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x HFFRMHESE~OBKREEE (NUREG-1465 Table3.13)

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

Duration (Hours) 0.5 1.3 2.0 10.0

Noble Gases** 0.05 0.95 0 0

Halogens 0.05 0.35 0.25 0.1

| Alkali Metals 0.05 0.25 0.35 0.1 |

Tellurium proup 0 0.035 0.25 0.005
Barium, Strontium 1] ' (102 0.1 i

Noble Metals ¢l 0.0025 0.0025 0

Cerium group 0 0.0005 0.005 1]
Lanthanides 0 0.0002 0.005 0

* Values shown are fractions of core inventory. l
** Scc Table 3.8 [or a listing of the clements in each group
*** Gap release is 3 percent if long-term fuel cooling ts maintained.

~

(HREROE T =~ XFREUTOL I CEBISN TS,

- Gap-Release/Early In-Vessel : BREV W EEBEHZOX v v 70 b O KH
(Gap-Release) & | BAEIOERICHE S HFIFREGEEE TOF L L O HMN
(Early In-Vessel) ZHTE,

- Ex-Vessel/Late In-Vessel : [l RixBEHZ ., F I O EBUF O 5 O F
(Ex-Vessel) R OIKBRICILE LIS RERM DK (Late In-Vessel) %

L BE,

4
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BREEN BHGWd/t VT VIFELDIEINEZENTDTHDH, RE~IH X
NH5ETOBERECEBDREICOWTIE, 77 U LTH 1/4M0X B E
LEHFPLTHLRE L THHED, Cs—13T DFLNEBEN S WIF LD,
FERELT, BE~OMBBHEED Z 5,

LLF ., [55GWd/t] w7 F > 4l K OF [4BGWd/L+1/4MOX 5 Kk % 7i 47 02 T
Cs—137T DHFELNEBEOKEZ T, FEMITSEHE2E 1ITTT,

® 1 EEMAT KM
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53 HidL : TAEA, Nuclear Data Services, Fission product yields (2013 4 8
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WAEEER 3119
JEF-IAARANES 2~ D ST E D ENE DR EIZ DOV T

[RTFARZR R D O MEE OB EISIZ DWW TIE, #1312 T NUREG-1465 D4R 0 PN EFE &2t
T B R IF AR e~ DB G 2 BRI E L TV D,

H1FER R IERAAA 2R~ D ElS (NUREG-1465 Table3. 13)

Gap Release** Early En-Vessel Ex-Vessel Late In-Vesscl
S R )Y 2 i M— [ Dumtion (Hours) 0.5 1.3 Z0 0.0 |

Notle Gasss*™ a0s 095 [ 1]

Hatogens Qo3 .35 25 4.1

Alkali Metals 0.05 €25 (L35 B

Tellurium group 0 005 0.35 £.005

Barium, Strontium 0 ' 0.2 0.t o

Nobiz Metals 8] 0,005 0025 0

Cerivm group ] G.0005 0.008 a

Lantbanides a L0002 (.05 a

= Values shown are fractions of core tnventory, '
“* Seeibhle 3.8 Far a lsting of the elements in each group
“** Gap releasc is 3 percent i Jong-term fuel coonling s maintained,

/‘
FHHEREDE 7 2 — XEIRELUTOIIITEHEN TS, b

+ Gap—Release/Early In-Vessel

BREHEEEREROX v v T DO (GapRelease) &, BEIOEEUIAE S HTFRSHEE
TOWFLNEG DR (Barly In-Vessel) Z48E.

+ Ex-Vessel/Late In-Vessel

JRFIRA R GHRE% . FAOERIF LD ORI (Ex-Vessel) RUMRFRITILAE LI o R AR
DNt (Late In—Vessel) #1EIE, )

-

(1) FEGuERIZOWT

NUREG-14650 ) —A #— 2 (LLF [EH Y —AF— L) L)) iE, BEHUEERIER S X |
JRFIF A ga DR LS EF OAMFAMI U SN DRREBIZE D E TR R E LIz b D TH Y, F2R
DEFRY, AT THEE L TV D HFI S —7 A (KLOCA+ECCSIEARR) L RERD Y — 7 2T
DVTHXHRIZHEENL TN D,

