<

S

BT

e

X o Bl
5
3
o
S =
HO|
=1l
I
)

/

o

GFT ﬁM

K2-2 {EEERR & TR
(fE FHERELE v b ~0D@KTER (X))

X2-3 {EEENR & FFM
(R F IR A TN K R ~DEKFER (BK))

129



3. VEEPLARER 2B LB A OREDERIZ OV T

xS & L7z 3 oDIEEICOWTIE, fHEMFEE (Zh2hi012. 9ksfE, #93.2H, 24KR) I
XL TRBEFSTETTHILNAETH D,

U EDOEMREME CTITEETET T2 L 0 ITEERGET 2 LEELEEEITE, HIKRENE
BT 5ZLIZALATHY, BULREEHEOT, HIEHAEDEHEEZRS Z LITFRETH S,

4. BIEE DR MZOWT

HROHIIT O BNEEOT TR L RVEERMIL, EEEOEED [B—7 =27 AZERF
(ERZEZEBF R OY o H-I~DRFERMEAE, (B—RTARST (BCHH) Rk, <
T4y, @Kl RO TR MASRIUKRRBE I = v MES%ER, &) O2KM5 S
ThY, BEBERKE Y b~Of#ifa (K ©4BM105XDEY, £z, BRNEEITRT
FRRMERUNOEREZZBTE, BAMEEICLERTRERIZES 2B 2D, TBREEBERK
vy h~ORHE EK) ), [HEAFREY Yy b~0EKHER GEK) | RO [RFFEHSGHIKR
~OBKFER K] OBIEFHIIZL > TRETE S,

¥z, 1.2 TPHMENRIEX L L TBESN-BAMEEZERT 2 KEMNRERIL, UTORITR
TERNEELZITOD, RFFRAERUNOERELERTESZ L0 b, BREEICX2HIE<
~DFEII/EL, EEHMYP 100nSy 2 FE S,

=B ENFE
REDRRESA HEAERTEREEU=RE
WKEMNREEB IE AR ERELUZE
RERMBERC B—7 =27 ALRERERFEBRL VY A i~ORBELERHE, B—3
TARLT (HOHH) RHEER, <74, ik
KEAFEEED RERWERA T LA R 7REEN, FEMERSRY - FHLE, =2
bo—AtrFagsrEEL, PRAGESEEBEERRY S BLE
KEXNRERE ] R S A e
BKENRESF AEHRBREESR Y v LE, FEMERESZS - RAE, o bo—
Nl FZaxs ZEEL, PRFESIEFHBEREY - FHLE

®3-1 BAMEEB ORI EEH EEET 2BNEE

5. REXKERIZOWT

REXMNREBEOHBEILEILX, BEHILAM 2ROV IALVTERHL TS D, Wk
RIRFFEIDRE L= OBIMEEICB W T, HEEMNICIIREFTENAPLOSEEER L ORRD
AEETH B,

6. R ZREE DTN ONT

RHIZREEL LT, WIlBRRBKAR  7HE, IR EREKEKR S TEHE~DOGHIE
EXHDY, ZNHLOEEIOVTIE, BEEORRABARETHY, BULREEHROL L, {E¥
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JRFIF AN S ~ DI RAERM DR HEI S DRRFEIZ OV T

AT, BFFEBMER~OESRERDORHEEIADOREIZOWVWT, EXERRFETO
REZETKEORFH R Y — A ¥ — L Th HNUREG-146512 R S -t El S, MR 2 BAv

TV D,

1. NUREG-14650DtHEI &, MK OBRAMEIZ OV T

NUREG-1465'?D ) — 2 # — A%, BREMEBEMHERA LY, RFFARIPBELT 7 U BFHC
BHEINAREICELIETERNRELELOTH Y, FFFETHEEL TWAFR— T R L
BOV—F7 ROV THRHARIZET N TV D, NIREG-1465THRBEE L TWAH U —F U A% E 1

RITRT,

13K NUREG-1465 THHRE L TWAH I —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 Spra ’
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 L2 bR FIFEMARRT~H SN A ESRERD DEIE I
WTE 2RO L ) RBERERE 7 = — X 2 EEIE, KHERFEZRELTWAS,

! Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-1465D 1 T {5 TV 5 X 51, NUREG-14650D Y — R & — A FHE LIEMICE A4
DER— TV ABRICLERRR Y —RAF—LTHDH, I, FLEBRERICREICKHIL
DIEEHEMERRKEL RBBRATHEN R —F VAL LT, FFHE TG E LTS TR
LOCARFIZ{REEAMERE, METEABER B MESRA 7 LA EABREN LT 2FH I —7 A
EEDBRES TV RAERRTDIOBRESNLEHDTH S,

F2R FTFEMESR~OKRHBE RO HHEIS (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.

( FHEEROE T = —REAEUTOL > CEREATNS, )
+ Gap—Release/Early In—Vessel
BREEBEREEZOX ¥ v 7Ol (Gap-Release) &, REIOBERIZHE S RTIFASE
BIEETOFLILLOM (Early In-Vessel) Z#BiE,
» Ex-Vessel/Late In-Vessel
R IFRRRER, FAOBERIF L OO (Ex-Vessel) KN 1 IRIZEAE L0
g ot (Late In-Vessel) #4EIE, )

HEGRRELTHOLIPFLPERERIBL, RFFRERSRPEETIEGEROZ A I 7ITo0
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 ERENRG L, F | POEMABRGE L, ERe
Yy IO BRAEMERK | PRFFAGEREBET L E

H & 5 Hi TOHAM
MAAPFEAT 5 B 0~#919%3 91957 ~#91. 68EFRE
NUREG-1465 0~30%y 3043 ~ 1. 8B¥HE
1.7-131
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FLARMBRG R VRFIFASRBEDO X A I 7120 T, BERLTHY, BEoRERDH
REICHE SN A2 PHOFESERICRKE RET RV EHE L TW5,

NUREG-14650D YV — R Z — A, {RRBEEREIZ XM RIZL TS, £ODH, KEICBWT,
NUREG-14650D Y — A Z — Lk (LUF, TEHFHY —RAF—2Ah] L)) ZmBRBEEEREHR UMOXBREHT
HWHTAESOMBEIZE L, 19994E 2% 461[E]ACRS (Advisory Committee on Reactor Safeguards)
2EESBIIB O TERIRINTWDS, £ TIE, ACRSH D, ERABEERRE R UMOXRE~DHE
RIZOWTHIET 272 DI Y —VOBRBR R UOERT —ZORNERKBELa X bR
NTWD, ZHUTxL, NRCAZ v 71X, EEMIZY —RE—LA~DEEBITRNWLEZbND L
FHLTWS,

