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U EDOEMREME CTITEETET T2 L 0 ITEERGET 2 LEELEEEITE, HIKRENE
BT 5ZLIZALATHY, BULREEHEOT, HIEHAEDEHEEZRS Z LITFRETH S,
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BT ) BNEEOP TR ORVEERMIL, EREOEED (B—7T =27 AEXR%
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) O2FM 559 THY, IRBIBEAKE Yy b~ (BK)] O 4R/104 X 08V, £z,
BAEETIREFFRAWERUNDOEREZZRTE, BIMEEICHANTRERIIELS 2D L2 b,
REBERAAKE v h~Dffifs (BK) ), TERFREY Y b~DEKRER BAK) ) KT TRF
PR EHK R ~OBAKFER (BK) ) OBIEFHEIC L > TRETE 3,

F7z, 1.2 CTRHHERRIEEL U TRESNBIMEEZ E T 2 KENRERIL, LLTORITR
TERNEELZITOD, RFFRAERUNOERELERTESZ L0 b, BREEICX2HIE<

~DOFEIIPEL, EEHMF 100mSv % FEIS,
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REXNFEEEA | EFHARRTEERRVZE
REXNREEB | EFHARRTEEFERVEE
KEMNFEEC B—7 == 7 AEZHLRHEESETHARBERER RS V=6
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REMFEED | ABEARRA T LA R TEEER, EEMERSEY A ELE, o
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KENMKERF LEMERLRRY BOE, arho—nErFaxs FELEL, Tk
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5. RERKRERIZHOWT

REXMNREEOHEIEIL, BERPOAE 2ROV AIZAVTERLTWAZ D, Hig
RIRFFEIDRIE L= OBIMEEICB W T, HEMNICIIREFREAPLOBEEER L OXRD
A[EETH D,
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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-1465DFZHFI&, MM OBAMEIZ DWW T

NUREG-1465'D ¥ — R & — AL, BREMEBERERA LY, REFFASRVPBE LT 7 U BFSIC
BHENAREBIZERIZTTEZXHRBLELELOTHY, FFFMTHEL TWAEKR—F AL
BO—4 Ao THHBIZEENTVWS, NIREG-1465THER L L TWAHA Y —4F 2281

FIZFT,

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 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.

( FHEEROET = —KEAEUTOL > (CEREA TS, )
+ 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, )

FEGRRELTHOLIFLPEREZEGL, R FREARPEBT»EZFEROZ A I 7IToN
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 BRAEMELK | PRFFAGEBREBET 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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FLEMBAE R NRFIFRREED X A I 7220 T, EERCTHY, EoRERDN
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
RIZHOWTHIETT 57 DI Y — VOB R OERT —F OIERLEL I A FRRE
NTWD, ZHUTxL, NRCAZ v 71X, EEMIZY —RE—LA~DEEBITRNWLEZbND L
FHLTWS,

Z D%, FHE 7 = — X0 R OEEEI N— 7 ORBEEISICE 2 D EEZICOVWTE
IR SRX AV TOBBBITONTEY, ZOREIERI/NRC 02-2022 (2002411 A) ICE LD LA
BMEhTW3, ZOBROBRE LT, UTIORTEY, BRIREBEEFERETSATWS
b OO, FIRBEEERREL R OMOXIREHZ R L THEH Y — R Z — LADBEARIZODVWTEHEES N TN D
HLOTIER,

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 %)

Ham S AV BB EE R EN L, BREHE SRR KIABEEETS GWd/t, SF.LOSEEMRBEES0 GWd/t%
XL LTS,

BEF AR LOFRDERE L TURENTE, &7 = — XD &K ORF IR AN~
BHEBIEITOWVT, F4-1RRVFE4-2RITTT (ERI/NRC 02-202 Table 3. 1% UTable 3.12),
ROH v aNOEAEIL, NUREG-1465DEZ R L TW5, £i2, BEROKMEMRFR—OMIZPREh
TWA0IE, "FIAVATHE—OHEEREEINEPoEBRICBIT2EEMAFOMBETH S,
FNENDERIZ OV TNUREG-1465 & &< —E LTV 5 LR G 72V 43, NUREG-14657 5 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

% 4-13 ERI/NRC 02-202 I3} 3 F FIEMA R ~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 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 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™) (0005
Cerium Group - 1.5x107 24x10
(Ce. Pu, Zr, eic) Bx10%) (0.008)