FRNFEAEL TODIFOHEMAZBRG L, PR MRE T ERERDO ¥ A I 7o
T, MAAP = — 1 U B3/ 4 BRI AR 1 & NUREG-1465 DREE 2 W5 & sk L b
n&ins,

JFOERRBH AR R O IR R G IR D X A L 703, [ RERICZA I 7 Th Y, B EmE R
REWZHH SN DM OFRERIZKRE 2EET RV, 2B, FHMETIEI T HMEMELZE L, R+
IR NA B & DI L BRSO T, MBI RIS LSRR VSIS & RAA (%
BELTND,

37 4RIV 3. 1. 1.9-1



523K  NUREG-1465TxfH L L TWDH T —F R

Table 3.2 PWR Source Term Contributing Sequences

Flant

Sequence Deseription
Surry AG LOCA (hat leg), no containment heat removal systems
TMLE® LOOF, no PUS aadd no AFWS
A4 Interfacing setem LOCA
53 BBO with RCP sen} LOCA
S20B SBLOCA, ap ECCS and Hs comnbustion
SxD-p SBLOCA with " hole in contalnment
Zion S2OCR LOCA (2"} no ECCS np CSRS
SZDCFL LOCA RCP s¢al, np BCCS, no containment spags,
0 colers—Hz bum or DCH fails comalnment
S2DCF2 SIDCFI excepl tare Hj or overpressues failure of
conainment
™LY Transignt, no PCS, po ECCS, no AFWS=—DCH [ails
containment
QOconec 3 TMLE" SBO, no artlve ESF sysiems
SICE LOCA (37}, no ESF gystems
Sequogah SIF1 LOCI.:;R)CP no ECCS, 7o USRS with reactor cavity
Toax
SIHF2 S3HF1 with hot beg indused LOCA
IHE S3HF 1 with dry readtar vty
3B LOCA (44") with 5BO
THA SB0 induces hot leg LOCA—ydrogen burn fails
coniainmeni
ACD LOCA (hot legh no ECCS no C3
5301 SBO delaved 4 RCF seal [aflaces, only steam driven
AFW gperates
SINF LOCA (RCP seal), no EQCS, np CSRS
S3H LOCA (RCF scal} no ECC recirculation
SRO  Stafion Bladoul LOCA  Lawm of Coclant Acsdoent
RCP Reacior Coolant Pump DCH Direct Contafnment Henting
PCS  Power Comversion System ESF Enginesrsd Safety Feature
[0 Contoinment Speay ! CSRE 5 Recirenbarion Sysiem
ATWS Anticipated Transient Withowt Scram LOOP  Lass of Cllsiie Power

B 33F MAAP = — R A& FW 72 fEATHE S & NUREG-1465 DAETE D L

PR EREG ARG L, ¥
Yo 70 B R PR E D3
S % W]

SRS RSB AE L. Ta okt
DR FIF Rz EWEETHET
o HfA

MAAP

~#922%%

#2245 ~#91. AR

NUREG-1465

~30%3

3047 ~1. 8]
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(2) TERBE FEIRE K OMOX IR~ 0D 15

B Y — A7 — A, KRB 2RI LTV D, O, KEICBWT, By —*
B o— I R E AR R OVMOX REHIC i T 25 A OB IC B L, 1999 4R (T 5 461 [
ACRS (Advisory Committee on Reactor Safeguards) RSBV TGRSR I TS, &2
TIE, ACRS/H & ERABEES REE B OMOXIRER~ D3 I DU THIWT T 2 72 DI ITARHT > — L DT B
ROVERT — 7 DIERVE L a A FRRENTND, ZHUTK L, NRCR % v 7%, EEMIC
Vo ARG = BADEBTI N EEZ LD EFHBAL TN D

F D%, BT = — X ORKGRE L SRS N— 7 O IHEIG L5 2 5 BRSOV
FIZE S L TOBERPITHOILTE Y . Z OFEFEHERT/NRC02-202 (20024F11 A) I F & b S AR &
NTWD, ZOFEmOMEEL LT, ATICRTEY, BRI REIBERFELET N TNDHD
D, ERBEEIRE R OMOXREHZ S L CH HHT Y — A F — LADBAIZ OV TEEEINTNDLHDT
EAIAN

Finally, th‘acre isa general expectation that thc: ph}’SECﬂl and chemical forms of the revised
source ferms as de fined in NUREG-1465 are applicable to high bumup and MOX fuels.

