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TENEEZITOD, RFFRAERUNAOEKRLZETELSZL0b, BREEICX 28I
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KEXNREEE | TR
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AFHE T, BEFFEBMEASR~OESERERDOHHEEIEDREIZOWT, EXFERFRFETO
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1. NUREG-1465DHHHFIE, MR OBEAMIC OV T

NUREG-1465'?D ) — 2 # — L%, MREMEBEMERA LY, RFFARIPBELT 7 U BFHC
BHENAREIZELIETERNRELELOTHY, FFHETHEHEL TWAFRI— 7 X LH
BOV—F7 ROV THRHARIZETN TV D, NIREG-1465THRRE L TWA Y —F U A% E 1

FITRT,

13K NUREG-14656 TRRELTWHI—F R

Table 32 PWR Source Term Contributing Sequences

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

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Conversion System

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

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

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

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

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

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

Duration (Hours) 0.5 1.3 20 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 035 0.25 0.1
Alkali Metals 0.05 0.25 0.35 0.1
Tellurium group -0 0.05 0.25 0.005
Barium, Strontium 0 0 0.1 0

Noble Metals 0 0.0025 0.0025 0

Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 0

* Values shown are fractions of core inventory. |
** See Table 3.8 for a listing of the elements in each group
*** Gap release is 3 percent if long-term fuel cooling 1s maintained.

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

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

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

H &5 Hi TOHAM
MAAPFEAT 5 B 0~#919%3 91957 ~#91. 68EFRE
NUREG-1465 0~30%y 3043 ~ 1. 8B¥HE
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FLEMBAIE R NETFIFEARRRED X A I 71220 T, BER L THY, BEoRERD N
REICHE SN A2 PHOFESERICRKE RET RV EHE L TW5,

NUREG-14650D ¥ — R Z — A, {RRABEEREIZXRIZL TWD, £, KEICBWT,
NUREG-14650D Y — A Z — Lk (LUF, TEHY —RAF—2Ah] LW 5) % mEBRBEEERE R UMOXBREHT
AT ABA OB L, 199945255461 EIACRS (Advisory Committee on Reactor Safeguards)
2EESBIIBVTERIRINTWDS, £ TIE, ACRSH D, ERABEERE R UMOXRE~DHE
RIZOWTHE§ 57 DITITEFT Y — VOB BRUERT —F ODINERLE L I A PR E
NTNWD, ZHTxL, NRCAZ v 71X, EEMIZY —RFZ—L~DEBIIRNWLEZbND &
LTS,

Z D%, FHE 7 = — X0 R OEEEI N — 7 ORBEEISICE 2 D EEZICOVWTE
IR SRV TOBRBITTONTEY, £OREIERI/NRC 02-2022 (2002411 A) ICE LD LA
BMEhTW3, ZOBROBRE LT, UTIORTEY, BRIREBERFERET A TWS
b DD, FIRBEEERREL R OMOXIREHZ R L THEH Y — R F—LDBERIZODVWTEHEES N TN D
HLOTIER,

Finally, there iwa 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 Iﬂ'uelsj

(ERI/NRC 02-202 %54 %)

mam S AV BB EHT, BREHE SRR KIABEEETS GWd/t, SF.LOSEEMRBEES0 GWd/t%
XL LTS,

EF AR LOFRDERE L TURENT:, &7 = — XD &K ORFIR AN ~D
BHEBIEITOWVT, F41RRVFEL-2RITTT (ERI/NRC 02-202 Table 3. 1% UtTable 3.12),
ROH v aNOEMEIL, NUREG-1465DEZ KL T35, £z, BEROKMEMFR—OMIZPFREh
TWA0IE, "FIAVATHE—OHEEREBEINLE»oHRICBIT 2EEMAROMBETH S,
FNENDOEREIZ OV TNUREG-1465 & &< —E L TV 5 LR 5 72V 43, NUREG-14657 5 K& <
B3 X5 REBEIIREIN TR,

P EDOERORERE LT, ERI/NRC 02-202Ci, BIH L7230 LB 0 @REEEEREHZX L T
HNUREG-146500 Y — A ¥ — LA ZBHATE 5 b D L @i T 5,

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

# ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED
OXIDE FUELS
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32 Release Fractions™

The core inventory release fractions, by radionuclide groups, for the gap release and early
in-vessel damage phases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for PWRs.
These fractions are applied to the equilibrium core inventory described in Regulatory Position 3.1.

For non-LOCA events, the fractions of the core inventory assumed to be in the gap for the
various radionuclides are given in Table 3. The release fractions from Table 3 are used in
conjunction with the fission product mventory calculated with the maximum core radial peaking
factor.

