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77 PFLHF RO 1/4M0X REHETT IR L2 TO MR LDINERE RO g

48], JAFREFT 3 BIF D Cs-137 DBRBE~OKH KA EEFHIC >V TiX, ¥
FURLERBIFELE Lz, ZHIXT T AL E 1/4M0X BREVERIF.L 2 Bk L
T-FER . Cs—137 DFELHNEHEN Y 7 VR LDIEINLENW=DTHD, BIE~
HBHEND E TOBREEMERRICOWVWTIE, 75 UFLTH 1/4M0X 2E6E
DTHEREILTH D=0, Cs-137T DFLNEBENRZVFLE, ERELT, &
BA~OBHBHERELZL 225,

T, 77 R0 1/AM0X BREHERTF La T D Cs-137 DFLNEFED
WE R, EEBITEHFEZR1LICRT,

F1 FEMFTEE
FEEM

A7V CEIN 1/AMOX#REHETRT A L

$FLEVH ) 100% (2, 652MWt) X 1. 02
JRFIP R AR R i 40, 000K (7 F KD
B340, 000FF S .

(B 1 M) B30, 000FFRE  (MOXZRE}
FORNEERE ORIGEN2Z W THEH

Cs—137 DEEHZUNRF3 1T, 7V P = A3 6. TX102 75 134 6. 3X 107
THO, V=T LDIEIVRT T VICHRTEFREVWLODIZIEFBRET
50, BXBIBERETH S Cs-137 1%, EIEFREIZG U TERESNS, VT
NEL RN 1/40X BREBERTE L Cs-137T DIELAEHEL B LT-FEER, £2
WCRTEBY, FLOEEBEREANREVNI LY T VELOFELHNEHEN
1/AMOX BREHERTIF L OfEZE ERl> TS, Ko T, 77 UFLDIEH A Cs-137
DERBE~OMHESERIZZ L 725,

#£2 U7 UELKRO/AMOX BREVERTE LT
FLNEEER OBRBE~O RS ERE D

7 Z IR 1/4MOXJF >
Cs—137 DFLAEREE (Bg) % 3.3X 107 %7 3.2X107
Cs—137 DBRBE~DO U ER # 5. 1x101 % 4.8x 101
(Ba) (#7 5. 1X107'TBq) (%9 4. 8X 107'TBq)
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%1
%2

% 3 : Hi8h : TAEA, Nuclear Data Services, Fission product yields(2013 &8 HHRf5)

: PREHE SR BB R BERE 55, 000MWd/t £ TO T T kR 100%3EHT L 7= 480
CHELOK 3/4 [TREHE SRR PRBEEE 55, 000MWd/t £ TDO 7 KL, £ 1/4 1T

BHE SRR B RBERE 45, 000MWd/t % TO MOX BB 27 L 7= 485 .0
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(Bl 1)

JEF- P BRI (2 DU T

(1) 55GWd/t 77 IR L
55GWd/t 7 7 IFILD 7 T R (BURAELEE & (2R BEEE 49, 000MWd/t)
WZxtd 5 Cs—137 it EFHMIC W Tk, JR 4P OEERRFR 2 F & 40, 000 K
ME L, REZ 174 TOMVEBL D0, FEBICH LERER 10, 000 B
fE, 20,000 BFRE. 30, 000 BERE, 40, 000 B &35,
WX < FHEICIB T 2 RFIF O EEGRRHEIZ, LTOXNLROLZ &0
TE S,

e | (ENHEAETFONEE)x (PO S UE)
GEHRRFR) = R

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

=32,814 (h) =40, 000 KEFfE]

(2) 55GWd/t—1/4MOX 47 L
55GWd/t-1/4MOX JF .0 D 7 F BB (BB R EL £ & 1 T 15 85 BE B
48, 000MWd/t) (=4 % Cs-137 it EFMICI WV ClE, JRFIF OEERRFE &
BE 40,000 Bl & L, BEHE 174 OBV B Z 5700, FEBRICH LER
Zi 10, 000 B, 20, 000 FERA. 30, 000 BERE, 40, 000 BERH & T 5,

MOX JAKE (HUZREHE & (R EXIBRBERE 38, 000MWd/t) (2% L TIXRFIF D&
HRIFfE] & B 30, 000 BEfEl & L, #REHE 173 OB B X 5720, FFEIRIC
xtLEHZEH 10,000 BERE, 20, 000 BERE, 30, 000 BEfE & 35,

WIZ < FMICB T 2 RFFEOKEEGRREIX, £ TORNPLRDS Z
LReEs,

<U T UBRE>
T  (mMEASs et FORRE)x (LY 3y FIEZ9LAE)
GEEERFTE) = e B

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

=32, 145 (h) =40, 000 FE&H
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(MEMRESEFOERE|x (FoP5 Y- FIbEZ59 48

(GEERRFE]) = (1P 28 BT

_ 38,000 (MWd/t) x 74 (t) x 24 (h/d)
2, 652 (MW)