#5-23% SAND2011-0128iZ 317 5 R FIF MBS/~ D
(vZ v« 7N b=y MRS HIRED

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.i) .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) (1] rDt
Alkaline Earths 0.0015 0.008 Sx10
(57, Ba) (0.020) ©.1) ©)
Tellurium 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] 3x10°
(Ru. Pd. Rh, stc.) 50.0025: 0.
i 1.1 x4 3 x107 s
{¥.La, Sm. Pr.etc) (0.0002) gam;
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 HBREDHR L UTKETEM I S B - KE~0LE, EHLRSEEZEEL TB
D, R FEMNERATHESEES LAV T, ETFEWERI~OREEEEZEHL 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, RFFHARBREBRTOTT o VELFICRT 5 DF & 10 & LEH/EICB TS, £
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
HHEEIA DREICOWVTIE, KEORFENR Y —RF —LTH5 NUREG-1465 (2R S -
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=ET MAAP figgAfr* 2
A8 #11.1x1072 #9.6x107°
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 RICBITHEEOERMEL, AHEESHELZMEEEAL 2HICHDZETH 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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FH8FK MAAP = — FiZ X Bt & AFHMhIC X BB O g HE

FLNEEED
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T VOBREERL VATV
AL DBREDRE
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2.2 BT IFEMAERNOBRFRESIZOWNT

MAAP AT CIE, IR FIFREMASRNZZXEICHEIL TRV, R IFENESRNO& XKE 0
LTCEAEORIFRELZRET DI ENAREE RS, ZhITL Y, kL LTL, BEFFEEH
BERNOEREEY (1 KE~D, 2E~WE) 2BEB L BENRERELZR L-ETV
ERETHZLENTES,

—%, A THWETATIE, RFFEMEENEZ 1 DOKEE LI=ET/VEREL,
R FIF RSN OBRIFICS L TREBHASR A 7 LA I X 2 RF AR T 5 X~
DRTEEEL, EHEKEROTHREICE oM L-RIRELZREL TW\W5, £k, &
fifE L LTI, AESANDLEBRBLIEETNAVE LTS,

MAAP EATICEWT, [RFIFEMAZRRNOEREEDIC L 2B ENRERDRLZE L=
&, EREEYCHENL TV A XEORBEDEBH RSB KEL, BEFERROANA V¥ A U#f
DOBATREICHFETIHERII LHEREL 225,

BEERE VR TA Vv A VBOBFEEIZSWT, AHECHWEET L TO FTHEE A~
1T UTo U M % BR N o BRIREGREE &, MAAP 7T C D _EES KB OMIFRE D B & 1T 72, &
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%

FBIORIORT EBY, FKHETHWEET LV TOEBRETANA ¥ ¥ A UBROFHE A HRIFR
EOBRTLVRTFHRELR>TWVD, I LIAFMTHW-ET VORI T, THEE~
BAT LI U E IR U TOMTERE LA O RS ) OHERGH R % RiA A TR,

2.1 KkU2.2 £V, AFHETHWZET LV TOFHMIE, MAAP f#tr TOFF( & bl U TRSFAIIC
AT 5,
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(FsfH&EED
&R N— T DRRIZHONT

NUREG-1465D EREEEEREI ™ 5 o « 7L b= ARAERIEIIRE OBER I\ T, BED
HRTIX, BESINDHOTIERNH DD, MABEREIROY Z v - 7 h=0 LAREE(Y
BREHZ X9 5 NUREG-1465 D@ A IZBE 3 2 BEFFE TOE MO T, NUREG-1465(Z e~ TR & 2 fiHd
FEPREISNTVWEIBEIN—Tb5 5, RHETHAWZET LV TOFMEIZBWT, &EES
N—TDONREFHERT D,

BRI S5 B oW T, NUREG-146512 R SN A E RS NV —T DR E L TI-
IBISMERBEBEZFEI0-1RIT, V<R FAF0. 5MeVRBEEZFE10-28RITFYT, VTV 7
Vb= ARAEEWIREHT 0 A NUREG-1465 D& FHIZ BT 5 B TOER DT T, NUREG-
1465|Z N TR E RHHEBEIE B RBE I N TV A TERLRBEIZ OV T, KEF~DOFHEHEIC
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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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
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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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, (BHEXYFEOI BLEERIIBIISREBARWVWI L, ABL > BITETRELH>FO
3% (0.15%) #2722 (95%DRiF4R)),

