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To consider the method of implementing urgent protective actions in a nuclear accident appropriately, the
authors have been assessing the effects of reducing doses by taking such actions using a Level 3 Probabilistic
Safety Assessment (PSA) code, the OSCAAR, developed by the JAEA. Iodine thyroid blocking is an effective
urgent protective action to reduce the equivalent doses to the thyroid due to inhalation of radioactive iodine.
However, the timing of the administration of stable iodine is important to maximize the effectiveness for
thyroidal blocking. Therefore, the careful consideration should be given to the most effective way of iodine
thyroid blocking when preparing off-site emergency plans.

In the present study, the authors introduced a metabolic model of iodine into the OSCAAR for evaluating the
effect of the administration of stable iodine for reducing equivalent doses to the thyroid depending on the its
timing. Then, examined the effectiveness of iodine thyroid blocking combined with sheltering or evacuation in

the containment bypass scenario with large radioactive release to the environment.
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B S5, 2D OPFERRIC X D80T ARBRI R Z KBS 5720, OSCAARDPFEXRE Y =
—APMTHWOLINDET /VIHIRIJEM CTH 5, £, BNIREHT X 2803 ARRIE, 1Bk L 7=k
WNZ X DYRROBEA~ND R AARIER S & U TOOMNBIIE < BREOREITEANT D, £72, WAL HNES
PIE < OFHBIZIE, BRO T 4 VH R K DIREERE A E AT 5, RN S h#iPH & S2hEdc
TRZOWTIE, AJJTHEZ DA D OHPHE T AL~V TRET D, £ LT, BRI EEE
¥ 2 —/VEARLY Tl S 7o FRIBREIC D & | EHEHFAN T A L~V A8 2 2 SEIRDNRE S 4L,
Z OISR L CRNIBBEO IR, #hE < MEOEERK 6D, —J7, BEHHICOW T, B
WNIRBE DY G & [AlER, IR TED RN TIA L~V 2 2 7o IR OFERDS, B FEhiRT &
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HETNTHD, WL RRREFIZ, U ToXTorahs',

F=1-exp(-0.693(t+0.25)/4) )
ZIZT, tITHIRME I UEERA L T RZEI VREAIEZRAT2EToORM () Thod, 2B, fik
HYEEDORIERTH DVITEEEL T D 025 B F Cle@E@a vELIRHA L725E8I2E. 3 7LD
FRRAREIE <13 0 EGE LT D, Fig. 2.4 12(2)2UC X 29 E < KBRS F OFEEE L A 774,

22 IURRHET L
(1) FURNRHETLOHAN

2.1 Tili~7= OSCCAR D€ 3 U FAIRAET MIE, HRIRE S BREICLE I 7 RZFIR~D B K
i E v RWAFE CORGEIFENIIG U7 {RBREE ' U5 2 & ¢, FURIROHIE < (KRR 4
ST A SR ET L TH D, ZOETFATHNSNTWDQ)RUTTRTIIE < ERHEREIL, ik
SRR L THD KRBV AEN S £ TORBE(ICEET 2ilEO A REFHEDT — 4
FRICEH L O THH720 P, 2F 3 vHRAIRAIC L 280E KSR SR STy, &
7o R L0 FURBROBIE IRBZHRIT R /2 223, QR TIXENB KB E LT,

25 3 U FFIRA O E L0 HEMICHHT 5 72002iE, BEEEom@REY & 22w 3 v R
DOEE & ORIRZ EE L= BT, HEHET #7138 3 7 HF 2B L T FRRIRCER Y A E
N5 ETOERNFENZ ZNEIENT L, FRIRARTE (RO S UFEE) OfkRA s
Kbiz ETHRBEIE S REZTHMET A2 XERSH D, ZHUE, BEI VRAORAZEE LI-a v
FRHETNARMETH D,