=25, 448 (h) =30, 000 BFfE
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—1) ICTTHRERRZREINTWVWS, ZOERIZBWT, FLARICED L 22E
EIRFE (89 3, 100K) Tix, BREMRL v 1 BIZIEEED Cs IS b L
LTEY, £, 7T S NOX REIOHEIGIZEN RN E L TNBE DO
VEGA EBRIZTHE LNz, PWRAREL, BWR #REL MOX B (HIFA) T35, &
XLy FOIRE L Cs HHBIEOBFRER 1IZ, XLy FNORBREHEZE1
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Fig. 3 Fuel temperature and fractional releases of Cs

X1 £BRENCEBITD Cs DRt ZE)

K1 FRESLVy bORBREM

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] a5 o7 95
Burnup [GWd/t] 47 56 43
Estimated Pu content
after irradiation [wt%] L L %9
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 04 12 20

during reactor irradiation [%]

ENominal values as fabricated
" Average temperature during irradiation
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ZORRERD L, K1, 800K £ TOMKIREIKIZI VT, Cs DEHBEIED LR
LN, PWR BREHZH A, BWR BREHR O MOX BREHIREWZ L 35065, Thid,
BREFR Ly ML ERORERBIREIAT D Cs 23, HEMEROBREIR L v ~E
HOBKILICBEI L, Cs MEBEE 72720 ThHHEENTEY, ZORERE
WO Cs g, BRFPOBENBEIEKFTLH L LTS, RBRTHWEZER
Ly hOEWHH 1 E (Linear heat rate (Average) [kW/m]) (T 2WTIE#E 1
DEEYTHY, PWRAREHIEE, MOX #AEHR O BWR #AEHIE WV, Z07®), K
BRI BV TIiE, MOX BREFOHHEIE S PIRAELE W b K& 8o T3E, §
1, 800K 2> 59 2, 800K £ TOIREFIR TIX. EAENA Cs HEBUTEE 5 FitH 23 KECAY
720 RE EFITSCTHEEIESHEML TW5, 2,800 Ll EoOEREKIC
BWTI, BELy bBRRIEEZZREMT 20, FOBREHZISOWTH Cs
DOHEIGICKREREZ 2L, IZIE2ED Cs VHEHINDI/EREL- TV,

PE- T, U0, BREFL MOX BREE & i L= 354, (RIRREBIZB W T, A%
BEOBEWZL S Cs HHBISIZEZNR LN 00, BmiRREBIZBWTIE, Cs D
BHBEISIZEWVIR NN E VIR REINT VS,

ZZCOHRERT 3 BFICE T AR BAE R AT HEELEO MOX FLOSHE .,
IR I BRI MOX RS U0 BREL B ZE DD 72<, M 17.1 kW/m THH729,
MOX BREFR L FDREIZOWTHIRIE V0 RER Ly AL EZ NS T
ENG, DTV VEGA EBRITEIT D PWR-U0, R EL L T WEE 2 RTHD L E
bbb, #E- T, VEGA EBRDELE)DH L, MOX BB E U0, R E 2 KB L T
BHZLRIFRETHS LYW TE B,

— 75, NUREG-1465 {ZB T, REINEIR & 72 0 IBEBICE 518 1% Early
in-vessel 7x—XTERINTWSB, K7 = —X(ZBIT HREH1 5 OBHEIAI
DUNTIX. NUREG/CR-5747c THREN R E N TW5, STCP (Source Term Code
Package) IZ X AFHMBE TIZ. 2D 7 = — XIZBITABREIN SR FIFERZRA~D Cs
ORHEIGIZTOVWTIE, FELENKHINSE L TEHH, VEGA EB L
NUREG/CR-5747 IZIEH/ L7 bD L 72> T35, 72F, NUREG-1465 D Early
in-vessel 7 =z — RAIZBITH2RFIFEBRMABEHR~OKBHEEGIXZ., Z 0
NUREG/CR-5747 \Z7R SN HRED bR FIF RE~DOHHEIE 2 BT, 1 RnHR
TOULBEENEBENEE R>TWS, £2, F 31T NUREG/CR-5747 (281}
BB DR FIR AR~ OBRHE & 2R,

PLEDZ & )35, NUREG-1465 (Z SN TRRE L 7= MOX B2 5 o Cs i Bl &
& VEGA EBRIZEKIT 5 MOX BREIMN S D Cs MBS IXRZE L E X 6N 5,
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£2 BEPORERFFERFE~OKRHEIE® PR, @ES—F 2 R)

