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JRF I EERREENZ OV T

(1) 55GWd/t @77 R
55GWd/t 7 7 IR ILD 7 T Rk (BURAEIEE & (RS IRIGEEE 49, 000MWd/t)
2R3 5 Cs-137 St EFFMIC RV CTiX, JRFIF OB 2 & & 40, 000 FF
e L, BREE 174 TOMVEX S0, FMEBICK LEEH 10,000 B
fEl, 20, 000 KFfE, 30, 000 R, 40, 000 FEfEI & 95,
WL < FMIC BT D IRFIF O &S EERFIZ, LTORNGRHLHZ LN
TX 5,

3 | (MERE SHRTFUMRE)x (FLD S VE)
(E#ERRFR]) = e

__ 49,000 (MWd/t) x 74 (t) x 24 (h/d)
2, 652 (MW)

=32,814 (h) =40, 000 BERE

(2) 55GWd/t-1/4MOX 47 .0

55GWd/t-1/4MOX JF LD v T U RE (BB R B E & K FH R 5 E
48, 000MWd/t) (Zxd 5 Cs—137 M EFMIZ BV TIX, JRFIF O EERRERH %
@ 40,000 BFfE & L, BELE 1L/4 TOMVEBX 720, FHERICHLZENR
4 10, 000 R, 20, 000 FFfE, 30, 000 FERE, 40, 000 FRefd] & 3%,

MOX Al (BUEIREHE & R TEHBREERE 38, 000MWd/t) (2% L CTIXRFAF OE
HRFM 2 e 30,000 BER & L, BREHE 1L/3 F oMV EX 5728, kIS
Xt LZ 4 10, 000 BERE, 20, 000 BEfE, 30, 000 BERE & 45,

WX FHEICBIT DR FIFOFK B EERFEIL, F2LUTORXNLRD B Z
LNTED,

<U T URRER>

. _ (MEHEE ST OGSk (FoPS5Y- T ZOA®)
(GEERRFRH) YT

__ 48,000 (MWd/t) x 74 (t)x 24 (h/d)
2, 652 (MW)

=32,145 (h) =40, 000 BERE
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(Bl 2)

MOX BREF> B D Cs DFEHZEENZ SV T, BN TIXIREAF O VEGA EB (iift
—1) ICTHREEINTWS, ZOERIIBWT, FLEMZES L5 &R
BE (%93, 100K) Tix. BBV y P LIZIELED Cs M ER D bDE LT
B, £, UT7 BB MOX BREIO BB IZZER 20 E LTWAE PP VEGA
FEBRICTHE O ALz, PWR #REE, BWR AL MOX BREH (5T A) ITRT 5. BB
Ly FhORE L Cs IHEIEDOBREEZR 112, £y rORBREMELFE 1 ITR

T(Z)
o
2780k 130K 4000 )
1620K 1 2000 &
emabt ©
- ! @
=5t JOF £
e =
2 sof
3]
@
o
o
2«
= 2 17%
] 20F il
L
8 o 8% .
-20 0 20 40 60 80 100 120
Time [min]
Fig. 3 Fuel temperature and fractional releases of Cs
1 FRBHIEBIT D Cs DItz E)
K1 BB~V bOREBREKMH
Table 1 Specifications of three types of fuel
PWR-UO> BWR-UO, ATR-MOX
Pellet diameter® [mm) 8.1 10.4 12.4
Density® [% Theoretical Density] 95 97 95
Burnup [GWd/t] 47 56 43
Estimated Pu content
after irradiation [wt%] L1 1.2 29
Linear heat rate (Average) [kW /m] 18 26 28
Estimated pellet temperature®
[Center/peripheral (Average)] [K] 1000,/660 1500/870 1700,/900
Fission gas release 0.4 12 20

during reactor irradiation [%]

#Nominal values as fabricated
" Average temperaiure during irradiation
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ZOMRRERD L, £ 1,800K £ TORKBMHEIRICEB VT, Cs OHEIED EH
LN, PWR BREHTZEE~, BWR BREHE O MOX BREHI K EWZ & B3 05D, T,
BREFR Ly L OFERBIR KT D Cs A3, HERIEEOREL v AL
HOBKILIIBEI L, Cs P AE =720 THH EINTEY, ZOREHE
o Cs i, BEFORBABEIKGFTLLE LTS, RBRTHWZER
Ly NOEWBH 1 E (Linear heat rate (Average) [kW/m]) (Z2oWTiEFE 1
DEBYTHY, PIRREHIEEA, MOX BB L OV BWR BREHI®E VY, ZO7d), (K
BAEIRIZ BV TIEL, MOX BB OBHEIE N PIRREL LV b REL 2o TS, K
1, 800K 2>5#7 2, 800K £ TOIREFEIK Tix, EEN Cs FEBUTEE D FH 23 K EdRY
20 IRE RIS U THEEIESEML TW5, 2,800k UL EO@EIREEKIZ
BOWTIE, BBV y ERIEE R IZEMT 720, EOBRBHIOW T Cs
DOBHEBEIEIZKRE 22T 2L, IZIE2ED Cs P ENI/ERLER-> TS,