F D%, HHHT = — XOMkGER, SRSV —7OKRHEIS TS 2 5 EESIT> VW TEM
FEAFXNTOBRPMTONTEY, ZFOREEIERI/NRC 02-2022(20024E118) 1% & ® HvAR
ENTWVD, ZOBROBRL LT, UTITRTEY, MRIRIBEFERETORL TS
DD, ERRBEEEREIR UOMOXBREHIX L THEH Y — A — LADBRICOVTHEEINTVS 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 %)

A SN TS ERBEEREHT, REESERORIIRBEETS GWd/t, 1FLOFRBEEES0 GWd/t %
XL LTS,
HEFAXLOFRDOERE L TURENT, &7 = — X OHERGRE &R ORFIR AR ~D
BHEBIEITOWVT, F4-1RRVFE4-2RITTT (ERI/NRC 02-202 Table 3. 1% UTable 3.12),
RDOH v aNOEAEIE, NUREG-1465DEZRL T35, £, BHOKENRR—OMIZfFREh
TWAHDIE, XFAVANTHE—OHEREBINRPoEHBAICBIT2EEMFOHRBETH S,
FNEN DRI DOV TNUREG-1465 & < —E L TV 5 LR 572\ 43, NUREG-14657>H K& <
B3 X5 REBEIIREIN TR,

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

2B, KEOHHIEAETH HRegulatory Guide®1. 183123V Tix, 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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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 mventory calculated with the maximum core radial peaking

#4-13 ERI/NRC 02-202 |28 T B3R IR AR ~DHH

(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

mmw&mum-m There s
HIVI (ORKL)

2% to the containment, based upon all data svailahie to date.
the NUREG- 1463 lanthanide grouping, e.g., one group, while

“Theee panel members retaised

evidence that batkm s resch more volatile than stontimm. VERCORS snd
cited; these show 8 $0% relesse from the fuel and # 10% delivery io the containment. Stontiem has 8 10% relesse from fuel and

the grocg ot fo sbgroapn.

% 4-23 ERI/NRC 02-202 I BT 3 H FIFEMA R ~DHKH

(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.

1.7-133
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FOH%GEH Y — R F — b F ERBEERENOMOXREN B 5 B A OFRBEIC N L TRET
OhTEY, 201141 A, Vo7« TEXHEFR» b @EEFESH I N TV S, (Sandia Report
SAND2011-0128°)

FHAR T v VST IEL FHBIZ KR E K FETHERE I NV — 1200 T, BmRBEERE
BRUU T ) h=0 LEESBRICYIREI O BHEBIEIX, B-IRRUE2RICTT LBY, &
BREEREIOZN L E LS BRI LOTIHRVWI EBRERTVS, ZDZE0b, HEMEICE
WU, NUREG-1465D B#MEREREIC Y T2 « 7L b =7 MRABRILHREI OB IZ DWW TEE
ENBHLOTIERENWEEZXD, BORIZENLOT—¥FEHE L,

F;O5-1K SAND2011-0128iZ831F A R FIFFEMARRs~ D (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
|0.5i (1.5) 12.0i Ilol
Release Fractions of
Radionuclide Groups
Noble Gases 0017 0.54 0.011 0.003
(Kr Xe) (0.05) (0.85) (0 {0}
Halogens 0.004 0.37 o.o1 L3
(Br.l) (0.05) (0.35) {0.25) (0.10)
Alkah 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) ()]
Noble Metals 0.006 [0.0025] -
(Ru. Pd, Rh. etc.) ]D.DCQS!
Lanthanides = 1.5x10 1.3x105
(Y.La Sm. Pr. etc) (2x10™) (D005
Cerium Group - 1.5x107 24x10
(Ce. Pu, Zr, etc) 5x10%) (0.008)

#5-23% SAND2011-0128iZ3517 5 H F IR A B~ Dt H
(77 v« 7 b= NEAEBR{LHRED

Table 16. C i 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
(IJ.SOI (1.3) |2.0| |!Ol
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.l) .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 Sx10°
(Sr, Ba) (0.020) ©.1) ©)
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se. Sb) ©) (0.0%) .25 (0.005)
- 027 [0.0025) 0.024
(Mo. Te. Nb) (0.0025) (0)
Noble Metals 0.005 [0.0025] 3x107
(Ru. Pd. Rh, stc.) 50.0025: 0.
i 1.1 x1 3Ix107 s
(¥.La, Sm. Pr.etc) (0.0002) 0.005]
Cerium Gr 1.0 x10 5x10
(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 2HHHIM TOBRMAESR~DOKHEIEOER

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 LK T456Wd/t TH D Z LA 5, ERI/NRC 02-202(23650) S AR, BREESEOK
EABERET5GWd/t }e U'Sandia ReportDiEFHHGEEE, PREHE & AR mIABEEES9GWd/t & ol Ui A4
BRNICH D, £7-, HREEF 3 SFOREHEREBEEEITZY 7 RET61GWd/t, ¥ T - T
b= NEAERLPRELTE3GWd/t T&H Y, Regulatory Guide 1.183IZ/R&EN 5B, MRE
R RIARBEEEG2 GWd/tDFHENICH D, Z07=9, AREBFHT 3 BFICHL, HHETESIAL T
BRWEFHY—RZ—LDOBEA XA L M S 5,

ERI/NRC 02-202{Z7R SN 7= HEBIA OEEIZ W TIE, EMFOBER LS TNS Z &,
Sandia ReportEE#OEYEIZ DV T H, MOXIREHZ YW TITE—DRMAER DR 238 & LI-fiF
iz EEoTEY, KENRCIZA—Y T XENEHOTIFRNWZ EE2EE L, SEOFMIC
B TIiL, NUREG-1465DHfE % A\ /=,
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2. A EIOFHEE T /L TOFH & MAAP fZHT T O FHE O LIz oW\ T
2.1 JRFFEAEEN~DOBHEIEIZONT

