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% 13F& NUREG-1465 TRHRELTWHI—F R

Table 32 PWR Source Term Contributing Sequences

Plant Sequence Description
Surry AG LOCA (hot leg), no containment heat removal systems
TMLB' LOOF, no PCS and no AFWS
v Interfacing system LOCA
S3B SBO with RCP seal LOCA
52D-8 SBLOCA, no ECCS and H; combustion
S2D-p SBLOCA with 6" hole in containment
Zion S2DCR LOCA (2"), no ECCS no CSRS
S2DCF1 LOCA RCP seal, no ECCS, no containment sprays,
no coolers—H; bumn or DCH fails containment
S2DCF2 S2DCF1 except late H; or overpressure failure of
containment
TMLU Transient, no PCS, no ECCS, no AFWS—DCH fails
containment :
Oconee 3 TMLB’ SBO, no active ESF systems
SIDCF LOCA (37), no ESF systems
Sequoyah S3HF1 }.1.000(‘.1‘.:1 RCF, no ECCS, no CSRS with reactor cavity
S3HF2 S3HF! with hot leg induced LOCA
3HF3 S3HF1 with dry reactor cavity
S3B LOCA (™) with SBO
TBA SBO induces hot leg LOCA—hydrogen burn fails
containment
ACD LOCA (hot leg), no ECCS no CS
S3B1 SBO delayed 4 RCP seal failures, only steam driven
AFW operates
S3HF LOCA (RCP seal), no ECCS, no CSRS
S3H LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Conversion System

cs Containment Spray .
ATWS Anticipated Transient Without Scram  LOOP  Loss of Olfsite Power

LOCA  Loss of Coolant Accident
DCH Direct Containment Heating
ESF Engineered Safety Feature
CSRS  CS Recirculation System

NUREG-1465 Ti, ERFHEEFIZFE LD OREFIFEMEISS~H SN ESRERDOEIEIC

DNTHE 2RO L O REFERSE 7 = — A3 2 HEE, BHEFMEZREL TW5,

1 Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-1465 O THER S5 TS X H 2, NUREG-1465 DY — R # — LAIFELIEMICE S
BxOEH— T RAEFRICLERERNR Y —R ¥ —LTH D, i, FLERERICEREICKRH
ENDHHMEDERKREL REBATHENR—F AL LT, KFFETHRE LTS [K
T LOCA FFIZ ECCS AR CV AT VA AR KN T HV—F v R 2BDERE—F V2%
RETDELOBRESNEZHLOTH S,

F2XK RETIFHEAER~ORHEEEOKTES (NUREG-1465 Table3. 13)

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

Duration (Hours) 0.5 1.3 20 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 © 002 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.

( FEEROE T = —AEAEUTOL S RSN TS, )
+ Gap—Release/Early In—Vessel

BREHEBEREZOX vy vy 715D (Gap-Release) &, MEIOERMIZHES FFIFA
HBIEE TOFRLHLOME (Early In-Vessel) Z#RE,
» Ex-Vessel/Late In-Vessel

R IR RER, FAOBRIF L OO (Ex-Vessel) KM 1 IFRITLFE LIEnE
L ot (Late In-Vessel) %4EIE, )

FEGRRELTHOLIFLPEMEZEGL, R FEARPEB T EZEROZ A I JITo0
T, MAAP Z A=A EFT 3 5IR DRI S & NUREG-1465 DABEZHETH L, HIXRDLE
DEieb,

BIER BMBBENOEFFEERIPBEEBTAIETOIA I I OlE:
REEBERENBS L, X | FOOEMOBRL L, WRE
Yo IO E R K | PR FIREARAWREBTSE

HEh 28 T O
MAAP iR #E 3 0~#719 4 %19 43 ~#9 1. 6 Fefi
NUREG-1465 0~30 43 30 4y ~ 1.8 FFfH
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FLERBRBE NRTIFASRBEOZ A I 7IZo0W T, FEERUTHY, BEoRERD R
REICHHINZOHOEFERICRE LEZT RV EHETLTWS,

NUREG-1465 DY —RAZ — A%, ERBEEREIZHRIZL TW5, £D®H, KEIZBWT,
NUREG-1465 DY —AZ—24 (LAF, [EFY—RFZ—Ah] L 9,) ZERBEEREI R U MOX &
FHOE T 5B OBBEICE L, 1999 2% 461 [F ACRS(Advisory Committee on Reactor
Safeguards) £ESH\CBVTHERD R EINTWS, £ TiI, ACRS 725, EERBEEAE KR U MOX
BREF~DERIZHOWTHIEr T 5 7= DITIZEIT Y — VOB R OERT — F OIVENRKLEL o X
YRR RERTWD, ZhcxL, NRC AZ v 71X, EENICY —RAZ—L~DEEITR2NEE
Zbhd EWMAL TS,

F D%, BT = — X ORI R SRS LV — 7 ORHEIRICE 2 s BEEICS VW THE
FIE R TOBRBITONLTEY, FOMED ERI/NRC 02-2022(2002 4E 11 A) itk L bh
NEEINTWS, ZOBROKEEREL LT, LTICRTHEY, MRITRIBEFERRET AT
BHD0, FIRBEEREIE O MOX BREHZX L THEH Y — A ¥ — ADFERIZ OV TEEI T
5 H DT,

