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13K NUREG-14656 TRRELTWHI—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  Lossof Coolant Accident
DCH Direct Containment Heating
ESF Engineered Safety Feature
CSRS  CS Recirculation System

NUREG-1465Ti%, ERFHFFIZIF LD bR IR ~H SN A S RERD DEIGIZD
WTE 2RO L ) RBERERE 7 = — X 2 EEIE, KHERFEZRELTWAS,

! Accident Source Terms for Light—Water Nuclear Power Plants
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NUREG-1465DH T HiR 25TV 5 X 51, NUREG-14650D Y — A & — A TIE LIARICE A 4
DER— TV ABRICLERRR Y —RAF—LTHDH, I, FLBRERICEEICKHIR
DIEEEMENRKEL RIBRTHENR—F AL LT, AFHE TG L LTS TREEEF
LOCARFIZ{REEAMERE, MEEABER B MESRA 7 LA AN LT TR —7 A
EEUERES—F RAERRTDIOIBRESNZLDOTH D,

F2XK RETIFHEAER~OKRHEEEEOKEES (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 0 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.

( FHEEROET = —AEAEUTOL > (CEREN TS, )
+ Gap—Release/Early In—Vessel
BREEBEREEOX ¥ v 76Ol (Gap-Release) &, REIOBERIZHE S RTIFASE
BEFE TCORLIPLOKY (Early In-Vessel) %4B%E,
» Ex-Vessel/Late In-Vessel
R RRRER, FAOBRIF L OO (Ex-Vessel) KU1 IWFRIZULAE LIEnER
g ot (Late In-Vessel) %4EIE, )

FEGRRELTHOLIFLPEMEZEGL, R FEARPEB T EZEROZ A I JITo0
T, MAAPZ W= AR EAT 3 B IR DfET#E 2 L NUREG-1465 DR EZX 45 L, 3FKD LB
LB,

FHIR BRI ORFIFESFVPBIBTOETDIA I 7O
BB ERENRMG L, F | POEMABRGE L, ERe
Yy IO BRAEEMELIK | PRFREAGEBREBET L E

H &5 Hi TOHAM
MAAPFEAT 5 B 0~#919%3 91957 ~#91. 68EFRE
NUREG-1465 0~30%y 3043 ~ 1. 8B¥HE
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FLEMBAIER NETFIFEARRED YA I 71220 T, BERCTHY, BEHRERD N
REICHE SN A2 PHOFESERICRKE RET RV EHE L TW5,

NUREG-14650D ¥ — R Z — A, {RRABEEREIZXRIZL TWD, £, KEICBWT,
NUREG-14650D Y — A Z — Lk (LUF, TEHY —RAF—2Ah] LW 5) % mEBRBEEERE R UMOXBREHT
AT ABA OB L, 199945255461 EIACRS (Advisory Committee on Reactor Safeguards)
2EESBIIBVTERIRINTWDS, £ TIE, ACRSH D, ERABEERE R UMOXRE~DHE
RIZOWTHE§ 57 DITITEFT Y — VOB BRUERT —F ODINERLE L I A PR E
NTWB, ZHzx L, NRCAF v 7%, EFERIZY —RZ—L~OEBITRNWEEZOND L
LTS,

FOW%, HHH T = — X0k, SRSV —7ORHEISICE X D EEEIZO\WTEM
FAFNTOBRPMTONLTEY, ZOFEEMERI/NRC 02-2022(20024E110) I2E LD 5N
ENTVW5, ZOFRBOBERL LT, UTIIRTEY, MRTREBEFERETORLTVWS D
DD, ERRBEEEREI R UOMOXBREHIX L THEH Y — A X —LOERICOVWTHEEIN TS b
DTV,

Finally, there isa geﬁeral expectation that the ﬁhysical and chemical 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 BB EHT, BREHE SRR KIABEEETS GWd/t, SF.LOSEEMRBEES0 GWd/t%
XL LTS,