FFMECTRETHV—F U AD LI, BROBMEBRAT LA DELLEEL, pHREMRE
NRWATREMR H DB EITIE, TBRE S B~OBREIGHPREL D L0MABH Y, TRR
LOROFEREPRELBNTERL S ROFEERELREL 2D, RRL S RIIETFIFRE
WABANTOBRILEICL Y —EDEBBRSRAD LD L, AL S BIXFEKOEHEZFR
FRADRNI LD, RFFERABRRAS~DOBRHEOBENSIIEHL > FZFORENEETH
B LEREZ, AFFMTIEE D BOMEFRED L OFEEIEGOREICOVTLUTD LBV B,
RELE,

NUREG-1465TiX, & 9 BOLFEEDFEFIEIZE 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¢ & 9 ZEOHFEEBSITEAHRA &
LT, pHOETFIZHE-> TBER L 5 BF~OERFIS S EMT 2R ERT L L I, pHiREN 2
ENBHERVRENBVEEZTNETNIICOWVWT, EXEHEMNO X I FROFREBICEL THE
BoOT7 v Mot 57l Z1T> TV 5,

PHABERZEN TV AHAOMEREE 1K, pHAER R EN2VWBEOREREE 2RITTRT,
PWRT K7 A BB R A R OSurry DFHMERE R Ti, pHAAREIN TV AHAEE, 1TIFLERT
Lo THTFREDBIZRDDICH LT, pHEREBIN TOVRWEEITIE, BFEF2EREEREK
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

FEok HERXREHHFOPHFEZZEL2WEAD X 5 FE(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, EXEHERORESRG2ZE LI-5EIOFMEOHEIZIX, 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 OFE 0.15 % 4 %
BFREH>E 95 % 5 %
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BT 4
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, RFAFRABTSRNICEIT ST
FREOBRORE p OREZE(ITLLTOXRTRII D,
d,

P : RPFRBARAICBIT 2 TR RE OFORE (Lg/n?)

Ad : BRRILER (1/s)
Thzfg 2L T, RFFERMEZRNTOLRR L 5 ROWNEFEEE 14 1TRZ w2 1T 5 R R
LORBE pp LA ITBITZEERLOIFRE ZTHVWT, UTOXiIRIND,

_ 1 P
= L =1 log[po]

72%, NUPECHREZETIX, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” DEC#E: (CSE A6EER) X v, [CSE A6FEBRM MM
VROBEETIE, W05 TRELC L g/m*ThH72b D3, FFRI3057T1. 995X 10
png/meind,) The ERITRAT DI LT, TRRE 5 FROBRLEEEI. 0X107(1/s) 2H
HLTWD, ZHEFEHOHOX 5 ROFERNEL, A7 A B> TORVIKIET TOZE)
FEEETAOHEEL NS, 728, KESRPG. 5. 2 TIIRFIFHEMAERNOTRR L 5 FigEN
1/2001272% L TIRLER L O BOBRENRRATNS L LTWD, SEOFRY —Fr  ADE
&, TER X 5 FEHDF (BREARED) =200122):F 3 H#HAIE, [Gap-Release] ~ [Late In-Vessel]
DREBET UT-Rem (EBED 511, 8Kf) & 725, R FIFHEMASRITIRE L TV 2 ok
YEEN B SN EMEEOKI007 0 1 BEIET T 2RAE TIEEARLEEE S IZIE
—ETHDHILBbhroTEY, EFFEMESNOTRIR L 5 BIZZOXRBIPEFEHOH
ARUEBEREIIL L TREENS, Lo T, ZZTIIRENCELVHOBARLEETEELZEHL T
W3,

CSE A6ZEBRDFEMMILATR DNuclear Technology D SCIZISVVTBWL- 1244738 A STV 5,
£E L LT, BNWIL-12M4FEH DR FIFRAERHNILER L 9 BORMELEZKIITY, ZOFT
TLERE O RBOFHIREIZLC peg/ml2>TEHY, HEER 3 SFORFIFENERICIFET
HEXIORORELRBETH 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
= ] 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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CSEZEBR DE AMEIZ >\ T

CSEEBRDGM L IARERT 3 BIFOHBRIZOWTHEIRIZE LD D, £/, NIPECOFRERIZB
T, A7 VA KBEMSN2FOHMO L 5> RREZEICEARALBEEEZREL TV H720,
AT A KIZX BC/VNEZE~DENITZRV, X, C/VREBEZOBNIZX 2 L5 FoibERkE
EEELTVD ZLOLERFHRRVBVNLEEZ 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) ﬁg*ﬁ-%%
BHX AR+2ER Rl R A
S #70.20 #0.22 #70.24 #90.335%2
(MPaG)
R #3120 #3120 #9120 %9 138%3
(‘C)
HY
'R L O FEITHL
5 z *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
XORREOCEZAVTNS,