Finally, there 15 a geﬁeral expectation that the physical and (_:hemical forms of the revised
source terms as defined in NUREG-1465 are applicable to high burnup and MOX fuelsj

(ERI/NRC 02-202 %54 %)

mam S AV ERBEEEREN L, BREE S RO B KIRABEE 75 GWd/t, JFLOFEIPABEE 50 GWd/t
XL LTS,

EF AR LOFRDERE L TURENTE, &7 = — X OHERGREE &K UHMAEIR AN ~O R HE
FIZOWNT, RAER 1 0% 1-1 RERVE 1-2 RIZ™ T (ERI/NRC 02-202 Table 3.1 X Uf Table
3.12), ROH v aNOEEIX, NUREG-1465 DEERL T35, T/, BEEOEENRFE—OMIZ
RSN TN E DL, "RV ANTHEH-OHELEE SN2 HE 1B 2 EEMROHELEE
Thbd, TNLTNOEREIZ OV T NUREG-1465 & £< —FK L TW5 & IFR 572\ 2%, NUREG-1465
PHoREL RS L REEITRZS TV,

U EDZEROFER L LT, ERI/NRC 02-202 Tid, SIHLAEEXD LB BREEREHIR L
T % NUREG-1465 DY — A X — L ZFEATE 5 LR TV 5,

2B, KEOHHIEAETH S Regulatory Guide O 1. 183 |2V Tix, NUREG-1465 FLak D
FNE LR EHE TRK 62 GVd/t T TORBEEDOREIE TEHATESAHDLEED TS,

# ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED OXIDE
FUELS
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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 mnventory calculated with the maximmum core radial peaking
factor.

m'Ihgreﬁeﬂﬁtuonshseedhu'eh.webeenchmdwbeaccmbleﬁurmmthmmﬂvmudLWRMwmsﬂ
bump 1w 10 62.000 MWD'MIU. The data in this sechon may not be applicable to cores containme mixed oxade (MOX) fuel

FOBLEH Y —RAF — L EEREEERENS MOX RENEH 4 5 B4 OREICH LTRSS

fTohvTkY, 2011 £ 1 X, VYT 4 TEHINFAFT»OBEERIHINLTNS
(SAND2011-0128%) ,

ERBEEE SRR B O MOX SREL O I BIG I, BMTEE 1 OB 13 RRUVE 14 RITTTLEBY,
(EREEEREIDZNEE L BRI LOTRANVWI ENRERTWS, ZDOZ b, BHEREIC
FBUNTiE, NUREG-1465 DOREARBEEERENS MOX BEIOBEARIZ W TEEINS L O TIIRWeEE
XD BARITENDODOT—FEEETH,

FaFE 2HHHFCOBRMESR~OKHEIEOER

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(RRBEEERRED ™ | (MOX BRED ™ | (RRRBEEERREH | (MOX #R%ED
i H A 1.0 1.0 1.0 0.97 0. 96
B 3 | 0.75 0.85 0. 82 0. 60 0. 62
Cs ¥ 0.75 0.75 0.75 0.31 0. 55

X BEEOEFRBRINATWSD, FHEEZEM L,

PEDE ST, BRT_REBREEERDHD OO, HEOMRATIE, WREEERE K% U MOX #4
BHER L THEH VY — AT —AEZBESNTVDE LD TIEARUWZ & 28 Regulatory Guide 1. 183,
ERI/NRC 02-202 K UF Sandia Report |Z-REN TV 5,

IAFERT 3 B OBEIES OB ®RBEEIL, 77 BET 55 GRd/t, MOX #AKFT 45 GWd/t
THHZ &b, ERI/NRC 02-202 (281 @AM, BWEHESEROE®REEE 75 Wd/t KV}
Sandia Report MDiEF#EFH, BREHESEERPRBERE 59 GWd/t & LEROGKERNICHS,
7=, JAFRERT 3 BIF OB ERMIRBEE LY 7 L #REHC 61 GWd/t, MOX #REHC 53 GWd/t TH Y,
Regulatory Guide 1.183 (TR S 5@ A&, PREMEREIRBER 62 GVd/t DFHENICH 5, Z

3 Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX Fuel
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D=, HFEBEF 3 BRI L, EHEZEE SN TWARWER Y — R ¥ — A0 A X FTHE & Kl
Eha,

ERI/NRC 02-202 (TR &N HEIEOEEICSOWVWTIE, EFHFOER LA TWE Z L&,
Sandia Report FR#(DEMEIZOWVTH, MOX REHI OV TITH—DORABIRORXZ xR L Lo
RATICE EE-oTEY, KEMRCIZA—Y T4 XENFEHDTIRRZWVWI L EEZE L, SEOFFH
[ZHB T, NUREG-1465 DEEZ V=,
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2. SEIOFHEET NV TOFHE & MAAP gt TOFHIE D HEIZ >\ T