Table 5.1 STCP Results for Fraction of Initial Core Inventory Released to Vessel

Prior to APV Fallure (FCOR) PWR, High ACS Pressure Sequences

Surry Zion Sequoyah OCONEE
TMLB" 538 TMLU  S2DCR/S2DCF S3HF/S3IB  §381 TMLB' e
NG 0.98 0.98 1.0 0.99 0.97 0.99 0.97 0.99
1 0.98 0.98 1.0 0.99 087 0.99 0.97 0.99
Cs 0.98 . 0.98 1.0 0.99 0.97 0.99 0.97 o |
Te 0.46 0.3 0.54 0.43 0.84 0.85 0.36 0.3
sr 7x10* 5x10* 2x10° ax10* ex10* ax10*  sx10* 7x10*
Ba 0.013 0.01 0.02 8x10” 0.01 0.014  0.01 0.013
Au 10° 10* 2x10* sx10” 10* 2x10* 10° 10°
Ce 0 [ 0 0 [ [ 0 [
La 10”7 10”7 2x10”7 5x10® 10”7 107 107 107
£3 BEPDLRERTFERSZ~OKEHE? (PR, BE—7 &)
Table 52 STCP Results for Fraction of Initial Core Inventory Released to Vessel
Prior to APV Fallure (FCOR) PWR, Low RCS Pressure Sequences
Surry Sequoysh
v AG IBA ACD S1DCE
NG 1.0 1.0 1.0 1.0 1.0
| 1.0 1.0 0.98 1.0 1.0
i Cs 1.0 1.0 0.98 1.0 1.0 i
Te 0.63 0.86 0.80 0.51 0.35
Sr 1.5x10” 10° 2x10? 107 Tx10™
Ba 0.03 0.02 0.04 0.01 0.014
Ru 3x10°® 2x10° ax10* 10°¢ =10®
Ce 0 0 0 0 0
La 2x107 2x107 ax107 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 UQ; 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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VEGA EBRDEEIZ OV T

KRR

Hot Cell

EE R A

Cascade
impactor

Y detecar

Fuel specimey

Steam generator [T Helium [

Condenser(273K) Cooled activated
Gasecus lodine fran carbon(210K)

E3
BEERE (XL v b)) &2, 773K 25 3, 123K £ TMEL L, Ftl &7 FP 2 AEEK
/He TTFHMAIZE- Ty MRetll %2 Elm L, FPHEIEZEE,

BREFDRE T

MOX Uo,
(ATR Fugen) (PWR)
VEGA-M1,-M2 VEGA-3

Pellet diameter (mm) 124 8.05
Pellet height (mm) 13 a7
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
Burn up (GWd/t) 43 47
Fissile Pu enrichment {wi%) 4,83 0
[nitial Pu enrichment (witS) 5.66 0
Pu after irradiation (wi%) 1.7 0.9
Initial U enrichment (wi%) 0.7 4.1
51 after irradiation (wt%) 0.2 0.6
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JRFIFHE B 2~ DR AP DR EIE DR EIZ DN T

A TIE, RFFEMAE SR~ DD RERY OBHEIE DR EIZOWNT,
BEREHFE TOREEZSTKREONREFR LY — R Z — L TH 5 NUREG-1465 |Z
RENTHHEIE, B Z RV TS,

1. NUREG-1465 OfigtHEIA-, HxHEefE @ A>T

NUREG-1465'0D Y — X # — A%, REHEAEEBERA LY, R FEESRSHE
L7 U BB ENIREBICEDIETERRE LELDOTHY . AFHE
THRELTWAER I —F VA LRRDO V=TV RAZONTHRBIZEENT
V5, NUREG-1465 THE L L TWVWAY—F U AR 1LITRT,

#F1 NUREG-1465TxRELTWNWHBI—HF LA

Table 32 PWR Source Term Contribuling Sequences

Plant Sequence Descriplion
Surry AG LOCA (hot Ieg), no containment heat removal systems
™ML LOOF, no PCS and no AFWS
v Interfacing system LOCA
5B SBO with RCP scal LOCA
S2D-6 SBLOCA, no ECCS and H, combustion
S2D-p SBLOCA with 6" hole in contalnment
Zion SIDCR LOCA ("), no ECCS no CSRS
SIDCF] LOCA RCF seal, no ECCS, no conthinment sprays,
00 conlers—H; bum or DCH fails contalament
S2DCF2 S2DCF1 except lste H; or overpressurc failure of
containment
T™MLU Tiansient, no PCS, no ECCS, no AFWS=DCH fails
containment
Oconee 3 TMLE" SBO, no active ESF systems
SIDCF LOCA (), no ESF gystems
Sequoyah S3HF1 mﬁcn no ECCS, no CSRS with reactor cavity
S3HF2 S3HF1 with hot leg induced LOCA
3HF2 S3HF] with dry reacior cavity
S3B LOCA (™) with SBO
TBA SBO induces hot leg LOCA—bydrogen burn [als
containment
ACD LOCA (hot leg), mo ECCS no CS
sam SBO delayed 4 RCP seal fallures, only stearm driven
AFW operates
S3IHF LOCA (RCP seal), no ECCS, no CSRS
53H LOCA (RCP seal) no ECC recirculation
SBO  Station Blackout LOCA  Loss of Coolant Accident
RCP  Reactor Coolant Pump DCH Direct Containment Heating
PCS  Power Conversion System ESF Engincered Safety Feature

i Spray 2 CSRS  CS Recirculation System
ATWS Anticipated Transient Without Scram LOOP  Loss of Olfsite Fower

