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Abstract

The objectives of this research are to develop evaluation methods for upgrading the Emergency
Action Level (EAL), and to obtain the knowledge necessary to consider frameworks for more
effective protective measures (evacuation, sheltering, taking stable iodine tablets, etc.) by upgrading
probabilistic environmental consequence analysis methods.

First, we summarized overseas practices of conditions and rationale for criteria of EALSs
and they were compared with those of Japan. We also conducted accident progression analyses using
reference accident scenarios and consequence analyses to characterize public exposure to contribute
to improvement the EAL. In particular, we summarized characteristics focusing on that of timing of
fission products (FPs) release (time from the scram to release; early/late) and FP release
configuration (containment failure, controlled release, etc.)

Next, for the purpose of developing an analytical method to examine impacts of
combination of EAL criteria and protective measures on the consequences including radiation dose,
we improved assessment modules and parameters of the probabilistic environmental impact
assessment code, OSCAAR, which was made publicly available. We examined impacts of the
differences among conditions regarding protective measures on radiation dose using the advanced
OSCAAR. We also developed an elaborate approach to assess ambient radiation dose based on high-
resolution atmospheric dispersion simulations reflecting shielding by detailed surface condition such
as buildings and small-scale topography. In addition, we developed a utilization scheme of
monitoring post data and examined changes of the criteria for protective measures updating key
parameters. Improvement and development of the analytical codes and analysis of the examination

results were carried out by the Japan Atomic Energy Agency.
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TIHIZHOWT, FlolERMAATOHIE S P27V EAL O RE L 02 R E#HRT 5
VERDH D, ZODITIE, EMFEOR, FROEREE, BIHBELE O RMF DB
EEE LIS EA O EAL ~OF#H, PAZ/UPZ NARDPTHEEE OMRIIRDBET —X O
EHEPMETH DN, Ho TR,
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22 FT TV A ORI IE OB K O

HigERAENT 27— 8 MELCOR 2 Z T, FrEE KN FHE Lk %EE2SE LT
U A% T 5720 OFMET VAR L, SR 2550 L7z, E7o. TR O RS
ST L, BEAL O R LIZE T 2 72O QA7 i 2 Bifs L=, EAL LE L O7d D5
T U A ORFEE BT DI 72 o T, d@r“w%ﬁw%u%%ﬂ%&& L., Figz
A ORI EAT ) ZEREETH D, TS KV | PIHEHEE O O 43I 1 % il o
TV FOHRENG %f@ﬁ“é_k#f‘%é&%x?;héo

AFETIE, TNETEZLNLTWEFRERN RV T U FOMIZ, Ritas ClE
& ENTe, BT E CTHLTE S AU AN T2 B e OSB3 B 7 R AT X o C it 2 33 <
RAHT VA ELEZOER T VA0 EITolz, ZNHDYFTVATEHELEZD
NORBHAERERT 572012, UUT 2 ROBRAIZER LTHFKS T U 200 LT,

- HEGEROBE (FEA X N OFRERH)

- FP i e #E

2.2.1 FEHCERMATE T LV DOHEIR

HRFMRFD FP OBMARHEMS T 20TV A E2NRET DD, T U A DEN, &
FFBEDOA L LB L - FlotE AT 2 i L7, f#r THEIB T DmmFERIL, 7414
AN Z8 X b 2 A7 A (Filtered Containment Venting System : FCVS, LLF [FCVS] &
W, ) REBREIEER X 7' L A FEOBUTHH FEE CEI S N2 F B2 FP O I
BRREWEBESNDTFB L LT,

(1) fi#HrE 7 v Db

O RN I ITEAT AR SE DT 205 L7z 2425, SR THEET 2 BMTFEIC O

TIE, BRI LR M OVRr & B R S e AR 2 B RE S 5 7213 2.4 [T R
MreT VEIER LTz, RN & 2 OBEIZBUTHHEERYOREZE T L5155
R 2627 &2 LT, REEOBRFEEED T,
O BWR 77 FDOET LVESE
a  REFLEAKAKOREREEREA 7 LA OET ML