[ KA LOCA BRI REEASERE, MEEABER CRMAZSRA 7 LA EAKEPERT HF
W —o VR ZBIT DRTFIFEMBRRA~OBEEIEIZ oW T, EFFRMESREEO
T a S VRLFICRT S DF & 1 L L7BE 0, SEOFHIEE T /L TOFHERER & MAAP fi#HT TO
SRS RICOWT OB EZE TRIC, £7-, HBFHEEZESRITRT,

SEIOFH TIX, NUREG-1465 IR Eh TV A HIEG CTRFFIEMERICRE SN %, =T 1
S MZONWTIE, RFIFEAERE~DULESCREEWERBA T LA IZL2BRELZEZEL, R
FIRRMERII~DORHEIGEEZEH L TV 5,

—7%, MAAP =2— R TiE, WBRESNiHERICL v, FEFRBEMERSER»bO=T v
DILFIC L DBREHFE L UOKEREMRICHE O Bl - KE~0isE, EHRRSEEZEEL B
D, R FEMNERATHESEES LAV T, ETFEWERI~OREEEEZEHL TV 5,
JRFIFHEAERE b OREHEIEIZOWTIE, AFHETHWCET LV TORHMEDIZ 5 55, MAAP
R CORMEL Y bRELRKMER->TEY, RTFURFMTHL Z L AHRTE S,

72, RFFHABREBRTO=T o VEFICHTHDF 2 10 & LeHBEITB T, £
NENDOEE I NV —7 T8 L TREDOREDIRSEAET S0, RIERICEERIRY,
ZHUE, MAAP 22— RIZNERE N7 vy vo BRLEZEOFHHRIC L 2 EBBERS, 5E
DFHETOEBHHIRIZHRTREVWEDTH S, Lo T, EFFENER~OESRERD D
HHEEIEDREICOWTIE, kEORFENLR Y —RF —LTHD NUREG-1465 (RS-
BEZHWSZ L TRFMICFHETE 5L EZ 5,
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HTR MAAP 22— FIZX DY —R S — LfET 2 UTCRHIRS R & 4 B OFFMRE R O ek

EESN—7 AFECHW=ETV MAAP figgAfr* 2
A #11.1x1072 #19.6X10°3
X oFEH #13.6X1074 #73.0X10°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 RICBITHFIEORMET, APEESHEZMUBELAL 2HTICHDETH 5.

* 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 MAAP =— FIT XD HHE & AT L A2 HED LB HE
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2.2 FRFFREARSRNORFEREZIZONT

MAAP f#HT TiX, IR FIFBWMARNEZXEICHEI L T Y, RFIFRMEIRN O X0
LTHEAEORFRELBRETHIENTREE 25, ZhT LY, Rk E LT, FEFFEEW
BHENOERFHEY (1 TGE~D, 2RE~NWE) 2EZE L-BENREREZRE L-ET L
ERETDHLENTE B,

—%, A THWETATIE, RFFEMEENEZ 1 DOKEE LI=ET/VEREL,
JRFIF BB SN OBRIRIZS L TIREEIARA 7 LA 1L X 2 R FIFRHAELRO T 5 X~
DOBATEZERL, LHXBERCTHEEICH oM L-RFEEEEAREL TWVWD, £/, &
ks LT, AHBE~ANDOREZBRLIZETVE LTS,

MAAP FEATIZHWT, JRFIFHEMB RN OEREED I L 2B ENRERDIREEE L5
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DOBRCTHREICHFST2HEBII EREKE L 25,

BEEBEOADA ¥ A VBOBRREICOWVWT, RIMECTHWEET L TO FEHXE~E
1T LI O 2 BR VN T BRIGREE &, MAAP 4T T LB KB DFRIRIRE DB 21T o 1o, &
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%
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BREHZ X9 5 NUREG-1465 D@ A IZBE 3 2 BEFFE TOE MO T, NUREG-1465(Z e~ TR & 2 fiHd
HEPRBINTWEIEREIN—T b b5, KB THWZET AV TOFMBIZEWT, &E/ES
N—TDONREFHERT D,
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NV b= NEAEBREYIRENT %4 A NUREG-1465 D B84 2 HMFE TOERD T T, NUREG-
1465|Z N TR E RHHEBEIE B RBE I N TV A TERLRBEIZ OV T, KEF~DOFHEHEIC
BIF32HESEEIINIEL, FFHEOBAITIIRE REEEZRITTLOTIER,

F10-1F% BREBEICHKH S 2 A HEHE D
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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F 102K BREICHRHIWSEAEHED
BN —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
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B 3
X 5 FBOLFEDREIZOWT

A TiE, X OFOERREICHTAEERS L LTR.G.1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear
Power Reactors” ThaNLH>ZEOHFEERESEXHVTWS,

JRF IRt AN E RS ~ DA RERYD DR EIE DR EIZ AV /ZNUREG-146512 % & 9 RO{LFE
W D FEEFSICOVWTORERH DD, FEFIFRMEIRNOIREOPHA 7L EDRE L S
T3, (BHE2XYFEOI bEEREIIFBIIS%EBIRVWIE, ABLO>FITETRELH>FO
3% (0.15%) #2722 (95%DRiF4R)),

A CTRETHV—F U ZADE I, BROBMEBA T LA DELLEEL, pHABRE
NRWATREMR H DB EITIE, TBRE S B~OBREIGHPREL D L0MABH Y, TRR
LOROFEREVRELBNVTERL > BOFEREOREL 2D, RRL S RIIETIFE
WABANTOBRILEICL Y —EDEBBRSRAD LD L, AL S BIXFEKOEHEZFR
FRADRNI LD, RFFERABRRAS~DOBRHEOBENSIIEHL > FZFORENEETH
B LEREZ, AFFMTIEE D BOMEFRED L OFEEIEGOREICOVTLUTD LBV B,
RELE,