NUREG-1465 Tid, BEARFHEFIIFE LI bR FIFHEMA R~ Sh AR
EFPOEIGIZONTER 2D L ) RERERE 7 = — X\ T 2 HHEIE, &
HiFRFfR] 2 3E L TV D,

1 Accident Source Terms for Light-Water Nuclear Power Plant

#7.2.1.1.8-1



NUREG-1465 D THIBHI TS X 91T, NUREG-1465 @ Y — R & — AR
DIABICELIEA DEH L — TV AR LERENR Y —RAFX—LThH D,
RRIZ, FOBRERICREICKE SN BREME R KE 58 TXEM
= AE LT, AFMTHERE LTWAS TRAENT LOCA BFIZ ECCS HEA KR
CVATFVABEAEZRMTBHY—FT VR 2ELEE TV RERETTH LD
REINEZHLOTHD,

#£2 FRTFEARZ~OKHES (NUREG-1465 Table3.13)

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

Duration (Hours) 0.5 13 20 10.0
Noble Gases** 0.05 0.95 ] 0
Halogens 0.05 0.35 0.25 0.1

Alkali Metals 0.05 025 0.35 0.1
Tellurium group 0 005 0.25 0.005
Barium, Strontium 0 0.02 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.

HRERDE 7z —ARFIRELLUTOI I IZEEINL TV, \
« Gap-Release/Early In-Vessel
PRE R ERE®ROX v v 7 b OH (Gap-Release) &, BREIOEBRIC
B R ARSREEE COFELMLOKE (Early In-Vessel) Z487%E,
» Ex-Vessel/Late In-Vessel
RFIFAREE. FAOBEMIF LIPS OKE (Ex-Vessel) BT 1 &KF&IZ
\ W LIcERREBD O (Late In-Vessel) ZAB7E, /

BEENREAL TOLLFELNEMZESE L. EFRAESI BT 2 ELERBD S
A I TITOWT, MAAP%Z FAV 7= FEMT S S & NUREG-1465DARTE # Ll 35 & |
®3IDLEBY LB,

£3 WHRKLOREFIFRERPBERITDLIETOIA I T OHER

POEHERE R SBALE L, | I OISR DSBS L IR
Xy v 7L oA EMHE | BB RFIFAESEZBIRT

D3 &5 B 5 E TOHIE
MAAP 0~$919%y #1947 ~#91. 6FFRH
NUREG-1465 0~30%5 3045 ~1. SBR[
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DR R R FRFARBREDZ A I JITonTiL, IZERLCTH Y,
BRRERDPREIHE SN D UHOFLERICRE REZT RO LM LT
W5,
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NUREG-1465D Y — A &# — Ald, {EBRBEEREI 2 0t RIZ LTV 5, £, XK
Bz T, NUREG-146500 Y — A Z—2h (LATF, [BH Y —RAZ—5b] L))
% EABE B IR R OMOXIREHZE 3 25 A OFREICBI L, 1999452 55461[H]
ACRS (Advisory Committee on Reactor Safeguards) &S FTBIB VW TERNL
INTWVWD, £ITIE, ACRS B, EABEEEAEL R UMOXIRE~ D A IZ-DW\ T
HWr 5 =D — VOB B R OERT —Z OINERMLEL a2 A bR
RENTWD, ZhiZx L, NRCRF v 7ix, EFEMIZY —RF—L~DEEIX
RNEEZXBNRD EHRALTVS,

Z D%, HHH 7 = — XORGRER R SRS LV — T ORHEISICE 2 5
BEIZOVWTHEMFERRXLTORERIITObATEBY, ZOREN
ERI/NRC02-2022 (2002411 A) ITE L O LNAREINTWS, ZOFmmOFERE L
T, UTFIZRTHEY, BRI REIBEFENZTONTVWEHOD, ERBEE
BB OMOXIRBHZ X L THEH Y — R X —ADBEAIC DWW TEEE R TWS
H DO 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 kigh bumup and MOX fuels.

(FRI/NRC N2-202 SFAE)

wam SN ERBEEE RN T, BRBHE B R DB KIRBEEETOGN/ t, 1P L IR GE
ES0GWd/tE % L LTWAB,

HAFEARNVOEROME M E L ORI N & 7 = — X OfkEe R & YR 4P
AR ZRAN~OHRHEIE D 5 bEBRBEEREHCONT, Z2E1DOXRE6 KUET
(2773 (ERI/NRC 02-202 Table 3. 1% U'Table 3.2), DI v I NOEEIL,
NUREG-1465DfE% R L TW5, 7o, EHOBUEL R —oMicfficahTnd
DX, RFNVHNTE—OEENEEINRP-T2HEIZBIT 2 EHMAROHELE
ETH D, &7 = — ADfGER R UL ~DFESHABNKREWFH R,
nalfy TR ERO I N—TORHEIEIZ OV TIE, NUREG-1465 Dl
EHhFBRELEIRTWS, £, ZOMOBEE I LV — T2V TR,
NUREG-1465DFfE L ¥ KZ RMHEI GBI REINTNE T —A b HDHH DD,
TG DBEWVITRBEREE & 1T EBEROREEREICLABDOTHEZ b, R
BEEEREL LRI CESERATE S LT 5,