PE- T, UOBRELE MOX BREL % L L2354, IKIRREBICB VW TIE, MHNE
EOE NI LD Cs HHBISIZZNRROND 00, SmiBREEIZB W TIE, Cs D
BHEISIGEWVIR LRV E NI RERIRENT VS,

ZZCARER 3 BFICBIT AR ELEIF AT HE SO MOX fF LO%GE
SRR SR B 1 MOX RES U0, BB E D W 22<, K 17.1 kW/m THDH729,
MOX #REFR L v R DIREIZOWTHIZIF U BREIR L v FERIZELEZOND D
EnD, DIV VEGA EBRIZIIT D PWR-UO REL L R WEBN 2R T b0 L%
Z bbb, - T, VEGA EBRODOBLZEND EH, MOX BREHE U0, R %2 X B L THLY
HHZEIRETHD LHWTE B,

—7J5, NUREG-1465 |28\ T, REINREIR L 2V AERICE 5B~ T Early
in-vessel 7 x— X TERIN TS, K7 =—X|TBIT HE» 5 DHEIEIC
DT, NUREG/CR-5747 - THFEIA 22 &L TV 5, STCP (Source Term Code
Package) |Z X AFME TIZ, 2D 7 = — XITBIT BB SR FIFEEIRA~D Cs
DHEHBFIEIZOWVWT, EEL2ENKHIND E LT, VEGA EB L
NUREG/CR-5747 IIE S L7 b D &> TW5, 723, NUREG-1465 @ Early
in-vessel 7 =z — RAIZBITIHIRFFEBMPEZT~OKHBEIEIZ, Z 0
NUREG/CR-5747 |Z/R SN 5B DR FIFRZ~OMHEI & 2 EKIZ, 1KFETD
EENBEINMEL > TS, 2, 3 31T NUREG/CR-5747 IZ331T B84
Bt b RFIERBA~OKHEIA 277,

PL D Z &5, NUREG-1465 (ZF-SUWTRRIE L7z MOX BREF ) B 0 Cs it EI &
& VEGA EBRIZIIT 5 MOX BREF B D Cs IHBIRIIRZ L E 2 b5,
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£2 BREPLRTFERBA~OKHEEE? PR, BEY—F7 2 R)

Table 5.1

STCP Results for Fraction of Initlal Core Inventory Released to Vessel
Prior to RPV Fallure (FCOR) PWR, High ACS Pressure Sequences

Surry Zion Sequoyah OCONEE

TMLE 538 TMLU  S2DCR/S2DCF S3HF/S3B = §3B1 TMLE TMLE

NG 0.98 0.98 1.0 0.99 0.97 0.99 0.97 0.99
1 0.98 0.98 1.0 0.99 0s7 0.99 0.97 0.99

Cs 0.98 0.98 1.0 0.99 0.97 0.99 0.97 0.99 |
Te 0.46 0.3 0.54 0.43 0.84 0.85 0.36 0.3
Sr 7x10™ s5x10™ 2x10” ax10™ 6x10* sx10*  5X10* 10"
Ba 0.013 0.01 0.02 8x10? 0.01 0.014  0.01 0.013
Ru 10° 10° 2x10* 5x107 10° 2x10* 10°® 10°
Ce 0 0 (] 0 0 o 0o . 0
La 10”7 10”7 2x107 5x10* 107 107 107 107

#3

RELD S R IR R~ DRHEIE? (PR, KET—7 2 R)

Table 52 STCP Results for Fraction of Initial Core

mummm)m.mneepmmm

Reloased to Vesseal

Sequoyah OCONEE

4 AG IBA ACD S1DCE
NG 1.0 1.0 1.0 1.0 1.0
1 1.0 1.0 0.98 1.0 1.0

I Cs 1.0 1.0 0.98 1.0 1.0 |

Te 0.63 0.86 0.80 0.51 0.35
Sr 1.5x10° 10? 2x10” 10? 7x10*
Ba 0.03 0.02 0.04 0.01 0.014
Ru ax10° 2x10°* 3x10® 10°® =10%
Ce 0 0 0 0 (]
La 2x10” 2x107 ax10”7 107 =107

(1)Akihide HIDAKA, Tamotsu KUDO, Jun ISHIKAWA and Toyoshi FUKETA, Radionuclide

Release from Mixed-Oxide Fuel under High Temperature at Elevated Pressure and
Influence on Source Term, J. Nucl. Sci. and Technol. 42[5] 451-461 (2005)
(2) Tamotsu KUDO, Mitsuko KIDA, Takehiko NAKAMURA, Fumihisa NAGASE and Toyoshi FUKETA,