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

(FRRBEBERREL)

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

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

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

(7T« 7 b=0 LREBRILYINE

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

NE = No eniry; the

st cuin huded that there wid

Thee vahees i Table 3,12 sre fon relesses from the MOX MthmﬂmMHm wuagmirlsen.
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FOHGEH Y — A F — b F ERBEEREFOMOXREN B4 5 BA ORBEIC T L TRET
bhTHY, 200111 ik, Vo4 TEIHEF» OBEENHIN TS, (SAND2011-
0128°%)

FHAR T VoL RIE FHBIZKRE S FETHEE I N —FITo0 T, EmRBEERE
BT T 7 b=0 AESBR{EVRE O BHEBIEIE, B-IRRVE2RICTT LBY, &
BREEREIOZN L E LS BRABLOTIHRVWI EBRERTWS, ZDZ 05, HEHEICE
WTiZ, NUREG-1465DFREREBREIC T 7V « T b =0 AREBIEHIREI OBERIC OV TEE
ENBHLOTIERENWEEZXD, BORIZENLOT—¥FEHELE,

;51K SAND2011-0128iZ81F A R FIFFEMARRs~D i (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% SAND2011-0128iZ3517 5 H F IR A B~ Dt H
(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) 0005
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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HoR EHMHIIF TORWESR~OBHEIEOEH

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 BIFOREESEORBREE X, 77 PRET56Wd/t, 7T « TV =T A
RESERLYIREL T456Wd/t TH H Z & b, ERI/NRC 02-202i28i7 5 @M%, BEESEOR
EABEEET5GWd/t }e U'Sandia ReportDEFHHEHE, HREHE S AR mIABEEESIGNd/t & Ll Uil A4
FRNICH D, £7-, HREEF 3 SFOREHERBREEE T Y 7 VREFT6IGWd/t, T « T
b= MEEERLIPRELTE3GWd/t TH Y, Regulatory Guide 1.183I\Z/m &N 5 %M, MREH
R RIRBEEEG2 GWd/tOFHENICH D, D79, ARBFHT 3 BFICHL, EHETESINL T
BRWEFHY—RZ—LDOBEA XA L M S 5,

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

[ KEHT LOCA BRICARETEAMSRE, BEEAER MBS A 7 LA EABENERTLF
W—r s R BT ARTFIFEMBSRIA~ORHEISIZONWT, RFFRAAES RO
T a Y VRIFICHT S DF & 1 L LIeBE 0, SEOFHIEE T /L TORHEiRER & MAAP i#Hr To
FHIiAE RICOWTOBREZE TRIC, 72, HBFHEEZESRITRT,

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

—7F, MAAP 22— FTlE, WS FHERIZ L 0, EFFRMERIMEE» o7 ey v
DILFIC XL HBREDHRE UTKETEM I O B - KE~0iE, EHRRSEEZEEL TB
D, R FRNERATHESRES AW T, ETFEWERI~OREEIEEZEHL TV 5,
JRFIFHENERR D b OB OV TIE, AFHETHWCET LV TORHMEDIZ 5 55, MAAP
BT COFMEL Y bREREMEER-oTEY, BFHNLRFETHE ZLEIAMRTE S,

72, RPFHABBEBRTOTT o VEFICRT 5 DF 2 10 & LEEH/EITB TS, £
NENOERE I NV—7I1Z0 L CRIEOREMEBRET D720, BREERICEZEITIRV,
ZhiE, MAAP 21— RIZRBEhiz= 7 vy Lo B AR ES OFMRIC L 5 EBZE:, 4E
DFHETOEBHHIRIZHRTREVWEDTH S, Lo T, EFFENER~OESRERD D
HHEIA DREIZOWVTIE, KEORKNRY —RZ —LAThHDH NUREG-1465 (TR St
BEZHWSZ L TRFMICFHETE 5L EZ 5,
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FHTR MAAP 22— NIZK D Y —RF— LT &2 LT3l R & 4 B O FFfi#S R O s

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

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

¥ 1 RICBITHEEOEMEL, EHFEIHTEZMNBEAL 2HICADZETH D,
* 2 Cs DX HITEERDOILFERE (CsI, CsOH 7 Vv—7) 2 F T HERIT >\ T, Cs
DFELANEBERICHTI2ENTNOEES V-7 ORBEIEZEFH LTS,
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FE8F MAMP =— FIZ XA HHE & AFHEIZ L 2HEO LB HiE

FLNEEED
(ORIGEN2 == — RIZ TEE)
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CV A~ EIA
(MAAP = — R)
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F1E BEREHEOHAE L-BAD L > FBLFEERE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

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

FEok HERXREHFOpHFEZZELZ2WEAD L > F(LFEHE
(NUREG/CR-5732, Table 3.7)

Table 3.7 Distribution of iodine species for uncontrolled pH

Fraction of total jodine in containment (%)

