10710 1.40-10-10 1.29-10°10 1.13- 10710 9.32-10-1
200 2.40 - 1010 2.18-10°10 2.05 - 1010 1.95 - 10-10 1.80 - 10-10 1.57-10°10 1.31-10-10
300 3.76 - 10-10 3.41-10°10 3.19-10-10 3.03 - 10-10 2.81-10-10 2.45- 1010 2.04 - 10-10
500 6.35 - 10-10 5.73 - 10-10 5.36 - 1010 5.09 - 10-10 4.70 - 10-10 4.10-10-10 3.42-10-10
662 8.19-10-10 7.41-10°10 6.94 - 1010 6.59 - 10-10 6.09 - 10-10 5.31-10-10 4.45-10°10
1,000 1.18-10"° 1.07-10°° 9.99 - 10-10 9.50 - 10-10 8.78 - 10-10 7.67-10"10 6.43 - 1010
1,461 1.60-10-° 1.45-10° 1.36-10°° 1.29-10-° 1.20-10°° 1.05 - 10-° 8.84-10-10
2,000 2.03-107° 1.84-107° 1.78-10°° 1.65-10-° 1.53-10-° 1.34-10°° 1.13-10°°
3,000 2.73-107° 2.48-10-° 2.33-107° 2.22-107° 2.06- 1079 1.82-10°° 1.54-10°
5,000 3.99-10"° 3.61-10°° 3.38-10°° 3.23-107° 3.00-10-° 2.65-10° 2.27- 1079
Photon Relaxation mass per unit area g cm~2
energy
keV 3.0 5.0 10 20 30 50 ) 100
10 3.16- 10712 1.91-10-12 9.56 - 10-13 4.79 - 10-18 3.20-10-13 1.92-10-18 9.59-10-14
12 42410712 2.56 - 10~12 1.29 - 1012 6.45- 1018 4.30-10-18 2.58 - 10-13 1.29 - 10-18
15 5.65 - 1012 3.43-10-12 1.78 - 10-12 8.66 - 1013 5.78 - 10-13 3.47-10"18 1.74 - 10-18
20 7.87-10"12 4.82-10"12 2.45-10712 1.24-10-12 8.27- 1018 4.98-10-18 2.49 - 10718
30 1.21-10-1 7.72- 10712 4.06 - 10712 2.09 - 10-12 1.40- 10712 8.49-10-18 4.27-10718
50 2.04-10°1 1.44-1071 8.31-10"12 4.52-10-12 3.11-10"12 1.91-10712 9.76 - 10-13
70 3.06-10"u 2.29 - 10711 1.42-10°11 8.17-10"12 5.73 - 10-12 3.59 - 1012 1.86 - 10-12
100 4.81-10711 3.77-10-11 2.49-1071 1.50 - 1011 1.07-10711 6.85- 1012 3.60 - 10-12
150 8.10- 101 6.52-10-11 4.48-1071 2.79-10-11 2.03-10-1 1.32-10-1 7.02-10-12
200 1.14-10-10 9.29 - 10-11 6.47-10"1 4.09-10-11 3.01-10-11 1.97-10-1 1.06 - 10-11
300 1.79 - 10-10 1.46 - 10-10 1.04- 10710 6.66 - 10~11 4.93 - 10711 3.26-10-1 1.77-10-1
500 3.01-10-10 2.47-10-10 1.77 - 10-10 1.16 - 10-10 8.67-10-11 5.79-10-1 3.17-1071
662 3.91-10-10 3.23- 1010 2.33 - 1010 1.53- 1010 1.15-10-10 7.75-10-11 4.27-10"1
1,000 5.67-10-10 4.70 - 10-10 3.42-10-10 2.29 - 1010 1.74 - 10710 1.18- 10710 6.54 - 10-10
1,461 7.82-10"10 6.51-10-10 4.79 - 1010 3.25-10°10 2.49 - 1010 1.70 - 10710 9.56 - 1010
2,000 1.01-107° 8.42 - 10-10 6.26 - 1010 4.30- 1010 3.31-10"10 2.29 - 10710 1.30 - 10-10
3,000 1.37-10"° 1.16- 1079 8.71-10-10 6.07 - 10-10 4.72-10°10 3.30-10-10 1.89-10-10
5,000 12.03-10-10 1.72-10°° 1.31-10"° 9.26 - 10-10 7.28 - 10-10 5.15-10-10 2.99 - 10710
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4.3 BEOEHEHSMREICSHT SRERELN O ENRE~NDBRER