* 2 : BWASAERIERS L 2 — 7 v A DRFTE

* 3 HMABERIRMERS Ik o — 7 o 2 DRFATIE
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BARILE DHDr—R (A-5, A-11) ORFBAKTHTIRE Z L TIIRT, IHOEFIZOVWTIE,
AL HYD (A-6) DBFBEEREIREFRD LR, T/, TIHIBREXY 1/200 I EETFLE
BITILEDPESNCRBZE (W A7) BEDHBND,

i 0
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bt 2135205 min 4
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HHOLEDORETFME LT, BREMITEZERML. £EEFEIRIC, BREFEARITTT,

&Y, Iy AT HROILFEREREIZC/VIA~OTFEIR X 5 FOMHEIG T L TEEN/ I
7o, BATOFMERMEIIZY L EZ 5, AR FFBEWAEREBRTO=T oy VRiFioxd
HDF% 1 L LB EORETH LIPS, EFFEMEREBRHO=T o VALFIZx4 5DFZ10&
L7ZBEICBNT S, [FkkeMlm L5,

B3k BB R

_R—25&MH R EEfFAT
Sl -8 | 12 4% e
(#13) (YL B 9B-4 s 1)
40 R
(ﬁ“fﬁjﬁimﬁ) Ak (A-5 EBREEE 1 34 B (2
i AR TR E RTE)

FAR REMITER

R— R &4 R R
E9FED OV A~DhHEIE 3. 6E-4 3. TE-4
DA R MY ) (1.00) * (1.03) *

¥y aNiIR—2E&HIIRT 58S

A EIDOFHE T, CSEEBRICIIT 2 EBRBIEHI0E TOTRR L > ROBRERD I LRO-H
RILEREZFEHAL TS, ZTIZT, CSEERIZB VT, DF=200i2F T 52BMETCORERLH>FE
DOWERD D BARLEBEREZRDIEFEOEEL L TIRT,

C/VNDBRIEFBFREZRELIBILELE LTV BA-RRIZOVWTIE, AFLALENBIETRY
VALK DBREDER S S0, FIHIREICR L TDF=20012F T 5 £ TOM XX, BUROFMIZ
FALTWAHREEDHLOHEE LV b REL, BEPRIIKREI S,

(e, A7V ESNRVWREBROFERL LT, FUKCSEORBRER (A-5, A-118) ZEIZH
RUEEFEEEZRAVEHBEICBWUL, ko & By, PO BRLEERIIBROFMIZER L TW
D BERILEFEEL KEBEWTR, 515, A-SERBEUA-11REBROC/VAD L 5 FiREIXDF=200
HEE CHEEEIZET L TWARY, LEB-T, DF=200F T—EDHRILEFRLHVSZ LI
MW EEZ B,

2B, (RICA-5RBR K UA-11RBR O 5 LEMEEH ORVA-11FRBRORE R b/ b5 M8
#1655 % FAVT L 5 BOC/NIA~DHEISIZOWTEE LR %8 5 BIORT, THEERIZE
SRIZFTLHY, thoRBRERNOH/ONIBARAULEFERLZHNTHERROA-RBERERNLHED
NEERUBRLHEATER T NSV E VRS, RFHEIREFFRMESREBHO=T oy kL
FIZXT HDFZ1E LIEBEDORERTH I, RFFRMARBREBEROTT vy WA FIZx$ SDF
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Z10& LEBAITBWTY, RERERmERS,
Fo5E BARUBZRZZEHIEEH LD L H>FEDC/VIH~DEHEIE

BT — A RRE T D RERRITQ

FMEEE (F1#) 12 43 Gip:S 16 43y*?1
SR (DF=200 BE%) A E 40 BRH2 R

X 9RO CVHA~DOHEHEIE %9 3. 6E-04 #7 3. TE-04 % 3. TE-04
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X1 A1 RBOERIVBRELLE
X2 A SRBROBRICRBERAATRELEE

72, BRUERIFM T 2EROREGFEE NEEOL THLIHREEOEEBE 2T, E
HEAREVIZEBRILEFRIIRE 25,

% Z T, CSE ORBRAER L HREF 3 BHF OLRERIZ OV TH 6 RITRT,

FEO6RIITT LIBY, CSEDRBRER LINFKEN 3 BFIXRAFOLRERL 2> TEY, CSED
BB THONEREITAREERF 3 SFICEATRETH D,

F6FEK CSERBREBREN I ZFOLLEREREDLLEL
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LEEREE @) %3 0.96 #1.05
1.7-149

150



-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.

