X 2-2 {EEXEMREFMA (ERAFEREY v h~0@KrER (HEK))
A ORNEFIIE OB AN L ABRTEERA,

X 2-3 {EEER LA (RTIFmMSaEKRFE~DEKIER GEK))
A ORNEFIIFE LOBANLARTE EEA,
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3.BAEEDH VI ONT

%R ICERE LG T 2 BRNEEOF TR ORWIEERMIL, EEBOEED B—7=
2 7 AETEERBEEIEHRRBEIMGER O VA FHFRE], (B—RTARST (B
BH) RFHER - RXUT 7 - EK - TRERE] RO (AR EAAESRNKRREHI2 =
Bl - KB D28 5 5 ThD, T bDBRNEEIREFIFRMARRLOERRE ZE
TEHZ b, BIMERICHARTHIISRERIIES SRS L, ¥, BEIFHEHIRE L
TW5 MBREIBEEAKE v b~ MK O4ARER 105X vEVWZ 1D, BIMEETDH
% REEUERKYE v h~ofifs GEK) I, MEREREE Y h~DEKER BK) ) KO K
TR A HKRF A~ DBKFER (K] OFEFHEIC L > TRETETVEH LEZ TV S,
72, 1.2 HTIHEXNRIEE L L TRESNZBIMEEL LT 2 KEXMRERIL, LTORIZ
TTERAEELZERT I, RKIFERERUNOEREZZE T2 D, BIEEICLD
I ~DFEITNE L, FA—OREMNKREENBNIMEEZ M L T HIEEHRF 100mSy %
TES,

EB BN{EE

KEMNREEA FEHARRTEEREURE

KENREEB EFHARTEEREUZE, TEMERIRY AR, o be—1E
vEaRyFELELZ, PRAEEEIETHBRERSY - HLE

KEREEEC B —7 =2 7 AR LR EE R AAFERIMERE R UY - FEIERERE,
B—RTART (BCHH) REMK - <7 17 - @K

KEMFEEED RERMESR AT LA R TR R, EEmERIRY - BLE, =+
n—/ErFaxs FELEL, PRAEEEETHBRRSY - BHLE

4 RKERMREBRITONT

REMNREEIL, REROKRBEIZBWNTS TEARREFICEEL TV,

MREITEUE K E y b ~Offifs GEK) |, MERFEREIE Yy b ~DHEKER (BK) ] RO TR
TR A HARFA~DOBEKFER MBAK) ) ITRENREE 3L TOEEEZBET S L, REL L
TREXNKREE4LZHRLTEY, HIE<KREORRICE > TREIRETHZLLAETH D,

7o, REMNREBOHBEHEIL, BERENO AT 2RBEOVA IV THERA LTS Z b,
HEHRRRSRE LR OBIMEEIZB W TIL, HEMTIIREFTEN»OOSEER L OK
HLARETH D,

5 REIHZREEDBNMZONT

REIEREEL LT, PRI KR 7EE RS IEE AR EER~OREHRIEERH D
2, TNHDEEIZOWTIL, SEEBICLARENARETHY, HULREEHEDOT, E¥%
L TV ZENRATRETH B,
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JRF IR E S~ DT RAERM) DR EIE DRREIC OV T

B 2

A T, BEFFERBRHESR~DOESRAERD DOBRHEIEDOREIZOWT, EREHFETO
MEZE0XEORFRR Y — A Z — LTS NUREG-1465 (R S - HEIE, R 2 v

TW5,

1. NUREG-1465 DiHEIE, MikRHOBERMEIZ OV T

NUREG-1465'?D Y — A Z — L3, BREHEBEMBRA LY, EFFARSBELT 7Y 234F54
WICHHESNAREBIZESETEHNRLE LEZLOTHY, AFHMETHEEL TWAEH—F R L
RO — 7 VRO THRRIZEEN TV S, NUREG-1465 THHEE L TWEHI—F A%

H1RITTFT,
% 1% NUREG-1465 TRHEL L TWVWH I —F X
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
S2D-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; burn 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
S1IDCF LOCA (3"), no ESF systems
Sequoyah S3HF1 LOCA RCF, no ECCS, no CSRS with reactor cavity
flooded
S3HF2 S3HF1 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 Offsite Power

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

NUREG-1465 Ti, ERFHEFIIF L) OREFIFEMES~H SN A ESHERDOEIE I

DNTHE 2RO L S REBEFERE T = — T3 5 BElE, BHREMEZREL TV 5,

1 Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-1465 OF THIRH5N TV A X 91T, NUREG-1465 DY — R ¥ — AIELIERICE S
Ex DFEHR—r AEFRICLERRNR Y —RXF—LATH S, i, FOLRERICEREICKH
SNDHHAMEDERKREL RHBA TR R —F7 VR E LT, KFFHETHRE LTS [
T LOCA FFIZ ECCS ARV CV AT VA HEAZ RN T HV—F v R 2BDEREY—Fr VA%
RETDHDELIOBRESINEZHOTH D,

Fo2XR RETIFHENES OB EOKHES (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 00 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.