Plant Accident L (g) L (@ I CH,l (g)
Grand Guif TC ¥ 26.6 153 580 0.2
TQUV y 6.6 183 751 0.06
Peach Bottom AE v 16 21.6 76.8 0.01
TCZ ¥ 10.9 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 04
Surry TMLB' ¥ 97.1 1.5 0.7 0.7
AB y 976 1.2 0.6 0.6
——

DXL, EXEHERORESRN2ZE LI-45EIOFEOHEIZIX, NUREG/CR-5732 TR &
L% pHAAEE S TV 2R Surry DFHlifE I & 9 BOFEREEWV 2 &, #1E < FHlE_ Lo RFE
ELERU-EYRTFMRGERETDIE, EVoBANLEEL, RG 119550 X 5FE0(L
FREILOFERSE B3XRBR) ZAVWAZLLLE,

%5 33 NUREG-1465LR.G. 1. 195/281T 5 X 5 EEDOLFEFHRERT L OFERIS D ELE

NUREG-1465 R.G.1.195
LRRELIF 4.85 % 91 %
L PR3 0.15 % 4%
BFREOHE 95 % 5 %
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27 : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6

1.

7-145




CSEZEBRR D@ AMEIZ >\ T

CSEEBROSM L AR EFT 3 BF ORI OV TEIRICE LD, £/, NIPECOBEFIZBW
T, A7 VA KBEMSN2EOHMO L 5> RREZEICERLBFREREEZREL TWH729,
AT A KIZX BC/NHNEZE~DFENIT RV, U, C/VREBEZOBNIZX 2 L 5 F0LERE
EEELTVD ZLOLERFHRRVBVWLEEZ S,

%1% CSE EBRFM L MREERT 3 FIF DR

CSE B2 ® Run No. AZEERT 3 BIF
A-6 (1) (2) A-5 (a) A-11 (3) ﬁg*ﬁ-%%
BHX R +ER Rl R A
S #70.20 #0.22 #70.24 #90.335%2
(MPaG)
R #3120 #3120 #9120 %9 138%3
(‘C)
HY
e X 9 FITHL
AT A REJIZAH Y *1 L. e O
R TIXRARLEEDOAE
&)

(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
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ZH#E-1 : CSERBREZR

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 1¢*
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

aTwo coats Phenoline 302 over one coat Phenoline 300 primer.

The Carboline Co., St. Louis, Missouri.

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

Corning Fiberglas Corp.
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(BLF, INUPEC) &9°%.) X 2HREt MERK 9 4B NUREG-146500 ¥ — R # — L% RV T sk
WHEBEHEOFEIZE T 28E5E) (ERL0F3A) (BLF, INUPECREE] &£75.) 2BV,
T a Y VOEHEEEREZ AW -ETARBRMNEATWS,

ZOETNOMEEZUTITRT,

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

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

A : BARWLEE (U/s)

Vy : BEHULREEE (n/s)

Ar : RFEE A SRR ERE (m?)
(JAREFT3 54 1,250 m?)

v, RFIFEMAREBEEE ®)

(JAZEFT3 5/ 65,500 m?)

ZIT, VuORHIZOWTIE, =7 a Yy AnkET 2RO EELZRDHINTHDHRA 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—FDEEZBIRIZELD D, 2B, TITRLE/NT A—F I NPEC REEFIZRESR
EhTWAETHS,
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K[EDEE pg (ke/m?) — 7 a Y VEBE L AN ST D
HAOMEE g (w/s?) 9.8 HEERLD
K[EDKEE 11y (Pa - s) 1.8X10™% | NUPECH&EEL Y

(%)
NUPEC [ERE O 4EBE NUREG-1465 D Y — A ¥ — A% AW B EHHEOIMICET 528
&LE  (ER10E3A) ke

(1) BRAUAT

- HmHA PR M R CRRR I AT vl Gl S R BRICTEE L2,

I E (HR) HEHEIR ORI AT o] A S RERICIER L 2y,

< EBaITR R 9.0X104 (I/s) : BALHEE (1)
CSE A6 D M 3 7 ROB|ELAL T, BFRlo7 THEK10°
pgm*TH- = oDN, BFR305r TL9SX 10 pgmi L7525,
A.‘,:—ﬁ log (1.995x 10"/ 10—“) =9.0x 1071 /s)

« Csl(T.7 o /)b) 1.9X10% (1/s) : HAALAE®R (A
lumOREZDOLTOVINOEDEMEEEZHW, FHAS
K—RRICEALTWA EREL T, HMARKEIRE B i kR
EDkERLCTROENS,

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

- On, Op,

2x(1x10°/2)’x3.2x 10°x 9.8

- 9x18x10°°

Ve

=968 x 10 {m/s)

A s mx215% »
R‘,zv‘,v; =0.68x 10 x—wlexlO (I»“S)