LIF ORI EAN T, BT RV —0 y A i 9 2 SR B A BRI 9%
R Z R LT,

E(e,B) = E(e)K(e,B) 4-3-(1)

E(e,p) :HAT XX =N 7% T 2 BB AHRIRIC T 5, #RIR5E
FE D & SN B~ D HLE AR (Sv per photon/m2)

E(e) HATFILX—ITEEHT 5 0.5 glem?DEEE O FEHEIFICHKT 5,
28N —~ Db EREA~OWEZEE (Sv/Gy)

K(e, ) : WA /LX =Yo7 & it t3 2 5B il b9 5 . BRIRTHR
D6 22T —~ ~DOHFELREL (Gy per photon/m?2)

e C BHE T X — (MeV)
B PR BB AT BRIR OFEETEE (g/cm?)

10 keV~5MeV ® 18 DEAT R )LX—, 0~100 g/cm?2 D 14 DOFEERE KT 5
RS A Bk Uiz, SEENRE N 5 glem? £ TOMBREOME R %, 50 keV~2 MeV
DOHFPHD 6 DO R X —%FA T Fig. 4-3-(DITRT, OIS, FEEEIS i
FRIRI kE 3 2 FEDIR B D LR ZREFEN 9 N 2 5, £T, vy TR LF—DEWIZ
ENE~AKERZIN X —EMET HMEPHZ D700, FITIBMENRRKE D,
Bz IE, BRAIZKTT 2 2 MeV y #ROBFELRENT 50 keV v MR OBFEAREUZ L~ FR1H
TREEDS 0 glem? DOGEITIE 44 15, FRETRE DS 5 glem?2 OLGEIZIL 104 5 RE WV, 2
DFED 2R RIT AR E 72 0 DZER N —~ DENTH D05, NRD Bk h 5
DEVWRE BITHREOEAZEIESE TV D,

RENRENRE L RDI1FE, TROBBIEPES FIANIBATT H1F E LR ED /)
LD, TR K DEFREIREPRELSAEAT L L0257 Th D, FEMHETHE
FEIZ K DREEDOWIE AR R F =20 N SWVIE ERE L 72D, FRETRE DY 5 glem?
DOFfE & FEEIRE N 0 g/lem2 OFfE E O, 2 MeV O=F/LF—"Ti 0.4 FREIC
L EDLMN, BT RLF—N 50 keV DEAITIZ 0.2 LA FICR 5,

RN E IR DOEMREZ T 2 & ARDOEDHREDNRE D, £o, AL
LI OBEBOZITRR = RN X =D/ b EREL 725, 50keVy BROLGEIC
TR OMBEIIRAITEEART 1L9BEREL 2 D0, 2 MeV TIX 1.25 (5RRETH 5,
Z OEENT AR, LR OIFE D BAMKIC XL D HOERmRDEN/NS N b F70, B
By G0t EOEEIZ L 0T D2 EOW T ORERE KR L TV,
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Dose coefficients (mSv per photon/m?)
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Relaxation depth (g/cm?’)

Fig. 4-3-(1) Effective dose conversion coefficients for exponentially distributed

source in ground emitting mono-energetic photons.

4.4 EHERIAREICHT HRRREL SEDREE~DBERK
WITKT — 2 2R L. RS PERREC 3 2 5RE2 LT o L0 §H5E L7,
E(N,B) = c Xy, E(en,)K(en, B) 4-4-(1)

E(N,B) : 8550 A LT- R N k35, FRIFIEREE ) & FENRR R~
DOHFAEE (Sv/h per Bg/m?)