EF AR LOFRDERE L TURENT:, &7 = — XD & O F IR AN ~D
BHEBIEITOWVT, F4-1RRVFE4-2RITTT (ERI/NRC 02-202 Table 3. 1% UTable 3.12),
ROH v aNOEMEIL, NUREG-1465DEZ KL T35, £z, BEROKMEMFR—OMIZPREh
TWA0IE, "FIAVATHE—OHEEREBEINLE»oHRICBIT 2EEMAROMBETH S,
FNENDOEREIZ OV TNUREG-1465 & &< —E L TV 5 LR 5 72V 43, NUREG-14657 5 K& <
B3 X5 REBEIIREIN TR,

P EDOERORERE LT, ERI/NRC 02-202Ci, BIH L7230 LB 0 @IREEEEREHZX L T
HNUREG-14650 Y — A ¥ — LA ZBHTE 5 b D L@ T 5,

2B, KEOHHIEAETH HRegulatory Guide®1. 183123V Tk, NUREG-14653C# D HxHIE
BEPEHETR K62 GWd/tETORBEEDREIETEATESHLDLEEDTND,

# ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED
OXIDE FUELS
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32 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 mventory calculated with the maximum core radial peaking

% 4-13 ERI/NRC 02-202 I} 3 F FIFEMASB~DHKH

(FRRBEBERREL)

Table 3.1 PWR Releases Into Containment (High Burmup Puel)*
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (o) 04 (05 14 (13) 20 (20) 10.0 (100)
Hoble Gases 0.05; 0.07; 007, 0 07; NE* OUE), 063, 0 &3, 0 65; 1.OTR, 03 (o LU
(0.05) (0.95)
Halogens 0,05 (0.05) 0.35; 0.95TR (0 35) 0.25 {0.25) 02 @1y
Alkcals Metals 0.05 (0.05) 0.25; 0.90TR (D 25) 015 {0.3%) 0.1 {0 1)
Telharmem grosp 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.TTR 0.40(0.25) 0.20 (0.003)
Harium, Strontnm o im 00z (n.02) CANUNY] @ (0
Nohie Metals 0} (0.0025) (0.0025) 0
Mo, Te 1] 015,02;02;02 0.7TR® 002,002,020, TR 0, 0; 0.08; 0.05, TR
s, Rh, T o 0 0025; 0,0025; 0,01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001; 0,01, 000010, TR
OITR
Cervam grovp (o) {0.0005) (0.008) o)
Ce o 0.0002, 0 0005; 0.00; 0.01; 0.005; 0 008, 00); 0.01; TR o
TR
Pu, Zr 0 0.0001; 0 0003; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR o
000ITR
Np 0 0001; 0.01; 0.01; 0.0 0003; 0 00%; 0.01; 0.01; TR 0
0.0ITR
Lanthamdes (one proup') 0;0: 0; (0) 0.0005; 0.002; 0.01 (0.0002) 000%; 0.01; 0.0 (0.005) 0, 0(0)
La. Eu, ', Nb (1] 0 0002; 0.02TR 0003 TR ETR
¥, Nk, Am, Cm o0 0.0002; 0,002TR 0.005; TR TR
Nb %o 0.002; 0.002TR 0005, TR oTR
Frn, Sm %o 0.0002; 0.002TR 0005 TR oTR
* Note that it was the panel’s understanding that osly sbout 1/3 of the core will be high burnup fuel, The s 2 shguificant devaation from the past when accudont
amalyses were perfiarmed for cores that were uniformly burned ussally to 39 GWdy
¥ mmu-ﬁnmmm:mmmlhnhmuw.w“n;hnwmuuxm
! TR = total release, Th France ng the gap s dpetlhrperhes
! NE=No eatry: the p died that there

mm&hlﬂd&m-m There s evidence that batkm s resch more volatile than stontimm. VERCORS snd
HIPVI (ORNL) cited; these show 8 $0% relesse from the fuel and # 10% delivery io the containment. Stontiem has 8 10% relesse from fuel and
2% to the containment, based upon all data svailahie to date. N o

Thaee pane! mersbers retained the NUREG- 1465 lanthanide grouping, e.g., ane group, while
% 4-23% ERI/NRC 02-202 IZB1T AR FIERMHASE~DHKHE