“Release of Cesium and Poorly Volatile Elements from UO, and MOX Fuels under Sever

Accident Conditions”

J. Nucl. Sci. and Technol. 44[11], 1421-1427(2007)

(3)H.P. Nourbakhsh, Estimate of Radionuclide Release Characteristics Into
Containment Under Severe Accident Conditions, NUREG/CR-5747,USNRC, 1993
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wA—1
VEGA FEBR DB EIZ DU T

KRR

Hot Cell

S

Cascade
impactor

Y detecar

Fuel specimey

Steam generator [ Helium

Hydrogen

FEE 7 iE
R (XL v b)) &2, 773K 235 3, 123K £ TMELL . H &h7- FP 2 kKR
/He TTFMMANZZE- Ty BeHllZ2FEh L, FPEHEES2EE,

RELDFETT

MOX Uuo,
(ATR Fugen) (PWR)
VEGA-MI1,-M2 VEGA-3

Pellet diameter (mm) 124 8.05
Pellet height (mm) 13 9.7
Theoretical density (%) 95 95
Density (g/cm?) 10.96 10.96
Cladding inside diameter (mm) 12.7 .22
Cladding external diameter (mm) 14.6 9.5
Bum up (GWd/t) 43 47
Fissile Pu enrichment {wi%) 4,83 0
[nitial Pu enrichment (wt%) 5.66 0
Pu after irradiation (wi%) 1.7 0.9
Initial U enrichment (wt9%) 0.7 4.1
5 after irradiation (wt9%) 02 0.6
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AT ERF7.2.1.1.8

JRFIF AN 2R~ DY RAERD DI EIE DRREIZ OV T

AFHIETIE, R EME SR ~DOESRERY DOHEIE DREIZHOWVWT,
BERKFEHEE CORBL2ERREORENLR Y — R ¥ — A TH 5 NUREG-1465 |2
RENTERHEBIA, HEMZ BV Tn3,

1. NUREG-1465 DfigtHEIA . HiHiRef o AfEIZ DWW T
NUREG-1465'0D Y — R Z — A, BB EBRERH L V. R FEESRIKE
LEBE DM B EN D REBICELZ LI TEHRLE LD THY . AFFE
MTRELTVWAFER S —F VA LERRO Y —F VROV THXHRIZEEN
TW5, NUREG-1465 THE L L TNWAH Y —F U A& 1ITTT,

#1

NUREG-1465TxH L L TWAH I —F A

Table 32 PWR Source Term Contributing Seqiences

Plant Sequence Description
Surry AG LOCA (hot leg), no containment heat removal systems
TMLE LOOF, no PCS and no AFWS
v Interfacing system LOCA
5B SBO with RCP seal LOCA
§2D8 SBLOCA, no ECCS and H, combustion
S2D-p SBLOCA with 6" hale in contalnment
Zion SIDCR LOCA (2"}, no ECCS no CSRS
SIZDCF1 LOCA RCP sea1, 5o ECCS, no containment sprays,
no coolers—H; burn or DCH fails containment
S2DCF2 S2DCF1 except late H, or overpressure failure of
containment
T™MLU Transient, no PCS, no ECCS, no AFWS=DCH faile
containment
Oconee 3 T™LE' SBO, no active ESF systems
SIDCF LOCA (37), no ESF gystems
Sequoyah SIHF1 ﬁ;ﬂm’. no ECCS, no CSRS with reactor cavity
SIHF2 S3HF1 with hot leg indeced LOCA
IHF3 S3HF] with dry reactor cvity
538 LOCA (™) with SBO
TBA SBO induces hot leg LOCA—Eydrogen buen fails
containment
ACD LOCA (hot lcg), no ECCS no C5
Sl SBO delayed 4 RCP seal [ailures, only steam driven
AFW operates
SIHF LOCA (RCP seal), no ECCS, mo CSRS
SIH LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Conversion System

cs Containment Spray

CSRS
ATWS Anticipated Transient Without Scam ~ LOOP

LOCA Lo of Coolant Accident
DCH Direet Containment Heating
ESF Engineered Safety Feature
CS Recirculation Sysiem
Laoss af Olfsite Fower

NUREG-1465 TlX, EREHEFIZFL) SR FIFE AR IR~ TH SN 355
AR DEIGIZONWTE 2D L I REHGERE 7 = — X kT D2 HHEIE. K

HEFR 2R E L TV 5,

1 Accident Source Terms for Light-Water Nuclear Power Plant
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NUREG-1465 D THIBRXHN TS XL 92, NUREG-1465 D Y — R Z — AIWF
DARMICELIEA DB —Fr VA RIZLEREN R Y —RFZ—LTh B,
FIFODEERICREICHE SN BEMEDENKEL R2BA TR RV
— AL LT, AEHMETHRSE LTWD TR LOCA R ECCS ZEA KR T CV
AT VABEABKRKBT DL —F VR ZEREEV—F LV AERRTHLIOR
EINTZHbDTHD,