NUREG-1465TI%, & 5 BOIFHRBEDFESISIZE L Tpi 7 DFE TOEEM R EDTIRIX
RV, KO FEOLFREZ L DR EICE LT, NUREG/CR-5732 ” Todine Chemical Forms in LWR
Severe Accidents” #3|FH L T\ 5, NUREG/CR-5732 Ti¥, pHe X5 BEOFEERSIEI AL
LT, pHOETFIZHE-> TBER L 5 BF~OERFIS S EMT 2R ERT L L I, pHiREN 2
ENBBEARVRENLRVEEFNFNIZONT, BEREHRERED X > FOFHEICEHL THE
BoOT7 v Mot 57l Z1T> TV 5,

pHAABRZRIN TV AHADREREZE 1 K, plIABRA 2RI ARVWEAOREREZE 2RITRT,
PWRT K7 A BB R A R OSurry DFHMERE R Ti, pHAAREIN TV AHAEE, 1TIFLERT
Lo THRFREIRICRDDIIR LT, pHAAEIN TWRWESIZIE, JIF2ERTRR K
IREMRD, o, AEIOIBIIONTYH, HFITNSIWVWRIESTHS2, pHAB I TV E5E
L0bH, pHAEINTWRWEEDIZI A, LVEL RHBERIRINTNS,
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H1E BERXEHEHOHAE L-BADL > FLFERE
(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

FoRk BEREHHFO pHABEZZEL2VEEO L) FLFHE
(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, EXREHERORERG2ZE L4 EIOFEDOHEIZIX, NUREG/CR-5732 TR &
L% pHAAEE S TV 2R W Surry DFHlifE I & 9 BOFEREEW 2 &, #1E < FHlE_ Lo AT
ELERU-EYRTFMFGERETDIE, EVoBANLEEL, RG 1.1950 X 5 FE0{L
FWEZLOFERSE B3XRBB) 2AVWAZLLLE,

%5 33 NUREG-1465LR.G. 1. 195/281T 5 X 5 EEDOLFEFHRET L OFERIS DOLE

NUREG-1465 R.G.1.195
TERERE9FE 4.85 % 91 %
AL HFE 0.15 % 4 %
BFREH>E 95 % 5 %
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FRFFRMESRE~DOILRR L 5 BROULBEDRICTONT

JRFIFRMERNICE T 2 TRIRE 5 BOBRLEFICOWVWT, MEEANRTHREEEITHEE

(LLF, INUPEC) &9°%.) X 28REt MERISEEE NUREG-14650D Y — A & — A% RV Tz BURE
W BEOFEICBE T 28EE) 1BV T, CSE AGERIZESEIREN TV S,

FEOREHMIZETAIHMEL LU TILRT,

RFFRMERNTOLRERL O ROUEFEREL 4, L T5L, RFFEMESRENICKITST
FREOBOREpDOBEE(IILLTOXNTERIND,

i—': = —Aqp
p  RFIFRMASRNICBIT 2 R R I 2FORE (ug/nd)

Aq : BARTEER (1/s)
IhzE#E LT, RAFBEMARNTORLRR K 5 ROWFRE TR (281 5 ER
XD RBE pp LERAI 1 IZBT SRR E S RBREp, ZHWT, UTDXSIcRSh5,

ta=— tlitﬂ log (E)

728, NUPECHREZETIL, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” (DEC&E; (CSE A6EER) X 0, [CSE A6ZEBRDHERE I
VROBEZETIE, WX 05 TRELC L g/m* ThH-72b D23, FFAI3057T1. 995X 10
pg/meind,) Thz ERICRATHZET, TRRE 5 ROBRLEEEI. 0X107(1/s) 2H
HLTWD, ZHEFESEOHOX S ROFERNEL, AT VA B> TORVKREET TOXE)
FEEETAEOHEEILNDS, 2B, KESRPG. 5. 2 TIIRFIFHEMAERNOTRR X 5 FigEN
1/2001272% £ TIILER L O BROBRERRAETND L LTWD, SEOFRY —Fr 2D
&, JeRR & 9 FHDF (BRYFRED) =200122)E 3 2RI, [Gap-Release] ~ [Late In-Vessel]
OB T LickeR (BBRga 511, 8KFfH]) L7285, REFIFHEMERICRE L T2 B0
YWEED B SN EEORKI00450 1 BEIETT 2R CHEALEEENIZIT
—ETHHILDBbIroTEY, EFFHEMESNOTRIR L I FBIZZORBHVBFEIHOH
AREBEREIIL L TREENS, Lo T, ZZTIIRENICEFRVHOBARLEETEELZEHL T
AV

CSE A6ZEBRDFEAMILATR DNuclear Technology D CIZISV YV TBWL- 1244735 STV 5,
£E L LT, BNIL-12M4EROREFIFHRMA RN TRR & 5 RORBMELZRIR T, ZOo$FT
TERR X O BOOHIREIZIC peg/mlR2oTEY, AREF 3 BFORFIFBRMEIIFET
HEIORDRELRBETH S,
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2 : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

T ARERTIE, A7 VLA ELTTAAY NaOH) WS TWAD, IEEFEERHICIE
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
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10! : Sl RS W RSN
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TIME, min

FIGURE 9. Concentration of Elemental Iodine in the Main Room,
Run A6
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CSEEBOEHE L HREBAT S BFORRKIZOVWTE I RICEL DD, £, NNPECOREFICE
WTIE, A7 VA AKBEMENSRMOHB O L 5 RREZEICEARLEERELREL TWDHED,
AT A KICE DIRFIFRMBBNEE~OBILIT RV, ZhiX, EFFEWERNEZDORI
WEDEHIFOUBFREZERL TVDEZ ENLBRTFHRRVBVWEEZ S,

%1% CSE EBRFM L MREERT 3 FIF DR

CSE B2 ® Run No. AZEERT 3 BIF
A-6 (1) (2) A-5 (3) A-11 (3) ﬁ*ﬁ-%%
BHX AR+2ER Rl Gip:= A
S #70.20 #0.22 #70.24 #90.335%2
(MPaG)
R #9120 #7120 #9120 #7138*3
(‘C)
HY
'R L O FEITHL
5 = *1 7 7
A A4 | BREIZEDY L olf N —
&)

(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 : BREEREREORMITITIHE 1 BB DR T LA 03 [E2 IO MEZRN
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* 2 : BWASAERIERS L 2 — 7 v A DRFTE

* 3 HMABERIRMERS Ik o — 7 o 2 DRFATIE
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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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FRFFRABRAICBIT 527 a Y VO EBREEFICOWVWT, MEEAN RFHREEITHE
(LLF, TNUPEC] &9°%.) X ZHREt TERK 9 4FBE NUREG-14650 ¥ — R ¥ — L% AT sk
YERHBEOFEICET 28EE] (F10E3 A) (LLUF, INIPPECHREE] £75.) 2B
T, =7 VOEHEEEREEZRAW-ET BRI S TWS,
ZOETNOMEEZUTITRT,