(7T« 7 b=0 LREBRILYINE

Table3.12  MOX Releases Into Containment
Gap Release Early In-Vessel Ex-Vewel Late In-Yessel
Dursion_(Hoers) 03104, 04,04, 04 05 | Ddiid: LA L4 1S (LT} 20 (20) 100 {100)
Noble Gases 003, 008, 005 0.05 007 0es; mn?s 093 0,020, 0% TR{0) 0 [0y
10.05) 0.94 TR' (0.95)
Halogens 00%; 0:05; 0.05; 0.05; 0.07 0.32%; 0I5; 6,35, 0.375; 01502025025 TR 0X0% 0L 0L TR(O1)
10,03} O9STR (0 35) 0.25)
Alkaly Meetaly 005; 0.05; 0.05; 0.05; 0.07 | 0.25; 000,030,030, 065TR |  0.25; 025 0.3, 0.06; TR 010,015 015,015, TR
(0.05) 0.25) 035 (L]
Tellurnum grosp ;0 0; 0.005; .00 () ul;lls;ftl:‘;nuxam 0 0.4 0.0, 04 TR(025) | 00010202 TR (0.003)
10%)
karium, Swentsum NE', NE. NE; 0, 0(0) WE, NE, NE; 0.00; 0.1 (0.02) ME. KE, NE; 0.1; 01 (01} NE, NE, NI 0; 003 {0}
‘Moble Metals o) (0 0025) (0.0025) ]
Mo, Te NE, NE, NE, 0,0 NE, NE, NE; 0.1; 0.1 NE, NE, NE, 001,000 NE, NE, NE; 0.1 )
T, ik, P NE, NE, NE, 0; 0 NE, NI, NE; 0.03; 001 NE, NE, NE; 0.01;001 NE, NE, NE. .01, 0 01
Corisen group ] (0.0005) 10.005) [
Ce NE, NE, NE; 0, 0 NE, NE, NE, NE; 0.01 ME, NE, NE; 0.01; 001 NE, NE, NE; KE, 0
Pa s NE, NE, NE, 0,0 NE, NE, NE; NE, 0.001 NE, NE. NE; 0.001; 8.001 NE NI, NE; NE 0
Np NE, NE, NE; 0; 0 NE, NE, NE; NE; 0.01 NE. NE, NE. 0.01;0 02 NEL NE, NE; NE; 0
Lanthansdes NE, NE, NE: 0, 0(0) N!.Nl.;f.lel.m NE. RE, NE, NI 0.01 {0 003) NE, NE, NE: NE; 0 (0}
L

NE = No eniry; the

st cuin huded that there wid

Thee vahses wm Table 3,12 se fon relesses from the MOX MthmﬂmMHm wuagmirlsen.
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The membsces in paremhesn are dose from NUREG- 1465, Accudent Sousce Terms for PWR Light-Water Noclear Powss Plants (Table 3.13).
TR = iotal release. The practice in Franco -hﬂmhmh—“ﬂw.w --vuul.-l hmm




F D% HEE Y — A F — L% BREEEREHOMOXREHE - 5 & ORBE I L TREMT
O TEY, 201141 A, Vo7« TEXHEFR b @EEFENH SN TV S, (Sandia Report
SAND2011-0128%)

FHAR T Vo e IEL FHBIZKRE S FETHEE I N —FI1To0 T, mRBEERE
BT T 7N h=0 AEEBRCYREOKMHEBIEIX, B-1RRVFE-2RICTT LBY, &
BREEREIOZN L E LS BRI LOTIHRVWI EBRERTVS, ZDZE0b, HEMEICE
WTiZ, NUREG-1465DFREEREC T T « 7V b= MRABRILHIREI OBERIC OV TEE
ENBHLOTIERENWEEZXD, BORIZENLOT—¥FEHE L,

;51K SAND2011-0128iZ81F A R FIFFEMARRs~D i (R EEEERED

Table 13. Comparison of PWR high burnup d and rel 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
|n.5i (1.5) |2.0i IIOl
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr Xe) (0.05) 0.95) 0) {0}
Halogens 0.004 0.37 0.0 o
(Br.l) (0.05) (0.35) (0.25) (0.10)
Alkal Metals 0.003 023 0.02 0.06
(Rb. Cs) (0.0%5) (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. Sb) (0) (0.05) {0.25) {0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Te. Nbj) {0.0025) (0.0025) o)
Noble Metals 0.006 [0.0025] -
(Ru. Pd, Rh. etc.) ]D.DCQS!
Lanthanides - 1.5x10 1.3x10-5
(Y.La Sm. Pr. etc) 2x10™) 0.005,
Cerium Group - 1.5x107 24x10
(Ce. Pu. 2r. etc) Bx10%) (0.008)