(ERI/NRC 02-202 %45'_)

WRIF SR DR OR T & LORENI, &7 = — KO R B ORI 25 N~ D fi HE
BITONWT, FAF R OFESFIT7T (ERI/NRC02-202 Table 3.1 U'Table 3.2), F¢ m@;ﬁ
fEiE. NUREG-1465DfE% T LT 5, Fiz, EEOBMEAFE - OMIZHFREN TN 2 DEF, /I3
NN TH—DEEREGE SN0 BB 2EHMEOHRETH D, &7 = — XDk
R R OBE < ~DFE P BUCKEWFHH A, ~a e TR V&R0 7N —7 DRihHE
AT OV TIL, NUREG-1465 D¥UE & BERFAREZ L S TnD, £z, TOMOEES L —T712>
WX, NUREG-1465DEME L ) RERMHEIENIRRENTNDL I —AbH 200D, ThbdD
EVIBRBERL & X EBIRO RNREMEIC L 26D TH D Z b, (RRBEEIEL & 7 CfEASEH T
EHLEINTWD,

ik, KEOHHIFETH HRegulatory Guided 1. 1831231 Tk, NUREG-1465TDHHEIS D
8 % AR THEGN/t £ TORBEEDOBE E THHTE 2D L ED BTN,
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Table 3.1

B BIRFIF A

PWR Releases Into Containment (High Burnup Fuel)

FORRH (FABEREIEL

Gap Release

‘ Larly In-Vessel

LEx-Vessel

Late In-Vessel

04 (05)

Duration (Hous) 1 14(13) 20 (20) 10.0 (100}
Noble Gases 0.05;0.07; 007, 007; NE* | 0.63,0.63; 0 63; 0 65; L.OTR 03 (0) | 0 )
] (0.05) (0.95) 1
_ Halogens 0.05 (0.05) 0.35; 0.95TR (035) 0.25 (0.25) | 02 (0.1)
Alkals Metals 0.05 (0.05) 0.25;0.90TR (025) 035 (0.35) ‘ 0.1 (01)
Tellunum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, C.7TR 0.10 (0.25) 0.20 (0.005)
(0.05)
Barium, Sttontium Q) 602; ™% (0.02) 0.1 0.1 0 (0)
Noble Metals (0) {0.0025) {0.0025) [(©)]
Mo, Tc 0 015,020 0.2 0.7TR? 002;0.02;0.2;0.2; TR 0; 0; 0.05; 0.05, TR
Ru, R, Pd 0 000625; 0,0025,0.01, 0.01; 00025, 0.02; 0.02; 0.0Z; TR 001;0.01;0.01; 0 10, TR
0.02TR
Cenum group (D) (0.0005) {0.005) ) -
Ce 0 0.0002, 0 0005, C.G1; 0.01; 0.0035; 0005, 001; 0.01; TR 0
0.02TR
Pu, Zr 0 0.0001; 0 0005; 0,001; 0.002; | ©005,0005;0.01;0.01, TR 0
0 002TR
Np 0 £001;0.01; 0,013 0.01; 0.005;0 005; 001,001 TR 0
0.02TR i
Lanthamdes {cne zr an‘) 0; 0; 0; (0) 0.0005; 0.002; 0.01 (0.0002) G 005; 0.01; 0.01 (0.005) ‘ 0;0; 0 (0)
La, Fu, Pr, Nb 0; 0 00002; 0.02TR 0005, TR ;TR
Y, Nd, Ay, Cm 0; 0 0.0002; 0.002TR 0.003; TR 0; TR
Nb 0; 0 0.002; 0.002TR 0.005; TR 0; TR
Iy, Sm 0;0 0.0002; 0.002TR 0.005; TR 0, TR

* Note that 1t was the pannl’u uud.rmndmg, that only about 143 of the core will be high burnup fuel. This 1s a significant deviation from the past when acaident
analyses were performed for cores that were uniformly burned usually to 30 GWdit
! The numbers in parenthesis are those frarn NUREG-1465, Accidert Seurce Temms for PWR Lizht-Water Nuclear Power Plants (Table 2.13).

