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Comprehensive studies on the refinement of internal dose estimates for

residents during the early phase in Fukushima Nuclear Accident:

Integrated internal dose estimation for Fukushima residents and its uncertainty

analyses

Chief investigator: Gen Suzuki, Professor, Director, National Institute of Health and

Welfare Clinic
Co-investigators: Osamu Kurihara, Department Chief,
Hiroyuki Kusuhara, Professor,

Yasuhara Nagai, Chief, the Division of Nuclear Research, Nuclear Science and

Engineering Center, Japan Atomic Energy Agency

Because of the paucity of actual measurements, United Nation’s Scientific
Committee on the Effect of Atomic Radiation (UNSCEAR) estimated the internal
radiation doses of residents by an atmospheric transfer, diffusion and deposition model
(ATDM) simulation based on a source term (hourly released doses of radionuclides and
an atmospheric database in its UNSCEAR 2013 Report. For evacuees, UNCEAR
adopted typical 18 evacuation scenarios. However, as UNSCEAR admitted in its 2013
report, its estimated doses were several-fold higher than those estimates based on
direct measurements in children, although a total number of such measurements was
relatively small. We have conducted the research of realistic dose reconstruction since
2014, “comprehensive study on dose estimation” from 2014 to 2016, and “dose

refinement study” from 2017 to 2018.

In a fiscal year of 2017, we have almost completed the improvement and
refinement of our ATDM, WSPEEDI, and a source term. Now we are ready for final test
using a data set of continuously measured 1291 on filters at suspended particulate
maters (SPM) monitoring stations in Japan that will be available for use in the first
quarter of 2018 fiscal year. Until summer, we will update the datasets of spatial and
hourly radionuclides’ densities in Fukushima and surrounding prefectures, which will
be utilized for dose estimation. As to evacuation scenarios, we have selected randomly

the individual questionnaire sheets of less than 19 years-old children in 6
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municipalities, and are ready for estimating internal doses during evacuation by
12-hour-steps. As to the dose estimation from ingesting water, we have published a
methodology paper this year, and we will conduct a questionnaire survey in order to
update a mean and distribution of water intake by different age groups in Japan. As to a
methodology for estimating inhalation dose based on body surface contamination, we
have published the first paper and the second paper is under the review process for
publication. Thus, we are able to estimate thyroid doses based on different
methodologies, direct measurements in selected groups, whole body measurements of
134Cs under the assumption of 131I/134Cs ratio, inhalation dose estimates based on ATDM,
ingestion dose based on ATDM and inhalation dose based on body surface
contamination. We are going to integrate these estimates into the final estimated

thyroid doses after estimating uncertainty in each methodology.
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A study to improve the accuracy of early internal dose estimates of residents

in the 2011 Fukushima nuclear disaster

Osamu Kurihara
National Institute of Radiological Sciences of
National Institutes for Quantum and Radiological Science and Technology
(QST-NIRS)

Abstract

In order to understand accurate internal thyroid doses of residents from radioiodine due
to the TEPCO Fukushima Daiichi nuclear power plant accident, we conducted
elemental studies on the internal dose estimation using atmospheric transport and
dispersion model (ATDM) simulations, personal evacuation behavior data, and so on.
The results of analysis of the personal evacuation data suggested that exposure to
radioactive plumes on the next day after the occurrence of the accident (March 12) was
important from the viewpoint of the dose estimation, and the resulting doses would be
significantly influenced by the starting time of evacuation. It was also demonstrated
that the evacuation behavior was of great variety among the individuals and the
residents evacuated to various locations. Most of the residents started their evacuation
shortly after the accident, supporting the result of a questionnaire survey on the
National Diet Report. Beside, we performed a comparison of the ATDM simulation
among different versions, revising age-dependent conversion factors for the device used
in the screening survey for children regarding thyroid exposure, and a preparation for

evaluation of the thyroid absorbed dose considering individual thyroid shapes.
Keywords