#5-23% SAND2011-0128iZ3517 5 H F IR A B~ Dt H
(vZ v« 7N b=y MRS HIRED

Table 16. Compari of prop d 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) 036 44 65 16
(0. (1.3) 2.0 10}
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) [0.050) (0.85) 0] o
Halogens 0.028 0.48 0.06 0.055
(Br.i) 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) (13 rDt
Alkaline Earths - 0.0015 0. Sx10
(57, Ba) (0.020) ©.1) ©)
Tellurium Group 0.014 0.48 0. 0.055
(Te. Se. Sb) ©) (0.0%) 0.25) (0.005)
027 [0.0025) 0.024
(Mo, Te. Nb) (0.0025) (0)
Noble Metals 0.005 [0.0025] 3x10°
(Ru. Pd. Rh, stc.) ;D.DOZ!I 0.
i 1.1 x4 3Ix107 s
{Y.La, Sm. Pr.elc.) (0.0002) gam;
Cerium Group 1.0 x10 5 x10
(Ce. Pu, Zr, etc) (0.0005) (0.005)

3 Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX
Fuel
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FEoFX 2HHHIF TCOBMBESR~DKHEIEOER

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(RBRBEEERREL ® | (MOX BRED ™ | (RBABEEERREL | (MOX #R%H
N A 1.0 1.0 1.0 0.97 0.96
X oFH 0.75 0.85 0. 82 0. 60 0. 62
Cs ¥8 0.75 0.75 0.75 0. 31 0.55

¥ HEEOEMERENTWARED, EHEEFER L,

UED XS, BRI RXBEFERHDHOD, BEOCMRTIE, BIREEERE R UMOXR
BHZH L THEHF V—RAF —LAEZBEINTWVAD LD TIEAeWZ & H3Regulatory Guide 1. 183,
ERI/NRC 02-202% U'Sandia Report|Z:R & TV 5,

BREF 3 BFOREESEORRREE X, 77 PRET56Wd/t, T « TV =T A
BE B LR ET456Wd/t TH D Z L A5, ERI/NRC 02-202(235() S A4, BREESEOK
EABEEET5GWd/t }e U'Sandia ReportDiEFHHEEE, HREHE & AR mIABEEESIGNd/t & Ll Uil A4
FERNICH D, £7-, HREEF 3 SFOREHERBREE TV 7 VIREFT6IGWd/t, ¥ T - T
b= NRAERLPIRELTE3GWd/t TH Y, Regulatory Guide 1.183I\Z/R &N 5 %M, MRE
R RIRBEEEG2 GWd/tOFHENICH D, D79, ARBFHT 3 BFICHL, EHETESINL T
BRWEFHY—RZ—LDOBEA XA L M S 5,

ERI/NRC 02-202{Z7R SN 7= HEBIA OEMEIZ W T, EMFOBER LS TNS Z &,
Sandia ReportEE#OEYEIZ DV T H, MOXIREHZ DWW TIZE—DRMER DI E2 35 & LI-fiF
iz EEoTEY, KENRCIZA—Y T4 XENEZHLOTIRANWZ EEZEEL, SEOFMIC
B TIiL, NUREG-1465DHfE % A\ /=,
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2. SEIOFHEET NV TOFH & MAAP gt T DFHI D HeBkiz >\ T
2.1 FEFIFEABERI~OBEEIEICONT

[ KA LOCA BRI MREEASERE, MEEABERURAESR A 7 LA EABENERT HFE
W — R BT DRTFIFEMBBRA~OBEEIEIZ OV T, EFFRMESREEROT
TaYNVRIFICRTHDF &1 & LIcHaeD, SEOFEE T /L TOFHIifE R & MAAP fi#HT T
SRS RICOWT OB EZE TRIC, £7-, HBFHEEZESRITRT,