JRFIFRMERNTOENLEEEZV, L 5 &, RTFRMNERNOESRERD DILEIT
X HBORIT, FEFFBRARGENE—RIEESATWASAbDLE L, UToRXrb6ROLNS,
2¥, MEERT 3 S ORFIFRMARKERE VR FFHHASEBEEROEZHV TV S,

A
Ag= Vdvf = 6.65 x 1073(1/h)
a

Vo : BARLEE (1/s)

V4 : EHCEEE (n/s)

Af : RFERE A SRKRERE ()
(BFEEFR3IEF 1,250 nd)

A R TFIFRASREBREE ()

(JAZEFT 3 5% 65,500 o)

ZIT, ZwoEHIZOWTIE, =7 a A BETA3BOKRREELRDEIRXTHLA F—7
ADOREFBEAL, UTOXoickRE S,
_ 255(pp— Pg)g _ 213 Ppg

Va Iy g
5 : =7 | YV (n)
Pp : 7 v Y VB (ke/m’)
Pg : [UEDH E (kg/m”)
g : IR (w/s?)
Iy : [RAEDHEE (Pa - s)

BENRTA—FOEEZFELIRIZELD D, BB, ZIZTRLENRTA—F I NPEC #BEFEIZTEHE
ERTWAETHS,
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F1ER FHEICHNWZ T A—F

NG p—F & fii%
7R VEE T, (D) 0.5X10°° |kl um DT B/ VEBE
=7 u/ VEE p, (ke/n?) 3.2X10° | NUPEC #&&E LY
REDHEE pg (kg/m®) — TT7 a Y NVEE L NS WD R
BEAMEE g (w/s?) 9.8 HEHMER LD
REDKE 1y (Pa-s) 1.8X107° | NUPEC #&E&E LV

(%)
NUPEC [ERE O 4EBE NUREG-1465 @ Y — A ¥ — A% AW B EHHEOIMICET 58

EHE  (FR10F3H) ) e

(1) BRRWAR

- HAA FREHI B ORI A o] i Bl & RIERICTEAE L3,

-ARavE (HA) FR OIS B O AT o W ol & AT RRIC TR L sy,

- IR (IR) 9.0X10* (I/s) : HAWER (1)
CSEA6HBRO D W I 7 BOWELLTIL, BFRI05 TH#EEI05
pgm* TH-EHON, BFR305 TLISX 10 pgm? L7525,

p— ] =
he=—55= 60[03(1995x 10!10’) 9.0x 10741 /s)

» Csl(TY OV/)b) 1.9X10° (I/s) : BARLAAR (A
IlumORZFSOLY OV IVOEHUFEEEZ AV, FEEH
K—RRICES L TWA EREL T, HMEEKEIRE B i AR

EDEERUTROLENS,
Vv, =2rpz(pp_p,)g -Zr'fppg
e p, O,
5/2)x 3. 0*x09.
:2x(lx10‘ 2)x32;<l X 8:9.68)(10'5(“1!’3)
9x1.8x10
s x5
= Vdv--968x10 X s = 1.9x 100 °(117s)
*» Cs,Te,Sr,Ru,Ce,La Csl&ERC#HWET S,
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T TREAT VAL EREZEDOHRIZE - TH, BEFFRMERNTOXEEICEELZ
7%, L7=A35 T, NUREG-1465 <> MAAP |Z1E Z 4L & DZEENZFR 5 FFHME, FEMEET V55V ITESR
WCESERESNEENTINTEY, BEEVA FTLINOLHRDOEBRIZOVTREIATW
B

ZDIbTa Y NIHTHAT VA BROEREIZONVT, KFHETHRELTEELLE
NUREG-1465 TIXZDHRIZOVWTHEHENCEETHZ L L ENTVWHZ L bEEE X, SRP6.5.2 1T
WTRENDTT 0 Ikt s 5 27 LA ZhR O NUPEC EBRERICESWIER T VA BFRE A
WHZ EELTWS, REDEZFIZOVWTUUTICER LT,

1. SRP6.5.2 =7 Y Mt B R T LA EBRDOR

¥[E SRP6.5.2 Tix, AL VA EIRICBITARA T LA ICL BT u ) VOBREEE AL TFOR
ICEVEHLTWS,

Z OFMRIT, KEFR T T b (US-APWR, AP-1000) D& EEFRIIHT HFMMHEICB VN TH
RAnwehTEY, £, YET T2 7 Mg 22— FTé® % MELCOR X° MAAP (ZHAAIA E TV
5HLDOTH5,

) 3/4FE
ST 2V.D
A L R UA BREEE
A D AT VA IREE TES
Ve L AT LA EROEHE
F T AT LAHE
E  : fEps

D AT VA RBERE

F7, ¥ERG1.195 THLZTRYLADRATLAHEL LT, TROEIBY SRP6. 5.2 HEH
AEEE L TWAZ End, AFHEICEHAVLTWS,

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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2. A7V Ah%E (E/D) OREIZOWT
SEIOFMTIL, EDE T ERELZ, TOEEMITOVWTUTITRT,
(1) NUPEC 38
EEREME LT (RTFENAREEEEIEESE) I REREE Tk 16 F
3 AMEEAN RFHEELFERE) cBWT, YETT2Z2V T2 MEEORT LA OBRIZS
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A% E/MD) %7 LEET S,

B, =T NIRT IR T LA BRIZONTIE, =7 v/ LoRREE OF) b 5HE
(23T B LBRFHERELMNIZIR D LD NUREG/CR-0009 DFERIZESE, SEIOFEAMTIL,
BREFBESEONIZRIERDODIFZ By A7 DF] EEEL, SRP6.5.2 [T TRESA TV
55w A7 DF ERIT 50 &&RE L7~ SRP6. 5.2 TiX DF50 E#ELIREIZ, E/D 2 1/10 235 &
DEZFbREINTEY, TEOEZIZNEN, By bF 7 DFS0 ZBRIZEDAT LA BRIZD
Wi, E/D=0.7 ¢ERE LT,

& 610, EEPICITAIROBWROBE O R & FHKIC, NUREG-1465"2> HiFli L7c~
oY BEHBEEAERR BB TR L, S b, PWROESIZHLNUREG-1465T
AWTWAED=1DEIRA 7L A ICLABREDRELBNDFEL. OB OEDOMEITNT
TRBHEELIZF-HT2 L3905, Jhiz, BWROBA L FERECHREENE (1K
KE) L AT a Y LREDERAT LA BEPOFRML D bREVWI EERLTY