Fukushima Daiichi NPP accident, iodine, thyroid, internal exposure,

evacuation behavior, ATDM
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Construction of thyroid model in Japanese

Hiroyuki Kusuhara

Graduate School of Pharmaceutical Sciences, the University of Tokyo

Abstract

In order to obtain thyroid volume in Japanese, weight of thyroid gland excised after death
were collected, and a clinical study was conducted in healthy male volunteers to estimate thyroid
volume based on imaging data acquired by ultrasonic echogram and MRI. Age and sex were
confounding factor for the weight of thyroid gland. It was significantly decreased in men in 65 years
and over, but such effect was not obvious in women. At the age of 25-69, a difference of about 20%
on average was observed between men and women. The thyroid volume was acquired in 52 healthy
adult males by ultrasonic echogram and MRI. There was significant difference between the left and
right lobes. The left lobe showed a 20% lower volume than the right lobe on average. The thyroid
volume showed 5 times difference in the volunteers enrolled in this study. Thyroid volume estimated
by ultrasonic echogram and MRI showed reasonable linear correlation, and hence, it can be
converted each other using the regression equation acquired in this study. Thyroid volume acquired
by MRI was 20% lower than that by ultrasonic echogram on average. The mean volume estimated
by ultrasonic echogram was similar to the weight of thyroid excised, and the thyroid volume set in

ICRP reference person, whereas the value obtained by MRI showed a 20% lower volume.

Keywords
thyroid volume, MRI, ultrasonography
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KoHrt o 2 —1 E L Xl WE oI A NP7 Y U7k
DIRFET — & (47 Mg, BT — 2 %% 382) M\, HIEME O RHEEM DI EATS
CDDEE LTiE, 7 —% ORHEMITT DIRMER A2 K —EDORHIENE (SPM Kf
RENT—H OYRE - 20 Bq m3, MZEHE=4V > 7 OitE R : 300000 Bqm2, HFET&E :
1000 Bq m2dayl, ¥ A o7V TICLDPEE : T0Bqm?) #5258 Eb10, £h
B OWE LR & RN BT 2 HBMHO RREFEME S LT, 2O/ R LB s G /M.
P, Ak 4 5 L OZERE AW TRD IS R QWA & 2B b d 2 RS2 Nz 72,
BARMIZIX, BEROK 7 AME & BB O 4 815 fE & OZEOHIEOGFZ2 Zid 5 11
DL TE o Ttz . FHEMORHEFEMEDOMITHT 2 Z & THEMAICBT 23 E
EORHEFEMEE Lz, Zhid, MEMS TOHRIC L ZKENMOARNRKEWIEE, &
FAEER, RIS TN BROHBEMEO LN KREL 78D Z e h, FHEE RO R EME
MRELSBRDIEERL TN D, Fio, Faifb LIEBHENEOEIZR D 2 Ebd DA,
ZOLE TR OR/IME (1X1010Bqhl) #5272,

4. KG9 O \BIMER LG

FEATHFIEIZ B\ TR PE B R RIRE - IR G B DR 22040 7 — 2 _N— R |2 K % 187Cs
KEFHEE SPM 7 (L& —BHHE (Oura et al.,, 2015) O & iz L& 2 A, REDKE
M - ZERI DA & OEBRNR SNz, ZOEKE LT, BHEERIM KRS
OFBMEDER SN TWD Pk 28 FEMIEREE), £z, ZOROMITICEY ., FH5H
SRS O KOV BICHE S 7 N — A OFRAZ BE TE TORNI LI K S/l
LR ST, T2 T, AEREIL, KEERICEX SN IV — AOFIRALZ BB T 51
D PEHEHR OR R D 5 b E BT~k L7z (K 11-2), 612, [5G0 BIM:
A ETHOOHERELE LT ABETVWRFICED T U U T AR TR L
Too RT P TNEE T, PIBERRZICERT 2[5 O R ENEZBET 5720,
BEOT Y TAPINEZ N CREHEEH T — AFE L, &7 —ADK[RHITHES
< HAHEDE DO RZIEH Y R 2 b—va v & FEi LTz, [REHOFHRICHW =TT VE X
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V9 ) (Skamarock et al., 2008) 19% v /-, WRF %, #E&. HHFIHEOMET — 2 X
BIEKR T RESLEFBNTIHEO KRGS R T — 2 2 A LT, E#i&E 3 oy, Box
NF— KERE, BREFIZOWTORFREZMHS ZLI2X 0 ST 5 RO,
MK EHEDORGHER L AT D5 RN FRIRTRET LV Th D, RS, #HiFKim
BN, RREEFEELR, 2 - KR EOWEIRREZZBET 52 ENARETH 5,