( FSEEROE T = —KEREUTOLS CEBEA TS,
* Gap—Release/Early In-Vessel

REHEBEREROX Y v 7L O (Gap-Release) &, MREIOBEBICHE S RFIFE
HEEETOFLMLL O (Early In-Vessel) Z4E%E,
+ Ex-Vessel/Late In—Vessel

R IFRRREER, FAOBERIF L OO (Ex-Vessel) KU1 IRRIZILE LT
g Ao (Late In-Vessel) %A87E,

-\

S

FEGRRELTOLLIFLONREMEZEGL, RAFRFRARSIEETIEFZEROY A I V72O
T, MAAP ZR\W/=iAREFT 3 B4F DAFHTRE R & NUREG-1465 DABEZ# L5 &, FIRKDLEB

nLied,
FIR BRI ORTIFASRIEET2ETOZ A I 7 DHEk
REHEBERESRG L, X | PSR, BRRE
Y IO BAEMEN KR | PR FIFRSREMKEBT S E
H S 5Hif TOHIMH
MAAP FEATE 5 0~#9 19 %3 #J 19 53 ~#9 1. 6 FFH]
NUREG-1465 0~30 4y 3043 ~ 1.8 HfE
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FLEMBIER VR FIFAREROZ A I 71220 TR, ZIERLTHY, BoRERYN
KREICHEHEINAOHOERERICKE 2EIT RV EHB L TWS,

NUREG-1465 DY —RZ — AL, ERBEREIZHRICL TWD, £0712H, KEIZEB W T,
NUREG-1465 DY —AZ —2A (LAF, [EHFY—RAF—2Ah] LW 5,) ZEmRBEERE R T MOX &
FHOBE AT 5B EOMBEICEI L, 1999 424 461 [A] ACRS(Advisory Committee on Reactor
Safeguards) 2FLSF/LICB WV THERN R ENTWS, £ 2 TiE, ACRS 15, EERBEEREHF O MOX
PREF~ DRI OWTHIET 5 7= D ICIZBITY — LV ORB R OERT —Z OIUENR KLEL = A
VERRINTWS, ZhiZxl, NRCRZ v 7%, EENIZY —AZ—LA~DEEIIRNLE
b2 EHHAL TN,

ZF D%, 7 = — X OMGER R OSSNV — 7 OHBEIEICE X 2 EBEICOVWTHE
FAZ IV TOFRBITONTEY, TOFEEL ERI/NRC 02-2027(2002 4E 11 A) iz & bh
NEEINTWD, ZOFBROKEEREL LT, UTFITRTHEY, MRIRXIBEFELRZTOLATHY
HHDD, WBRBEEREL R O MOX REHI X L TH EH Y — A —LDEAIZ DWW THEES LT
5 H DO TR,

Finally, there isa gcﬁeral 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 %4 %)

mam SV ERBEEEIREN L, REHE SR OB RIABEE 75 GWd/t, (RO OB 50 GWd/t
gL LTND,

BEF XL OFRDOFERE L ORESNT, &7 = — XOHEGHEE & OB MAEZFN ~D R HE
BIZHONT, BEE L OF 1-1 REROE 1-2 RIZRT (ERI/NRC 02-202 Table 3.1 KU Table
3.12), ROM v aNOEfEIX, NUREG-1465 DfEZRLT\5, 7z, BEEOKMESFE—OMIZ
RSN TN DEDIL, mRXVATH—OBEREE SN 2T25E8 BT 52 FEMROHELRE
Thsd, TNENOEZREIZ OV T NUREG-1465 &2 —F L TW5 IR 62225, NUREG-1465
PORESRRD L REEITRES TR,

P EO@EROMERE LT, ERI/NRC 02-202 TlE, BIHLAEEXO LB Y @mRBEEREHI L
T% NUREG-1465 DY — A ¥ — AZEATE % LfEmiTiI T 5,

2B, KEDOREIZEUETH 5 Regulatory Guide @ 1. 183 IZFV Tix, NUREG-1465 FL# D
FE R EME TRK 62 GWd/t T CORBEDOREIE TEATELILDLEEDTND,

? 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 radionuclhide 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 eveants, 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.