E(ey,) :HOATRALXLT2BMT 2 0.5 glem? DY DRI
T 5. BRI —~< b IHE~DOHELRE (Sv/Gy)

K(ey,B) : BT HAE T2 2 I BRSO AR T 5, #7
JRBREE > D 225 —~ ~DEALREL  (Gy per photon/m?2)

en, BN 01 FHO y BOZFLF— (MeV)
YN, D BN 01 FHOy RO ()
B FRBBHEA AR OFRE IR (g/em?)
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c . HN O IELR S

i —4& & LCiE, mE L Iin 23 E & o ICRP Publication 107 [ICRP 2008] 7 £:4%
T—%4% ¢ L TCHEH &N DECDC (Nuclear Decay Data Files for Dosimetry
Calculation) ZffH L7 [Endo and Yamaguchi 2003], ICRP 107 (%, HcitiRbh#
EHRER DT D DM EFHMIHT — 2 2HE T 512007 — 2 2 EHcbY
fEfl L C& 72 ICRP 38 [ICRP 1983]icE Z#1>5 H DTh 5, DECDEC |Z ENSDF
(Evaluated Nuclear Structure Data File)® 1997 S-fR DT — X\ ZHiT- 787 — X %
MATIHEiZ LB LebDTH D, EXITBWT, S Dey, Lyy, &5 %
%7292 DECDC 2w b vz,

AWFFRIZ BT, N LN B EETE & RN T A & o T H R 185 B FE D
FARE A Uiz, N THORMEEZREIZEE Uik, R 138 E T VR BE ) I e b
X DR A I i Eg DO FE O BRI S AN IR < ITF 57 2 AlRetEd & D850 &
M OO AR 2 JR < et & LT IERNCEBRBE IR S % rTRE D & 5 i
SRR LT, IE<SBED K/NMIBEDL 63, 60O 21T 2 WER H 5
T Th D,

RO ERARICBE LT, FEHBRICE DV EFNICAER SN TN D Be 725N
238U RAYIEFEDELR LT CTh 5 222Rn, 214Bi, 214Pb & %4 L L=, "Be (3%
HCARR LI L TR D TE THIF BT L TR E 25 & B2 b,
FHEPICAEET D 288U OBEARBEEOOE S TH D 22Rn (TR TH 5 7= 0
B ZER A S, F OEEAREFE TH 5 214B, 2M4Pb (=7 1 Y LIZAE L
TP ZFEL, RS D &M EICE L THRMNREZ LA SEDRKEE 72D,
FERN & & B ICHE BICE L 26 ORI, HIFPISiRSE L CWE AR s L
TEP ARG AR D EEZ DD, T D OMEFMIZAWD 72912, KR
PEAG TR 2 W RAREL DRI 2 T2

AT 5 # B AR $% Table 4-4-(DIZ, FLIRIT 6§ 2 #HE AR5 Table 4-4-(2)1275
T, Flo, MRER G FRIC KT A BRI OR] & LT 151Sm, 241Am, 141Ce,
13TmBg (137Cs DEEZEREFE) . 60Co 72 & NT 214Bi (25609 D #akifR % %z Fig. 4-4-(D)ITR
T, SIS vy BRMEWIEICEREZ R LTV 5, 1518Sm O%AIZITFLIE O Eohii &
TRRAIC RT3 ERERMNZ EBNb0 b3, iUt s v 823 22 keV & 1
Ul NENWTZDThH D, 60 keV Oy #iZ& KT 2 241Am (B L Tik, FLIR DO EZ#H
BTN AT 1.7-1.9 5, 137Cs OB ER LT T 5 13/mBa, 60Co, 214Bi [T
WTIX 13 RETH D,

R R X —FIROGA IR, FEEAREE D 0 M HHEINT D224, HEHGH R OB
IZE V0 EMEITRFICEAD T 5, v BRIV —EINT 21208, BRI
AT B, FREIREN 0 & 5 glem? DA OENREOFE T, 151Sm RV
T7 77 % —2~5 OfFPHIZH 5,
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Fig. 4-4-(1) Effective dose conversion coefficients for several selected radionuclides
exponentially distributed in ground.
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Fig. 5-1-(1) Distribution of effective dose ratios between Baby and adults a) for an
exponential source in ground [Saito et al. 2012], and b) for a submersion source in
air [Ptoussi-Henss et al. 2012].
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Table 5-2-(1) Body characteristics of the phantoms used for investigation of effects
of body size on organ doses [Saito et al. 1991].