RBRIF D ERICB W TIE, EAMRAKARE S 72 AW EKEIT Y, REHREERA T L
A HE UL IEMELE KT A 7 =/l (Drywell : DW, LAF IDW] &9, ) ICAF LA %47
IHbDEL, EELBARIIY Ly ar At Lz, BHREBICB T HBREOHE
iiﬁ”@@®@$®ﬁm%7w”%%wf\%%éhéi/&wt%&mbko
b T4 EXEOET I

FCVS 1T, BMA & DL A T, BHEEN O S D FP OFREZITH T LT
x5, =7 Y LORYAEE (Decontamination Factor : DE, AT~ [DF) &W9H ) o ) 1%,

7 a S VRIRICE > THEL D, FCVS OENELXZZE L T-FMmEeT L2 ERKT 51
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TT7Ta Y LDORBRICE S TEFERBREA DR LN RR L L2 EBTEXH L NHEET
bb, TDIHOERER ¥ 22510, RfEHNMIT LD DF 23 E LTz, 2%, ZT® FCVS
ET/VTIEMELCOR DT 7 4/ N TERINDAYZ T ETETIVEMEHL TR,
¢ NTFRENFKDOET AL

NRT AL ~OFEKIT A = > 7 U — MHAAE A (Molten Core Concrete Interaction :
MCCI, LL'F IMCCl) &9, ) IZK DT A /VORERE Kk NEE OB ZIET 22 &

E%&LTwé NRTRHVEKROFNAE, FLBEZICRT A Z N ~FKEZRLE L,
FEEDKMLACEET H 2 & THAZEIET 2 FRIKIEY & 77U &I L Tk
%ﬁé%%&ﬁ@z@ﬁ@%Tw%W&bto_h%@ﬁmi%%mﬁ%%wé%wkb
77
@ PWRZI7vhDETIL

PWR 7' 7 v FDETIMIHATI R Y =7 N TER LIZET VETEH L, RS A S A
T U AN K DR O BERF SRR . FCVS %5 0 R E B K i 5 6 AL % % 5 58 L
72o FCVS X BWR THERK L7 TV EREEDET V% iz,

(2) FHRERMATS TV A ORE

T TV A OREE T DI 2.5 KUK 2.6 ITRTHERAR —F AT HF
MR A EE L, 2 OEARY —r Az LT, (1) TEE LT L& 3
L7, ZNHDOET ML LIZRIROMAGDEN G, AIEERIRY Filgs T U A O34 A X
Y FOWENIRS 25 KO RMAEEEZBE L, Fi TV A &2Elk Lic, MFBEOMAE
ORICEDFH TV AL, £ 2.7 KR 28 IR THAEEEEBE LT,

2.2.2 FHiERAFNTER

BWR (Z31F 5 FHOERMT OfR R EK 2.0 KO 221277, £/, PWRICBITHF
HOERRET OFE R A 23 KOM 24 123 T, MFEEZEZR LT U A TldEdbukEE

X IE S D[ & 72 > 7=, FCVS 258 L7232 F U A Tid, FCVS O/FEB) I DS I IS 2l
BIYLANCHRESND D, MO Z A IV TIIENAESRIE LY bRlE o7y, =
7 u Y VRO FP O HEIIEMESRIEICEL VTV AL D b F L /NS WRERE 2o
Too WA AFORBEIEIL, WTHDOTFT U A 100%ITHVEE IeoTe, ZAUE, Fig
R = — K MELCOR ([ZB W T, BRHOBREZEZEL TR ThHd, KD
ﬁﬁiwi<%ﬁ%ﬁﬁﬁ’%ﬁﬁé*&&@ofwétb T TR HEIA WA
PRy b VST B OB A EB LR WEAOEEEAL L TELEDTND, =T
7 VRO EWE OBt EIG X, B, EMFEERLOT—7 v A KBS # T
DOEMFEEDH Y D — A FCVS 5Ty —r V ADIEIK T LTS, Lol
TR BT DR FB DGR O BNl T U A4 KA SRS FP 3 &7
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TIEHAT LA ODIEEAFIAD 72 WF T U AFICBWTIL, BE~O=7 gy LRk
SHEWE OB T REWFER E o7 BWRIZBIT 2 HK TV 4 TW, TB%) |
¥, —HED YTV A TIX FCVS OIEBIBIMARF A ER DIFHTIZHE R TR 225 2 & & fi
LT, BlZIX, PWR TIEFOEKOAFIESEITMESRKMLZHNTEY, ZHhICXDY
LOCA W5 THEZR KL MEWIG G, SRR OFF HIAZ 13 % < 720 | HEARFIBRIZ &
% FCVS OB N R 2oz, EEOEH TIX, MEROR TN TEEBRIZK S
HEAKBEOHIRENE 2 SN DM, 2 2 TREFI—ZXToOREEZ AV,
# 2.4 MM CEBLI-BMTE—E