* Cs,Te,Sr,Ru,Ce,La Csl&ERIUHWET A,
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T TREAT LA LEREZEDOHRIZE - TH, BEFFRMESRNTOXEEICEES
T 5, L7zA3> T, NUREG-1465 <> MAAP |Z1E Z 4L & DZEENZFR 55, FEEET L H DV ITESR
WCESERESNEENTRINTEY, FEVA FTLIALHROBRIZOVWTRIATW
B

IDIHBZTa I NIRRT EIRATVAHEOEBRIZOWVWT, AFHETHRLE LTSEL L
NUREG-1465 TIZZ DRI OV THEINICER THZ L LI TWVH I L bBE X, SRP6.5.2 128
WTRENDZT B Y VKT DR T 1A ZR KO NUPEC EBRFERICE SV AT LA R LA
WHZ EELTWS, REDEZFIZOVWTUTICER LT,

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

KE SRP6.5.2 TliX, AFVAARICBIIAAT LA IZX 22T 0y LVOBREREZUTOR
ICEVEHLTWS,

Z OFMRIT, KEFHR T T > b (US-APWR, AP-1000) DFREHEEFE R T HFMMEICBVTH
AwehTEY, £, YET T2 7 Mg 22— FTé®% MELCOR X° MAAP (ZHAAIAE LTV
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 THLZTRYALDRATLAHEL LT, FTRROLIBY SRP6.5.2 23 EH
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 A%E (E/D) OREIZOWNT
SEIOFMTIL, EDE T ERELZ, TOEEMITOVWTUTITRT,
(1) NUPEC 38
EE#EYLLTE (RTFRNASREEEERERE (BT 2RiEREE TR 15 F

3 AMMEEAN RFHRBEWN#E tBWT, YETT2VT Y MEORT LA OBRIZD
WTHEERB R OB TOEBY ESN TV, ZORKEZEAL, AFHMETIIAT L
A% (E/D) %7 LBRET D,

2B, =TS NCRT IR T LABBRIZONTIE, =7 2/ LVoORREE OF) 2h5HE
(T B LBRFHEERELMNITR D LD NUREG/CR-0009 DFERIZESE, SEIOFMTIL,
BREFBESEONIZRDIRDODIFZ (Hy A7 DF] EEEL, SRP6.5. 2 [T TREIHLTW
HH v M4 7 DF LRIL 50 L& 7E L7=, SRP6. 5.2 Ti& DF50 E3ZELIEIL, E/D % 1/10 L5 &
DEZFHLRENTEY, TOEZINEN, By b4 7 DF50 2B I=HDAT LA #hEIZH
VT, E/D=0.7 L BRELT,

& 61z, EEPIITAIROBWROBE O R & F#KIC, NUREG-1465"2> HiFli L7c =
FoYBRERBErERARVER TR L, Zhdb, PWROESICHNUREG-1465T
AVWTWAED=1DEIZRA 7L A I L 5BREDRLB/NFEL. ZDBEOEDOEITNT
TRBHEELIZF-HTE L3905, Jhiz, BWROBA L FEHREICHREENE (IR
KE) LA Ta Y LBREDERRAT LA BEPOFR@EL D bREWVWI EERLTW

B
20 ATLAIZL BB EFRYEE &
. |- UZhIc8FhIMEHEE

% ERBEBONDLL

15
g - Evaluation by NUREG-1465* I = 3AF E
E for this test** w D
- EU\L . E/D=1(m")
§ S ". oo 5 Natural removal dats —

9%
| A R EMBPWRE R
a . 1 . E/M{-T7) based on test data hzl&M)
L AL i T A v =1220m)

=

)
60 60 180 300 420 540 660 780 F=0.020(m’/ hr)
Time after spray initiation (min)

[43.2-12 PWRIEMERE (EASME) R L NUREG-14655F(H{H L O LEgE

(2) AREFT3 BIF~DEH
AR ERT 3 BF DA EIOFHM Tk, NUPECHERBRIZESE, E/D=7L L TW5,
NUPECHUERER TiXZ, PCOVAN—TFF 2 bDYET T 75Ty MNRAZBEL, A7 LA
WL DBREMDREHER LR, A7 LA RERL mPEHDO T T, E/D=T7 LDOJERENBEOLNT
W5,
PCCVF'Z v b EBBKCVS T - b DIRFEERT 3 BIF T, ERFHFOIRESCEIZOWTE
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ft-128]),

X > T, NUPECORBRFER THDE/D=7 ZBHT H7-0DIZ1%, A7 LA KZED L. 5% EE] 5
RN LEERTDVLERD S,

AT VARBEIZONTIE, A7 VA ) AN EREESNAREOMETRELBLDOTHY, HFE
BT 3 BIFEDHE, A7 LA KEL bl FEZZRT H72DIZIE, A7 AR 7HELI00n’/h
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HZLIIRETHS,