2.1 FEFFEABEBA~OBEBIGICONT
[ AT LOCA BFIZ ECCS AR OV R 7 VA TEAZ KT 50— 7 VR IZBT DIRFIFHE
WA ~DOBEEIEIZOWT, SEIOFEET /L COFFERERE L MAAP T TOFHERRIC
DNWTOLBEE 5 RIZ, 7o, HBFEEZE 6 RITRT,
S EIOFHE Ti, NUREG-1465 (I STV A2 EIE CRFFRMBSRICHRE SR, =71
SZONWTIE, RFFEAERE~DULESCREBMERA T LA ICL2BRELEZEL, K
FIFREABRBRINI~DOBRHEBIEZREHL TS,
—%, MAAP =2 — R TIX, WBESNFHERICL Y, RHFEMERSER»bO=T Yy v
DILFIC L DBREDHFE L U OKETEMRICHE D Bl - KE~DE, EHTRSEZHEEL TR
D, RTFEMERNSETREESZ AW, ETFEWERI~OREBIEEZEHL TV 5,
LD B R TR A BN~ OBRHEIS TS\ TIE, S EIOFEEEZ MAAP =2 — Rz X A5
fASR L BT 5 L, BENNIVERELD Y, T TOZREICH L TRTFHTIIRY, L
2L, BB RREFMICEER 5T 2R FIFRMERI~OREEIGIZOWT, SEOFF
ERE MAAP o— RICLX D5l R BT L, HENRKELR-oTRY, BTFNARKERLE
2o TW5DH, T, MAAP a— RIZABK S == 7 v /0 B RILEZE OFFERIC X 5 KR
BN, SEIOFE COEBIRICESATREWVWZDTHS, Lo T, KFFHENESR~OES
HEBRD OHEIE OREIZOWTIE, KEORKRMZRY —AF — AT NUREG-1465 [T
EN7-HHEBIEZAVWAZ L TRFOICHETE 5L EX 5,
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5K MAAP 22— NIZK D Y —RF— Lg% LI-FHEiE R & 4 Bl O FFfi#S R O s

EEIN—7 AR CHW =TT L MAAP figgAfr* 2
A8\ #11.1x1072 #9.6Xx1073
BQUE ¢ #3.6X1074 #13.0x10°4

Cs ¥ #12.0X1074 #1.9%10°5
Te 38 8.0X107° #1.5X10°°
Ba 11 #3.2X10°°5 #16.9x10°7
Ru 3§ #11.3X10°° #1.3X10°6
Ce ¥H $1.4x10°8 4.7x10°8
La 3§ $1.4x10°8 $97.4%x10°°

¥ 1 RICBITH2EEOHKMEIT, EHHMEIHELZLERAL 2HICADE

% 2 Cs DX HITEEOIFEFRRE (CsI, CsOH Z'Lv—F) 2HFT HEREICHONT
X, Cs ODFLAEREICKHTEENENDOIEFRES N —TOKREEIE2E
HLTWA,
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FE6FR MAMP o— NIz XA HHE & AFHEIZ L 2 HEO LB HiE
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7Y ILOHREER TR T
A X BBREDR
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-ERRE O RDOBRILE
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IS Cz (VIR A WEREZEE
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T u Y LVOHREER AT
A2 X DBREDR
(EBREBITESERE)

R L O ROBRILE
(EBREICESEHRE)

MAAP =t — K% BV 7= 5Ff

N /

CV PNIE (MAAP (= X A EF4)
WG - CVIR AW R AT
HWMRNERERE

Y
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22 JFRFFEMNESRANORIFEESIZONT

MAAP FENT TIE, FRTFFHBMARNEZZEEICAE L TRY, EFFEWAERNOLXHEIC
HLUTEAEOHRFRRELZRETHZ LBRARELE LD, ZhickY, #Eftke LTL, RTFEE
WASBNOEREEY (1 5GERk, 2 KERS) 2ZE L ERENREREZER L-ET v %
RETHZENTXS,

—%, AFETHWEET VT, RFFEAEENE 1 DOKEE LIEETVEREL,
JRFIF R MASRN ORI L TREBRHESR A 7 LA I X 2R FIFRMAERRO T 5 X HE~
DOBATEZERL, LHXBER O THEENCE—ICofH LI-RFEEEEAREL TWVWD, £,
kL LTI, AEROAEZBRELI-ETLE LTS,

MAAP FEATIZHWT, JRTIFHEMAIRN OERED I L 2B ENRERDIREEE L5
&, EREEYICHEN TV S RKEORBEDEBIIREKRE S, BEERROADA Vv Ui
OBRCTHREICHFST 2HEBII ERXE L 25,

BEERE VR TA Vv A UBOBFEEE IOV, AHECTHWEET L TO FHBEE~B
T LI BRI E 2 RO T RIRTREE &, MAAP it T L KB OBRIRIRE DO B 21T > 72,
EREE TRIORT,

FBT1R FRAFRHESRNORFEEIZBT S
AFHE THWEE TV TOFEE & MAAP fi#gdT T OFF O ik
|\ B A CHW =TTV MAAP fi##fT
PRIFGEE  (MeV) #13.1X1024 %2.5x1024