Table 2.4 List of Mitigations Considered in the Analysis

HH it ] il B %
REFLE | VT Ly a7 — v akRE | FLEEERK 40 4y TEH)
K LT, HAKRMIRACRAR 7 % | e KiEKE 150 m3/h
AW AL ~EKEET AL L | BIIEZRK 150 °CLL EDLA I,
7=, REBHAINEIRA 7 LA DB
A dm A | MR RSN O KIR &2 W7o k&N | E DR E%K 40 43 TrEED,
TLA (G| BEMAT LA EETVLLT, e K {EKE 250 m3/h
AR SREREKHIBRIZ & 0 451k
REBEMER | VT Ly va 7= E2KEE | FLEERK 40 5 TIEE),
AT LA LT, HARMIRRKRR Y 7% | e KiEKE 250 m¥/h
WA A G~ D IR A 7
VAETNVEET VLT,
(% R — | REFOEKEOREBIEEE X | SRR 20 MW
M) T U A DBRED J2 0 OB AR | W 0 B Hags A FUE
BREEH | 2T U LT,
L ZRT | ARSI REENB O R | RLLZEF 275
2 X DR | & L TOFELBERIEICET 2 | 7 LKA EZ S ZIZREEE L% O =
JRUE BT VEER LT, T T A RKANL & FEAEC
FCVS TUNERN RDRAT T E US| FEAKHIRIC L0 (ES)
(2 KD RGfRE A | EBEICE D | MM ARRIRER b BIAER?
<HREE 2D L DT LTz,
AN T | T AZ VAT ZAZVEKA | S LEERK 156 47 TIrES)
HB YK DR TITT IR EZ W | FRIKIRY (X, T A X VZKIED
HKEET ME LT, 6 TIREAFIE, R AKIE D 1A EEL
FHY D K AR E
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# 2.5 R U A OFEAKRL —4 2 A(BWR)

Table 2.5 Analysis Scenarios of Basic Sequences

iRz B —2r A
AE KW LOCA (A) +#aK KL ONEAKESL (B)
S2QUV | /Ml LOCA (S2) +ifaAkEd: (Q) +@EHEFEARK (U) HEEFEAKK (V)
TQUV |#¥EFES% (T) +#HAki#EEL (Q +mEFEAKK (U) HEEEAKK (V)
TQUX |#EFESL (T) +iHAKER (Q +@mEFEAKMK (U) +#EERK (X)
S2B WIEES - EIFEEL - Mg LOCA (S2B) +EGEELEL (24 BEf%)
TB WIEES - EFEL (TB) +ERERMEL (24 Fef#)
™ WIEFRSR (T) +EREWEREREL (W)
# 2.6 RN TV ADIARL — 2 Z(PWR)
Table 2.6  Analysis Scenarios of Basic Sequences
iRz HAR —2r A
AE KEEWF LOCA (A) +IFLEKER (B) [FEEKD R
SE /NEEWT LOCA (S) DA (B) [FEEAKD BRI
TE WEPEFG (T : CCWS BEREHERL) +IF L EAKESR (B) [FIEEKD BT
AL KAk LOCA (A) +FEIEBRAN (L) [FHEEKEP
SL /KT LOCA (S) +FEER R (L) [#FHEEKAI]
TL MWPEFESLR (T : CCWS HEEETEZ) + @ E BRI (L) [&EEAK