AHF%ETlZ. TAEA @ Environmental Modeling for Radiation Safety (EMRAS) 71 =2 k PIRE
NI &3 v ERIRH A2 ZE LT 3 v ERHET L (LLUF Johnson E7 /L) W% HV, Z#1% OSCAAR
\CEATDHZ LT, FZNA—7 B H, 15, Si% 106, 157, /A, IRAE. 3 v RRNAE
DEVNIHRT L, Z2E T U BFNOARFAFIIE U7 < B A M cE 5 X 51z Lz,
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(YO DORFMZALEIX, LLFOG)~ADRUTR TRy TR TR T Z LN TE D,
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MR & FURIRA~DZEE 3 7 HOBATHE (=65M/70) (ng/d)

KE (kg

EFRICRTAEH ST A —FITONWT, Flin /V— 7 EO{E% Table 2.2 (Z7~7,

ZNHEDORD 5 HRRIREM#REE KD D DICKE R OX, HiRREh oGt v#EE (Y]) Th
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WIZ(12) T LN AR R o 72 0 O FRRART P O 3 v &2 K, FIRIREMmitE (50 4
YEFE) ZLUTFORXTHET S,

50y

D,, =YY} xSEE x 3600 (13)

T,

D, : FURBREH#RE (Sv)

SEE : 3 7 &5 FIRR~DLE I 3L — (Sv/dis)
¥, I UHEICLDHRIEADEEZ T R L F =IOV TIE, OSCAARDNEHIE S FHEEE L 2T
LDSYS? 0% FIVTHH L7z, Table 2.3124% 3 ¥ BRINAR K O%FEHG 7 v — 7 O R A R 2R~ T,

(2) Johnson <7 /L% FU = BRI < (EIsh SR O R EAM

Johnson €7 /L ClL, Hl 7V —7 ZEI VREAORARE, I URENIEE VST K T A —H%
b SECTHRIIE IRBEH R AFHMECX 5, 2T, 22T, ThH D37 A= 3 IE <K
BN 2 BEBIC O T, 2E I U RAIORRAR & it 3 o B0 RIRIEERRES eIy
FHERA LI25A LR L2WEEA L oLh) & OBMEM LRI 2 Z Lo Lz, 2o, dtEa v
FOWNRFINZ DN TI, HURPEZE @R T 2 BB AT 2 S O L UE Lz,

O Fhrn—7

Fig. 2.6/{ZJohnsonE7 V& HWTIHIEE L7z, 37 A, 1k, Sik. 10%. 1SRKEOBA (B OFAE
57 =N D e 2 U RO & e = o3 (B'D O FRIEREEIS & OBERE R,
2T DE I UHRAOIRAEIZ OV T RGEERS (WHO) OHERHEZ HIZ, 34 H K UEET
25mg. SR ON0RET50 mg. 158 O A T100 mg & L7=",

WO — 12O T b I EE OfiE & FRIRHCZE 3 VERIZ AT 5 2 & THIRVE
BEG IR NI 0 . #aE AR E b @y, Eio, BEEEN SR AR T 254, 12
REEIATC B R THRIB%DIRREEIS & 720 | HIEIRBEIRNEWEEZZ OGN DLMR, ZO—F Tl L
TR L7235, Gmi a3 ClamoRk TRIB0%DIRREEIA L 72 0 | 20, #iE KRR EITA
WK T %, F7o. BERPEED @RS 5 R0 CIEFER 7 L — 7 MR, BFEIRBERERIS I E <72
DIEEARLSND 2, g TRV TOER 7V —7"THIREREED FUIRIRERE BRI 2 5 2 L7