7 Y VEREERE DR

1. TR LUISRPE.5. 207 a Y U T AR L VAR TORA T LA HROKXEZ A, 2.
TRLIEAFLALBE E/MD) , ASBFETCORT LA BEHETES, A7 LA BROEHE
BORTF LA RBICTC=T o VREEEZEH LK,

ZZTOFIETIE, SEOFHMEREZEZEL, A7 LA T5ED0OBMES > NERARE
BWATVAR T LT D, ZOBRE, RERMERAT VA IIREL/NESL, EOH
Bb/hI, 207, FHEICBWTIE, REFFENERN TR T LA KRB0 5 72V ik
FERATVAER) BHHZLEEBERLT, =T/ BREEEFEHBLTWS,

FEATVAERIZBWTL, ATV AL BT ey VREDRFZEEZENICRATZ LT
TERVE, FRFFBMAERNEROMRIC L 2BADRIZE ST, EXAT LA EHEANER
WAT LA BRICBITT 522 LT, MENICEREIRS,

*[ERegulatory Guide 1.183TlE, A7 L AILX BT v/ VORENREZTHET HERIC
IZHEARATVABEREEZBRT DL, AT VABRLIEAT VA BROBREFIEITIHERA T LA
IR 1 BRI 2[EEBRT A L LTWAZ D, SEIOFHMETYH, AT LA EHREZER
L, BEEIBIIERAT LA EEN 1 BIC2EIRRTSZ L35 (RI-221R) ,

FHE OB X % LA IO~ RAFBAESRNEEREV L ICXT 2 EA 7 LA B OEHE
BEEfLL, AT LAERICBVWTIRAT VAL BREDERZNLD LT 5, ik
BT 2FECT o NVRBEZCE L, FERXATVAEREAT VA BIROMIZIX, HEQD
ESBRIDHY, AT VA BEE~BIT LT o VIR T LAIC LV BREENRD EE X
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CAREIL, EDZ 1/10 £ THLDEZF L RENTEY, £0OEXIZH, H v b7 DF50
EBATBEDAT VAL HBRIZOVWTIE, E/MD=0.7 & LTREEEZEHLE,
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-1

CSE ¥—% ( “Removal of Iodine and Particles by Sprays in the Containment Systems
Experiment” Nuclear Technology Vol. 10, 1971 )
CSE TOERBR CTOEMHREZUTIZRT,

TABLE 11
Experimentzl 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
Terl‘"npal:-:lure, °F il 7 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
@ b e
Hozzle type - a = S
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
° H I t f
Spray solution ° L

agpraying Systems Co, 3/4 7G3, full cone.
bSpraying Systems Co. 3/8 A20, hollow cone.
cSpraying Systems Co. 3/4 AG0, hollow cone.
iMass median diameter.

(e, ZOFBTHROLNEARAT VA BHEROBEREZLTITRT,

©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.

TABLE IX
Summary of Initial Spray Washout Coefficients
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
Wi, ZhizxtlL, A7 LA REE/NEL LEA-8 T, 3FBULERF VAR mEL T
HZENbNS,
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ERERNTWAZ L5, E/D=7 OFICCVHOTREI ORI bD L > TS,

FERIC. PWROEES. RET T FELTENTEETPORERT 7P THL1I0T

KWeiDa/— 7 BELE, —OBES. ARBRTERTIRERBFRAERLEBLT
R T#/S900TH Y . — 1, AMEHTERT S/ ALBERLEO-8H (RTEHLD
AL LA~y HDH : 120BE) LVRVED, ARBTERTIAT LA/ ALDEY
FETF L5, 405, PWRRERBIZEVTREROAT LS, /AR ETOFEE
BTa&RWED, FPREDRI-HELRITTLELLNHAMAT LA BOWBENHE T
XARVBEL YDV Ialb—F ) ANEERTHELLE, £, AT LAHRICEAL
T, AMBSD R 7L A KA 59120 tonhr THY . ZHFVSIOWTAYy—AF 7 LT, ¥
Tal—# XA T034Y v h/minZ ARG L L,