Bl = 0.027 Btu/(h £t?) (° F/it) at 200°F, Type PF-815, Owens-

Corning Fiberglas Corp.
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HE-2 . ZOo%n R (PHEBUS FP 3B ICxt+ AEEIZOWVT

PHEBUS—FP 2%, ¥ T v = 8FZEET® PHEBUS FFZEIE 2 AWV T, AL OEMIERIZES
FP 38474 BiafEx2 vy LY, a— L FLJERE, RRRAERELRELIEEFFVAT L%
B L - AR CTRENLREREZToT-HOTHD,

FRBRITAI23GWd/tIRBE L 7= I E AR EL 2 184, RBHBEHE2 AZ2FERAL, +o7KkER
TP T CTL9964FE 7 HICEm iz,

PHEBUS FPRBRIEEDOBESEZ 5 1 BT R,

RBRIIH N2 LR SETREZEES TS 7 c—X0%, 1 KERZRHL SN THRMERN
RS2, ZOREBT2 HEDEMESRSBRESN /=T vy VT 2 —X, #9205 DEMEL
TEUCILRE L7=FPZ TEEY o IV 3 8l 7 = — X E S AU A 28 N (OFPIR BE O JIE 3T
bhd, T0%k, 2 ABREOKRHERD L >R EEEGHLZHERT HLET =— PRGN, ¥
YT KEEDI-FPEENHALN S,

PHEBUS FPRERDFERZHE 2T T, =7 0 N7 =z —XZBIT HEMBEZRNO T ZIRE S
R (EERLOBROEKL 5F) OFEITAHEORBARET 5122 THI0.05% (HF.0A
YRUBMVH) ETHASETTAI L8210, FEREOREE & HITREERTOHERAA/NE
K BRBZERDNS, BIET—ZNR=T7a V7 x—X (BNEREEER) OJETHY, FPHMH
BHEEFHBR L TWD Z b, ZOZEE)IRNHRDCSEER &L RROEHM TH 5,

UEMD, X0HF LWAER TH HPHEBUS FPRERDICSEER OFER L [AEROBM Th 5 L W T
5500, BRELH(1), (2) TEESN/-PHEBUS FPRER CIIEHHI N O OLFEEREIVRE
nTWanwizy, E#E S ROLEBEERENRINTWACSEERZFM EER T 2L LT
B

(D) JRFAHREELINEE, EEEESHLEFE (R FRMEsEEEEIESESE) (BT 5%
EREE, FRI15F

(2) RFHEBLENTHERE, EEEEDREFM (R PRWAREEEETEER) BT %
EREE (BN, FRsFE
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B 5
AR MAERE~DTT 0 Y ILOLREHEICHONT

FRFFRABRAICBIT 527 a Y VO EBREEFICOWVWT, MEEAN RFHREEITHE
(LLF, TNUPEC] &9°%.) X ZHREt TERK 9 4FBE NUREG-14650 ¥ — R ¥ — L% AT sk
WHEBEHEOFEIZE T 28E5E) (ERL0F3A) (BLF, INUPECREE] &£75.) 2BV,
TR NVOEAREREEZRAWZETARBRRHIN TS,

ZOETNOMEEZUTITRT,

JRFIFRMERNTOENLEEEZV, L 5 &, RTFRMNERNOESRERD DILEIT
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A
Ag= Vdvf = 6.65 x 1073(1/h)
a

A : BARWLEE (U/s)

Vy : BEOULREEE (n/s)

Ar : RFERE A SRKERE (?)
(JAREFT3 54 1,250 m?)

v, RFIFEMAREBEEE ®)

(JAZEFT3 5/ 65,500 m?)

ZIT, VuORHBIZOWTIE, =7 a Y AntET 2ROKIEEELRDHINTHDHRA N—7
APXEBAL, UToXoickRan D,

N = 25 (Pp — Pe)g @ 213 ppg

Oue Qug
I'p s 2T YV ()
Pp s =7 a S VEE (kg/m®)
Pg : REDEE (kg/m®)
g : EHINEEEE (m/s2)
g : [REDOHEEE (Pa - s)

BNRNTA—FOEEZBIRIZELD D, 2B, TITRLE/NT A—F I NPEC REEFIZRESR
EhTWAETHS,
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BEAOMEE g (/s?) 9.8 BEERLY
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pgm*TH- DN, BFR305r TL9SX10 pgmi L7525,

1 4 -4
_ , =9,
M=-552p 108 (1 995x 10°/10°) = 9.0 10741 /)