S EIOFHE Ti, NUREG-1465 (xS TV 52 EE CRAFRMARICHRE I N®R, =71
S MZONWTIE, RFFEAERE~DULESCREEWEBA T LA ICL2BRELZEL, R
FIFREMBRI~ORHBIEEZREHL TS,

—7F, MAAP 22— FTlE, WS FHERIZ L 0, EFFRMERIMEE» o7 ey v
DILFIC XL HBREDHRE UTKETEM I O B - KE~0iE, EHRRSEEZEEL TB
D, R FRNERATHESRES AW T, ETFEWERI~OREEIEEZEHL TV 5,
JRFIFRRMERRD D OHEIEIZ oW T, AFMETHW=ET L TOFHEDIE S 23, MAAP
R CORMEL Y bRELRKMER->TEY, RTFURFMTHL Z L AHRTE S,

72, RFFHEARBREBRTOTT o VELFIZRT 5 DF & 10 & LEH/EICB TS, £
NENOERE 7 NV—712x L CRIBOBREIRBIBEAT 720, BREHRERICERIIR,
ZhiE, MAAP 21— RIZRBEhiz= 7 vy Lo B AR ES OFMRIC L 5 EBZE:, 4E
DFHETOEBHHIRIZHRTREVWEDTH S, Lo T, EFFENER~OESRERD D
HHEIA DREIZOWVTIE, KEORKNRY —RZ —LAThHDH NUREG-1465 (TR St
BEZHWSZ L TRFMICFHETE 5L EZ 5,
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FHTR MAAP 22— NIZK D Y —RF— Lfifr & LI-FHEiRE R & 4 Bl OFFfi#S R O s

EESN—7 AFECHW=ETV MAAP figgAfr* 2
A8 #11.1x1072 #9.6x107°
X oFEH #13.6X1074 #13.0x10°4

Cs ¥ #12.0X1074 #1.9x10°5
Te 38 #8.0X107° #1.5X10°5
Ba 11 %3.2X1075 #16.9x10°7
Ru 3§ #11.3X10°° #1.3x10°6
Ce ¥H $1.4x10°8 14.7x10°8
La 3§ $1.4x10°8 $97.4x107°

¥ 1 RIZBITHAHEOEMEL, EHFEIHTELZMBEAL 2HICADZETH S,
* 2 Cs DX HITEERDOILFERE (CsI, CsOH 7 Vv—7) 2 F T HERIT >\ T, Cs
DFELANEBERICHTI2ENTNOEES V-7 ORBEIEZEFH LTS,
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FE8F MAMP =— FIZ XA HHE & AFHEIZ L 2HEBO B HiE

FLNEEED
(ORIGEN2 == — RIZ TEE)

//;%Fﬁﬁﬁﬁwwﬁ%ﬁ%Eé\\

R FIFR A RN~ DRHEIG
(MAAP = — R)
T VOBERIEEFERTRA T L
AL DBREDRE
(MAAP =2 — RN TERIE)
R EK O EOBRULE
(MAAP TiTFHlis 7= 3E

\\uﬁ%ngd%%ﬁ) 4//

JEF IR A 2 P E (MAAP (2
K % 5D 12 C 72 JR TP A
BRRAVEEER

JRF P A g~ S D
HEHHEQ

MAAP =t — K% B34

MAAP = — RZ & Al O R FIF Az ~D
HBHEE (©@,/Q)

@ N

R FIFME RN O E B

R IFEMARN~OKRHEE
(NUREG-1465)

T VOHAREEBER VAT
AW X DBREDR
(EBREIZESERE)

-ERR LS ROBRILE

(EBRBIZESERE)

N S

JRTFIFHE AR ZRNE (MAAP |2

X 2 FHM) (26 Ul R TRk

MERRAVEE T 2R
ZWRERE

.