@ 7 —Z [AMbf#tT > 27 I

AL CliE, WURITEE S (Talagrand and Courtier, 1987) 0% H\ T, WRF (2L %
R[RELGOHE~OK[REBIEOT — Z Ak 2 Fh Uiz, MKTTESEX,. KREET VO
R L BUAME & DR A ERANICRTIMMEEZRE L., HRELZEBLETLZLICLVE
B bREAT DR 2 R T HFIETHY . AT CRE S R IR EFTEK
DRGILHGT R K L TEORIEN R I (AL 28 FEMFRMEE) . AW T,
NCAR TR S hi=F — Z AL & 25 - WRFDA Version 3.6.1 (Huang et al.,
200917 ; Barker et al., 201219, LLF TWRFDA| &\\9) &Mz,

AL T, 7o TOVEE T X 2 REIEHGEHE O TR EOfER DD, 3 H
12 A& S 13 ARSI Ci@ v dbEBe> SPM B (AT, FE, #Hitth) T 137Cs
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REAHFRED LAPREINTZr — 2 %08 LT, 77 VR85 % v KRR
B Ialb—varaEhulic, Rr— A% ATV T, 187Cs KA IR DIRFfH
ZER AT BIME & OTeBEER R S, [EGOTIMENER & LTSN T3 HIMT
b5 (CFRL 28 FFEFTHREE),
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¥4, WRFDA % /=7 — & FMLf#HTIE Domain 1 (X 11-2) ZxI&fEmE L, JetTirse
LR CBIIME AR —2 & LT L7e (PR 28 EMEHEE), 207 —Z [A{bfE
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Ay ha—VERO125T O (VAZ— AT 7 AN) 2T U7 AAEEE L
7z (M II-3, % II-2), 207 »H o7 APHEE = b u—/VEBR TRV B2 AT
ELT.2011453 A 11 H 21 B§~3 A 14 H 0B WRF R A7 4 » V3t HE &2 FEhi+ 25 2 &
T, a2y b= VEREELEF 10 A "— (ay b — VERE DA 3 —F6R A~1)
DREGESGEFR LT,
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III.  BFZERE R

1. T — &2 T2 B9 % ST A

HEICL VB ONIAERONRZ, AFEIE, 77 7y MEICEE L, (T8I
Lice BREET — 212 X D B IRHEE DIF #2315, IFINT — Z 12 £ D HUHRHEE O 1% #1738
. BREET — 2 GO39, JFNT —Z 2351, JEHURNT 3331115 b iviz, DL FICAEH O
s 2 Sedlcd %,