FD%, E/D=T7 #FHEIZHV, BITHERA T LA BRICE > T 7 o AOBRERRIAD RN
HREZRVIALZ LITTROEBVERTFHRBNERD,

100 ¢
A AR ERTLA B D I BEEIEERCE/h)
80— ., ERTUAEEOME BMEFLEL
g 60
&
%
8 40
=
i
®
0 L .....:::::::::::::.'ll. ----------- Assssassssssassass Asssasssssss
0 5 10 15 20 25
B 81 (Hr)
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ERT T b B £k
i Py AHF Bk
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) 3 10 A R 2000m’ 23 1
CV{ki 71,700m 12.2m B, Ar—AlLUSET!
CVilh 20m R4
AT A ) AnB% 120 1
AT A ik 120m’/hr 0.34L/min
J X FHEEXS54L YIalb—F XN
J Xng 10mm 1.2mm
AT A T 1500370 (§ 9988) 1470370 (4" 05EE)
ik #110hr WY R
27V A kiR 303K B
A7V A KE s m%E
CVIIILE 0.52MPa (oF=
ABEHSE 0.39MPa fiZ
AirsE 0.12MPa Rk N, C{EA
H, 5 E 0.01MPa 5 d He T{LA
CVIINIEE 415K M
CVIIRAR CFH) 100mm 3‘:}“* r—ARSD
=F oSS Csl Rk
Csli & 0.01g/m’ RF3
CsI¥ 1270 @ S(ImMEEII20
HER P OCsIHIES L %
FEWIIFE TP EIE# 1085
HORMER L~ (EH
3-8 3,41 1MWt 43 kW HADLI) .
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MRS CVTEn @
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DR FIF R RRNOE DR RIS LER AV RICAB 2 RIAAVTEEEZREL TWS,
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REFEAEAD 0.9 FLUT DI WRZRTFRICFHE T 72D ICEEROXI Y EHT 5.
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728, ERITIHREOHBITEZERNRVD, [EORMERE, HALETRERERLER
L7ET, BOohBED S LRAEZFHEL TW5,

1.7-164



081

FENY WO QGRS E( Y AW [ HAF I FE BT E

(CRYEIES:

091 ov1l 021 00T 08 09 414 02 0

(Kep/ %91 0)8) B &) [} 42—
B —

_—

80°0

ANV

910

(KeP/% )iz N Y E QR I Bl

1. 7-165



(M) s EHO Q< CEE S 002 A Y2 H MR 8 H 28

QLN XYTED) Aep/% 9T "0~4ep/% 80 0 ZHIH B AE N WH R AL X

(1Y) &4
081 081 ov1 02T 00T 08 09 114 0%

4 YIR6 0L TR |

SQOL ISR SR A2 VAR G T 216 0 O B ) 183 o O b5 S S i L i

(RS HIRFIENE

(Y12) YRR

A YARH6 00 CE B{H EE
S0 CF T AR A Bty |

.
|
|
|
|
|
|
|
I
I
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\¥ _

80°0

gr'o

(Rep/30) s N X B0 ¢ YR I B el -

1.7-166



Y-S M2 H AT B0 [ € 8

0Lo

([sqeledwW) f FIrAEE S W Brcli 2
0e0 020 01o 000

090 050 ovo

| Pd

v

R I S

1l edNDY 014)

T Isdeledimis o 1] —ll

- -

®
¥

-6-;-lb-cn-:b b-.h-

-d-d-d-"-ID-

....................................................................................................

S00

ST0

o

S¢0

(Aep/%) E\TEM

1. 7-167



BIIHE 8
T =a T AERE R 7 4 NV BREDEOEEITOWNT

1. PRIF 7 4 VEBREZHRIZONT
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Zhid, REEELEE 2T, RFFEMERPOORAWVICET 527 a Y VLT O
EDOHREZERBET, RIFRWERPORAV L TE M FREE7 A V2 ITHESH
DHbDELTHELZbDOTHD, 2B, LOBFETHFREIIBLLTEHFEL, (B
3EREVHE 1 KER)

LIe3oT, T=2T7 REKEHLRBOWRLTF 7 4 M ZITIE, =7 a NE+SICHET
EHBRBEHHDT, WELTF7 4 NV FREZNE 99%IIHER T X 5,

BIR T7T=a27 AZRERBOWRLT 7 4 V2 REERE

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

[ #msonsnmelssicB L o cABTE 284,

1.7-168



2. XOBTANFBREDRIZONT

T2 T AERE RO L HIFE T AN FIZEIDERL OZRUOTERL > BOREDRD
FMESMEL LT % EANVTNS, LOFBT7 A NFITHOVTIT, EPEELTRE CLEREDR
PHERTETWAZILEZHR LTV,

- To=a 7 RAEREREO L ORI 4 LF

a. REREBESRHEFIZONT

XOFRTANZIE, BREHFT COREEREDEN LR 1o THY, EXFHHO X
> RBEREVRETHNE, (LERISHET LT BREDRIEL RHEA1DH S,

Fi, BEICR LT, BREEOFPEWVEREDERLFEETX L, 0LV, BHE
FRZAWVWERISE b THREBE EFIIH 5000, 7=2 7 AEBKIFRHEEDHZIL, 7
Za2 T AANLDOEIBALDHDLZ LD, TNIEEBENR ENRS Z L3RV, LER-T,
BRERCEREOCHBIILY 7A4NFOMEMETTLZ LTk, X5F 7 NFRrEDE
LT B%ITHERTE 2, 2k, RBESFGZEEZBREDROZUHEOFEMIZONT
%, I,
b. REREIZOWNT