#£2 JRFFBRHRISR~OKHEEISA (NUREG-1465 Table3.13)

Gap Release*** Early In-Vessel Ex-Vessel Late In-Vessel

Duration (Hours) 0.5 13 2.0 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 035 0.25 0.1

Alkali Metals 0.05 0.25 0.35 0.1
Tellurium group 0 0.05 0.25 0.005
Barium, Strontium 0 B Y17 0.1 0

Noble Metals 0 0.0025 0.0025 0

Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 0

* Values shown are fractions of core inventory. '
** See Table 3.8 for a listing of the elements in each group
*** Gap release is 3 percent if long-term fuel cooling 1s maintained.

/-$§25@%@%7:~x‘@:’<%<HT®;54:%ﬂénﬂ\éo _\
« Gap-Release/Early In-Vessel
PREBEREZOX v v 7L O (Gap-Release) &, BREIOTERIC
9 R RRREE COFRLMLOKE (Early In-Vessel) #487E,

+ Ex-Vessel/Late In-Vessel
BFIF ARG %, FIAOEFIFE LSO (Ex-Vessel) BTN KFRIZ
\ & LIcEnRERD O (Late In-Vessel) ZH7E, ‘/

FENBEL ThLFELAGEMEZBRE L, R FRARNIEET I ELERD X
A I TITHOWT, MAAP % V7= iR HT s 5 & NUREG-1465DAEE % LL#e 35 & |
£#3DLEEY LB,

#£3 BEBRENORFFERENBET A ETOZ A I T O

PR E R BALE L, | 1P LM BRLE L SRR
Xx v 7 o AEMHE | BN RFIFESZHIRT

DI &5 HA 5 FE TOHR
MAAP 0~#11943 F91943~#J1. 6BFfE
NUREG-1465 0~30%y 3045 ~1. SHFfE]
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FOBERER VRFFEERBEDOZ A I 7220 TiE, IZERICTH Y,
BORERDBRECHHESN S OERERICKE RZT RV LB LT
W3,
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NUREG-14650 ¥ — R &# — A%, RABEEREI 2RI L TW5D, £D7®, XK
EZH\V T, NUREG-14650D Y — R Z—2h (AT, [BHY—RZ—Ah] LW H,)
% ERBEEEBREL R OMOXIREHTE A 3 2358 OFREIZEI L, 19994F 12 55461[H]
ACRS (Advisory Committee on Reactor Safeguards) ZAELFHIZBWTERI L
INTWD, £ TlE, ACRSH B, EBRBEE B R OMOXEBREF~DE A IZ 2T
HIWrd 2 7= DI Y — VOB B R OERT — X OIENRKLEL a2 A bR
RENTWS, ZHUIHK L, NRCARZ v 7%, EEIZY —AX —LA~DEEIT
RNEBXLND EHALTWNS

FD% ., EHH T = — XO/YGERE R OSBRI NV — T ORHEIE L5 2 58
BEICOWTHEMERRXALTOERPIITObATEY, ZOMKEMN
ERI/NRC02-202* (200211 ) ICE O LNAR SN TS, ZD@EmDfERE L
T, UTICARTEY, RTREBEFENLZTONLTWVWDLIHOD, ERBEE
BREFE OMOXRBHZ R L CHEH Y — R Z— LADERAICHOWVWTHEEN TS
HDO TR,

Finally, there is a general expectation that the physical and chemical forms of the revised
source terms a8 defined in NUREG-1465 are applicable to high bumup and MOX fuels.

(ERI/NRC 02-202 F4%E)

Hom S AVTC RRBEEE R EH X, REHE B IR DB KIRBEEETSGWA/ t, 1P LSRR I5E
FES0GWd/tZxE L LT\ 5

HZE RV DEROFE R &Lfréﬂﬁmﬁ71~x®$ﬁﬁﬁﬁuﬁ%m
BANBE RN ~ORHEIE D 5 bEBRBEEREHZIONWT, 3F1DER6RUVDERT
(2779 (ERI/NRC 02-202 Table 3.1 U'Table 3.2), DI v I NOEHEIL,
NUREG-1465DfEZ R L T\ 5, iz, BEOEMENFE —OMIZHEIhTn5a