TR = total release. "The practice in France is to assign all releaszs following the gap release phase to the early in-vessel p]mse
NE= No entry; the pancl member concluded that these was insufficient infornation upon which to hase an informed opinion.
Barium should not be teated the same as Strontium.  There is experimental evidence that barium is much more velatile than strontinm.  VERCORS and

HI/VI (ORNL) experiments cited; these show a 50% release from the fuel and a 10% dclivery to the containment. Suontium has a 10% release from: fucl and
2% to the containment, based upen all data available to date,

Three panel members retained the \'URI‘G 1463 lanthanide grouping, e.g., one group, while two panel members subdivided the gronp inta fanr subgroups.

%53 ERI/NRC 02-20212381F DR FIFRMA e ~D R MOXEEEL

Table 3.12

MOX Releases [nto Containment®

Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duratien  (Hours) UJ 0.4,04;0.4,0.4 {03) 14;1.4;1.4; 1,3, 1.5 (1.3) 2.0 (2.0) 100 (100)
Noble Gases 00: 005,005;0.05,007 0.65; 0.65;0.75; 0.92; 0,62;03,03;, TR(Q) 0(0)
(0.05) 0.95 TR*(0.95)
Halogens 003; 0 05; 0.03; 0.05; 0.07 0.325; 0.35; 0.35, 0.375; 015;0.2;0.25,025; TR 0.2;0.2;0.2; 0.2, TR (C.1)
(0.05) 0.95TR (0 35) (0.25)
Alkali Meuls 0 05; 0,08, 0.05; €.05; 0.07 0.25;0.3G; 0 30; 0 20; 0.65TR 0.25,0.25; 0.30; 0.20; TR 0.10,0.15; 0.15,0 15, TR
(0.05) 0.25) (0.35) ©.1)
Tellusium group 0;0; 0, 0.005; U.O()i- (U] 0.1;0.13; 0.3; 0.35; C.7TR 0.4;0.4; 0.4; 0.4; TR (0.25) 02,02;02;, TR ([),005)7
{0.05)
Barium, Strontium NE’, NE, NE; 0,0 ) NE, NE, NE; 0.01; 0.1 (0.02) NE, NE, NE; €.1; 0.1 (0.1) NE, NE, NE, 0; 06 05 ()
Nobls Metals (00025} (0.0025) )
Mo, Tc NE, NE,NE; 0.1; 0.1 NE, NE,NE, 001,001 NE, NE, NE; 0.1; 0.1
Ru, R, Pd NE, NE,NE; 0; 0 NE, NE, NE; 0.65; 0.1 NE, NE, NE; 0.01; 6 01 NE, NE, NE, .01, 001

Cenium group
Ce
Pu, Zr
Np

(@
NE, NE, NE; 0;0
NE, NE,NL, 0,0
NE, NE, NE; 0; 0

(0.0005)

NE, NE, NE, NE; 0.01
NE, NE, NE; NE; 0.001
NE, NE, NE; NE: €.01

(0.605)
NE, NE, NE; 0015001
NE, NE, NE; 0.001; 0.00i
NE, NE, NE, 001;0 02

(0) 1
NE, NE, NE; NE, 0
NE, NE, NE; NE; 0
NE, NE, N[;; NE; 0

Lanthamides

NI, NE, NE; 0, 0/(¢)

NE, NI, NI; NE; 0.005
(0.0002)

NE, NE, NE, NE, 0.01 (0 C035)

NE, NE, NE; NE; 0 (0}
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The numbers 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 1s to not divide the source term o early in-vessel, ex-vessel, und lute m-vessel phases.

NE = Ne entry; the penel niember conciuded that dsere was isufficient mformation upon which to base an informed opimion,
The values m Tablz 3.12 are for 1cleases from the MOX assemblies in the core and not from the LEU assemblies.
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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) (2.01 {10}
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 0.94 0.011 0.003
(HrXe) {0.D5) (085 (0 1))
Halogens 0.004 0.37 0.0m 021
(Br.l (0.05) (0.35) (025 (030}
Allali Metals 0.003 0.23 0.02 0.08
(Rb. Cs) (0.05) (0.28) (0.38) (030}
Alkaline Earths 0.0006 0.004 0.003 -
(Sr, Ba) (0} (D02 (010 (-}
Tellurium Group 0004 0.30 0.003 0190
(Te, Se, 3b) 0y [0.05) {0250 {0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Te, No) €0.0025) (0.0025) )]
Noble Metals - 0.008 [®.0D28] -
(Ru. Fd, Rh. gi2.) (0.0025)
Lanthanides - 1.5x107 13x105
(Y.L, Sm. Pr. exc) {2107} {D.00%)
Cerium Group - 1.5x107 2.4x107
(Ce Pu. Zr et {Sxi0™) (0.O00%)