Phantom Age Height (cm) Weight (kg) Body width (cm) | Body depth (cm)
Adam Reference male 170 70.5 40.0 20.0
Eva Reference female 160 59.2 37.6 18.7
Child 7 years 115 21.7 33.1 17.6
Baby 8 weeks 57 4.2 21.8 12.2

B¥T7 7 b haAT— U IR0 BRITHERMEN LT 7 7 > b A2 X0 jE )
R EAFMMTE 20 &2 57202, Adam & Eva OHE&E4 Child DEEL[F L
2D XA =) T LT 7 o N AERER L T, DR E % Child @
JREHRE E L LT, 22 TR —V 7 LiE, KR OEE Z TR b oo Hifl
T4 AV ardffEsSE T, 77 v FABOEENR—FHTHLI9ICT7 7 FAD
YA RERETHZLETHD, MR A& DIZOWVWTIZENETNE SOHEMAT R LE
—, B NZONWTIL, 3OORAREFEEZET HZ LI, £7 7 FAITHL
TEIRTI13 7r—ADgEEZFE LT, A7 —VU 7 L7- Adam & Eva #1L¥h
Dligesfr % Child &g L7c72, BIKT 26 7 —ADWEK A T2 512,

ZOHBOER, A=V T LT 7 b ADOTEEREEC T DT —
%D 80%75, Child D[Rl —ggs DR & 10% AN DRAET 8T 5 Z &, EiEs:
H#E L7258 2 TOr — R80T 5% UNT—ET2D 2 ENphotz, ZD
EIND, A= U T BT T 7 v b A E W TClges i B O OfE 2 3E4h 4 %
ENHFRETH D LRI LTz,

% ® T Adam, Eva, Child, Baby (Z/llz Adam MO Eva ZJ5 K L CERR L 7=
100 kg DKEZHETH7 7 M2 EEHAL UM ELZE T vy I ab—Y
N VEHE L, VI 2 —ya VIR BRI E L ESREE TN THh
DEMET LT Fig5-2-(WIC 7 v v b Uiz, Rl 2 (R 5 0O 575 RIS HEHh 2 #1805
EoTH EIZBWTIE, &I T T ey b L ARNZITER EICLET S &
DFEND BiLTe, T7bb, BEPICBIT Dl EIILL TOX T TE 5 2 &0
BN 22T,
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Fig. 5-2-(1) Dependency of organ doses on total body weight for infinite plane
source in ground [Saito et al. 1991].
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Fig. 5-3-(1) Variation of organ doses due to difference in body weight for infinite
plane source in ground (left figure) for male adult, (right figure) for female adult
[Saito et al. 1991].
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MRENRKELSET DL, 1END 12 M E TIHERICH IS L CTRENED T2
Tl 12O EREIIMALIZERCTH D Z &M, HLMNIT R o7,

PLEDORATHRER D F & % Table 5-3-(2~ 7, FMLISOERIT, et & DL
BITIERE IR EBEE 2720 2 RSN,

Table 5-3-(1) Variation of organ doses due to age: average, ranges of organ doses

for different ages are shown being normalized to those for adults [Saito et al.
1991].