JRFIFR ARSI~ S DK
HEMHEG

4B

A BIOFHE DO R FIFMAE SR~ DR HE &
(®/0)
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2.2 JRFIFBAERNORIRRESIZONT

MAAP AT CIX, IR FIFREMASRNZZXEICHEIL TB Y, R IFENESRN O XEI 0
LTEBEORFRELRETHIENAREE RS, ZhITLY, #EkE L LTIE, ETFFEEH
BHNOERHEEY (1 TE~D, 2E~NE) 2 BB LCBEENRERELZEE LI-ETV
ERETHIENTEZ S,

—%, A THWETATIE, RFFEMEENEZ 1 DOKEE LI=ET/VEREL,
JRFIFRMERSRNOBRIFICH L TREBHASR A 7 LA I X 5 RFIFHEHAERRO T 5 X E~
DRTEEEL, EHEKER VO THREICE oM L-RIREEZREL TW\W5, £k, &
ekl LTI, SAMPE~NDOLEEBELZETLE LTS,

MAAP EATICEWT, [RFIFEMAZRRNOEREEDIC L 2B ENRERDRLZE L=
&, EREEVICHEIN TV AREOREDEBARENRKE L, BEEREVTANA Vv A Uik
OBATREICHFETHHERII LHEE L 725,

BEERE VR TA Vv A UBOBFEEE IOV, AHECTHWEET L TO FHBEE~B
1T UTo B B % B\ T BRIRBREE &, MAAP AT C 0 LXK E OMIFSRE D B & 1T - 7=, &
REFIRITTT,

FIOR RFIFEMAERENORIFREIZBIT S
AFHE THWZET LV TOFHE & MAAP fi#dT T OFFli Dtk
H H AFHBECHWE=ET v MAAP fE#T
PRUFGREE (MeV) #13.1X10% #72.5%x10%

BORITTT EHY, FFHETHWEZET LV TOEERRTA DA ¥ % A VROFHEI IR
EOBRTILVRTFHRELR-TVWD, SHIAFMTHWET VOFHETIX, THRE~
BAT Lo U L0 L TOMERR LS OB & ORI R & RIA A TV,

2.1 k0 2.2 XY, AFFMETHWET LV TOHEIX, MAAP f#HT TOFEM & el U THRFAIC
FHECX 5,
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(FsfH&EED
B  N— T DORRIZHONT

NUREG-1465 D EREEEEREI ™ 5 o « 7L b= ARAERILIIRE OBER I W T, BED
MATIE, BESNDHOTIHRWVLOD, MREERERVY Z Y« 7V b= NEAEE{LY
BRBHZ X3 A NUREG-1465 D@ A B4 2 PR TO®IMD T, NUREG-14651Z He~ TR X 72 B
FEPREBESNTVWIEEIN—T b H D, RFHETHWZET LV TOFMEIZBWT, £EES
N—TDONREFHERT D,

BRI S5 S E IOV T, NUREG-1465(C R ENDEBE /N —TDNFRE L TI-
IBISMERBEBEZFI0-1RIZ, V<R FAF0. MeVIRBEZF10-28RIIFYT, VIV 7
Vb= ARAEEWIREHT 0 A NUREG-1465 D& FHIZ BT 5 B TOER DT T, NUREG-
1465(Z N TR E RHHEIE B RBE I N TV A TERLRBEIZ OV T, KEF~DFHEHEIC
B A2HFSEEIINEL, FFHEOBRITIIRELREEEZRIZTTHOTIERY,

F10-1R BREBEICHH S 3 A HEHE O
LI NV —7ORR (I-131 5 M EHRE)

MRS — W e R D iR
(Bq) (%)

i A #70.0x 10" 0
X5 FH #7.9%x108 92
Cs ¥ 1. 7x 10" 2
Te ¥ # 3.8x 10" <1
Ba ¥ # 6. 1x 10" <1
Ru %5 #) 5. 9% 10! <1
Ce JH % 2.2x 102 3
La ¥ 1. 7x10" 2
&t #8.6x101 100

(F1) 7 HFREEKRHE
(FE2) APEESHTEZNBEEAL 2HTICHDE
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102k BEICHRHENS BEEEDED
SN —7TDORR (y BT=RAX 0. 5MeV #15)

S o HH O RE R L D MR

(Bq) (%)

75 M AR #8.7x10® 93
X 5 #H % 6.2x 10" 7
Cs ¥ #1.7x108 <1
Te ¥ #3.1x10%2 <1
Ba ¥ #1.7x10% <1
Ru % 9.9x 10" <1
Ce ¥ # 1. 1x 10" <1
La ¥ # 2.9x 10" <1
Grar %19.3x10"% 100