BET3 SAND2011-01281Z3 1 B I FIF A& A g ~D i (MOXEREL)

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 Release Ex-vessel Release Late In-vessel Release
Duration (hours} 0.36 14 6.5 16
{0.50) (1.2% (2.0} [10}
[ 1
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Er.Xs) (0.050) 10 963 o @)
Halogens 0.028 0.48 0.06 0.055
(Br, Iy (D.050) [0.25) {0.25) (0.1D)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs} (D050} (0.25) 0.3%) (@.10)
Alkaline Earths - 0.0015 0.008 9x10”
(51, Ba) (0.020} (0.5 Q)
Tellurium Group 0.014 0.48 0.04 0.055
iTe, Se, Sb) ) (0.08) (.25 (0.005)
Molybdenum - 027 [0.0025) 0.024
(Mo, Te, Mb) (0.0025) (D)
Noble Metals - 0.005 [0.0025] 3Ix10™
(Ru. Pd. Rh_ &) {0.0025) (0}
Lanthanides - 1.1 x107 3x10° -
(Y. L3, Sm, Pr. e ) (0.0002) (D005
Cerium Group - 1.0 x10" 5x10™
{Ce, Pu, Zr, elc.) ¢0.0005; (D.005)

HeE A TORMA te~ D EI & O FEE

ERT/NRC ERT/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(BRIRBERREL) (MOX#RAL) (B BRIGE FE R (MOX#REL)

i A 1.0 1.0 1.0 0.97 0.96

LHFE 0.75 0.85 0.82 0. 60 0. 62

RN 0.75 0.75 0.75 0.31 0.55
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Fig. 3 Fuel temperature and fractional releases of Cs
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Table 1 Specifications of three types of fuel

PWR-UO; BWR-UO- ATR-MOX
Pellet diameter* |mmj 8.1 10.4 12.4
Density® [% Theorctical Density] 95 97 95
Burnup [GWd/t] 47 56 43
E?lim‘ﬂlcd.l’\.l conten.l 1 12 29
after irradiation {wt%]
Lincar heat ratc (Average) [kW/m] 18 26 28
Estimated peliet tcmpt?ulure‘r =
[Center/peripheral (Average)} [K] 1000/660 1300/870 L0/ 200
Fission gas release 0.4 12 20

during reactor irradiation %]

*Nominal values as labricated
b Average temperature during irradiation
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25, HEEHMEIR OB~ L R ERDEROBIKILICE L, CsIUHM G E o Tcle b THh H & & T
BY. ZOREFBEOCsH LI, BEFOMENEEIKET D& LTWD, RBTHNWEZEA
Ly ORI (Linear heat rate (Average) [kW/m]) (DWW TIEEID LY THY
PWREREHT L~ MOXEREL K UBWRIREH TS VY, 2 D72 ARIRFEBIZ IS TIiE, MOXBRER D F HH
BHPWREEEFL U S K& < 22> T D, FIL800KZ B HI2800K F ~C iR FEIRIZ DV TIE, kL
v MAERAL E T2 XERT 720, EOBEHI OW T HCsDRHEIGIC R & 221372 <, 13T 4L
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MOX~ Ly b DIREIZ DD T HITIFUOIREISN Ly FERIFEEZEZ N END, FIFEDEND
VEGAFEBRIZ 3515 HPWR-UOSAKL L T W BB AR T H D LB R HiLDd, > T, VECAERDBZLEND
b, MOXEREL & UOAKF 2 KB L THLD D Z LITRETH D LA TE 2.,

77, NUREG-1465(Z3\ T, #REFSEIR & 72 W IsRllC B 22 (3Early in—vessel 7 = — X TH
ENTWD, K7 = —XTB 288D ORHEIE 12DV Tik, NUREG/CR-5747 O THEET A3 /2
EIL T D, STCP (Source Term Code Package) (ZX BFHMEME CTid, Z D7 = —RIZH ) DK
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FEEEIC, KRR TOLESENRBEINTELEL>TWD, 10K, FH11FKIINUREG/CR-5747IC
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