HEEBEFIFFOT =27 AZEIFLRBO L IR T 4 NV Z OREFRIL, #1.4kg/ 34
HTH5,

R T IC R F R AR N D T =2 T ABNRAWVW LX) BIRTEREENS
& WS REFRYRARGE TR L 72512347 20g TH 5,

Zhix, TLERIF7 A VZBREBRIZONVT) EFBROFETIHMLI-bOTHD (R
EEELER), 2L, L)RDILEFBRIETERREIRELIIEHRLOFL L,
(BIRRVE2KSR)

Lo T, T=a 7 AEXFURBEDOL IR 74 V2T, LHFREZ+HITRETED
BEBRHHDT, LORTANFBEREDE IBWIIMETE S,

FB2R ToaTd AERFMREOL OB 74N IRERE

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

FLANERER
oA (kg)
BQUE ¢ 2. 1E+01
(£o5%) (2. 0E+01)
Cs 1 3. OE+02
Te 3§ 5. 0E+01
Ba 3§ 2. 1E+02
Ru 8 6. 9E+02
Ce 35 9. 4E+02
La 38 1. OE+03
e 3. 2E+03
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b7 4 VAR R

!

(RFIFEMEZED IR AV Lo 03 2 B fE)
N\

JRFIFRE AR ~D Cs DFHEIA
N

(EFIERMAERNPLDIRAV - 0.16 %/day)
N

(FRF P& T OERZIR)
N\

(NUREG-1465 (ZH:-5 < JR FIF B ZRN~D Cs DHHEIE)
N

REFHEEER L2HE 0
kI FOF LNEREE
(X HFRIETRFIRET D)

FBIN 7T =27 AZEXEEREOMEIF 7 1 L 7 R Rl OBE2
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XORTANIHER
N

(E%#ﬁ%ﬁﬁﬁ%&?ﬁh%ﬁ%t‘ L7c & ) EBeBRHE)

R FIFREMAEZRN~D L O RORKHEIE
A

(EFIEHEAERN LD 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 AERERMEDO L 5K 7 4 VI BEEFEOBRE
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LIORTANFOBEFHFELRE X LBREROZUHEITONT

(1) X5FT7 AN FBREDERBRICONT

EIFRTANFITHONWTIE, EHREROEHEEEREICEVTE IR 4 LFBREDE
REBREPERL, L5FEREMENERMEE FREDHEB%LE) 2HMETHZ L 2HREL TV
%,

ZDOBRORBREML, 7T =2 7 AERERME, PREESIETHFBRRRLE bic NRE :
30C, IBEE : 95%RH| ThH 5D,

BB, LIFT74NVZERE, BEEOCHFIBVRESRLZREE T IEAICH S,

(2) JEFREATORERRITOVNT
EREFORERIIZOWVTIE, REFFAEM 6 IZEE8T 2 ARNOKRIBEOEHE, KK
FIROEEIE (BeatHifd 1991 £~2020 4F) 10X 2 &, BEERURIEMIZZENEN 25.6C, -
5.8CTh %,
=L, BEICEHEZ T 2BOFERMEIT, YRFOERERVKEMETHS, 25.6C, -
6. 1'CTH - 7= (et 1981~2010 &), LARTOFHERMEOF P BAEN LG M L 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) 1AFEEFT OFEIHEERIIZ OV T

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

1R 0365 B, fEHIC B P OMMNBEZ TR T, ZORE, 95%RHEL EOMHERHEE D
mW AT <, HEIHREIO%RIL, EIZFRMI13E (201148) , 1 B (20124F) Th-oie,

L7zA>T, BEHOMINBEIZINT, 74 0¥ OHREICEET 2 B B OMERHEEIS%
RHIZAER 238 L T2 <, HRHBEEI0%RHLL LiZEMR K4 %BRETHS,

P, 221FEIZBW T LR EITo/2E 25, BEHOMIBEISYHRUTEMEBELT2H
M L22<, HHRHBEEI0%RHLL L & 722 DITEM20A (5 %RE) Thotz,

M BYEHHEEE (2011 4E, 2012 4E)

100

a0 ; ; o
80 -1l o — Ilrul|!!| | i ||| 1 | ! ‘ j : || | 4 L | ||||| :
70 il .ilil.i|.|'.'.|;| Wl il I L A .. |
60 il I TR I |

50
40
30
20
10

0
Mmoo m m R m E
— [m | o = Lo [{=] - v.0]

B EHEHBE (%)

9 A
10 A
11 A
12 A

H2011 4 MW2012 &

1 201141 H~20124F 12 A @ B EHOFEEEE

1.7-174



(4)

d.