DX, RRXNVATHE—OHENREE INRD o EGEIIBT 2 EHMFZOHLE
ETH D, &7 = — XD R OEIL ~DOFEDBHIHNC KR E WA T A
nalry . TARYERO T N—TDOBHEIEIZ OV TIE, NUREG-1465D EfE
LRFERELINTWVWDS, ¥, ZOMOBEREI LV —FIT oWV TIE,
NUREG-1465 DM £ W KE 2B S BRIR_ARINTWVWA T —AEHHH DD,
TG DOFEWITREEE L I EBROAREEEICLL2BDTHLHZ Lnb, KR
BEEEREL LRI CENBEATE S L 3N TWVD

U bEOERORER L LT, mnmmmzwf@ BIALEZTED LB mkEE
BEBREHZ % L T HNUREG-14650D Y — A Z — L&A TE 5 b 0 L #E#RfTT T

2 ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:
HIGH BURNUP AND MIXED OXIDE FUELS
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728, KE DI N TH HRegulatory Guided 1. 1831233\ Tid, NUREG-1465
FLR D L EIG 2 EHE TR OK626Wd/t £ TORBEEDREIE CHEATE S b
DEEDTND,
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32 Release Fractions'

The core inventory release fractions. by radionuclide groups. for the gap release and early
m-vessel damage phases for DBA LOCA s are listed in Table 1 for BWRs and Table 2 for PWRs.
These fractions are applied to the equilibrium core inventory described in Regulatory Position 3.1

For non-LOCA events. the fractions of the core mnventory assumed to be in the gap for the
various radionuclides are given in Table 3. The release fractions from Table 3 are used in
conjunction with the fission product inventory calculated with the maximum core radial peaking
factor.

"% The release fractions listed here have been determined to be acceptable for use with currently approved LWR fuel with a peak
burnup up fo 62.000 MWD/MTU. The data in this section may not be applicable to cores containing mixed oxide (MOX) fuel.

ZDH%HEH Y — A X — L& @B EEREOCMOXAEHZ @ A 3 2 3568 ORI
X L CTREIMTORTEY., 201141 IZIX, Yo T 4 TESHEFR»OIREE
NRHINTWS, (SAND2011-0128?%)

B BRBE EEIREL R OMOXIREL O HHEI A 1X. 2E 1 DR S R VKR IITRT LBV,
BREEREIOZNLEE LI ERDLDTIERWVWI LBRERTWVWS, ZDZ
Eh, BEEREIZ I\ TiL. NUREG-14650 B R BEEEREL-OMOX R B D A Iz DU
THRESINDBDOTIERNWEEZD, RAWLENODOT —FREHT 5,

#F4 R TORFFEMNEZ~ORHE S DM

ERI/NRC ERI/NRC SAND SAND

NUREG-1465 02-202 02-202 2011-0128 2011-0128

(BRBEREN ™ | (MOXIRHE) * (B RBEIREL) (MOX#REL)
7 A 1.0 1.0 1.0 0.97 0. 96
XoF 0.75 0.85 0.82 0. 60 0. 62
ML N 0.75 0.75 0.75 0.31 0.55

X BEROEFBTREINTWS2O, FHEEEM LT,

UED Xz, BATREBREENRDH D HLOD, HIEOHMR TIL., EREEE
PREL R OMOXIREHZ X L THEB Y — A X — LA EBEINTWND H O TR
= & D3Regulatory Guide 1. 183, ERI/NRC 02-202} (’Sandia ReportiZ;m i T

11\60

REVE SR DR EREEEIL, 7T PREHTH5GWd/t, MOXERELT45GWd/t ThH 5
Z 226, ERI/NRC 02-2021281) A %, REHE SR D& RBEET56Wd/t
K Sandia Report i FH#LFH ., PAEHE S IKD B B RBEEESIGNd/t & EhEk U T

3 Accident Source Terms for Light-Water Nuclear Power Plants Using High-Burnup or

MOX Fuel
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REHNICH D, £z, BREHEORBRBEE XY 7 L #RI5E T616Wd/t, MOXBRE}
T536Wd/t T3 ¥ . Regulatory Guide 1.183lT/R SN2 A&FH, MREHED RS
PRBERE62GWA/t DEEFANICH B, ZD72), FRESEEIN TV RVER Y —X
Z—LOEMAIIFREE HIr SN D,

ERI/NRC 02-202/Z R EN=HEEIEGOEMEIZHOWVW T, EMFEOER L)
NTW3B Z &, Sandia ReportiR@# OFEIZ SOV TH., MOXBREHZ DWW TIXE—
DIRFIFENEZRDOEXE IR E LT@EITICE EE->TEY, KENRCIZA— Y
TARXINTZbDTIER2WZ L EEBR L, SEIOFHMEIZIVTIiX, NUREG-1465
DOEfE % AW,

w7.2.1.1.8-7



2. A EIOFMET N TOFEMN & MAAPFEHT T D LAl D el Iz DV T
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Table 3.1

(2%E1)