Do
0 ATLAIZL BB ERYEE &
= . |- UZhIzg8Fh oM KHEE
% ERFEBFODE
15 -
g - Evaluation by NUREG-1465 L A= 3hF E
= for this test** m ¥ D
T x;fU\L i E/D=1(m")
§ ¥, oo 5 Natural removal dats —
»0%
| A R EMBPWRER
a s ‘ 1 . E/D{~7) based on test data fh—-l&M)
- . I 3
X% o a ..9_"“-_. - R WL V='|2.2(ﬂ'l)
Y @ e e o e F=0.0200m"/ r)

Time after spray initiation (min)

[43.2-12 PWRIEEERE (XASME) R L NUREG-14655F{E L O LEgE

(2) AREFT3 BIF~DEH
AR ERT 3 B DA EIOFHM Tk, NUPECHHERBRIZE DX, E/D=7L L TW5,
NUPECHUERER TiXZ, PCOVAN—TFF 2 bDYET T 75Ty MNRAZBEL, A7 LA
WCLDBREMDREHR LIER, A7 LA REL 5mEHDO T T, E/D=T7 LDO/ERENBEFELNT
W5,
PCCVF'T v b EHBCVT T - F OIRFEERT 3 BF TiE, ERFHRFOIRESLENITONWTE
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7 u Y VEREREDHEH

1. TR LUISRPE.5. 207 a Y U T AR L VAR TORA T LA HROKXEZ A, 2.
TRLIEAFLAEER ED) , H3BETORF LA REETES, A7 LA EROEHE
BORTF LA RBICT=T e VREEEZEH LK,

ZZTOFIETIE, SEOFHMEREZEZEL, A7 LA T5ED0OBMES > NERARE
BWATVAR T LT D, ZOBRE, RERMEZATVAIIREL/NESL, EOH -
LS, DD, FHEICBW T, FEFFEABSIRN TR T LA KB 5 72 FElk
GERATVAER) BHHZLEEBERLT, =T/ BREEEFZEHBLTWS,

AT VA BERIZBNTE, A7 LAICL3=Tu/ VREDRZEENICRATZ LiT
TERVE, FRFFBMAERNEROMRIC L 2IBADRICL ST, AT LA EHEANER
MAT LA EIRICBITT 522 & C, MENICREINRS,

*[ERegulatory Guide 1.183TlE, A7 L AILX BT v/ VORENREZTHET HERIC
ITEARATVABEREZBRTHZ L, AT VABRELIFERAT VA BHOREEFIEITHFERA T LA
IR 1 BRI 2[EEBRT AL LTWAZ D, SERIOFMETYH, AT LA EHREZER
L, BEEIBIIFEAT LA EEN 1 BIC2EBERTSL L35 (FI-221R) ,

T OB X % LA T IO~ R FBAESRN 2RV ICXT 2 EA 7 LA EIROEHE
BEEFEL, RATUVABERICBVWTIEAT LA ICL BREDERZ2NBD LT 5, ki
BT 2FECT o NVRBEZCE L, FERXATVAEREAT VA BIROMIZIX, HEQD
ERBERLHY, AT VAER~BIT LT e IR T LAICEVBREENS LE L
D
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(HFEEFT3HHF 93 %)
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Q D RFIPRE A SENZERERITE (n® /h)
(JEHZEERT3 54 122,000 m?)
Ag : ATVAFEBROAT VA X227 0 VERERE G
Vs 1 AT LA IR

(F N FERATVUVAEK, S: A7 LA HR)
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HEICTET 5 LBREEEDFELHNIT/A D L5 NUREG/CR-0009 DFERICESE, S EIOFHI
TiE, REEENPBEONICRSKERDDIF % [Hy A7 DF) &EZL, SRP6.5.2 ICTHRE
ENTWAHy b4 7 DF LRL 50 &3%7E L7z, SRP6.5.2 TiZ#h v b4 7 DF A 50 % B
CABEIL, EDZ 1/10 & THLDEZF L RENTEY, £0OEXIZH, H v b7 DF50
EBATHEDAT VAL HBRIZOVWTIE, E/MD=0.7 & LTHREEEZEHLE,

UEDZ b, FAFHEIZBITARAT VAL BT VREEEL LTHEIRDO L
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£/, B1ERET T T TRELERAT VA REDROETNVEE 1 RIIFT,
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-1

CSE ¥—4% ( “Removal of Iodine and Particles by Sprays in the Containment Systems

Experiment” Nuclear Technology Vol. 10, 1971 )

CSE TOERB TORBREZLLTIZRT,

TABLE II
Experimental Conditions—CSE Spray Tests

Run Run Run Run Fun Run
A-3 A-4 A-6 A-T A-B A-9
- - ~ai Steam-air
Atmosphere Air Alr Steam-air Steam-air Steam-air
'I'erl‘"npal;‘;lure, °F 7 77 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b e
Nozzle type - » 5 i
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.63 153 1,50 1.50
[ S |
2 12
Number of nozzles 3 12 12 12 1
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
T
i I t I
Spray solution ° [

agpraying 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.
cgpraying Systems Co. 3/4 AG0, hollow cone.
iMass median diameter.

(e, ZOFBTHROLNEARAT VA BHEROBEREZLTITRT,

TABLE IX
Summary of Initial Spray Washout Coefficients

3000 ppm boron as HaBO; in NoOH, pH 9.5,
£3000 ppm boren as HaBO, in demineralized water pH 5.

As 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 0.277 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 0.88 0.365 0.96
A-9 1.20 1.15 0.548 1.14

*For first spray period, corrected for natural removal on

vessel surfaces.

Includes iodine deposited on Maypack inlet.