(F1) 7 HFHEEKRHE
(FE2) APEIESHTEZNBEEAL 2HTICHDE
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A 3
X O FDILFEEBOREIZOWNT

AFHETIX, £ 9FRO({LFRREICRTHFESIE L LTR.G.1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear
Power Reactors” TREfN= Xk H>EOEFEFEEESZH A TW5,

JRF IR MBI~ DS RERY O HEIE O EIZHVZNUREG-146512 % & 5 FEO{LFERE
W2 D FEEFRSICOVWTOREREH D2, FEFIFEMHERNOREOPHA 7L EDRE L S
T3, (BHEXYFEOI BLEERIIFBIIS%EBARWVWIE, ABLIFITERELH>FO
3% (0.15%) #2722 (95%DRiF4R)),

AFMETRETHV—F L AD LI, BROBMEBRA T LA DELLEEL, pHRENRE
NRWATREMR H 5B EITIE, TBRE S B~DEBEBREIGHREL R LA BH Y, TRR
LOROFEREPRELBNTERL S ROFEEEHELREL 25, RRL > RIIETFIFE
WABANTOBRILEICL Y —EDEBBRLRAD DR L, AL S BIXFEKOEHEZFR
FRADRNI LD, RFFRABRRMS~DOBRHEOBENS ITEHL > FZFORENEETH
B LEREZ, AFFMTIEE D BOMEFED L OFEEIEGOREICOVTLUTD LBV B,
RELE,

NUREG-1465TlX, & 9 BOFEEDFEFIEIZE L Tl 7 DFE TOEERREDOTIRIT
RV, KO FEOLFREZ L DR EICE LT, NUREG/CR-5732 ” Todine Chemical Forms in LWR
Severe Accidents” Z 5| LTV 5%, NUREG/CR-5732 TIi, pH¢ L9 ZEOGFEEBSITBEAHRA &
LT, pHOETFIZHE-> TBER L 5 B~OERFISSENT 2MAERT L L I, pHREN 2
ENBHEERMRENBVEEZTNETNIICOWVWT, EXERERO X I FOFREBICEL THE
BoOT7 v Mot 57l Z1T> TV 5,

PHABR 2SN TWAHEOREREE 1R, pHABR RSNV EEOREREZE 2RITTT,
PWRT K7 A BB R A FF OSurry DFHERE R Tl, pHAREIN TV AHAE, 1TIFLERT
Lo THRTFREDIBIZRLDICH LT, pHEREBIN TV RWREITIE, BE2EREEREK
IREMRD, e, AEIOIRIIONTYH, HFITNIWEIEGTHSH, pHAB I TV 25E
L0bH, pHAEINTWRWEEDIZI A, LVEL RHBERIRINTNS,
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F1E BEREHEOHAE L-BAD L > FBLFEERE
(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

FEok HERXREHFOpHFEZZELZ2WEAD L > F(LFEHE
(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 04
Surry TMLB' ¥ 97.1 1.5 0.7 0.7
AB y 976 1.2 0.6 0.6
——

DXL, EXEHERORESRN2ZE LI-5EIOFMEOHEIZIX, NUREG/CR-5732 TR &
L% pHAAEE S TV 2R Surry DFHlifE I & 9 BOFEREEWV 2 &, #1E < FHlE_ Lo RFE
ELERU-EYRTMFGERETDIE, EVoBANDEEL, RG 119550 X 5FE0(L
FWEZLOFERSE B3XRBB) 2AVWAZLLLE,

%5 33 NUREG-1465LR.G. 1. 195(281T 5 X 5 EEDOLFEFRRET L OFERI S DOELE

NUREG-1465 R.G.1.195
LRRELIF 4.85 % 91 %
AL OE 0.15 % 4 %
BFREOHE 95 % 5 %
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B 4
RFFRMESRE~DOITRR L 5 ROULBEDRICTONT