O BT — X2 X D hHHRHEE

ZOHT VI LI BHEHEERRIL, KRR I 2 —2a Ve RET—4 %
MABEDOETVHEIECL > THEONTE LD TH S, WHEEEIT, BRE T OB R
FEOWREMEZIIMERE REGIEHS 2 2 b— a U bEW - HEEE 2 ik L Tt &
AT 2 U N—REL . U A= ZEIZB T DR BCAIC LY SN2 T e —F T
HHALN—REDOZONRD DL, FHND ZNETOREDHER & LTI, FEEOMR
LBITE@MO S & T 20114 3 AHICAB ENZ b D (ZAMG, 2011) | FHts% - H ORFIC
EN ORI & v #EE S =6 (Chino et al.,, 2011) . Z D%, H-RBRET — % LFi
T, EREICHEWENSORREHEE L7 b @ (Stohl et al., 2012, Winiarek et al.,
2012, TEPCO, 2012 72 &) | BEHfEALET L7 D (Katata et al., 2012, Terada et al., 2012,
Kobayashi et al., 2013, Saunier et al., 2013, Winiarek et al., 2014, Katata et al., 2015) 23Z(F 5
N5, BoNTWAHEBEORENHARENORE EIZH->TWDZ &b, U R—REE
WA 23— IR K B IHIRHEE O KX 7 v — A3k BICAFATE LI &2 B2t ge b
LTWER, KRETNVEWEETALOR/EY I 2 —va VEOMEE =X ) 7T —
ZORAIZEY TN — 2R3 RICGFELE RN OO EEZE B L0 L H D

(Kobayashi et al., 2013, Katata et al., 2015) .

HOHRFORZEFERAAL & L ClE, RRFORBEICRBINDIBRET — X ofEESNTZH D

(Chino et al., 2011, Katataetal., 2012) . HFHNA X kU LBREET — % O I7 % AV CTHE
EXN7=H o (Sugiyamaetal., 2012, Saunier et al., 2013, Katata et al., 2015) 23 7F(E L 7=,

2015 472 > T, KRIEYE =2 U VR A D SPM G AT — 712l S Qo
FHEEFEOSHRERB BRI (Bd) | 207 —FZHWHERTEOK R b Fii S
7= (Yumimotoetal., 2016) ., F7=. Batir ¥*Cs/™*'Cs E D A3HTH it & IV T HleS W) o0 e
BEOREI DS T LI 1~3 5D 5 6 EDFRFIFE N EE IR Th > 2 OHEE S
K7 54172 (Chino et al., 2016) . KXUGLRE=F U VKRR hOF —Z TR O H L &
HIILFE SN TEY, ZNETT —ERHD TholomEE R O & 5 D 7o s o
T HHTETWL 2, HEEMHEDOE R DU WIS N5,
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@ WFNT — 2 X DR E

ZOHT VIS LB EHEEF®IL, FNOMBELFBR 2 FNMEE T LI
Ko THIT LT FHOERBITICE 280 TH S, FHMOL ZNETOERE LTL, RS
N7EHO B & T 20114 3 APICABSh7=5 @ (IRSN, 2011) | Fthikr A ORICE
NOFEBINHERE L7 % @ (NISA, 2011) BEFEDIFNA X2 b U BHEE X7z b @ (NISA,
2011b. Mathieu et al., 2012, Hoshi and Hirano, 2012, Hoshi et al., 2013) 2Z&iF b5,

@ BET — X i

oM T 49 RO ST D 5 | FERI R G 7 WIRFHNZ R R STz b 0 2 KAl
T5E, BARENTRSEINZT —XIZOWTHEEZLEZLO (Furutaetal.,, 2011, Fukushima
Pref., 2011, Amano et al., 2012, Haba et al., 2012, Kanai, 2012, Momoshima et al., 2012, Nagaoka
etal., 2012, Okura et al., 2012, Adachi et al., 2013, Doi et al., 2013, Komori et al., 2013, Nagakawa
etal, 2014, Nittaetal., 2014) . ESF THUAGF S 727 — Z 2O\ T ~7= 4 @ (CTBTO, 2011,
Hsu et al., 2011, Masson et al., 2012) . SCRME O KBIBLEEIE 7 0P = 7 Mo Tk~
724 @ (Sanada et al., 2014, Mikami et al., 2014, Saito et al., 2015) | FLEZAYAIR CHAER %
HE L7z 1 @ (Hososhima et al., 2015, Nishizawa et al., 2015) (2571 H 5, £ D H T Furuta
etal.,, 2011, Okuraetal., 2012, Nagaoka et al., 2012, Doi et al., 2013 (%, {LFFIZHOWVWTH S
LLTEY, MIMlOEOEERRET —& & L TIEHTIC OB I I TS, £
7-. Kaneyasu et al., 2012, Doi etal. 2013, Miyamoto et al., 2014 |X. KA & 5 2 7= i
Wrof&aEsr>Tn5,