3%,

© LiEI URERAIOIRNE

Fig. 27125 K OB (BPE) 1ITxf L, ZE 3 URAIDOIRHEZ 2L S TG IZ DWW TOREDT ¥
EANDORRFAM & gttt a o3 (P) OFIRBERREEIS & ORE R T, ZE I UEAORRARICD
WTIE, WHODREET X A S L R T e 2R B2 OJR T /Ifaa 45 9 B & % i
ONRENTHEHE (SRRDOBA . WHODHAETIES0 mg, [ e EEEOWEETII38mg.
7oy BRADEE, ZNEN100mgs 76 mg) ZiH Lz, Sk, AL S, BMHEEO@EERTCIERA
BNZVOWHO D J5 78 FUR IR EI A MR 5 2 L 030D, BRAICH L, WHO &R e akE
DOYETHIRIRFR R EIS & i35 & B EEE O@iE24 R R T2 L2 10UR95.4% & F96. 7% 2% L.
HEHEE O & [FREOSAITITH1.0% & f1.3% & IRIFEZENECRVEERE eoTe, —J7, 1Btk
TIEE D HDOGETHFIRBIREEISIEERIC D | IRHEDOEWITR bR T,
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Table 2.1 Meteorological sampling

&\ (N A0 &5 E) 97|
(NNE, NE, ENE-E, ESE-SE, SSE-S,
SSW-W, WNW, NW, NNW-N)
Ferdn 0 SmmLPL T Gl
(10km¥ T) SmmPL G2
THRE B R L B o
— (20km = T) NLTE ERVA e
(lgk‘t‘n ; - 15045 LI G3 G6 G9
) 300455 LAY G4 G7 G10
3004584 | G5 G8 Gll1
Table 2.2 Model equilibrium values for stable iodine
R
R/ 7 A —% " " - " A LN
374 1 7% 5 % 10 7% 15 % an i
RE M, (kg) 3.5 72 22.0 40.5 58.9 58.0 70.0
NH O)
Ej?;ﬂﬁz M, (mg) 0.30 0.30 0.99 3.7 8.3 10.0 12.0
>R E VIt
;%75 ?ﬁg 7;3_% 192 192 192 192 192 192 192
s (ZEIAVH
D) Mg H 5 H 3.3 6.7 20.4 37.1 54.7 53.9 65.0
KR (ug/d)
BAT Q;BE;‘%?) 5 0.0108] 0.0223| 0.0206] 0.0100] 0.0066| 0.0054| 0.0054
W o
i (@) 0.053| 0053 0053 0053 0.053] 0.053] 0.053
H;; ( d[_ffl)”ﬁm%ﬁﬁ 1.92 1.92 1.92 1.92 1.92 1.92 1.92
Lo o BRERREAR
%E% Hi,k”(iﬂ )ﬁ%) 0.005|  0.005| 0.005 0.005 0.005| 0.005| 0.005
Table 2.3 Specific Effective Energy (SEE) of radioactive iodine
. e
E'Eﬁ% 1311 132I 631 1341 1351
3454 2.44x 10" 6.52x 10" 520x 10" 8.14x 107" 479% 10"
1 % 1.78 < 10" 476X 10" 3.78x 10 5.95x 10" 3.50x10™M
5% 924X 107" 2.50x10™" 1.96x 10" 3.12x10™" 1.83x10™
10 % 4.07%x10™" 1.11x10™" 8.61x 10" 1.38x10™" 8.14x 10"
15 7% 2.62X107" 725% 107" 5.54x 10" 9.00x 107" 5201072
PPN g s 1.92X 10" 536x 107" 406X 107" 6.65% 107" 3.90% 1072
RN Bk 1.64X 107" 4.57x107"? 3.45% 107" 5.67X 107" 3.33x 10772

,11,
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Fig. 2.1 Structure of the OSCAAR.

140" 0° 12 0
T 1997 05 03 18

7o

1o o 142° ¢

50 KM

Fig. 2.2 Multi-puff trajectory dispersion model used in the OSCAAR.
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(a) Meteorological data on the synoptic scale system
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(b) Meteorological data on the meso scale system

Fig. 2.3 Meteorological data constructed by using GPV data of the Japan Meteorological Agency.
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EEIAVEREND LRI VFRRAE TORRM (h)

Fig. 2.4 Reduction factor of taking stable iodine.