FBTIRIORTLEED, FFETHWCET LV TOEBERR AN A ¥ v A RO HRIRTR
EOBRTIVRTFHRMELR>TWD, BIZAFMITHW=ET VOFEETIX, THRE~Z
1T LT it e okt L TAOMEREERR LASL D RS ) ORGSR % RAA A TV,

2.1 k2.2 £V, AFHETHWZET AV TOFEIX, MAAP AT TOFFM & sk U THRSFRYIC
FHECX 5,
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% 1-13 ERI/NRC 02-202 |28\ HHEMBR~DOHE (ERRBEERED

Table 3.1 PWR Rel Into Containment (High Burnup Fuel)*
Gap Rel 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; 0 07; 007; NE* 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) o(0
(0.05)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 0.2 (0.1)
Alkali 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, Srontium 0 (0) 002; "** (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) (0.0025) (0.0025) (0)
Mo, Te 0 015,02;0.2;0.2; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.05; 0.05, TR
Ru, Rh, Pd 0 0 0025; 0.0025; 0,01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01;0 10, TR
0.02TR
Cenum group {0) (0.0005) {0.005) {0y
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0 005, 001; 0.01; TR 0
0.02TR
Pu, Zr 0 0.0001; 0 0005; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR 0
0 002TR
Np 0 0 001; 0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 1]
Lanthamdes (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, P'r, Nb 0,0 0 0002; 0.02TR 0005, TR 0, TR
Y, Nd, Am, Cm 0,0 0.0002; 0.002TR 0.005; TR 0; TR
Nb 00 0.002; 0.002TR 0.005; TR 0; TR
P, 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 1s a significant deviation from the past when aceident
analyses were performed for cores that were uniformly burned usually to 39 GWdh

1
2
3
[

The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nucl_enr 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 entry; the panel 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

HU/V1 (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, ) B .
* Three panel members retained the NUREG-1465 lanthanide grouping, e.g., one group, while two panel members subdivided the group into four subgroups.

% 1-23 ERI/NRC 02-202 (2B BB~ DHHE MOX #%DH

Table3.12  MOX Rel Into Containment
Gap Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration (Hours) 0.3;0.4,0.4; 04,04 (05)' 14; 1.4; 1.4; 1.4; 1.5 (1.3) 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(0) 0 (0)
(0.05) 0.95 TR (0.95)
Halogens 0 05; 0 05; 0.05; 0.05; 0.07 0.325; 0.35; 0.35, 0.375; 015; 0.2;0.25; 0.25; TR 0.2;0.2;0.2;0.2; TR (0.1)
{0.05) 0.95TR (0 35) (0.25)
Alkal Metals 0 05; 0.05; 0.05; 0.05; 0.07 0.25; 0.30; 0 30, 0 30; 0.65TR 0.25; 0.25; 0.30; 0.30; TR 0.10, 0.15; 0.15, 0 15, TR
(0.25) (0.35) (0.1)

Tellurium group

0; 0; 0; 0,005; 0.005 (0)

0.1;0.15; 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)

Barium, Strontium

NE’, NE, NE; 0, 0 (0)

NE, NE, NE; 0.01; 0.1 (0.02)

NE, NE, NE; 0.1; 0.1 (0.1)

NE, NE, NE, 0; 005 (0)

Noble Metals
Mo, Te
Ru, Rh, Pd

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

(0 0025)
NE, NE, NE; 0.1; 0.1
NE, NE, NE; 0.05; 0.1

(0.0025)
NE, NE, NE, 0 01, 0 01
NE, NE, NE; 0.01; 0 01

)
NE, NE, NE; 0.1; 0.1
NE, NE, NE, 0.01, 001

Cerium group
Ce
Pu, Zr
Np

(0)
NE, NE, NE; 0; 0
NE, NE, NE, 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; 0.01

(0.005)
NE, NE, NE; 0.01; 0 01
NE, NE, NE; 0.001; 0.001
NE, NE, NE, 0.01; 0 02

(@)
NE, NE, NE; NE, 0
NE, NE, NE; NE; 0
NE, NE, NE; NE; 0

Lanthamdes

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

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

NE, NE, NE, NE, 0.01 (0 005)

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

The values in Table 3.12 are for releases from the MOX assemblies in the core and not from the LEU assemblies,
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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 into early in-vessel, ex-vessel, and late mn-vessel phases.
NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opinion.
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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 48 143
io.sl i1 _5i IZ.DI imi
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr.Xe) (0.05) (D.85) (0) (0)
Halogens 0.004 0.37 0.011 021
(Br.l) {0.05) (D.35) (0.25) (0.10)
Alkali Metals 0.003 0.23 0.02 0.06
(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. Se, Sh) {0) (D.05) (0.25) {0.005)
Molybdenum - 0.08 0.01 0.03
(Mo. Tc, Nb) (0.0025) (0.0025) (0)
Noble Metals - 0.006 [0.0025] -
{Ru, Pd, Rh, etc.) (0.0025)
Lanthanides . 1.5x107 1.3x10-5 -
(Y.La, Sm. Pr. etc) 2x107) (0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Pu, Zr, etc.) (5x107%) (0.005)