R B AR DA FEB TS CEERICEUS S e T — 21, FIRMEIE AV
DO, WEHEA 1 M2 TH Y JREIEBEAT OREE B B L TR R E Th -
Too LDAL, HHO DR T 21204, =7 1 YL & LT O MG R O 2 8hfif B
kA7 H @ (Abe et al., 2014, Miyamoto et al., 2014, Xu et al., 2014, lgarashi et al., 2015,
Kaneko et al., 2015, Kaneyasu et al., 2017) . Nal > F L—3 3 >0 7 > X O oA % fif
BrL7=% ™ (Hirayama et al., 2013, 2015, 2017, Terasaka et al., 2016) . & }-JiAtzfE N & FH 2
TR D434 2 HEE L 7= & o (Tagami et al., 2013, Torii et al., 2013, Muramatsu et al., 2015)
2L ROFRORETEROREREFIZOWTORTET Tl BEFOEEMADE=4%1
VT T =R LTSRS BRI UL LD, P THRATELEMERNEE=4 1) 7
RANTHHASN TS SPM D7 4 VX —FT—F %55 L= b @ (Tsuruta et al., 2014,
2018, Oura et al., 2015a, 2015b) &, fEBEFEILEZZD, ZNETT —Z M BERTZ > 72
Mgz & =L TV, SHOMHEEHEEICEREL CHFICEERT -2 ThHh D, Eio,
B4Cs/¥'Cs FL ORI & 0 fHH S E 25272 B 0 (Jackel et al., 2016) | R KN T
Cs ZFHIE L7= % @ (Ochiai et al., 2016, Yamaguchi et al., 2016, Furuki et al., 2017, Higaki et
al., 2017, Imoto et al., 2017, Satou et al., 2018) . =T U EDILFHIZ L D KA TOHLE
o 2 & L7z b D (Lebeletal, 2016) %56 HTE TRV | BH SO R E LM R ILE
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T 72 EICER LR D[RR H D,

@ FNT — X HH

FNA > b U O E LTI, Nishihara et al., 2012 23 #8514 7 4E 2 R 7-BI/ETH A ¥
VB — KLl o T D, Tanabe, 2012a, 2012b [T AR TV A 242t L TRV, 57,
RO FiH B HEE IR T & B ATREMEN 8 5, Hidaka et al., 2014 1, 18 & DI LnH
WRE TR L2159k o B, B'Cs oA HEE L7z, Hidakaetal., 2017 1%, 3 H FAjo ™
FeH 23 2 ShEd L O3 SRR R R O T ICERE S 75 YK 0 £ o BN KRB
KDL EMRE LY 2, 3 YT Ly v a L ilRP oA I Uik % Katata et
al. 2015 |2 & % BN/MCs A W THERE LT-,

® LB

BFoNTZ BHUHOFHFHRD 5B, FHilkD & LA & 22 WO RN B AR GEI OB ER 722k
HUHT 2 5206 L 7= @ & L Ci&, Morino et al., 2011, Srinivas et al., 2012 23%(F 5 1%, Masson
etal., 2011, Takemura et al., 2011, Yasunari et al., 2011, Draxler et al., 2012, Mathieu et al., 2012,
Fei et al., 2014, Marzo, 2014 (T4ER Z & R ERI 7R IERG TR 22 F2 0 U, PRI 057 O R
TARICHEZ RIFTIZEONTEHFIIS BRIV 2202 L2 B0 5 HITHER LT,

HE DO KGIEE S AT L OMREZ ERd L= H O & L ClX, Dvorzhak et al., 2012 , Chanpion
etal., 2013, Korsakissok et al., 2013, Meszaros et al., 2015 23 ZF(F 415,