HHEFED X 5 R T 4 NV UBEREMHFITONT

7 =2 7 AZERE LR

7 =2 7 AERE LR E DR GERE MR T, ERXEREROT =2 7 X TiX, BM
BaPOKEIBEAL, BABRRUANPOHAIBRALTL 5, BEMIZIE, BWESE
b OKEKBARLKT. 5kg/h BV TH Y, BMERUNNDLOAETEEDEROBAR
1%, #93,000m’/h 2 THB,

BREFMEALOEFRUVALAFONTORE, BEL (2) HEWY 3) HLY25.6C, 95%
RHEU-6.1C, 95%RHE 5 &, ERFHERDOT =27 ANEROKEISER, TLE
A, #94.0kPa, #90.92kPa &2 L7235, BEFEDT =2 7 RIX, BHERPLOERICZLY
BERFOIRE (WOCRE) UTICRDZEEBA6NR2NWEYD, T=a2 7 ANEBEZ40TCE
BELESRE, ZOROMEMNBEIIS5%RILAT L2 & X 5FT7 4 V¥ OBEITFHEMRT
x5,

r '.& >
bt ‘ H.W#E
) | | {7171 7|8t . L
A LFLF Fie| 7.5k P
T 1 P m— ) = .
Fr— ‘
. 1
Ltk
A& u?/}
— B
: Rz ¥
F| &3@myons s . e
EH/C| RRIMIAA EMmE
- .

K2 H3EF 7==27 AERIFLRMERTAERN
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(FE1) BMBEREPOOKERKBARIL, BWEASBNEREELENEHRBEAVELVER
LTW5, EMERPKETRRKEBRIIFITERORKMERL12,000kgL L, WA
2o 2V RIIHIE < FEMESRMA0. 16%, H & LTV 5,

(FE2) T=a2 72V EHKE

(£3) 25.6°C, 95%RHKZU-6.1°C, 95%RHDBED T == 7 ANKRKHEIL, UTDER

hWeirs,
RS 25.6 °C, 95 %RH 6.1 °C, 95 %RH
KETHEE [o 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’ )
7 P NI 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

1.7-176



BIHE 9
L FHBICAWEREERORFRMEIZOWNT

BB W TERIL-19974E 1 A BH1997E128 £ TOEROREE N L B Z21T7 5
2470, ZO1LEBMORBEENRRENENORMNEITo TR, RETIEAR -7 L YR
L7z, UTICREFERVURERREZRT,

(1) BREFIE
a. WEIZAW-BEIRE
AFHECIE, RSFRICH ER (EE20m) ORET—F ZEH L THIE FHE2ER L
TWAR, [BETF—FOREFMEHERTHICH-Y, EE20mOBEIAICNZ THEES
SfHEERRT 2 E&EmOBHEHEEZ AV TREEZT> 7,
b. 7 — & HEtHiE
HaHEE : 19984E 1 H ~20074E12H (104ERS)
RRELE | 19974 1 H~19974E12H (1 /)
c. BEFIE
REENE I D, FOTREICLVREZTo7

(2) BRAERER
FBIRIIREERZTT, £/, Em2mTOFENRER (RRBIHBEEE) KO (BE
PERBIHBRME) Z2H2R{EOE 3RIC, ERSMTOEARERZ FIARIOESRITTT,
Em2mTOBPKATIHTHED S H, HEAKE (BRE) 5% THEASNIZEEN OHE
ThY, ER8mTOBHARTIIZTEED S L OEL W TIOBRBR THEASHIEB N
BNV EPLREEDTRIIMEAEDRR LR TRE TR o L LTS h 5,

F1IR: REFRERR

W W 1 1 B
) il L ) 1) 4 IR MR . WX 22 L
P20 A AT A | SR 22 L
) ) ) L SR B EHMH R
e e B B S Y L e | WEXNE 22 |

1. 4=1T



R)TZHEEEDFHEHIZ OV T

F—EFTROBEPS, RBEEDT—ZIZHONTH, UTFTIKOWTREEZITW, T—%%
FE LT,

INHIZONWT, FREROENREICET S F aHMREDOFIBILE> TREEZITo T, &
BnFhb, FEKES % TEAHINZEBIN/MIBSIHIRKISBHFTCOEA, HFH4E5H
BRKSEBHFTT2HE Tho72Z L2 b, EAHERDRIREFEDOKIBIIMIFORR L A~
TRETII Pl LT,

REBREZERNPOLEIRIIRT, £z, KREBOFERICOVTE 1 FITTRT,

a. /MBI RIS SR G BB FT
1999 4F 2 AIc MM EGEFRER S OZEE (12.3m~13.6m) 23 - 7= 72O LT ORI % 7
35,
FEHEE 1988 4E 1 A~19984E 12 A (1997 FE& L)
FRIEAE : 1997 8 1 A ~1997 £ 12 A

b. SFHTARHI s ISR B I

FEEHEE £ 1998 ££ 1 H ~2007 4£ 12 A
BESE 199741 A~1997 412 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
in 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 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.

222 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 berweel 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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