B DR F MBI ~ORE (FRRBEERED

PWR Releases Into Containment (High Bumnup Fuel)®

Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 04 (05) 14 (13) 20 (20) 10.0 (100)
Noble Gases 0.05,0.07;007; 007; NE* | 0.63, 0.63; 063;065; 1.0TR 03 (0) 0(0)
(0.05) (0.95)
Halogens 0.05 (0.05) 0.35; 0.05TR (0 35) 0.25 (0.25) 0.2 (0.1)
Alkal Metals 0.05 (0.05) 0.25; 0.90TR (0 25) 0.35 (0.35) 0.1(01)
Tellunum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.7TR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Strontium 0 (0) 0 02 me (0.02) 0.1 (0.1) 0 {0)
Noble Metals 0) (0.0025) (0.0025) (o)
Mo, Te ] 015,02;02;02; 0.7TR? 002;0,02;0.2;02; TR 0; 0; 0.05; 0.05, TR
Ru, Rh, Pd 1] 0 0025; 0.0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01; 010, TR
0.02TR
Cerum group (0) (0.0005) (0.005) (U]
Ce U] 0.0002, 0 0005; 0.01; 0.01; 0.005; 0005, 001; 0.01; TR 0
0.02TR
Pu, Zr 0 0.0001; 0 0005; 0.001;0.002; | 0005,0005;0.01; 0.0, TR 0
0 002TR
Np 0 0001;0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 0
0.02TR
Lanthanides (one group®) 0,0, 0, (0) 0.0005; 0.002; 0.01 (0.0002) 0005; 0,01; 0.01 (0.005) 0; 0, 0(0)
La, Eu, Pr, Nb 00 0 0002; 0.02TR 0005 TR 0; TR
¥, Nd, Am, Cm 0; 0 0.0002; 0.002TR 0.005; TR 0; TR
Nb 0,0 0,002; 0.002TR 0.005; TR 0; TR
Pm, Sm 00 0.0002; 0.002TR 0.005; TR 0, TR

* Note that 1t was the panel’s understanding that only about 1/3 of the core will be high burnup fuel, This 15 a significant deviation from the past when aceident
analyses were performed for cores that were uniformly burned usually to 39 GWdit

Foomotes to Table 3 1

1
2
3
4

The numbers in parenthesis are those from NUREG-1463, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France is to assign all releases following the gap release phase to the early in-vessel phase.
NE= No enfry; the panel member conciudcd that there was msuff cient ml‘onnallrm upon which to base an informed opinion.

i that barium is much more volatile than strontium. VERCORS and
HIVI (ORNL) experiments cited; these show a 50% release fmrn the fiel and a 10% delivery to the containment. Strontium has a 10% release from fuel and
2% to the containment, based upon all data available to date, |
Three panel members retained the NU'REG 1465 lanthanide grouping, €. 8 one group, while two panel members subdivided the group into four subgroups.

Barium should not be treated the same as 5i

i There

# 7 ERI/NRC 02-202{Z

BT B REFIFEMEZ~DORKHE (MOXERE!

Table3.12  MOX Rel Into Containment®
Gup Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration  (Hours) 0.3;04,04; 04,04 (03) 14; 145 145 1.4; 1.5 (L3) 2.0 (2.0) 100 (100}
Noble Gases 005, 005,005, 0,05, 007 0.65; 0.65; 0.75; 0.93, 0,02;03,03; TR a (o)
(0.05) 0.95 TR (0.95)
Halogens 0035; 003; 0.05; 0,05, 0.07 0.325; 0.35; 0.35, 0.375; 015;0.2; 025,025 TR 0.2, 0.2; 0.2; 0.2, TR {G.1)
(0.03) 095TH (0 15)
Alkul Meals 0 05; 0.03; 0.05; 0,05; 0.07 0.25; 003G; 0 30; 0030; 0.65TR 0.25; 025, 0.30; 030; TR 010,015 0,15, D 15, TR
(0.05) (0.25) 10.35) 0.1y
Tellurium group 0; 0; 0; 0.003; 0.005 (0) 0.1; 015 0.3;0.35 0.7TR 0.4; 0.4; 0.4; 0.4; TR (0.25) 0.1;02;02;02; TR (0.005)
{0.05)
Bariuny, Strontium NE’, NE, NE; 0, 0(C) NE, NE, NE; 0.01; 0.1 {0.02) NE, NE, NE; 0.1; 0.1 ({01} NE, NE, NE, 0; 005 (0}
Noblz Metals (o [0 0025) (0.0025) )
Mo, Tc NF, NE, NE; 0,0 NE, NE, NE; 0.1; 11 ME, NE, NE, 301, 001 NE, NE, NE; ii.1; 0.1
Ru, Rh, Pd NE, ME, NE; ;0 ME, ME, NE; 0.05; 0,1 ME, NE, NE; 0.01; 001 NE, NE, NE, 0.01, 001
Ceram group ()] (0.0005) (0.003) (0 i
Ce NE, NE, NE; 0; 0 NE, NE, NE, NE; 0.01 NE, NE, NE; 0,01; 0 01 NE, NE, NE; NE, 0 I
Pu, Zr MNE, NE,ME, 0, 0 NE, NE, NE; NE; 0,001 NE, NE, NE; 0.001; 0.001 NE, NE, ME; NE; 0 |
Np ME, NE, NE; 0; 0 NE, NE, NE; NE; .01 NE, NE, NE, 0.01; 002 NE, NE, ME; NE; 0
Lanthamdes ME, ME, NE; 0, ¢(0) NE, NE, NE; ME; 0.003