NEFEIIMH(Y,)
l,y =1924™"
As=1924d7"
mi#& (Y,)
AR (Y,) B e (Ys)
1,13 =5,/ M, |2 =0053d"
s (V) Ag =0.005 d™'

Fig. 2.5 Metabolic model for radioiodine and stable iodine.
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1 T

——3+4 B (25mg) -
——1 1% (25mg) %&iﬂ A
L | —0—5 % (50mg) lp‘
0.8 H —=<10#%(50mg)
| ——155% (100mg)
F| —o— B A (100mg)

HM31OPRBEEAS

Nk {
AL ;,

-40 -20 0 20 40
REIVEHR O IRAFH(h)

Fig. 2.6 Reduction in the committed thyroid dose from the administration of stable iodine as a function of time

before or after an intake of radioiodine.

AHER
1 Al
F| —®—5k% (WHO: 50mg)
[| o-5& (RFHRLERS:38mp) A
08 | ——f A (WHO: 100mg) )j
|- BRA (BT HELERS Tome) f(

MM ORREEERS

-80 -60 -40 -20 0 20 40
ZEIVEFORAF(h)

Fig. 2.7 Reduction in the committed thyroid dose to 5-year-old children and adult male from the administration of

stable iodine as a function of time before or after an intake of radioiodine.
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Fig. 2.8 Reduction in the committed thyroid dose to 1-year-old children and adult male from the administration of

stable iodine as a function of time before or after an intake of *'T - 1.

_16_



JAEA-Research 2012-039

3. REIAVRHFIRAIZK S RRERHIT  BERZHFR

Z T, ATE TR LIEZE I vEAIIRAZEBE L3 R REHET /L (JohnsonET /L) & fHA
IANTZOSCAARE FIWTC, B DHM TV Aoxt L, PiaE ks L A0 E < (RRh SR 4 BRIk
IE < REDOBLE D HEHE L=,

31 FHESRM

(1) Y—RAHF—LA

ATHE I, KEINRCOT ET T 7 27 MiffFE (NUREG-1150) (2 Sva 3 U —Ji 1) /T
S (1250 MWe PWR) COFRS 5 A (A S /S A (0% Y — A — a7,
Y — A S — LD % Table 3R, AFE TV AL, I VROBHEIG310% & KEUE 2 i
ERELIZLOTH D,

Q) A FROKERSA:

BAKIFET VT T MR IR M D L L, TREFOIC, KRTRE, Mikiks
B, BIE SRR, BB OSSR A 2R D ORRBET 25 s, [RLO PR 32 560 TorEl
U, HAEA - BB R 21T o 7o, ZORGIAFHIA v > 2 DfiE LTH 2 5 Tnd N A,
Rk 2 FEEBGHAI RS Mk A v 25— & 2, o — K CURRENT (2 ClRVLHFEM A~ o
2\ AT,

LB OVTIL, OSCAAR THEIH SN 72 1997 SEORRT — & a7 — %, 1 MR
BT =R, KT —H, KR~ AT =) BV, IRHOT—2E, KEITORME T
—% (GPV) @ 144y (1997 4F) oAEsk L7z, £ LT, FROREEMLE (8760 > —7 2 R) DO b,
JERIY T IR KD 248 v—Ar v R E A UCEHMIIC AV 2, E 7, B S ORIE < 12
B 2 WML I T OV TR, AR S 350X 107 nv/s, AT U LS 1.0X10% s & L2,

(3) BhREFEE M & DT AKHEh R OFHMm ik

Bt Sl & DT < IRIREN RO FE T IEICHOW T, 9. KB —4 v 2T Lt obh#
P 2 SR L 72 B oD ORISR B 2 A2 - BRBESINIC G L | BRBE AR S 25\ T DR R & SR 7,
ZOWE, WS ADFEATORWHBEZERS 720, AO0fE%EE L1Z LT, R ETORKHR
BABE L, RIZ, 248 £ TCORE Y —7 » A TR - FIR SRR 2R OIEICE O 2. K58
D BFEHBIER 50% M T8 95% T D HURIREMRR RIS OV T, Fi A S OEE L ORIRZ RO T-, %
L C. IAEA OZ2EH: GSG-2 171 F 121 TR R A RBI Tk 2 Wi & ks TRV B AL FEE )
REND T HEWEA, 50 4ETHFE T O R EL 50 mSv OFFHE L~V 3EZ, BhEIc &
HHUE AR R Z Tl L7, FURIRES MR EORMEIC ST 0 A (5 ZR%Re L, £, BE
I RO EE 100mg & L7z,