Normalized organ dose
Age 0.05 MeV 0.1 MeV 1.0 MeV
Average Maximum Minimum | Average Maximum Minimum [ Average Maximum Minimum
0 1.83 242 1.13 1.38 1.67 1.1 1.27 1.52 1.12
1 1.55 1.92 1.10 1.26 1.45 1.08 1.19 1.36 1.09
3 1.44 1.73 1.08 1.22 1.36 1.07 1.16 1.29 1.08
6 1.33 1.53 1.06 1.16 1.26 1.05 1.12 1.21 1.06
9 1.21 1.35 1.04 1.1 117 1.04 1.08 1.14 1.04
12 1.09 1.15 1.02 1.05 1.07 1.01 1.04 1.06 1.02
1.8 2.6
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Fig. 5-3-(2) Variation of organ doses due to age: organ doses for different ages
were normalized to those for adults [Saito et al. 1991].
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Table 5-3-(2) Range of dose vatiation due to different factors related to body size

Factor Organ doses | Effective dose
Race, Sex 10% 5%
. Individual 20% 10%
differnce of body
Age Factor 3 60-80%
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Table 6-2-(1) Effective dose rates estimated from maximum radioactivity per area
for radionuclides observed in the environment aroud the Fukushima Nuclear

Power Plants. Observed radioactivity was normalized to June 14, 2011.

Activity per Conversion coefficients Effective dose rate
Radionuclide area (Sv/h)/(Bg/m?) (uSv/h)

(Ba/m?") Adult Baby Adult Baby
3Cs 1.4E+07 3.31E-12 4.34E-12 4.6E+01 6.1E+01
¥Cs 1.5E+07 1.21E-12 1.59E-12 1.9E+01 2.5E+01
HomAg 8.3E+04 5.73E-12 7.46E-12 4 8E-01 6.2E-01
12mTe 2.7E+06 6.62E-14 9.19E-14 1.8E-01 2.4E-01
8] 5.5E+04 8.10E-13 1.10E-12 45E-02 6.0E-02
®py 4.0E+00 1.67E-16 4.74E-16 6.7E-10 1.9E-09
z9240py 1.5E+01 1.83E-16 457E-16 2.6E-09 6.6E-09
89Sy 2.2E+04 1.82E-16 2.38E-16 4.0E-06 5.2E-06

Table 6-2-(2) Contributions of dominant radionuclides to the total external
effective dose rate estimated from averaged radioactivity over 50 locations having
different radiation levels.

Contribution to effective dose (%)

Radionuclide

June 2011 March 2012
%Cs 70.9 68.0
¥Cs 28.1 32.0
1om Agr 0.3 0.04
12mTe 0.6 -
8] 0.1 -
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Fig. 6-2-(1) Contributions of dominant radionuclides to the total external effective
dose rate estimated from observed radioactivity per area going back in time

(Location 1).
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Fig 6-2-(2) Contributions of dominant radionuclides to the total external effective
dose rate estimated from observed radioactivity per area going back in time

(Location 2).
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Appendix I
BARARI LT 72 FLORFKEEH

HAANBA B Zcd CT @it —Z 2 HEASNWTR 7L 7 7 M AZB% LT [Saito
et al. 2001, 2008], BHFEZBHAA L7z 1998 FFI2iE, FARRA L EO THRE IR &
N7 7 v N AOEITHIRIZIE SN TV, E6IC, BAAH D WITHREADRZ /L
7 7 N MIMITIFFE Lo T2, o T, BARANDOHIX S BREOREZVETEN &
RBZEEBYIOHEL LT AT/ T2,

HANERAD CT F—H OEAFHZE L I ERHEDRT T 4 TITHWRE L 72D
ZEEKEH L Ta2HD CT 7 — X DR 21172 o7, ZOE, R0 B & EF. CT
REASED U AT EIZONWTHICHA L BT, AEICESWUREZTT- 712, F
oo W7 BT 7 M AOBFICIED CT R LT, CT R 217 o 7o R H R
BAERFZOMHEEELETO TEREE TR Z1To 72,