JRFIFRMERNICE T 2 TRIRE 5 BOBRLEFICOWVWT, MEEANRTHREEEITHEE
(LLF, INUPEC] &%) (X 2Hat MERKISEE NUREG-14650D Y — A ¥ — A% W= Ut
W BEOFEICBE T 28EE) 1BV T, CSE AGERIZESEIREN TV S,
BEORHICETIMELUTIIRT,
RFFRMERNTOLRERL O ROUEFEREL 4, L T5L, RFFEMESRENICKITST
FREOBOREpDOBEE(IILLTOXNTERIND,

p _
o Aap

p RFIPRARRENICEB T 5 TRRE S BORE (neg/n’)
Aq : BARTEER (1/s)
IhzE#E LT, RAFBEMARNTORLRR K 5 ROWFRE TR (281 5 ER
X5 RBE pp LA 0 (BT SRR E S RREp, ZHWT, UTDXSIcRSNh5,
g = ———log (&)

ti—to Po

728, NUPECHREZETIL, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” DEC#E (CSE A6FEER) X v, [CSE A6EBRMDHEEHE
VROBEELTIE, WX 05 TRELC 1 g/m* Th-72b D23, FFAI3057T1. 995X 10
pg/meind,) Thze ERITRATHI LT, oRRE 5 ROBRLEEEI. 0X107(1/s) 2H
HLTWD, ZHEESOHOX S ROFERNEL, AT VA BES> TORVKREET TOXE)
EEETADEEZLND, 2B, KESRPE. 5. 2 TIREFFRMARNOTRR L 5 RIBEN
1/2001272% £ TIILER L O BROBRERRAETND L LTWD, SEOFRY —Fr 2D
&, TR L 9 FHDF (BREFRE) =200 8= 4 5 REHAlX, [Gap—Release] ~ [Late In—Vessel|
OB T LickeR (BBRga 511, 8KFfH]) L7285, REFIFHEMERICRE L T2 B0
YWEEN R SN BOEMEEOKI00570 1 BEIET T 2RAE TIIERLEEREIZIE
—ETHHILDBbIroTEY, EFFHEMESNOTRR L I FIZZORBIVBFEIHOH
RUEBFREIIL L TREINS, Lo T, ZZTIIRENICEFLOHOBARLEEEZEHL T
AV

CSE A6ZEBRDFEMMILAIR DNuclear Technology DaCIZISVVTBWL- 1244738 STV 5,
£E L LT, BNIL-1244EROREFIFHRMA RN TRR & 5 RORBMELZRIR T, ZOoFT
TLER L S ROFHREITLC peg/mlR>THY, HEER 3 FFORTFIFERNERICITFET
HEIORDRELRBETH S,
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27 : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

W RKERTIE, A7 LAHFMME LTT AR Y NaOH) AWV SNTWA AR, IbEFERERHICIX
AT UABBRLIAOBEDEZFAVTWATD, AT LA FNMMOEELZ TR,

BNWL-1244
" 5 3
/ RE%1 0 43 : 10° pg/m
10° e
_3],2 = 12 min
DROP SIZE: iZiU u MMD
FLOW RATE: 49 gpm
& TEMPERATURE : 255 °F
PRESSURE: 44 psia
SPRAY ADDITIVE: 3000 ppm BORON
4 NaOH - pH 9.5
10 s
ME —
3 = R 30 47 ¢ 1.995X10* 1 g/m?
= 4!
(=]
[
= #
(-4
=
503
s 10°
= =
o —
o -
b, m = 540 min
= =
e e
v
=
pr o
o 4 THIRD SPRAY
10° |— (RECIRC.)
# 1 Sseconp
= ] SPRAY Ly
10! : Sl RS W RSN
0 50 100 150 200 1550 1600 1650
TIME, min

FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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CSEZEBRR D@ AMEIZ >\ T

CSEEBOEKHLHREHNMIBFOURIZOVWTE L RICE LD D, £/, NNPECOREEFICH
WTIE, A7 VA KBEMENSRMOHB O L 5 RREZEICBERLEERELREL TWDHED,
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-1 : CSERBREFR

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.

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

Corning Fiberglas Corp.
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2.3  Reduction in airborne radioactivity in the containment by containment spray systems that
have been designed and are maintained in accordance with Chapter 6.5.2 of the SRP!

(Ref. A-1) may be credited. An acceptable model for the removal of iodine and
particulates is described in Chapter 6.5.2 of the SRP.
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