{0.0002)

NE, NE, NE, NE, 0.01 ({005}

KE, NE, NE; NE; 0(0)

Th numbers in parenthesis are those from NUREG-14635, Accident Source Terms for PWR Light-Water Nuclear Fower Plants (Table 3.13),
TR = 1wial release. The practice m France 15 to not divids the source tenn into early in-vessel, ex-vessel, and late in-vessel phases.
NE = Mo eniry; the panel member concluded that there was msuificien infamuation upon which to base an informad oprmon.

‘I'he values sn Table 2.12 are for releases from the MOX assemblies i the core and not from the LEU asscmblies.

w7.2.1.1.8-11
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWRs in NUREG-1465 (parenthetical entries).

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Release
Duration (hours) 022 45 438 143
0.5 1.5 20 10
Release Fractions of
Radionuclide Groups
Noble Gases 0017 0354 0.011 0.003
(Kr.Xe) (0.05) (0.95) (0} (0}
Halogens 0.004 0.37 0.011 0.21
{Br.I} {0.05) {0.35) {0.25) {D.10)
Alkali Metals 0.003 0.23 .02 0.06
(Rb, Cs}) (0.05) (0.25) {0.35) (D.10)
Alkaline Earths 0.0006 0.004 0.003 -
(Sr, Ba) () (0.02) (0.10) )
Tellurium Group 0.004 0.30 0.003 0.10
(Te. Se. Sh) {0) (0.05) {0.25) (0.D05)
Molybdenum - 0.08 0.01 0.03
(Mo, Te, Nb) (0.D025) {0.0025) {0)
Noble Metals - 0.006 [0.0025] -
{Ru, Pd, Rh, etc.) (0.D025)
Lanthanides - 15x10" 1.3x105 -
(¥.La, Sm, Pr. etc.) 2Zx10%) {0.005)
Cerium Group = 1.5x107 2.4x10” -
(Ce. Pu, Zr, efc.) {(5x10*%) (0.005)

79 SAND2011-0128 (Z31T AR FIFHEMAE s ~D R H  (MOX L%

Table 16. Comparison of proposed source term for an ice-condenser PWR with a 40% MOX core (bold entries) to
the NUREG-1465 source term for PWRs (parenthetical entries).

Gap Release In-vessel Rel Ex: | Release Late In-vessel Release
Duration (hours) 0.36 44 65 16
iG.SOi i'|_3i iiDi ilﬂi
Release Fractions of
Radionuclide Groups
Moble Gases 0.028 0.86 0.05 0.026
(Kr.Xe)} {0.050) (D.85) {0} 0
Halogens 0.028 0.48 0.08 0.055
{Br.) (0.050) (0.35) {0.25) {0.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs) (0.050) (0.25) (0.35) (D.10}
Alkaline Earths - 0.0015 0.008 9x10™
(Sr, Ba) (0.020) (0.1) (0)
Tellurium Group 0.014 0.48 0.04 0.055
(Te, Se, Shb) 0) (0.05) (0.25) (0.005)
Molybdenum 5 027 [D.0025) 0.024
(Mo. Tc, Nb} {0.0025) (0}
Noble Metals - 0.005 [0.0025] 3Ix10*
{Ru. Pd, Rh, eic.} {0.0025) {0}
Lanthanides - 1.4 x107 3x10° -
(¥.La. Sm, Pr. etc.} {0.0002) {0.005)
Cerium Group - 1.0 x107 5x107 -
{Ce, Pu, Zr, efc.) {0.0005) {0.005)
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NUREG-1465 O = #ABEEEPRELC MOX AL D A IZ DWW Tk, BEDH R TI,
BEIND D TIIRWNS DO EERBEE IR K OMOX BREHZ X9~ % NUREG-1465
DOEAICBET 2HEMFE TOFEMOF T, NUREG-1465 [T TR E 2 HEIE D
BEINTWEAEREIN—T 5D, Al CHW =TT L CTOFHEIZIBT,
BBV —TDONREHRT 5,