£ 2.7 RN — v ZADFEMY T U A(BWR)
Table 2.7 Analysis Sequences

f¥eFnT U A REBER | ABRBREER | MK | Bz | 70 V4
SR LK AT LA AFA | FEEK | S b
Unmitigated — — — — —
CIR O — — — —
SPR — O — —
FCVS — — — O O
SPI — — O O —
# 2.8 fRWryv—27 v ADfEFT T U A (PWR)
Table 2.8 Analysis Sequences
T—A RBIE DK | SMBAKIRA T LA | 7 4 V22|
Non / Non — — —
Non / SPR — O —
CIR / SPR O O —
Non / Non / FCVS — — O
Non / SPR/FCVS — O O
CIR / SPR / FCVS O O O
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T D BRI BT DTS M 21T 2 720 DA THI T H NRC 2ERK L7= RTM-96
Response Technical Manual (UL TRTM-96] &9, ) N &HBICFK T U FORHE%E
KE X I RRE O FEEZER Lz, 2 2 TlE, RTM-96 @ 9 HARIIE < FHMICBE§ 5
CEROFEEBEZL Lic, RiHMIFEDA A=V %K 251277,

BB~ SN D B E O &K O (LN 1Y —2 2 —2A4 ) L5, ) 1E, NUREG-
1465 #ZBIC L T, FOBEEZOFK S TV A OERED 7 = 4 T K> TR DHMNES
N O BHEE O B2 E LTz, BANAERRN T O S EME O BREZHRIZ OV T, RTM-
96 5% L LT, xDERBHIREEZEE L, <b2 T, HNOTF 7 MZEASR T
% FCVS BB LicFly TV A& & 2 X5 BEMehRIC L5 DF 28 L7, ki
PEWV B O BB OIEBGEHE I 3B IRk 02 2T Ic BT 2 K% 468t (LT
(K& f68t) Lo, ) TOFEERHAL, AUATV—LAETVERWEZ, ZOFHET
(X, FEATH S B SIS EYE SR T TG B HEHEIER T 5 b D ERGE LTz, #F
fifi9~ 2 M EFEAE (T IE, RTM-96 TakAfi§ 2 FRR ISR 2 & OVE s =202 T 57 ) K
ZEEO NRFDREFIHHROREICBNTERITREBRRERODLTICONT) 2 (L
T TFHADRODLTHE] L), ) ICHWEN D EDMEZEBEMLT,