RANFBPET 7 > B AOBFIL, KA OB HREEFFEAT(GSFIZ 33\ C {5 AL
PEEEE MIPRON AV, E7k A&7 7 > b AOBZILIA B AR 18 5EATI R
WG ALER Y 7 |k Visilog 4 % AW TIT - 7=, CT Wi 1 Kofg (S Mg LB L v §:58
7l RO EL b bk HER ORI ORI Z R ET DU AT 572, CT
W DIEIZ7e % CT EIXE FEEEZEMEN LI b DI b, B JE FHO s - J%
& HMEIC R 22 DA, & Olifds MRk ORE A 5 = L IRHENAE S TH D,
Bz X, B A L H O CBEN R DD, CTEO LEWEEZRET S
Z & THREROHH A FRETH D, — 7, FHOlES Mk E CT I WIEEITIE,
LEVMEZEEA ICEE LT DA LNTERIRZEBAE CEIE LY LT, Bk oedT
PERR A V) 7003 & deaii & HIMr S A ERESFIR 2 R E L T <, BRERIR SR E S T
lgies - AR 2R T 5 vy B ITIZE DlER A2 R TR U ID H 25 LT,
ERALEE DB 2 X A- T -(DIZRT, 24, B8, JEaB. Ms, I8 OB 217
STBITH D, SEEICE U I E B I H ¢, B, BESEE . M DE ST
Wb, BO—D—DDFBICELR D ID HHEH X700, FRCEBEHOFHD55E
(TS O N EE LT, FlxiX, IEITE M EICR2 5 ID F5x, E-FHELHE
T DE IO ENENIR D ID FEHEME L, iz, IEWEE &2 FEolisias - k%
N U CIEET DO EN IR S O IBPMETH - 7=,

2 WM Bl SN BB A2 EHRD Z LT, AMED 3 RoeET AVRERSND, 3
WIRNEET A TIE R U ID HF 52 OoR 7 B 0ES L LTS HfENnER SN
%o A USRI DWW TR Uondfipk & BEN G SN 2008 E 8 TH 5, FH LR
BA%E L= B ME~7 7 > b & Otoko, ZME~7 7 > k.4 Onago (2-OWT b [/ — DA - #Hi%
ERERRT HETOR T BIVEE UMK EBEEZFOE LTS, BB LT,
GSF 23B% L= FEICHEW, CTEZ AW T —2DR 7 vV NE BB E & B3I E
LCHRADHERE L THREHFEEZITY Lo L,
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EHIC BB LET7 70 A LA S DY TREFE A2 BT 5 720 Ok E o
— RV 2T DO ZAT o 1o, INIHIEL < BREFEAN ., PEHIE < SREFHm ., ARS0EHA
DOIIE, HGHRBEBREFMT~OEHAZEE L, o HIIZ#EA L7z EGS4
a— ROa—W a— F&E/ERk L7- [Funabiki et al. 2000], BAFE L7=7 7 > kA%
eI, AT —F2 2R L TE T,

BREFFE OISR & LT, Otoko & Onago % AV 7z y #RAVERHRIE < 1069 2 g e
MEFE OF % X A-T-(2)I2 [Saito et al. 2001], B F-HRAMEBHIE < 1263 2 hg sl &
T OVERh OB % X A-1-(3) & ()12 [Saito et al. 2008] N ZEH 177,
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& slice 14

JAERI male/95-12-15 JAERI/gsf/Saito/Zank]

§;gncnt¢d phantom slice 14

JAER]I male/95-12-15 JAERI/gsf/Saito/Zank]

slice 47

JAERI male/95-12-15 JAERI/gsf/Saito/Zankl

CT scan slice 32

E;émented phantom slice 32

JAERI male/95-12-15 JAERI/gsf/Saito/Zankl

CT scan slice 63

- >
JAERI male/95-12-15 JAERI/gsf/Saito/Zankl

Ségmented phantom slice 63

JAERI male/95-12-15 JAERI/gsf/Saito/Zankl

Fig. A-I-(1) Examples of segmentation for the Japanes male voxel phantom Otoko.
The above is CT pictures, the blow segmented model.
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Fig. A-I-(3) Organ doses for external electron exposures calculated using the

developed male and female voxel phantoms.
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Fig. A-I-(3) Organ doses for external electron exposures calculated using the

developed male and female voxel phantoms (cont.).
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