#1-43% SAND2011-0128i233 () 8RR ~DHH (MOXIREH

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 44 6.5 16
io.mi I1 .3' iznl iﬂ}i
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 086 0.05 0.026
(Kr.Xe) (0.050) (0.85) (0} (0)
0.028 0.48 0.06 0.055
(Br.l) {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) (0.10)
Alkaline Earths - 0.0015 0.008 9x10”
(Sr. Ba) (0.020) (0.1) [(1)]
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se. Sb) @) (0.05) (0.25) (0.005)
Molybdenum - 0.27 [0.0025] 0.024
(Mo. Tc, Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3x10*
(Ru. Pd, Rh, etc.) (0.0025) (0)
Lanthanides - 1.1 x107 3 x10° -
(Y.La, Sm. Pr. etc) (D.DDD_ZJ (0.005)
Cerium Group - 1.0 x10 5x107 -
(Ce. Pu, Zr, etc) (0.0005) (0.005)
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(FRfHEEL2)
BB NV—TFDONRIZHONT

NUREG-1465 D #REEEEBREL R O MOX BRELOBHIZ W TIE, BEOHR TIE, FTEENhD b
DTIREWH DD, FIRBEERER ) MOX #REHI X3 % NUREG-1465 DA ICBI T 2 HMHFE TD
F@wim DO T, NUREG-1465 |[ZHA_NTRKERBHEIEPRESN TV OIEEI LV —T b5 5, KT
i CTRWEET AV TOFMIZENT, FBEEINV—TORNREERT 5,

BRI S5 UM EIZ DV T, NUREG-1465 IZRENDZEERE SN —TDWNRE LT
I-131 FHBERBEME A5 2-1 RIZ, T ~BRTFVF 0. 5MeV REEZ 5 2-2 RITTT, MOX Bk
(Z%f9 % NUREG-1465 D F B84 5 B FE TOEIRD T T, NUREG-1465 (2~ THRE 2 hHE
BBPBBEEIN TN S Te FLRUBHIZOWTIE, KEF~OHEHEDEICRIT 2 HF5R&ITNEL,
AFHBEOBAITIIRE REEEZRITT HOTIER,

F2-1k BREICHKHINIKEFMEMED
EEEIN—TONR (1-131 HHEHEFE)

A L iR (F 2 PER
(Ba) (%)

i AR #70.0X10° 0
BQUE = <} %8.2x1013 55
Cs #11.7x10'3 12
Te 38 #3.8x10'2 3
Ba #H #16.1x10'2 4
Ru 31 #15.9x1011 <1
Ce 18 #92.2x1013 15
La $8 #11.7X10'3 12
e 7 1.5x1014 100

(1) 7 EEEERHE
(FE2) AHEIEIHTEZHBEAL 2 HTICHDME
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B 2-2 K BREBICHH I3 EAEHED
EEREIN—TDONR (y HTRAF 0.5 MeV #2EH)

T R RE R (F1 2 R
(Ba) (%)

o A8 #18.7X10'5 91
X 5 FH| $76.7x1014 7
Cs #11.7x10'4 2
Te 8 #13.1x10'3 <1
Ba #H #11.7x10'3 <1
Ru #1 #19.9x10!1 <1
Ce 38 #1.1x1012 <1
La $8 #12.9%10'2 <1
&t #9.5x1015 100

(E1) 7T EEEERHE
(F2) AZEEIHBEZNEBLEAL 2HICHHOT-E
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AFFMTIE, LXOFOLERREICHTAEERSES L LTRG 1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear
Power Reactors” Tomani= L H>ZEOHFEEESEHVTWS,

R FIF MBI~ DS RERY O HEIE O EICH - NUREG-1465 2% X 5 EFO(LFF
RBICX T A HFEFEICOVWTORERH 58, FKTFEABRANOIEMEO pH 23 7 LEDFE L &
nTna, (MHE2EH>FOI> BAERRIIFBIXSWZBI VI L, AL O>RITRRIHI>FE
D3 % (0.15 %) ZEx 72\ (95 %HRLFR)).

KB CTHETH— TV AD LI, BROBMHBRAT LA DELRHEEL, pHRERS
NRWATREMA H HF/EITIE, TBRE S B~OEBEREIGENREL D LR LH Y, TRR
LOROFERENPRELL 2NTER L > BOFEFIEGLRES 2D, TRREH>FIZCVHTD
BRUEFICL Y —EOBBHERRADDDIZR L, AL 5> RIIFROERNEEZ RADIER
ZED, BFFRMERIME~OBHOBA»LIZEHL > ROFENEETHHZ L 2BE
Z, AT L > BOLFEREBEOFERIEOREIZODWTLTO LB KRE, RE L,