L CsI(ZY OV)L) LOX106 (1/s) : FIARILATH (A,
lumOREZOLTOVINOENEMEEEZEZH W, FHAS
K—RRICEALTWA EREL T, HMAREKEIRE B i kR
EDkERLCTROENS,

_2r)(p,-p)e _2r, pe

- On, Op,

2x(1x10°/2)’x3.2x 10°x 9.8

- 9x1.8x10°

Ve
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A s mx215% »
l‘,zv‘iv; =0.68x 10 x—wlexlO (I»“S)
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WTRENDZT B Y VKT DR T A ZR KO NUPEC EBRFERICESW-A T LA R LA
WHZ EELTWS, REDEZFIZOVWTUUTICER LT,

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

KE SRP6.5.2 TliX, AFVAERICBIIAAT LA IZX 52T Yy VOBREREZUTOR
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
HHDTHD,

3hFE
As =

2VsD
As t RTF LA BREFEE
h D ATV BERE TR S
Vs D AT LA RO
F T R UVA TR
E ©EE

D AT VA EEEE

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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VT, E/D=0.7 LBRELT,
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oY BEHBEEAERR BB TR L, Shd b, PWROSESIZ HLNUREG-1465T
AVWTWAED=1DEIZRA 7L A I L 5BEDRLB/NFEL. ZDBEOEDOEITNT
TRBHEELIZF—FKTE L3905, “hiz, BWROBS L FEHREICHREENE (1K
KE) L AT oS VBREDERA T LA MEPOFRELY bREVWIEEZRLTY

60
g ATLAIZ LB ERME X
s . UChIzS8FhHMRHEE
g ERBEEDD L.
15
. - Evaluation by NUREG-1465* I 4 o3FE
] for this test** w =57 D
g x!?n\L — E/D=1(m")
5 x gl 5 Natural removal data — ]
»9%
? s u R EHTPWRE B
a 8 R .. o E/D{~7) based on test data h=18(m)
] * e .| 3
X% oo & W o 3 V=122(m")
u—@ 60 180 300 420 540 660 780 F =0.0200m"/ hr)

Time after spray initiation (min)

[43.2-12 PWRIEEERE (XASME) &R L NUREG-14655F({H 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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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
Hozzle type - # . 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
i I t I
Spray solution ° [

agpraying Systems Co. 3/4 7G3, full cone.
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

©525 ppm boron as HyBO; in NaOH, pH 9.5.
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 0.89 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
HZENbNS,
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FDOI®, E/D=7 ZFHEIZA, BIZHERA T VA BRIZ L > T 7T a ) AOBRERRIADIRN
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DHDELTHMELIZbDOTHD, 2B, LOBIETHFREIOIBLLTGEHFELL, (B
3REVHE 1 KER)

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

[ #msonsnmsss B L 2o caBTE 2HA,
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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

LOFRT A NFIL, KIREH T TOREEREMENZ X 0hoTEY, EXFHFRFO L
S RIRENEBWIREBTHNE, LFERIEHET LT BREDIERIEL R5HALEH S,

Fio, MEICK LT, BREEOCHFIPEWVEREDERLRETE L, £DLBy, HEHE
FRZWVWRIS CTebTHIREE EFIIH 00, 7=2 7 AET[ELREEE®RIL, 7
Za2 T AANLDOEIBALDLDLZ 0D, TNIEEBENR ENS Z LIIRW, L7ER-T,
BRERVBRECEEBICLY 74N ZOMEMETT 52 L3R, XIR 7 NV FREDE
LT BRIFERTE S, b, REBEFGZEE X ZREDEROZYEEOFEMITONT
%, I,
b. REREIZOWNT

HEEBEFIFFOT =27 AZEIFLRBO L IR T 4 V2 OREFRIL, #1. 4kg/ 34
BTH5,

MR DI H FIERAHERIPO T =2 T AM~RAVWLE L) BIRTAREFESNS
&N REFHYZRARE TRl L 72/ R 2549 20g Tdh 5,

ZhiE, TL#EF 7 4 VEBREDRIZONVT] LABOFETHEMLIZbOTHS (&
EEELER), 2L, L)RDILEFBRIETERREIIRELIIEHLOFL L,
(BIRRVE2KSR)

LIic3nT, T=a2 7 RAEXHERMDO L 5K 7 4 V210X, KOBETHIIRETED
BEBRHHDT, LORTANFBEREDE IBWIIMETE S,

FBo2R Toa T RAETEERBOL IR T A NEIRERE

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

- FLANERER
(kg)

X 5 FEH 2. 1E+01
(£95%) (2. 0E+01)
Cs 38 3. 0E+02
Te 3§ 5. 0E+01
Ba 3§ 2. 1E+02
Ru 8 6. 9E+02
Ce ¥ 9. 4E+02
La 38 1. OE+03
e 3. 2E+03
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b7 4 VAR R

!