3.2 FHilmRE R

L OBGEREEIL, BN E 7218 S | E I URAIIRA L OMASDETERIND EE
2 HND, AWFFETHU Y Table 3.1 (IR Hi T F U A TO Y —AX— AT, FHFEAEN S B
b ECOMIMNL 2 FF &<, F72, Fig. 3 IR THIE < REEEEOIE < BREOFHEBEFRER NS, WA
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ICE DT WHEHITH D Z E RSN D, LD, T2 TiE, HEEE @B 5 Bh#H:
EOFEIETENER LD EEZbND, £2C, AEEEEITa 7 ) — FMERTENERE (2
AR %3 L CREMEZEO@BBICREEE, H25 I, RN H 52> U omeEAa1T 5 TRHA5EEEE,
Z LT, ZNBIZLE D UHRAINRAZ SO D HEICT U THIE < (KR 2 7Ffl L 7=, Table 3.2
CAGHE CHW AR R E 2132 7 U — NERISRT 2803 < KRS GEA~ MR OLR AR
) o—EERT,

(1) BNk

Fig. 3.2 (O ARG R CRNIREEA F206 U 7235811 D 80> B O R & FRARSEhERE & R
AT, HRBVSEAGRR SR, PR E 2 L2 Waioxet L, BIREEE i L 72558138, £
7o, i & RIRFCZEE 3 O BRI O I L7258 12038 17100 IR L7z, Zhud, ARgeigs )Y
F TR L DI BEEN DL DOTFENRREL, BEI UVRAIRMIZL 2R PRENTZDOTHD
EEBZ NS, T TIEENIREEA FNE L7 ORI & RIRHCZEE 3 VBRI Z IR L7256 Comid
EREh B R b E < . KRB BREHIMER 50%DHA THKI 15km LLE, 95%0D 854 THI 50km LAE D
FH CHIE L~ L% TS Z &N ghhoTz, £72. Fig. 3.3 ICRKEGEE TORNBROEIZIIT 5%
& 3 U FEANOIRHIRFAOENN X 280 ARBERA~OE AL R, Fib a2 T, AitiBass & R
RRZ 22 3 U BRI Z IR L7 A1 IRARE BN 2R E ARG RIS < 72 B 03, JikH
S BB D2 O CARAREAANEN T H 2 090 E < KB R X FRHC AR L7284 L FERIZ /2 5,
Bz X, [REORFENBUESR 50% CTLE S U RAIOIRAN 3 BB 5E121349 12.5 km, 6 RFHEE
AT EITIHR) 50 km i 7 OFHIHLS S EAUTEE S T 5, ZAUTHH AN HRHMiS £ TEF Th D
2, B EORRICRHN 2T 50T, 2 TORMR CRIFHCRAT 2 & E LI ATHE I,
FTAMHLS 2 S SRR R A2 D Z LIk > TELTEEEX OND, DFE V. AR TIE kit
WZIRA L7k TH - Th, B A0 S 7 OHUE ClIpdHan IR L7k & RIERIZ 22 5, ARG
FER A KRR O BREHBIER 05% &\ 9 ik LWRRETE 2 7254, A6 50 km LU O Hi
WIZB W T MEE ORI M 2 E T 5720, 2 6 RN CLEa vEAZRA L TH
FE L~V % TS 2 EnmnnoTz,