UL ED#EROFER L LT, ERI/NRC 02-202TiX, BIH LD L BV EREE
BEPREHZ 5 LT HNUREG-1465D Y — A ¥ — A% EATX 5 b D & fEswftiT T

2 ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:
HIGH BURNUP AND MIXED OXIDE FUELS
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B

2B, KEOHFIEUETH HRegulatory Guide 1. 183123 T i, NUREG-1465
MO BB &R EHE TR K626/t £ TORBEE ORI E CHEATE S b
DEFEDTWNDS,
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3.2 Release Fractions'

The core inventory release fractions. by radionuclide groups. for the gap release and early
in-vessel damage phases for DBA LOCAs 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 inventory 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 to 62.000 MWD/MTU. The data in this section may not be applicable to cores containing mixed oxide (MOX) fuel.

ZOH G EH Y — A F — L& mBRBEEEREFOMOXIAEHZ E A 3 2 358 ORI
XL THREBTHhATEY ., 2011FE1AIZX, > F 4 TEMHEFT» LHRESE
BHEN TS, (Sandia Report SAND2011-0128°)

AR v VoI FHEICKRELS FETHIERE I L —TITo0
T, ERREEEREI R OMOXRELORHEIAIX, 2B 1 D0ORSKRVEKIIRTER
D, ERBEEREIOZNLE LI ERDZBOTIHERVWI EBREINTVS, Z
DI Lt BB TIL, NUREG-14650 A EE EE B OMOX AL oD 38 F 12
DNWTHEEINDILOTIIRNWEEXD, RAXEFNLDOT—F 2B LT,

F4 RHHE CORFIFRMATR~ORHEI& O

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(RBERED * | (MOXJZRED) * (B BRBEIRE) (MOXJA R
A 1.0 1.0 1.0 0.97 0. 96
L% 0.75 0.85 0. 82 0. 60 0. 62
A 0.75 0.75 0.75 0.31 0.55

X BEEOEPRRINTWSD, EHEEZER L,

UEDE ST, BRI REBEFELHDLHLOD, BAEOHMA TIX, BREE
BRELE OMOXIREBHZ R L THEH Y — A I —LEZEBEEINTWVWAHDO TN
Z & DRegulatory Guide 1.183, ERI/NRC 02-202}% UXSandia ReportiZ;m X 31T
W5,

REVES RO REREEE L. 7T BREHT556Wd/t, MOXERELT456Wd/t TH 5
Z &b, ERI/NRC 02-202i2334F @ &G, REHE AR DB B ABEEET56GWd/ t

3 Accident Source Terms for Light-Water Nuclear Power Plants Using High-Burnup or
MOX Fuel
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K Sandia Report i@ F#LEH, PREHE & & mRBERES9GWd/t & Hhlgk U id i %i
FNIZH D, 1=, BREMERBRBEEIL T T L RBET616Wd/ t, MOXERELT536Wd/t
TH Y . Regulatory Guide 1. 1831Z78 I 125 it FAGEEH ., REHE S SR BEE62GWd/t
DEENIZH D, ZD7d, FHEZEEINTOWRVER Y — X ¥ —LD#EH
IXFTRE L HIT S5,

ERI/NRC 02-202iZ7~ S 7= B A OISV TIX, EMFEOER LM
NTWBZ &, Sandia ReportiB#&DEEIZ OV TH., MOXBREHZ DWW TITE—
DRTFIFRMBROBRERR L LIEBITICE EE o TRV, KENRCIZA—Y
FTARXEINTELDOTERWNWZ LEERE L, 5 EIOFMIZISV TIINUREG-1465D
BiEx A=,
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2. S EIOFME T L TOFEAM & MAAPFEHT T Ol D Bz DT

[KAEMT LOCA FFIZ ECCS AR UMEMBIRA T VA EARKRBT 5 — 7 v
R | ZBIT ARTFIFERMARSRNA~DOKRHEEIEIZOWNWT, SEIOFEET LV TD
SEAMlRE S & MAAP AT COFHBRE BRI O\ T OB #E 52, /-, LB HES
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# 6 ERI/NRC 02-202|281) 2R FIFEMAI~DOHE (BRBEEREL)

Table 3.1

PWR Rel

Into Containment (High Burnup Fuel)’

Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration {Hours) 04 (05) 14 (13) 20 (20) 10.0 (10 0)
Noble Gases 0.05,0.07; 007, 007; NE® | 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) 0(0)
(0.05)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 02 (0.1)
Alkal Metals 0.05 (0.08) 0.25; 0.90TR (0 25) 0.35 (0.33) 01 (o1
Tellunum group 0.005 (0) 0.10; 0.30; 030; 0.35, 0.ITR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Strontium 0 (0) 002, ™4 (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) {0.0025) (0.0025) {0)
Me, Te 0 015,02;02;0.2; 0.7TR? 002;0.02,0.2;02; TR 0, 0; 0.05; 0.05, TR
Ru, Ith, Pd 0 0 0025; 0.0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 0401;0.01; 0.01; 0 10, TR
0.02TR
Cerium group (0) (0.0005) (0.005) ()
Ce ] 0.0002, 0 0005; 0.01; 0.01; 0.005; 0 005, 001; 0.01; TR 0
0.02TR
T, Zr [i] 0.0001; 0 0005; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR [i]
0002TR
Np 1] 0001;0.01; 0.01; 0.01; 0005; 0005; 0.00; 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 00002; 0.02TR 0005; TR 0; TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0 TR
Nb 0;0 0.002; 0.002TR 0.005; TR 0; TR
Pm, Sm 0;0 0.0002; 0.002TR 0.005; TR 0, TR

* Note that it was the panel's understanding that only about 1/3 of the core wall be high burnup fuel, This 15 2 significant deviauon from the past when accident
analyses were performed for cores that were uniformly burned usually 1o 39 GWdit

Footnofes to Table 3 1

1
1
3
4

The mumbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France fs to assign all releases following the gap release phase to the early in-vessel phase.
NE=No entry; the pancl member concluded that there was insufficient information upon which to base an informed opinion.

Barium should not be treated the same as Strontium. There is experimental evidence that barium is much more volatile than strontium, VERCORS and
HI/VI (ORNL) experiments cited; these show a 50% release from the fuel 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 NUREG-1465 lanthanide grouping, .g., one group, while two panel members subdivided the group into four subgroups.

# 7 ERI/NRC 02-202iZ81F 5 R FIF AR SR~ (MOXEEED

Table3.12  MOX Rel Into Containment”
Gup Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration  (Hours) 0.3;04,04;04,04 (0 SJ' 14; 145 L4 14; 1.5 (L3) 20 (2.0) 00 (100
Noble Gases 005, 005, 005; 0,035,007 0.65; 0.65;0.753; 0.93; 0,02;03, 03 TR a (o)
{0.03) 0.95 TR*(0.95)
Halopens 0 05; 003; 0.03; 0,05, 0.07 0.325, 0.35; 0.35, 0.375; 015;0.2; 025025 TR 0.2, 0.2;0.2; 0.2; TR (G.1)
(0.03) 095TH (015)
Alkull Mewads 003, 0.03; 0,03; 0.05; 0.07 0.25; 00.30; 0 30, 0030; 0.65TR 0.25; 025, 0.30; 030; TR 0,10, 015, 0,15, D15, TR
(0.05) (©.25) 0.35) 0.1
Tellurium group 0; 05 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;¢2;02; TR (D.005)
{0.05)
Barjuny, Strontium NE', NE,NE; 0,0(0) ME, NE, NE; 0.01; 0.1 {0.02) NE, NE, NE_; 0.1; 0.1 (4.1) NE, NE, NE, 0; 003 (1)
Nobls Metals () {0 0025) (0.0025) )
Mo, Tz NF, NE, NE; 0,0 NE, NE, NE; 0.1: 0.1 NE, NE, NE, 001,001 NE, NE, NE; 0.15 0.1
R, Rhy, Pd ME, NE, NE; 0; 0 ME, ME, NE; 0.05; 0.1 NE, NE, NE; 0.01; 0 01 MNE, NE, NE, 001,001
Certam group () 10.0005) {0.005) @
Ce INE, NE, NE; 0; 0 ME, NE, NE, NE; 0.01 NE, NE, NE; 0,01; 0 01 NE, NE, NE; NE, 0
Pu, Zr NE, NE,NE, 0,0 NE, NE, NE; NE; 0,001 ME, NE, NG; 0.001; 0.001 NE, NE, ME; NE; 0
Np ME, NE, NE; 0; 0 NE, NE, NE; NE; 0.01 NE, NE, NE, 0.01; 0 012 NE, NE, ME; NE; 0
Lanthamdes ML, ME, NE; 0, ¢(0) NE, NE, NE; ME; 0.003

{0.0002)

NE, ME; NE, NE, 0.01 (¢ 003}

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

Th numbers in parenthesis are those from MUREG-14635, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13),
TR = 1otal release. The practice m France 15 to not divids the source tenn into carly in-vessel, ex-vessel, and late in-vessel phases.