2013 FZAD &, T TV FPHREOFELZEALZ SO (Haszpra et al., 2013,
Nakajima et al., 2017) | EESLKKILEOFEM A J7 = X LA ORKEE AT A Fliia L 7= & D

(Morino et al., 2013, Huetal.,, 2014, Arold et al., 2015, Leadbetter et al., 2015, Kajino et al.,
2016, Yoshikane et al., 2016, Lee et al., 2017, Sarkar et al., 2017, Sanada et al., 2018) . =&
B IRIBYICHOWTRENT L7 % @ (Steinhauser et al., 2015) . D EREMAFENEIZ D\ T
A L7=H > (Evangeliou et al., 2015, Sekiyama et al., 2015) ZEDHENH EIND L H 1T/
Teo B PTCs 1B LTI RAEVL A ARG R O R EE I R & BT 2 Z LR Sz,
EHICITHRICE L UMEFBREOREL K&V, KEOMFREIZES L CTlE, Sekiyama et al.,
2015 7% 15km, 3km, 500m > 3 i@ Y THERNOILHO BB Z A L7z, 15km TITME S
VR AR O LRI & 2 FME 7 B O RE3E 2 FFEE T & 7213, 3km & 500m CTILHIE DR R 4 i EL
LTeFRERSRER E D 2 b &R LT, FHHEaA N EBETLL 3 mfBENZ Y THD Z
EPRENT,

F 72T VI OF A L EGAER § FEHE <AL, Draxler et al., 2015, Saito et al., 2015 TH# S
TWb, V—7 va v 7#is & LTt Hannaetal.,, 2016, Kajino etal., 2018 /3% %, Kajino et
al., 2018 DL L D & | I RREE DR EICES U T3 A A F— LD BN EE TS
N, BRERTIEEE A — A OELIZ OV THIZE > TRV, =7 1 VL OREIC
ODWTOREE RT3 THY | MRS L EDbE TAROBHEERRETH D, KUGYE
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2. T — R _— ZDIEREYLIE
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WTC, BRREDEIR 21T\, FRATHEEE 2 98k LRI 2 17 | L 72,

O 7 —Z X — A fEHTHRE D B
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a)  THUHIRERIE | HERE DIERENLIR

X BAEFE ORINE LN 2T RICFR RSN T\, Tk, A0 A REHE 15 i,
SURRIZH TR 3 RE (AWK 2FE (L7 : I RO CHsI) K UKL FIR) . & Dok
TIRAEAE 3T FL R OB UHEE A 1 RIS —T 0 LCRRT D LD ICEELE (X
I1-1),
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Comprehensive studies on the refinement of internal dose estimates for
residents during the early phase in Fukushima Nuclear Accident:

Refinement of source term and atmospheric transport dispersion simulations
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Abstract

In order to assess the radiological dose to the public resulting from the
Fukushima Daiichi Nuclear Power Station accident in Japan, further refinement of
dose estimation is carried out, based on the previous study “Comprehensive studies on
the dose reconstruction for residents in Fukushima Nuclear Accident”. In this study, by
refining the source term of radioactive materials discharged into the atmosphere and
modifying the atmospheric dispersion simulation using new data released after the
previous study, “database of spatiotemporal distribution of radioactive materials in the
air and on the ground” is improved. This database is used for the dose assessment by
coupling with the behavioral pattern of evacuees from the nuclear accident.

In this year, new monitoring data and useful information such as hourly
air concentration of I-129 by SPM filter analysis, atmospheric dispersion analysis,
reactor analysis, etc., which were not available at the time of the previous study, were
investigated and collected. The improvement of “database of spatiotemporal
distribution of radioactive materials in the air and on the ground” was also carried out
by enhancing analysis functions and user-friendliness. Moreover, to optimize the source
term and improve the reproducibility of meteorological field, an optimization method of
source term based on Bayesian analysis and ensemble calculation method using WRF

model were developed and validated.
Keywords

Source term; Atmospheric dispersion simulation; Fukushima nuclear accident;

Dose reconstruction; Database for spatiotemporal distribution of radionuclide
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