ZOFRERMND, BERVEAZENSETRBREZZEKL- A-4, A-6 KPA-TT
®” Particulate Iodine” DFERZ KBTS L, FEORMETHLTEY, K&EhE\EFZ4ELT
Wiy, Zhicxl, A7 LAREE/NSL LEA-8 T, 3SEBUERATVAHERE EL TN

DT EBOND,
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#32.3 PWREREHAREG

ERT T b B £k
i Py AHF Bk
HBT7 b PWR4A/L— T Bk
) 3 A f&2000m’ 2 8
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CVilh 20m R4
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& A #110hr WY R
27V A kiR 303K R
A7V A KE s m%E
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5 R F IR BN D E DT RITHIG LICIR A WRICRBE FAAAUTZEZRE L TW 5,
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EMD, TNIFEBERERDZ LT WED, 74V ZOHEBMMETT5Z L1378, L
3o T, PBLTF 7 4 VFBREZHE 9% IR T 5,

b. REAEIZOWNT

HFEER 3 BF DT =2 7 AZERE LR OWRLT 7 4 NV Z O RITA 8. 9ke/ 6 1K
(12055 LFiM6t) THD,

SR T IC R F R AR N T =2 T ABNRA VLT u AT RTUBHES
D & D RTFHY 2R E TRHE L 7285 R 23%9 0. 9ke TH 5,

Zhid, REEELEE 2T, RFFEMERPODORAVICET 57 a Y )LRLT Ol
EDOHREZZRTT, RFFEHERPORAV L TE M FReR7 A VX ITHESh
DHDELTHMELIZbDOTHD, 2B, LOBIETHFREIOIBLLTGEHFELL, (B
3RRUVE 1 HBR)

LIe3oT, 7T=2T7 REKEHLRBOWRLTF 7 4 M ZITIE, =7 a/ VE+HSIHET
EHBRBEHHDT, WELF 7 4 NV FREZNE 99%IIHER T X 5,

IR 7T=ao7 AEKFRBEOMELT 7 4 NV ZREGEEE

WL F+7 4 NVEF T = a7 AZERELERE
TANHFITHEESNS =T Y VE 0.9 kg
REAE 8.9 kg

[ #msonsnmelssicB L o cABTE 284,
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2. OB ANFBREPRIZONT

T =2 T AERERBEO L HIFE T AN F LI DEREIFZROTERL > ZOREHRD
TS LE LT % EANVTNS, LIFT A NAFITONTIT, EPEELRE CLEREDR
PHERTETWAZILEZHR LTV,

- To=a 7 RAEREREO L ORI 4 LF

a. IRERMEBESRMEIZONT

XOFRTANZIE, BREHFT COREEREDEN LR 1o THY, EXFHHO X
O RIBEREWVIRETHIE, (CERISHET LT BREDENEL RAEMRH S,

Fi, BEICR LT, BREEOFPEWVEREDRELFEETX L, 0LV, BHE
FRZWERIZSE CEbTHREBE EFIIH 500, 7=2 7 AEBT[ELREEB®IL, 7
Za2 T AANLDOEIBALDLDLZ 0D, TNIEEBENR ENS Z LIIRW, L7ER-T,
BERVCRECEEIZLY 74 NZOMEMETT 52 L3k, X5FT7 1 LV FEBREDE
LT BRIFERTE S, b, REBEFGZEE X ZREDEROZYEEOFEMITONT
&, WY,
b. REREIZOWNT

HEEBEFIFFOT =27 AZEIFLRBO L IR T 4 V2 OREFRIL, #1. 4kg/ 34
HTH5,

BT IR F R AR N T =2 T ABANRA VLX) BT R TEREFEINS
&S REFRYRARGE TREM L 72512347 20g TH 5,

ZhE, TL#EF 7 4 VFBREDRICOVT) LABOFETHEMLIZbDOTHS (&
EEELER), 2L, L)RDILEFBRIETERREIIRELIIEHLOFL L,
(B 3IRRVHE2KBR)

Lo T, T=a 7 AERFURBEOL IR 74 V2T, LOFEZ+HITRKRETED
BEPRHDHDT, LIRT A NFREDE BWITHHETE 5,

B2R Toad AERFMREOL OB 74N IRERE

rXoEZ4NVE 7 = a2 T ARG LR
TANZIIHRESND L HFERE #9120 g
WESE 1.4 kg
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IR FLNEHHEE (REEEZED)

- FLANERER
(kg)

BQUE ¢ 2. 1E+01

(£o5%) (2. 0E+01)
Cs 11 3. OE+02
Te 38 5. 0E+01
Ba 11 2. 1E+02
Ru 8 6. 9E+02
Ce 38 9. 4E+02
La 38 1. OE+03
e 3. 2E+03
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1.7-171

172



XORTANIHER
N

(E%#ﬁ%ﬁﬁﬁ%&?ﬁh%ﬁ%t‘ L7c & ) Ep2BRHE)

R FIFREMAEZRN~D L O RORKHEIE
AN

(EFIEHEAERN B DI AL : 0. 16 %/day)
N

(RF PSRN T OEBZIR)
N\

(NUREG-1465 |ZZ:3 < R FIF MR ~DOHHEFIS)

]

REMER L 2SBS0
X ORDOFLNEREE
(X ORI LTRBREIICIFHRELO>FELTD)

FE2l T==2T7 AEREERMEDO X 5 R 7 4 VI BERFEOBRE

1.7-172

173



LIORTANFZ DEBEFHFELEE X ILBREHNROZYMHITOVT

(1) L 5F7 4N FBREDERABRICONT

EOFRTANFIZHONTHE, EHREROEHNEEEREICBVTI IR A VIBREDE
REBEERL, XO5EBREMENSERME FREDFRBWLUEL) 2HMETHIZEEZHER LT
Bl

ZDOBRORBREML, 7 =2 7 AERERE, PREESEIETHFBRRELE bIC NRE :
30C, IBEE : 95%RH] ThH 5D,

BB, LIOF74NVFIETHEE, BEEOHFPEVEREDNRLRETE AHAICHS,

(2) JEFREFTORERRITOVNT

AR EFT ORERRICOWVTIE, BREFFAIEA 6 ICR#ET 2 AROERIBEOFEHIE, KK
FIROEEE (SeatHifd 1991 £~2020 4F) 10X 3 &, BEERURIEMEIZZENEH 25.6C, -
5.8CTH 5.