(RFIFHEMAESR D DIR AV Lok F 2 2 B L)
N

JRFIFRE AR ~D Cs DFHEIA
N

(EFIEHRMAERN DR AV : 0. 16 %/day)
N

(FRF P& T OERZIR)
N\

(NUREG-1465 (ZH:-5 < JR FIFHEMAZRAN~D Cs O HEIE)
N

REFHEEER L2HE 0
kI FOF LNEREE
(X HFRIETRFIRET D)

FBIN 7T==2 7 AZEXELREOMEIF 7 1 L 7 R Rl OBE2
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XORTANIHER
N

(E%#ﬁ%ﬁﬁﬁ%&?ﬁh%ﬁ%t‘ L7c & ) Ep2BRHE)

R FIFREMAEZRN~D L O RORKHEIE
A

(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)

F2l T==2T7 RAEXTEERMEDO X 5K 7 4 VI BERFMOBRE

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
EREFORERIIZOWVTIE, REFFAIEMT 6 IZFE8T 2 AROKRIBEOFHE, KK
FIROEEE (SeatHifd 1991 £~2020 4F) 10X 3 &, BEERURIEMEIZZENEH 25.6C, -
5.8CTh %,
=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
(RREFT AIERAT 6 (ZFLE S 2 IREE DRy

_ . FE IR Hisk /N Hi sk

HREETOKFEY DREES JEp— JEpR—

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) VAR EATOHEIHEERIIZOWNT

201 14E R U0124ED 1 A~12H £ CORBEFTNOEMNBET —ZICEA L TR¥EY L LTE

BL7E,

BREhZ14EM D365 B, fitdhiz A P OMMBEZTT, ZORR, 95%RHEL EDOHXEED

mW AR, FEXHEEI0%RILL EIZERI13A (20114F)

18 (20124F) TH-o7=,

L7=d3->T, BEHOHEMMBEIZBWT, 74 4F OHEICEET % B EHOFMEEEIS5%

RHIZEER 238 L T2 <, HEXHERE90%RHLL EITEMR K4 NBRETH D,

5, HEHOMEXHBEIS%RHITEMZBE L T2 H

-—
L—

BB, 2021FEIZBWTHLERE T2 L
L2 <, HAEEIO%RILLE & 725 DIZEM20H (5 %RE) Thot,

A HIEEESHEEE (2011 45, 2012 4F)

—_

(%) FGHXB¥Gr H

- Har

H 1T

H 0T

H6

H 8

H L

W2012 &

W2011 4E

1 201141 H~20124F 12 A @ B EHOFEEEE
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(4)

d.

BYREO L 5 RT 4 NV FUBZEKEHITONT

7 =2 7 AZERE LR

7 =2 7 AERELRE ORFER A K2R T, EXEREROT =2 7 X TiX, BM
BEPOKEIBPEAL, BABRTRUANPOHAIBRAL TL 5, BEMITIE, BWHESE>
5 OKERZBRAERNIKT. 5kg/h F TH Y, BABBRUNA»LDOAKEREZELEROBRAR
1%, #93,000m’/h 2 THB,

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, BEFEDOT =2 7 RIX, BHERPLOERIZLY
BERFOIRE (A0CRERE) UTICRDZEEBALNR2WEYD, T=a2 7 ANEBEZ40TCE
BELESRE, ZOROMEMNBEIIS5%RILAT &80 & X 5FT7 4 V¥ OBEIIFHEMRT
x5,

r ':& >
W ‘ H.W#E
{ ! L t /(2] 2| Bt x 2,
N A LFLFIFIE] 7.5ke/h $
(T PN a— . @ -
&r— ‘
: 1
L
A& a?/h
— >
: Rz 5
[ B L & 5t
EH/C| RRIMIAA EMmE
- .