WIZ, Fig. 341227 U — NEERTRENIREA 2 L7 355123617 D Bt s & O FREfE & FUR RS
fifrE & OBRE RT, 27V — NENRBEAZ T 5 Z & C, PiEE L WEaIch, £
15 AR LTz, £72, 2> 7 U — NENEEEZ 1T - 72 BT & RIFRCZE 3 U RAIZ IR L7254
KG0 BREHBIRER 50%DHA T 10km LLE, 95%DHA T 30km LUEIZ CTHRIE L~ % Flal b =
EWy otz Fio, Fig.3.5(2ar 7 U — MR TORNIBREOFEMICI T 5 2E I 7 FRHIORRHRE
HOE N L 29 ARBE R~ DR A RS, AEEE CORNERE S AR, At R EE i,
T BRAA &[RRI 2 = w7 FAl & IR L7288, IRFAEEHIANSEN 5 (2o TS < IR Rl
INS K 72D, TR BEEN DI CIRFAIREIZNE AL T & 2 OBUE AKBEhRITRIRHCIRA L7
Bt LRERIC 2 DA R BN D, ARG 2 IR G0 BREHEBRESR 95% TE 2 128548, it
7> BH#9 30 km OHUIE I & FIFRCIRA L. F72. Z AU O s I o Bl 2 R 4 22
T B0, S 6 REEN CTLE D VHEAZRA L CHIIE L~V % Flal% 2 LR nn-oTz,

Q) TBhrREEE
Fig. 3.6 |Z TRhRREEE 2 520t U 7= 85512380 D S0 B ORREfE & FRIR RS R & ORERE T~ T,
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T RSO FEREIZ 72 1 | 30km LAN O 2 x5S E A 30 km HiR & UCRH L 72, TBhfiE
ORI LT- S5, B E % e L7 AT TR E S < RN G O N5 28, &5
O RFEHBUEER 50% D4 T B 30km ANOFP CHZE L~V % FEID Z & idleh oz, —Ji, T
BARRREREA 58 T L, i & [RIREICZE 3 v FA1E IR L7355 123K R 0 BB 95% D545 T
FRE L~ % RIS AREME LS 5 b DD, KGO R MBIMESR 50%D5EIZIT R TOHFE T RS Z
MR T E T2, £z, BEEEASHEBAMA S 3 BB T T L, S & RS2 E 3 v F#50% AR
L7258, KRB0 RFHBIHER 50%D54 T HK 10 km INOFPH CHEE L ~UL & EED, 2, 2
B CIR*72 19 12 OSCAAR DOBEHEE T /L Cld, BB I ERTOHUIR THIX < 3725 & 5 (RSFRYZRET
i3 57-0ThHo, LonL, REEOEIIMIE OBMERL Z L1257, Ak 7
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Table 3.1 Source term for the accident scenario

FtBRAE | B IR e S R
& TOREH] (h) (m) |XeKr| Atk MR | Cs-Rb | Te-Sb | Ba-Sr,Ru | La
(h) SUK | FUH
2.0 1.0 10 1.0 0.001 0.1 0.1 0.05 0 0
3.0 5.0 10 - - - - 0.05 0.01 0.001
Table 3.2 Shielding factor and filitering factor
BRIE < FRE =208 AR | vz U—Fk
3
FESHEE D & OINEHEIE < D~ REL 1.0 0.8 0.4
HZR 2> & OINIE < DBE~VREL 0.7 0.4 0.3
W AT K 2 NI O H AR B 1.0 0.5 0.2
P E O K D I < DR EREL 1.0 0.5 0.2
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Fig. 3.1 The 50th percentile values of the projected doses in the first 7 days and thyroid doses due to the exposure
pathways.
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Fig. 3.2 The equivalent doses to the thyroid for sheltering in normal building at each distance followed by radial

evacuation.
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Fig. 3.3 The effect of the delay of iodine thyroid blocking for the equivalent doses to the thyroid for sheltering in

normal building at each distance followed by radial evacuation.
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Fig. 3.4 The equivalent doses to the thyroid for sheltering in concrete building at each distance followed by radial

evacuation.
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Fig. 3.5 The effect of the delay of iodine thyroid blocking for the equivalent doses to the thyroid for sheltering in

concrete building at each distance followed by radial evacuation.
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Fig. 3.6 The equivalent doses to the thyroid for precautionary evacuation to 30 km area.
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