NUREG-1465 T, X 9 BOIFERBEOHFERISICE L T pi7 OFE TOEERZRED TR
X720, L9 ROLFREEDOREICE LT, NUREG/CR-5732 ” Iodine Chemical Forms in LWR
Severe Accidents” ZF|H L T\ 5, NUREG/CR-5732 TiZ, pH & Lk 9 ZEDOEFEEBISITEH AR &
LT, pH DETIZE-> TRBRE 9 B~0ERFISHSENT 2MRAERT L L HiT, pHAENA
ENBHFARGRENBVEBEZTNETNICOWVWT, BEXEREO L > FONFHEICBE L THEK
DT Z v Mt 2B Z{T> TV 5,

pHFAERRENTVWABEORRELZE 1 R, pHAERIRENLVWEBEOREREZE 2 RITRT,
PWR T R 7 A BB E 2 £ Surry OFHEER TIL, pH 5B INTWAEET, IZIT2ERN
Il TRFRE D BIZRHDIZH LT, pH BABIN TV WEAIZIE, IHIELERTRER
XORLRD, £, ARELIBIIOVTYH, FEFITNSWVWEIETHL2, pHABIHL TV
AL0b, pHRBEINTWARWEAEDIEI R, L EL RBRIRIATNS,
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BTl EREHFEFOH HELEZBESD L > BLFFERE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

Plant Accident L (g) L () I CHSI (g)
Grand Gulf TCy 0.05 0.03 99.92 0.001
TQUV y 0.01 0.03 99.96 0.0003
Peach Bottom AE y 0.002 0.03 99.97 0.0001
TC2 y 0.02 0.03 99.95 0.0004
Sequoyah TBA 021 0.03 99.76 0.004
Surry TMLB' ¥ 1.9 0.03 98.0 0.03
AB y 24 0.03 97.5 0.03

2R BEXFYROpH HELZERL2VEEO X 5 RIEFERRE
(NUREG/CR-5732, Table 3.7)

Table 3.7 Distribution of iodine species for uncontrolled pH

Fraction of total jodine in containment (%)

Plant Accident L (g) L (@ I CH,l (g)
Grand Guif TC ¥ 26.6 153 580 0.2
TQUV y 6.6 183 751 0.06
Peach Bottom AE v 16 21.6 76.8 0.01
TCZ ¥ 10.9 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 0.4
Surry TMLB' ¥ 97.1 1.5 0.7 0.7
AB y 976 1.2 0.6 0.6

ZoX5iT, BEREEHFORESENHEZEZE LI-4SEOFEDEEITIL, NUREG/CR-5732 TR
1% pH 8% STV V Surry OFHERERIC & 5 BROFERIE LWV 2 &, #1E < FHl_ LR
MHELER LB RFMEEHEZRETHZ L, LVoBANDLELEL, RG L1995 OLIFK
DILERRREOFERS (FE3XSM) 2HVWHI L ELE,

%5 3 3% NUREG-1465 & R.G.1.195 281 5 & 9 E2D{LFHRBREOHEERS OLE

NUREG-1465 R.G.1.195
TLRERREOFE 4.85 % 91 %
AL 95 F 0.15 % 4%
RFREOIR 95 % 5 %
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BIHE 4
RPN RE~DTLRER L S ROUREFEDHRIZONT

JRFIFRMERNICE T 2 ERRE D BOBRLEICONT, MEEAN RFHREESITHEE
(LLF, NUPEC] &1 5,) Ik A5t TR 9 4EBE NUREG-1465 D Y — A ¥ — b & W= Ut
YRR EOFMmICE T 5 HEE] ITBWT, CSE A6 ERICESEATEINTVWS,
BEORHICETIMELUTIIRT,
RFFRMERANTORRRL OROULEFEEEL 4 L T2 L, RAFHEMESHENICKIT SR
KESRORE p OREE(IZILLTORXTRIND,
d,
o, : RPFRBARAICBIT 2 ERRE OFORE (Lg/m?)
Ad : BRRILER (1/s)

ThZE#ES LT, RFFBRMERNTORRIRE 5 ROLEERE A4 13Z ok T 5 oK
X5 BB po LRFZIQICHBIT DRIREL O R[RE g ZHWT, UTOL RS h D,

1 p
Ay = log(—lJ
‘ L—1 Po

72X, NUPEC 45 TlE, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” DEC#: (CSE A6 FEBR) L v, [CSE A6 EBrDEH 3
UROBEETIE, KX 05 TRE 10° pg/m®*Tho7lobDns, KA 304 T 1.995X104
pg/mPlird, | LLTEY, Znb0HEEZ EXICRATHZ LT, ik L >ROBALEE
BE9.0x107* (1I/s) ZRHL TV, THhiZFEEHMHO L 5> ROBFERNEL, AT VA BE-
TWARVWRET CORB 2R 5720 B2 6N 5, 2P, KE SRP6. 5. 2 TIHREFIFEAA
NOTFR K 5 RIRED 1/200 I2 2 EFTHAEFRR L IFBORERRAETND L LTWS, 5H
DER—7 v ADOBE, FTRIRE 5D DF (BRYARE) =200 ([ZE=FE S SK5H1X, [Gap-Release]
~ [Late In-Vessel| DT U7-Rm (BRHBRLE 5 11. 8 Ff#]) & 785, [RFIFHEAREE
(R LTV D HE R B S B E B O 100 70 1 BEICET T ORRET
TEREBFEERIZEF—ETHDHZ B> TEY, RTHFHEMERNOTRRL > RIZED
KEBABERAB OB ARLEFFEEIZS L TRESNRD, Lo T, ZZTRAEMICEEFTIH OB
RILEFEZEH LTV,