NE = Mo eniry; the panel member concluded that there was msuilicien information upon which to base an mformsd opimon.
‘Thie values wn Table 2.12 are for releases from the MOX azsemblics 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 Rel In | Release Ex: i Rel Late In-vessel Rel
Duration {hours) 022 45 48 143
io_si i1_5i izm fﬁ
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 0.54 0011 0.003
(Kr.Xe) (0.08) {0.85) 2] (@
Halogens 0.004 037 0.011 021
{Br.l} (0.05) {0.35) (0.25) (0.10)
Alkali Metals 0.003 0.3 0.02 0.08
{Rb, Cs) (0.05) (0.25) (0.35) (0.10)
Alkaline Earths 0.0006 0.004 0.003 -
{Sr. Ba) (0} (0.02) (0.10) )
Tellurium Group 0.004 0.30 0.003 0.10
(Te. 5=, 5b) (0} (0.05) (0.25) {0.005)
Molybdenum 3 0.08 0.01 0.03
{Mo. Tc, Nb) (0.0025) (0.0025) (0)
Noble Metals = 0.006 [0.0025] -
{Ru, Pd, Rh. atc) (0.0025)
Lanthanides - 156x107 1.3x105 -
(¥.La, Sm. Pr. stc.) (2107} (0.005)
Cerium Group = 1.5x107 Z24xi0” =
{Ce. Pu, Zr, etc.) {5x10%) (0.005)

9 SAND2011-0128 (2B} R FIFHEME I ~DOHH (MOX B&%EH

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 Rel In-vessel Rel Ex: | Release Late In-vessel Rel
Duration (hours) 0.36 44 65 16
|a.50i i'l.3] |2,Di ill}i
Release Fractions of
Radionuclide Groups
Moble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) (D050} (D.85) (o) @
Halogens 0.028 0.48 0.06 0.055
(Br.0} (0.050) (0.35) (0.25) (0.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs) (0.050) (0.25) (D.35) (0. 1qg
Alkaline Earths - 0.0015 0.008 Bl el
(Sr, Ba) (0.020) (0.1) @)
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se. Sh) (D) (0.05) {0.25) (0.005}
Molybdenum : 0.27 [0.0025) 0.024
{Mo. Tc. Nb} {0.0025) (0)
Noble Metals = 0.005 [D.0025) 3x107
{Ru. Pd, Rh, eic.) (0.0025) {0}
Lanthanides - 1.4 x107 3x10° -
(Y. La, Sm, Pr. etc.} {0.0002) {0.005)
Cerium Group - 1.0 x107 5x107 -
{Ce, Pu, Zr, etc ) {0.D005) (0.005)
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D& I BT 5 B T D EER D 5 T NUREG-1465 (T b~ Tk & 2 B & 2342
RINTVWRIERIN—TbH D, Al THWZET L TOFHMEIZIBWT,
BRI N—TORNREHRT 5,

BB S 2 HEE (2D T, NUREG-1465 ISR SN D BT L —
TOWNRE LT I-131 HMEBRBEEZ XK 1012, T <RI RAX 0. 5MeV HAE
ExFE IR T, 1-131 EMERE T\ n4F Y (3 7FEE) 2358 55%. Ce A
%1 15%, Cs FHH 12%, La T 12%., ZOMPBKIT % Lie>TEBY, v ##
TRV 0. 5MeV HAEIIFHH AN 91%., »uaFy (FUFRHE) 7%, Cs
B 2%, ZTOMDBKI1L % ETR>TW D,

728, MOX #REHZ X9 % NUREG-1465 i FHIZBET A2 HAFK TOERDOH T,
NUREG-1465 |Z bR TR E 2 HBIE BB N TV S Te HL RUEHIZOW T,
RRF~OHESEMEIC BT 2 FEEEIT/NE L, RFFHOBAIZITKRE 2
BERIFTHOTIERU,

# 10 BREICHHE I E OSBRI NV—T DGR
(I-131 & MmEHE)

T BB RE R (L 2 HFE5EE
(Ba) (%)
Xe #1 0. OE+00 0
I8 8.2E+13 55
Cs 1. TE+13 12
Te 38 3. 8E+12 3
Ba 8 6. 1IE+12 4
Ru ¥ 5. 9E+11 <1
Ce 18 2. 2E+13 15
La 31 1. TE+13 12
&it 1. 5E+14 100

(F1) 7 HHEERHE
(FE2) AIBIESHTEZMHBEAL 2HTICHDTME

w7.2.1.1.8-13



F 11 BREICHHE I Y E DL BRI V—T DWNER
(H o~ x/LF 0. 5MeV HLE)

A Ao sE R F 2 wEEE
(Ba) (%)
Xe #1 8. TE+15 91
I8 6. TE+14 7
Cs 1. TE+14 2
Te 38 3. 1E+13 <1
Ba 8 1. TE+13 <1
Ru 3§ 9. 9E+11 |
Ce #1 1. 1E+12 <1
La 3§ 2. 9E+12 <1
&it 9. 5E+15 100

(F1) 7 HFMEERHE
(FE2) AIBIESHTEZMHZBEAL 2HTICHDTE
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LOTHY, AREFIEFORE. A TS VAR L b LA F2ERT 57
BITIE, A7 VAR THE 100’ /h BULETHD, SEIOFMETHWZA
FEIT 3 BFORBBARIA T VA iiE 140m°/h & 100m’/h) THY, A
TUARIEE L 5mm LA T2 ERTE TCWAHD E/D=7T2EHAT5Z LI3%Y
ThHb,
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SE!