BRI HH S A U I >\ T, NUREG-1465 TR S A K7 L —
TOWNRE LT I-131 EMEHRBEEZE 1012, T ~vHBTRLX 0. 5MeV HHE
DIEZFE 11 17T, [-131 SEMEREIT a5y (T UEEH) 2% 55%. Ce
D39 156%., Cs DI 12%., La FEMH 12%, ZOMPBI T % ER2>oTEBY, v
BT RILX 0. 5MeV HABEII A H AN 91%., ~aF v (FUFEH) N7 %, Cs
BN 2%, TOMBKI1L % Lo TWNA,

723, MOX #REHZ %9 % NUREG-1465 D FIZB4 2 EMFE TO#Emm DO H T,
NUREG-1465 (2R TR & 2 HEI S BIREIN TV S Te FHL RUEEIZ OV T,
KREZF~OEFHEDE BT 2FESEIGITNEL . RiFMHOBRIZIIKRE 2
BERIFTHOTIHRN,

# 10 BREICKRE SN BSAEME OXEERE T V—T DGR
(I-131 Z&{f EHa%5)

T B s RE R (L. 2) HE5RE

(Ba) (%)
Xe 38 0. OE+00 0
I3 8. 2E+13 55
Cs ¥ 1. TE+13 12
Te 38 3. 8E+12 3
Ba ¥ 6. 1E+12 4
Ru 38 5. 9E+11 <1
Ce ¥H 2. 2E+13 15
La 38 1. TE+13 12
&% 1.5E+14 100

(FE1) 7 HMEERHE
(FE2) APEIESHTEZMHBEAL 2HTICHD/ME
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£ 11 BREICHKE SN BERHEHEOEERE S V—T DR
(H =BT FRILX 0. 5MeV #H)
P M RE R L 2 wHEE
(Ba) (%)

Xe ¥ 8. TE+15 91
14 6. 7TE+14 7
Cs ¥ 1. TE+14 2
Te 38 3. 1E+13 <1
Ba 38 1. 7TE+13 <1
Ru 3§ 9.9E+11 <1
Ce 38 1. 1E+12 <1
La 38 2. 9E+12 <1
B 9. 5E+15 100

(FE1) 7 HMEERHE
(FE2) APEIESHTEZMHBEAL 2HTICHDME
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CSE & —# ( “Removal of Iodine and Particles by Sprays in the Containment
Systems Experiment” Nuclear Technology Vol. 10, 1971 )

CSE TOERBR COFEEREZLUTIZIRT,

TAELE I
Experimental Conditions —C8E Spray Tests

Run Fun Run Run Run Run o

A-3 A-4 A-6 A-T A-B A-9
Atmaosphere Air Alr Steam-air Steam-air Steam -air Steam-air
Temperature, °F i 7 250 . 250 250 250
Pressure, psia 14.6 14,6 44 50 48 44
Nozzle type 2 S A % b %
Drop MMD, pd 1210 1210 1210 1210 770 1220
Geometric standard deviation, o 1.53 153 1.53 153 150 150

I ]
Humber of nozzles 3 12 12 12 12 12
Spray rate, gal/min 12.8 18.8 49 49 50.5 145
Total spray volume, gal 510 1950 | 1960 1960 2020 2300
I T

*Spraying Systems Co, 3/4 7G3, full cone. “525 ppm boron as HaBO; in NaOH, pH 9.5.
bSpraying Systems Co. 3/8 A20, hollow cone. 3000 ppm boron as HaBOs in NaOH, pH 9.5,
“Spraying Systems Co. 3/4 A50, hollow cone, 83000 ppm boron as HsBO; in demineralized water pH 5.

Mass median diameter.

Ele, ZOFBETHOLNEZA TS VA DEROEREZLUTITRT,

TABLE I
Summary of Initial Spray Washout Coefficients

ns Observed, min~'?

Iodine on Total
Run | Elemental | Particulate | Charcoal | Inorganict
No, Iodine Iodine Paper Todine
A-3 0.126 0.055 0.058 0.125
A-4 0.495 0.277 (.063 0.43
A-§ 0.330 0.32 0.154 0.31
A-T 0.315 0.31 0 0.20
A-8 1.08 0.89 0.365 0.96
A-9 1.20 1.15 0.548 114

For first spray period, corrected for natural removal on
vessel surfaces.
bIncludes iodine deposited on Maypack inlet,

ZORERNLVIBERVCENZ B ST TRER L FEiE L7- A4, A-6 LVA-T
T®” Particulate Iodine” DOFERZHET S &, HEOGHEAT-EHLTEY,
RERZEWTZELCTWARY, TR L, A7 VA RRZ/INIL Lz A-8 T,
BEULEARAT VA MENRA ELTNDZ bbb,
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