mTherdeaseﬂ'xuons]jsaedhuehn!bmdmzmmedwbeaccmhleﬁ:rmmthcmuﬂvmﬂLWRﬁdmﬂuE

burmp 1 to 62.000 MWD'MIU. The data in this sechon may not be applicable to cores containmg mixed oxade (MOX) fuel

FOHBEH Y — R F — LR EREERES MOX RENEA T 2584 OFEICH L THRMR

fThbhTkY, 2011 £ 1 AIZIX, VT A TEIHEFR»LREEFERHEIA TS
(SAND2011-0128°%),

R BEEEAREL B O MOX REF D &I B 1T, IR L OF 1-3 RRVE 14 RITTFT LB,
ERBEEREIDZNEE L BRI LOTRAVIENRENTWS, ZDOZ Ehb, HEREIC
BT, NUREG-1465 DERBEERENC MOX BREIOBERIZ DWW THESND bO TRV EE
2B, BARIZENGDT—F 2 EBHT D,

B4R 2HHHE COBRESR~DOKRHEIE O

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(RABEEERRED ™ | (MOX BRED ™ | (ERRBEEERRED | (MOX #R%H
N AYE 1.0 1.0 1.0 0.97 0. 96
X5 FH 0.75 0.85 0. 82 0. 60 0. 62
Cs 38 0.75 0.75 0.75 0. 31 0.55

¥ EBOESETRENTWARD, EHEEFER L,

UEDX i, BRT_REBGREENDHDL HLOD, BEOMRTIE, BRBEERE R U MOX #4
FHER L THEH YV —RF—LAEBTEIN TS LD TIEARWZ & 23 Regulatory Guide 1. 183,
ERI/NRC 02-202 }% ! Sandia Report IZ/REHNL TV 5,

IAFERT 3 FIF OBEHES OB mRBEEIL, 77 BRET 55 GWd/t, MOX BAKFT 45 GWd/t
Toh5HZ A5, ERI/NRC 02-202 (2B H@EMAHHE, WEESEOREBEEE 75 6Wd/t RT
Sandia Report D@ M&iH, WEHES AR AL 59 GWd/t Lk LEHRORmEANICH S, £
7=, {AFRERT 3 BIF OB ERRIRBEE 1T Y T BT 61 GWd/t, MOX BREHC 53 GWd/t TH Y,
Regulatory Guide 1.183 (Z/R S 2 HFEH, REHEREABEE 62 GWd/t OFEHANICH D, Z

¥ Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX Fuel
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D=, HFEEF 3 EFICH L, FREBESN TWRWER Y — R ¥ — ADOE AL FTHE &
Eha,

ERI/NRC 02-202 (/R &N7-HEIA OEEICSOWTIE, EMFZOBRR LML TWE I &,
Sandia Report FL#DEMEIZ OV TH, MOX REHZ DWW TITH—DORMABROBKEXIR L L
fEITICE EE->TEY, KEMCIZA—Y T4 XENTEZHDTIERWI L EZBEL, SEOFM
(23BN Ti, NUREG-1465 Dl % A=,
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2. S EIOFHEE T /L TOFHE & MAAP #ZAT T OFHE D HEkIZ D\ T

2.1 FETFFEABRBRII~OBREBIGIZONT
[ KHEWT LOCA BFIZ ECCS AR CV A X LA AR KT B2 —F7 v R | 1B RFIFK
WA ~OBHEEIEIZOWVWT, SEIOFHEET /L TOFHIFER L MAAP #ZHT TOFHMERERIC
DWTOBEE 5 RIC, T, HBEFHEEZSE 6 RITRT,
A EIOFM TIX, NUREG-1465 IZR SN TV D EIE CTRFAFEMASRICHRE S %, =71
YIZOWTIH, RFIFENBERE~DLESCRBFENERA T VAL 2BREEZZEL, R
FIRRMERA~ORHEIGEEZEH L T 5,
—7J5, MAAP 22— FTiE, WEBShFHERIZ LY, BEFFRMERIMEE b7 /)L
DILFIZ L DBREDFE L U TKETEMICHE S B - KE~0iLsE, EHLBRELEELTB
D, RTFEMERNTETEESE LAV, EHFERESRA~OREEEEZEHL TV 5,
B0 B R F IR A SN ~DRHEIE IOV TIL, 4 EIOFHME R4 MAAP = — R X 53
iR L 35 &, FENNSVERELH Y, TTORREIIK L TUIRTFHTIERY, L
L, BB REEHRICEER ST 2R FIFRMESRI~OREEIEIZOVT, SEIOFE
fERA MAAP o — NIZ K B MRS R L 5 L, HENKEL R-oTEY, RTFHRERL
2o TW5D, ZhUE, MAAP 2— RIZAE S == 7 v Y Lo B RIEEZS ORI X 2 EE
BN, SEOFE COEBHRICHERTRENWEDTH D, LoT, KFFENEIS~DES
HEBDOBEEIEDOREIZOWNTIL, KEORKMLRY —RAFZ— L ThH2S NUREG-1465 (TR
Eh7-BEEEZRAWAS Z L CRFMICHETE 5L &2 5,
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HER MAAP =2 — NI X %Y —R T —LfET 2 LI FHliRE R & 4 B OFFAfliRE R O LBk