CSE & —# ( “Removal of Iodine and Particles by Sprays in the Containment
Systems Experiment” Nuclear Technology Vol. 10, 1971 )

CSE TOZKRB TORHGERZ LU TITRT,

TAELE I
Experimental Conditlons—CSE Spray Tests

Run Fun Run Run Run Run o

A-3 A-4 A-G A-T A-B A-9
Atmnsphere Air Alr Steam-air Steam-air Steam-air Steam-air
Temperature, °F 7 7 250 . 250 250 250
Pressure, psia 14.6 14,6 44 50 48 44
Nozzle type = *‘ 4 ¢ b »
Drop MMD, pd 1210 1210 1210 1210 770 1220
Geometrie standard deviation, o 1.53 L33 1.53 1.63 1,50 1.50

i [ |
Number of nozzles 3 12 12 12 12 12
Spray rate, gal/min 12.8 14.8 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 HyBO; in NaOH, pH 9.5.
bSpraying Systems Co. 3/8 A20, hollow cone. 3000 ppm beron as HaBOs in NaOH, pH 9.5,
“Spraying Systems Co. 3/4 AS0, hellow cone, #3000 ppm boren as HsBO; in demineralized water pH 5.

Wass median diameter.

¥, ZOXBETELNER T VA BRI FITRT,

TABLE I
Summary of Initial Spray Washout Coefficients

ns Observed, min™'?

Iodine on Total
Run | Elemental | Particulate | Charcoal | Inorganict
No., Iodine Iodine Paper Iodine
A-3 0.126 0.055 0.058 0.125
A-4- 0.495 0.297 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-T 0.315 0.31 0 0.20
A-8 1.08 0.98 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,

ZORRENPORERVEAZ B ST THRBRL EME L7z A-4, A-6 RUA-T
TPD” Particulate lodine” DFERZ T 5 &, HFOFHEAT—HLTEY,
REQREZFELC TR, ZTHIZHL, AT VA REZ/NS< L2 A-8 Tid,
BEUEATVAHEREMELTWEZ R0 5,
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<, BREERY, FFFEMESHNENDELSHEBETHIER L —F A THD
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RIIBRERANVTEEEZREL TS,

JRFIF AR a2 b DI AWV RIT, RFFBARSNEN & ERE O
0.9 fFEDEHNUTOHRSRE (D ITRTHE, B LG QIITRIRE2ERT 5,

() RFIFERESNEND DR EEHERESD D 0.9 fFLLTOSE
EEMBEREND 0.9 FLUTFORZAWVREZRFINFHET S 72 DICEERDOK
(ZNETORFFRTHER) KVREHT S,

L _ |AE
L, AL, p,
L3 WA VR

Ld:  BREHRA VR

AP:  JRFIFREMAA ae NI EIE

p: JRFIFRNA SR N B

d:  WAFCRFAVABRFORELZRS
D BRAFUCUREEROREERT

2) RAFENEBRNENDREBEREND 0.9 LY KEWEE
EAREHETE, BEIIEREREOESZRT 720, RAFEMHERN
EHBREREFERESD 0.9 X0 KEWEAIIEREREORBR - ELitoREE
ERT D, WAWRIIEEROR, EMEREORER, £I3ElkEZE L
XD 3XNLHELNDEDON, HRKRDEL T 5,
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(LR ICRBE L TWAMB 7 A VX O&EFERBEL LR S Z L ik
<, MEMETTAZ TR, £2, BEIZSWVWTH, FFFHEME
BRZVWRIZE LTI RBELEREIHAILOD, 7T=2T7 AERG
LREERENRIL, 7T=2 T AANLDOERBALH L L6, FhiE
EBENENRDZ Lidlenicd, 74V ZOHENMETT5Z X220,

L7z TC, MBI 7 4 V27 BREZHRI%ITFHEMR T B,

b. REAEEIZOWNT

7 =27 AEKE LR OB T 7 4 V7 DIRFREEITKIS. 9ke /&
(68) THDH, BB PICRFIFERABRRNPLT =27 AH~NRR
WLEZT B AT _RTBHEIND &0 RTFRI R E TR L 727
B0390.9kg TH D, (1)

T, KEEELEEZ T, KT FERMABRRNLDORAWVICET S
TT7a Y NVRTFOMEDOHEEZZERET., BREFRMERLOIRA VL
TEMBLF R EETANZICHESINDSHLOLELTRHHEL/ZHDTH
b5, BB, EOFRITILTHFREI>FLLTEMLE, (R2EUVH1Z
F)

Lo T, 7=z 7 AEXEERMEOMWELF 7 4 L Z 1T, =7 &
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