B2 H3EF 7T=2T7 AZERELRER AR
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(FE1) BMBEENLODOKERJBARL, BWEBNEREELEWARRAVELYEHY
LTW5, EMESRPKETRRKE BRIIAITERORKMERLL2, 000kgs L, BMHE
g AV RIIHIE < FEESRMA0. 16%, B & LT3,

(FE2) T=a2 72V EHKE

(£ 3) 25.6°C, 95%RHKU-6.1°C, 95%RHDBEDT == 7 ANKERRTSEIL, 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) 3000 m®/h
CV LIS DAKETEANE
72 kg/h 14.7 kg/h
[Mo> = p o XL]
CV LS ZEZEAE
3300 kg/h 3900 kg/h
[Mo= p oXL]
CV b DOAKEREAE
7.5 kg/h
(Mcv’ )
T R 0.025 kg’ /k 0.0057 kg’ /k
[X= (Mo’ + Mcv’ ) Mo] ) g 8 ) : S
T =T ANKERSE
[Pw=P XX~ (0.6224X) ] #14.0 kPa #30.92 kPa
P=101. 3(kPa) (KKJE)

(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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BIHE 9
L FHBICAWEREERORFRMEIZOWNT

Bz IS TEIRI L 7-19974E 1 A D 199746128 £ COHERDO RS EEHZ X W BEIFT 21T 5
2470, ZO1EROKSEEENRRENSIORMETo-/ER, BETIIRNo7 LY
L7z, UTICREFERURERERZTT,

(D) BEFHE

a. BEICHAW-BEIRE
AT TIE, RSTFRICH R (EE20m) ORET—F 2L THIEL M2 =M L
TWAHR, [RET—FOREMEZHR T ICH-Y, EEm2mOBEIAICNZ THEES
SfHEERERT 2 E&EmOBHEHEEZ AV TREET> T2,

b. 7 — & WEEt#if
FEEHE « 19984E 1 A ~20074E12H (104ERS)
PRELE | 19974 1 A ~19974E128 (1 4ER)

c. BEFIE
REENE I D, FOTREICLVREZTo7

(2) BRERER
BIRIREBREZTT, 72, EE2mTOERNRER (BRBIHBEE) RO (BE
BERBIHHBRAE) ZH2RROE 3RS, ERSnTOENRER L FIRROESRITTT,
Em2nTOBEPATIHZTEED S b, AEKE (fBRE) 5% TEHINZEBMLOME
THY, ERSmTOBHAATII2THEED ) LOELEWTHhOBBEA THIEANINZEHAMN
BRNZ ENPOREFEDODRBIIMAFEORR LU TRETHER -T2 L TSNS,

F1IR: REFRERR

T W5 [ B
) il L ) 1) 4 IR MR * WP A L
i LA PR ) 2L 72
_ CADE 'A‘i"l_ B MR
s ML R e | WELDTE 2 L
1117
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R) KRB EBDOFHMEIZ VT

F—RLFTOBEND, TRBEEDTF—ZIZHOVThH, UTFIZOWTHREZITW, 7—%%
EFE L=,

INHIZOWT, REEROEHREICET 5 FAMREDOFIBIZE > TREZITo 7. &
BnPht, ABEKES % TENSh-EB N/ MK SBRIFTCOEE, FEHEHH
BREBAFFC2EHA ThoeZ &b, FEAEDBDPRAMEFEDORRIIMHEDRSR L A
TRETIX oz LM LT,

BREERZE6RIPOLBFIRITTT, £, [KBEEBOFEMIZOWVTE 1 KITTT,

a. /M8 B ISR SRS B B BT
1999 4E 2 AIC MM BEGEFRER S OZEE (12.3m~13.6m) 23 > 7272 LU T O % 7
T 5,
FEEHEE : 1988 4E 1 A ~1998 4 12 A (1997 E& <)
BELE - 1997 451 A ~1997 4E 12 A

b. FHEMAERIHIR K S BT
WEEHEE £ 1998 45 1 H ~2007 #£ 12 A
BEE - 1997 41 B ~1997 £ 12 A
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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. Al 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) Solute 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) MM&M Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/em”) or §i0; (p = 2.2 g/em’) from the concrete and

UO,y(p = 10 glem?) or Z10, {p = 5.9 g/lcm?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended U0, will hydrate, thus reducing its effective density. Otherwise, pas
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 Se(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 variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

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

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 walter 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. Ewven 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 um) = -1.39 to In (2.5 um) = 0.92.

Al ali article Sizg . The aerosols produced
during core debris-conerete interactions are assumed to have lognormal 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 geometric 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 1.6to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Acrosol Material Density. Early in the course of core debris interactions with concrete,
UO, 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/cm® and condensed products of concrete decomposition such as Na,0, K,0, Al,0, Si0,,
and Ca0 with densities of 1.3 to 4 gfem® 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 densities 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 to 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:
eye Vit
D’ = E[—;] F cm

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 )I"*

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:
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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 im) 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 is eliminated and “below detection linut™ 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.

9.2.2 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 |im 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 (ds) of particles in
FPT1 was seen to be berwee 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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