AREEAN T THLAT N B AR T2 B TER S iz TR ST~ =2 7 1)
IER Sz, ER~=a27 ATk, RO RN T T MREOHER D2 O OB EE
HWO—FE LT, AROWI BZMAET 2 HIEL L TELDLNTND ¥, BEAREKIG
B~ == 7 Vi, RIANERS T AT LT, MESND Y —RAF—bxkE L, Q
KU T HEER e PRI E (LT HEEPRHRE] Lo, ) ZFANCEHEL, 2
FUCHFHFEAED B BREE A £ CORFMBRIROMIE, BRERZETICR T 258, LESICH
TOHOMIEZITH Z & T, FHE T I TR HPA I I W TR A DGR ISR < FEAT % AT
REE LTWD, ZOFIEOHINARIML, SHHREFMEOFEME £ L DI MBia NRA HAfik
HHELTEEDT,
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Fig. 2.5 Overview of the Dose Assessment Methodology for Accident Scenarios
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ARBOESED 5 bOFEEEAZR Lz, T OBEROWIE  FRIK 2 & O FE R
M, T AED Kr-88 LN Xe-133 DV T 7 Ry v A LN I UFEEHD -131(=7 12/
TR, R OF B O AL IZ LD FER, Z< O F I A TR ThH -7, 2
B OREFEIZ DV CTER B S 72 i RE R O BB R O CRELS W 5 B
BESMBEHEEANCTEL T VA2 2RO F 7 EIcTay ML, RFRT T
FOFHmAEREZM 2.7 ICFE DD, LBNE BEMOFFOENEEXZLTED, A7 LA K
WT 4V EZ R OB REOFEEZF L TWD, #IE < GO BITEZ0 &, B
BEEOHRRENZNZENOZRBMHEZBZ DL > TR Lz, 251X IAEA O
Generic Criteria '° 2 & |20 & 100 mSv, ‘EHEMRE 1 Sv. HURIRHR & 50 mSv & L7z,
EP O ERITEDHEIE G S BME B X RWOHETH, SRR FORIRBRE O 7 B KR
B OHR IR R R AN EREOHL BRNETORECSEBHE B2 OERERT,
ZOEEEAHWD Z LT, ERNENDOSZEITHT DR ROEWE 2 KoLK Bz
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R 2 T U FZONWTHNT D720 2.8187 4V Z X b O KT 5 B
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DENIRE, Bl & SOHBRIARERT & Le, 7 4 A2 X2 R &2 BB LSA I, By
BOBRER OEEIZ L DWRIZE > T 24 KELEIZIZ Skm S TED T F U FITB N T
t 100mSv & FEIDFERE LD ENH LN ERoT,
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K 2.9 BRETECEEAML O AR S
Table 2.9 Analyses Conditions for Environmental Effect Analyses
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Fig. 2.6 Scenario Count Distribution by Contribution Rate for Kr-88, Xe-133, and I-131
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Table 3.1 Release fractions used in the analysis of the effects of the protective action model
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Table 3.3 Cases for the sheltering analysis
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Table 3.6 Dose reduction factors at nighttime (normal activities)
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Fig. 3.3 Ratio of inhalation dose under protective actions to those under outdoor conditions (left;
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Table 3.8 Sensitivity analysis cases for building-year classification
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Fig. 3.5 Ratio of inhalation dose under protective actions to those under outdoor conditions

(sensitivity analysis for building-year classification, Case #1)
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Table 3.9 Sensitivity analysis cases for wind speed
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Fig. 3.6 Ratio of inhalation dose under protective actions to those under outdoor conditions

(sensitivity analysis for wind speed, Case #1)
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Fig. 3.8 Ratio of inhalation thyroid equivalent dose under protective actions to those under

outdoor conditions with no protection (sensitivity analysis for KI intake timing)
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Fig. 3.11 Time variation of ambient dose rate at each location
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Fig. 3.12 A schematic diagram of atmospheric turbulent boundary layer.
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Fig. 3.13 Surface condition around the site of Rokkasho nuclear fuel cycle facilities.
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Table 3.15 Numerical models used in the calculations.
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Fig. 3.16 Elevation (m) in the target domains.
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Fig. 3.19 The computational model used for construction of database of contribution to ambient

dose rate derived by PHITS.
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Fig. 3.21 The computational domain used for the 3D-ADRES-Outdoor combined with the
LHODIM-LES.
TE) HARER O I+ AN Cs-137 DR AR, x 23 2218 B3R O FF A AL

59



5~10[ 5]

10~156[ 7% 15~20[ 73]%

20~ 25[ 5] ¥

HUHR)  [E ST AFFEBE 38 N B AR - 7 AF 22 BR T ik AE 62
322 MIETOS T & DO REAHEE (Bqgem™3)

Fig. 3.22 Surface air concentrations averaged over a series of 5 minutes (Bq cm™3).
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Fig. 3.23 Ambient dose rates at the target point averaged over a series of 5 minutes (uSvh™1).
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Table 3.16 The radionuclides taken into account.
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Fig. 3.24 Ambient dose equivalent rate and dose conversion factors plotted as a function of the
decay constant of 38 radionuclides considered here
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Fig. 3.25 OIL2, functions and the relative error plotted as a function of the time after reactor
shutdown
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