CSE A6 EBR D FEMILATIR D Nuclear Technology DF#SLIZI T BNWL- 1244 A5 ST 5,
£%E L LC, BNWL-1244 EHOF FIFRABBALER L 5 BROFMEILZKRIZTY, ZOHT
LRRELIOBOFHIREIZ 10° peg/mPLR->THY, BEEF 3 BFORFIFHEMNASRICEFET
HEXIORORELRBETH S,
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#£E . BNWL-1244,

Sprays—Containment Systems Experiment Interim Report”

“Removal of Iodine and Particles from Containment Atmospheres by

W RKEBRTIEX, A7 LAHFMmE LTT B Y NaOH) AV SNTWA AR, IbEFERERHICIX

AT A BELHOBEDEZAVTWATD, A7 LA FRNMOEELZ TR0,

BNWL-1244

B4 04y : 10° pg/m®

10°
_3],2 = 12 min
DR%P STZE: iZ'lU u MMD
FLOW RATE: 49 gpm
= TEMPERATURE: 255 °F
PRESSURE: 44 psia
SPRAY ADDITIVE: 3000 ppm BORON
4 NaOH - pH 9.5
10 e
ME :
3 = BEZ 30 43 : 1.995X10* pg/m®
= |
[ =]
[
& L
o
=
5 3
s 10°
F=4 —
L&) -
" = :
@ n = 540 min
x
. —
wy
=
S =
o 5 THIRD SPRAY
0% e (RECIRC.)
= :4 SECOND
= 4 SsPray F——
10! farit e l? AR
0 150 200 1550 1600 1650
TIME, min
FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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CSE EB @RIz W T

CSE EBROFMH L AREBFH I BFOHBICHOVWTE 1 RICE L DD, £/, NUPEC DEEEICE
WTIE, A7 VA KBREMENDFTOHBEO X > B RELZRICHARLEEELZREL TWAS2D,
2T LA KIZTE D CV NBESE~DOENITRV, Zhi, OV REBEZoEhick s ko EOLERE

FEELTWDZENLBESFHUZRVHEWEEZ S,

% 1% CSE EBRSM L BRERT 3 517 D H#k

CSE B ® Run No. 1AZEEAT 3 BIF
A-6 1) (2) A-5 (3 A-11 43) FRATRE SR
FHER AR +2ER Gk Gk &
=z
e #50. 20 #9 0. 22 #90. 24 #90. 335 2
(MPaG)
iR
HRARE #9120 #9120 #9120 %) 138*3
(C)
HY
ATvA | MREIZHED *! L 2L (EBR L > FTITHL
TIEARILEDAEZE)
(1)R.K.Hilliard et.al, “Removal of iodine and particles by sprays in the containment

systems experiment” , Nucl. Technol. Vol 10 pp499-519, 1971
(2)R.K.Hilliard et.al, “Removal of iodine and particles from containment atmospheries
by sprays” , BNWL-1244

(3)R.K.Hilliard and L. F. Coleman, “Natural transport effects on fission product behavior

in the containment systems experiment” , BNWL-1457

* 1 : HRALEEEOHEHIZIZIHE 1LEE DR T LA BEDRIOBMNERN
XHFRREOHEERANTVWA,

* 2 : BEWASAERIERS L o — 7 v 2 DRFTE

* 3 : WA SRIERIERS L > — 7 o 2R DRFTE
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BARILE DHDr—R (A-5, A-11) OBRZRANTAHTIRE 2L TISRT, FIHOLFIZOWVWTIE,
AT ALHYD (A-6) ODBEEREIRLEFIRD LN, T/, IHBREXY 1/200 I EET L=
FBITILEDRESNIRBZE (WY bA7) BEDBND,

i it
RUN A5 R A-11
FLEMENTAL ELEMENTAL
10DINE 10DINE
4,5 13,52 0.5 min
Iﬂ‘ /'12 ID‘ ___Ill,?:InELSmin
MAIN ROOM
112 LOCATIONS)
3 MAIN ROOM
10° L |_— AVG OF 12 LOCATIONS ¢ 1 0 b
b, "4t 0.5hr

. I
Yo 22 ‘12 hr He i
T hpt,

C . GAS PHASE CONCENTRATION, ul,.'rn!l
C . GAS PHASE CONCENTRATION, ugl'rl\s

Ery
i
()
o . IDOLE ROOM o5 |
o | fF ‘;:‘-‘:_‘a-f_____u_ ~ d 1 \ ,,A‘\
?-, e LT —g 1 0 ¢ MIDDLE ROOM -
T BOTIOMRODOM = =e- N -~
i BOTIOM RUPM 4 ‘____--" . /
i 3 SOTTOMROOM, _ o—""
I:Io ' | s 1 et — g — =T Ly
0 2 8 2 % W [ 812 6 20 2 &
L hr L hr
FIGURE B-5. FIGURE B-6.
Concentration of Elemental Concentration of Elemental

Iodine in Gas Space, Run A-5 Iodine in Gas Space, Run A-11

23K CSE EBRICEIT 5 b O My-w
A-6 (2) A-5 (3) A-11 (3)
HIHA 12 4y 13.6 4% 16 43
By bETH,
(/ 2FH)
B o
(BZEA)
¥4 : AT VA BRiThbh =% DE