=L, BEICEHEZ T B0 MEHEIT, YRFOERERVKEMETHS, 25.6C, -
6. 1'CTH - 7= (et 1981~2010 &), LLRTOFHERMEOF B EEN LG ML 725720, B
EITER LizfHMli&E TORRTEREEE T 5,

K1 REEFTEDOBEERS
(RREFF AIIRAT 6 |ZFLE T S IREE DRy

F R4 Bl | Hieg 7N b e
i D )] B
e s RSB SEEBIT
RmmRURH / BEKIR A 8 A 1A 8 H 1A
EERIBOEHE FHESIBOESE | 24.6 °C | 4.7°C | 25.6 C | -5.8 C
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(3) VEZEERT OFRHEERIUIZ OV T

20114E R U012 0 1 A~12H £ CORBEBHTAOHERNBE T — X I L THFES L LTE
B,

BEHAIZ14E R 00365 H, #t#hiC B OB EZ =T, ZOfRER, 95%RILL EOMERHEED
AW AR <, HERHEEEIO%RHLL EIZERM13A (201148) , 1 B (20124E) Thotz,

L7=d35> T, BFEHOMIMBEICBNT, 74 4% ONEICEET % A FHOMINEEIS%
RHIZEER 258 L T2 <, HXBEEI0%RHLL EITEMK K4 %BRETHS,

2E, 2021FEIZBW TR EITo/2E 25, BEHOMIEEISWRUTEMEBELT2H
M L27e<, FHSHEEE0%RHLL L L 72 5 DITFEM208 (5 %RRE) ThoT,

M AEE RN (20114, 20124F)

B EEARE (%)
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(4) BHEFED X H>RT 4 NV FUBEFEHITHONT
a. 7 =27 AZERELERE
7 =27 AEREEREORGHER Z K21R" T, EXEHEROT =27 XTI, BW
BRDPOKEIBBAL, BHBRUANOATBIRBALTL 5, BEMICE, HBWESE?
5 OKERZBAERNIKT. 5kg/h F) TH Y, BABBUA»LDOAKEREZEDLEROBRAR
%, #93,000m°/h &2 TH3,

BREFMEALOREFRVALAFONTORE, BEL (2) HEWY 3) HLY25.6C, 95%
RHKEU-6.1C, 95%RHE T 5L, EREMEROT =2 7 ANEROKERDEX, ThE
A, #94.0kPa, #90.92kPa & L7235, BEREDT =2 7 RIX, BHERPLOERICLY
BERORE QCREE) UTIIRP2ZEEFIBLONARWEY, T=2 7 ARNREZ40CL
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(FE1) BHERPOLOKESIEBARIL, BHESARKEELBEHARBAVELVERY
LTW5, BAESRNKESBERKERIIMFITERORKIERNLL2, 000kgd L, BHE
Fam 2 WV ERIIHRIE < FHESR{E0. 6%,/ B & LTW5B,

(FE2) 7=a2 7 2V EHRE

(FE3) 25.6°C, 95%RHKRTI-6.1°C, 95%RHDEED T = o T ARNKEE LS EIX, UTDEE

hWeirs,
RS 25.6 °C, 95 %RH -6.1 °C, 95 %RH
KEGEE [p o ] 0.024 kg/m® 0. 0049 kg/m?
ZBREE [o o] 1.1 kg/m? 1.3 kg/m?
T=a2a7 AV EHERE (L) 3,000 m3/h
RIS E S AN D KRR
72 kg/h 14.7 kg/h
BAE [M® = p o XL]
RF PR SUNDERR
3,300 kg/h 3,900 kg/h
AE [Mo= p oXxL]
JRF PR S B DKIER
7.5 kg/h
BAE (Mcv' )
T R 0.025 kg’ /k 0.0057 kg’ /k
[X= (Mo’ + Mcv’ ) Mo] ) g 8 ) : S
T =27 ANKERLGE
[Pw=P XX~ (0.6224X) ] #14.0 kPa #30.92 kPa
P=101. 3(kPa) (K&KJE)

(FE4) BHRFOT =27 ZANBEZ40CLETH L, 40COBRAKERSEILT. 4kPaThH D
b, 7=27 ANEROHEXBEIL, UTO®@Y &35,

25.6°C C, 95%RHKF : 4. 0kPa,/7. 4kPa X 100=>54. 1%RH

-6. 1°C, 95%RHE¥ : 0. 92kPa, 7. 4kPa X 100=12. 5%RH
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obtained from a number of
publications.' * =** The theoretical curve appropriate for a smooth surface is shown for comparison.
Note that the theoretical curve is strongly dependent on the value for e+ and that Eq. 22 does not
contain a patameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.
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#f+-1 NUREG/CR-5901 Dy

so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

{(6) Solutg Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water

pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH); (p = 2.2 glem?) or 8i0, (p = 2.2 g/em?) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 gfem?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material densily of the suspended solids is
uniformly distributed over the range of 2 to 6 glem®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

{(9) Surface Tension of Water, The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where § is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random wvariable € is less than 0.5 or greater than or equal to 0.5,
Thus, the surface tension of the liguid is:

o(w) (1-5) fore <05
) a(w) (1+8) jore =2 05

T

where o(w) is the surface tension of pure water.

(10) Mean Aerpsol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 pm in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 pm) = 0.92.

Pa) Z¢ The aerosols produced
cburmg -:ore dtbni-mnmttc mlmr:hons are asmmad to hav: Iognurma] size distributions,
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2, An argument can be made that the geomelric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UQ, with a solid density of around 10 g/em® is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of mcma decomposition such as Na,0, K,0, ALO, Si0,,
and CaO with densities of 1.3 to 4 g/em® become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities,

Coagglomeration of aerosolized materials also complicates the prediction of the densitics of
materials that make up the acrosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 glem’.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density 1o the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:
6\° Ve
Dl‘ - E[‘;] "F C‘Iﬂ

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 0.0105 ¥[o, /g(p/~p )"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°.
The maximum bubble size is limited by the Taylor instability model to be:

1.7-198

199




WfF-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS NEA/CSNI/R(2009)5 O#k#¥e ik 5B D=

921 Aerosols in the RCS
9211\ AECL

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweer in size at the point of measurement. The composition of the particles was found to
be donunated by Cs. Sn and U: while the Cs and Sn mass contributions remained constant and very similar
mn mass. U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U. 26 % Sn. 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2| PBF-SFD

Further interesting measurements for purposes here were six isokinetic. sequential. filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 |tm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition. if the first filter
sample i1s eliminated and “below detection limit™ is taken as zero. for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

9.2.2.11 PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 jim at
the end of the 5-hour bundle-degradation phase growing to 3.5 pim before stabilizing at 3.35 pm: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 im. Geometric-mean diameter (dsg) of particles in
FPT1 was seen to be berweeu a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period. the smallest particles were found to
be cesium-rich. In terms of chemical speciation. X-ray techniques were used on some deposits and there
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