BRI —7 AFHE CRHWE=ET L MAAP fig#r* 2
# 7 A¥E $1.1X10"2 $9.6x10°2
BQUE | #13.6X1074 %3.0x1074

Cs 38 #2.0X1074 #1.9X10°5
Te 38 #18.0X10°5 #11.5X107°°
Ba ¥R #13.2X10°5 #16.9X1077
Ru ¥H %1.3X10°6 #1.3X10°6
Ce ¥H %1.4X10°6 #4.7x10°8
La 3§ %1.4X10°6 $7.4X1079

¥ 1 RICBITH2EEOEMEIT, EFESHEZIOEEAL 2HICHDE

* 2 Cs DXHTEEDILFERIE (CsI, CsOH Z—7) 2FHTAHEREIZHOWT
I, Cs OFELAEFEEICXTHENENDILERES NV —TOBRBEIE %26
HLTWA,
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F6FR MAAP = — FIiZ X BB & AFHM I X 5 B L5

FLONEREEREDO
(ORIGEN2 =t — RIZTEHE)

/i;W®mﬁﬁ%E§
-CV N~D i HEI &
(MAAP == — K)
T R Y ILOBEREERPTARAT
Az X BBREDR

(MAAP =2 — RPN CERE)
EERE O ROBRILE

(MAAP TIXFHili S 2= 3E

\\1%%KE6%%E)

CV INJE (MAAP (= X A 5F4)
I L= CVIR A WEEE[E

~

J

[ CV b~ S 5 R E & Q)

|

MAAP =t — K% BV /= 5FAff

~

CV NDOBUR Y E &

-CV N~D i HEI &
(NUREG-1465)

IT7 S NVOBREEBERVPAT LV
Az X BBREDR
(ERZEIZESERE)

-EER L O ROBRLE

\\k(ﬁﬁ%mgﬁ%%ﬁ)

/

CV NJE (MAAP |Z X 5 EF4h)
W T2 CVIRZWEEZ BT
HMZNVRERE

Y

[(Nﬂﬁﬁ&éﬂéﬁﬁﬁ%gi®_]

4 E O

MAAP =2 — RIZ X AFFl D CV Sk ~D g HEIE

(@/0)

SE DD CV S~ DR HIEI A
(®,/ D)
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2.2 JRFIFREE RN OBIFIRESIZ OV T

MAAP AT TIX, RTFFHEWAERNEZZXEICHEIL TRY, KT FEAARANOLXEIC
LU TEAEORERELRETHZLRFEEL LD, ZhiCkY, Bfke LT, FEFFEE
WAESBNOEREEY (1 0GER, 2 KERS) 2BE L BENREREZEEL-ETVE
RETHZENTES,

—%, RFHETHAWEET AV TR, KFFEMESENL 1 DOREE LZETAVEREL,
R IFREME SN OBRIFICR L TREBERMBRA 7 LA I X B ETFIFHBMA S O T H X~
OBTEZEEL, EHXKER O THEENIS 0 LIZRFEEEZREL TWD, £/, #
ML LTiE, SMNEROREZEZER LIZET L E LTS,

MAAP FEATIZIWT, JRFIFREMA SN OERIEEDIZ L 2B EMNRERDRELEZE LT25
A, EREEDICHAEIN TV I XEOREDEBDRENKE L, BEERRVAIA V¥ 1 U
OBATREICHFET 2RI LHXE L 25,

EERR DA A v A VROBIEREIZOWT, RFHETHW-ET /L TO FEHXE~%
1T LT O E % RO T BRIRSREE &, MAAP fiRAT C oD L350 X D BRIF TR BE D HeB 4T - 7=,
EREE TRIORT,

TR RIFRMERNORFEEICKT 2
AFHE THWET AV TOFHE & MAAP f#AT C D FFAl D Lk
H H AFHETHW =TTV MAAP FEHT
PRIFGERE  (MeV) #93.1x1024 #2.5x1024