540 4y (9 BRRE]) *4 22 B 18 FRF ]

— (FE#A2 L) 34 B 33 FFRE
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BHIOWLEDEEIMEL LT, BEMITZER L, £HE2F 3RIC, BREFLRITRT,
IV, by A TEHEDOILEEREILCVHA~DOTER L 5> BOKHEIEITH L TRER/ I
728, BATOFMESREIIZHE B2 5,

IR RREMRNTRMF

R— 2 G TR EE AT
G e | ilzﬁ A
(F13#4) (PEEHEE 9E-4 s~ 1)
40 FERS
(w«ffjﬁim&ﬂ Gl (A-5 EBRFER D 34 BfE] (&
7 EAD) ICRBE R

FaR REMITHER

N—2EH R RAT
L I9FED OV AA~DiHElE 3. 6E-4 3. TE-4
DA R MY B (1.00) * (1.03) *

X HyaRNER—R &I AEE

AEIOFMTIX, CSE EZRIZBITHERIER 300X TORTERL I BOBRERLHOLRDT-
HARLERZFEHA LTS, 2T, CSE ERICBWT, DF=200 (ET M ETOTEREL D
RORERD NG BREEFEREROIZFEOFELUTITRT,

CVAHDHRLEREZRELLZBRILE LTWVB A6 RRIZOVWTIE, AT LA ENBIETRS
VAL BBREDENR S S0, FIHIREIZR LT DF=200 (Z#ET 5 £ TOMX 1, BUROFHEIZ
FERALTWAERUEBFOLOEE LV b REL, BEBRIIKREL 2B,

iz, ATV A SN VWRBROFERL LT, MUK CSE ORBRFER (A-5, A-11 #ABR) ZEiT
HARUEFERZAVWEHZAICBW TR, ko By, FIHOBRLFERIIFROFMIZER LT
W BRIEERE KEREWVIIRY, E5IT, A5 RBREV A-11 RBO CV AD X 5 EilElX
DF=200 1 & CHEFEEIZET LTV, Lz -> T, DF=200 F C—EDBARULEERZ A5
Z LXMW EEBZ B,

7B, I A5 RBKR U A-11 RERD O LEMERIOEW A-11 BROFER»HHE L2 Ef
WH 16 EANVT LS RO CVA~DKHEIEICOWTEN L-ERESE 5 RiTrT, iR
RIIFESRITTT LHEY, hoRBEENOBOLNLS BARAULEFTFEZHVTHLIRD A-6 RBEFER
No/ONSERLERLEHARATERITNIVEEZD,
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FEoHEX BARUBFZRZEHIEEHFAEOLIFED CVA~DKHEIS

BiETr—2A RREERATD RERRITQ
LR (91H) 12 43 RZE 16 43%?!
S (DF=200 25E%) F E 40 FyfE]2 Rl
X 9 FD vV HA~DHEHEIE %9 3. 6E-04 #7 3. TE-04 #9 3. TE-04
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X1 AN RBOGERIVERELE
K2 A S RBOBERICRBE RAATRE LA

72, BRUEBFRIIFE T 2EROREGFELE NABEOL THA2HEREEOEEL 2T, R
HEAKEWIZLEARLERIIKREL 8D,

% Z T, CSE ORBRER LRFEERT 3 FIFOHRERICOWVWTE 6 RITTRT,

FORITRT BV, CSERBRER LAREN 3 BFIXIRAEOHERRERHEL 72> TEY, CSE DR
BCHRONUEEEIINREFT 3 FFICERTRETH S,

% 63FK CSERERLBHEEN 3 FFOLLEREEDLLEL

CSE sBR &% {BFEFT 3 5F
R (m?) #7600 #7 65, 500
FKEH (m?) #9570 #7 69, 000
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(3%) CSE RBRIFFR

TABLE 1

Physical Conditions Common to All Spray Experiments

Volume above deck including drywell

Surface area above deck including
drywell

Surface area/volume

Cross-section area, main vessel
Cross-section area, drywell
Volume, middle room

Surface area, middle room

Volume, lower room
Surface area, lower room

Total volume of all rooms
Total surface area, all rooms

Drop fall height to deck
Drop fall height to drywell bottom

21 005 ft*
6 140 ft?
0.293/ft

490 ft*
95 ft*

2 089 ft?
1 363 ft*

3 384 1t*
2 057 £t*

26 477 ft?
9 560 ft*

33.8 ft
50.5 £t

595 m?
569 m?
0.958/m

45.5 m?
8.8 m?®

59 m?
127 m?*

96 m?
191 m?*

751 m*®
888 m*

10.3 m
15.4 m

Surface coating
phenolic paint®

Thermal insulation

All interior surfaces coated with

All exterior surfaces covered with

1-in. Fiberglas insulationb

&Two coats Phenoline 302 over one coat Phenoline 300 primer.

The Carboline Co., St. Louis, Missouri.

Bk = 0.027 Btu/(h ft?) (° F/it) at 200°F, Type PF-815, Owens-

Corning Fiberglas Corp.
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