BIRIORTLBY, KB THWZET VTOEBERR TR A ¥ % A VRO #RIFE
EOBRTIVRTFHRELR>TWD, BIZAFMTHWET VOFETIE, THREA~E
1T UTo O Lok U CTOMEREERR LS O R S 1) DIEREZN R 2 RIA A TRV,

2.1 k0 2.2 XV, RFHETHWZET VL TOFHMEIL, MAAP fi#HT TORHME & Hlk L TIRSFRYIC
FHETE 5,
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(AR 1)

% 1-13%& ERI/NRC 02-202 {Z35\) AR~ D (BRABEERE

Table 3.1 PWR Rel Into Containment (High Burnup Fuel)*
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 04 (05) 1.4 (13) 20(20) 10.0 (100)
Noble Gases 0.05; 0.07; 0 07; 007; NE’ 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) (o)
(0.95)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 0.2 (0.1)
Alkali Metals 0.05 (0.05) 0.25; 0.90TR (0 25) 0.35 (0.35) 0.1 (01)
Tellurum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.7TR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Strontium 0 (0) 002; "** (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) (0.0025) (0.0025) (0)
Mo, Tc 0 015,02;0.2;02; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.03; 0.05, TR
Ru, Rh, I'd 0 0 0025; 0,0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01;0 10, TR
0.02TR
Cenum group {0) (0.0005) (0.005) (0)
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0005, 0 01; 0.01; TR 0
0.02TR
Pu, Zr [1] 0.0001; 0 0005; 0.001; 0.002; 0005, 0005; 0.01; 0.01; TR 0
0002TR
Np 0 0001; 0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 0
0.02TR
Lanthamdes (one group®) 0; 0; 0; (0) 0.0005; 0.002; 0.01 (0.0002) 0005; 0.01; 0.01 (0.005) 0; 0; 0(0)
La, Eu, Pr, Nb 00 0 0002; 0.02TR 0005, TR 0 TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0; TR
Nb 00 0.002; 0.002TR 0.005; TR 0; TR
Pm, Sm 00 0.0002; 0.002TR 0.005; TR 0, TR

* Note that it was the panel’s understanding that only about 1/3 of the core wall be high burnup fuel. This is a significant deviation from the past when accident
analyses were performed for cores that were uniformly burned usually to 39 GWdht

1
H
3
4

The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France is to assign all releases following the gap release phase to the early in-vessel phase.
NE=No entry; the panel member concluded that there was insufficient information upon which to base an informed opinion.

Barium should not be treated the same as Strontium. There is experimental evidence that barium is much more volatile than strontium. VERCORS and

HI/VI (ORNL) experiments cited; these show a 50% release from the fuel and a 10% delivery to the containment. Strontium has a 10% release from fuel and
2% to the containment, based upon all data available to date.

Three panel members retained the NUREG-1465 lanthanide gmﬁping. e.g., ane group, while two panel members subdivided the group into four subgroups.

% 1-2% ERI/NRC 02-202 (28T H MBI ~DRH (MOX #REH

Table 3.12 MOX Rel Into Containment
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 0.3; 0.4, 0.4; 0.4, 0.4 (05)' 14; 1.4; 1.4; 1.4; 1.5 (1.3) 2.0 (2.0) 100 (100)
Noble Gases 005, 005, 005, 0.05;,007 0.65; 0.65; 0.75; 0.93; 0,02;,03,03; TR(0) 0 (0)
(0.05) 0.95 TR?(0.95)
Halogens 0 05; 0 05; 0.05; 0.05; 0.07 0.325; 0.35; 0.35, 0.375; 015; 0.2; 0.25; 0.25; TR 0.2;0.2;0.2;0.2; TR (0.1)
(0.05) 0.95TR (0 35) (0.25)
Alkali Metals 005; 0.05; 0.05; 0.05; 0.07 | 0.25;0.30; 030; 0 30; 0.65TR |  0.25; 0.25; 0.30; 0.30; TR 0.10, 0.15; 0.15,0 15, TR
(0.25) (0.1)

Tellurium group

0; 0; 0; 0.005; 0.005 (0)

0.1; 0.15; 0.3; 0.35; 0.TTR
0

0.4; 0.4; 0.4; 0.4; TR (0.25)

0.1;02;02;02; TR (0.005)

Barium, Strontium

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

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

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

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

Noble Metals
Mo, Te
Ru, Rh, Pd

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

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

(0.0025)
NE, NE, NE, 001,001
ME, NE, NE; 0.01; 0 01

)
NE, NE, NE; 0.1; 0.1
NE, NE, NE, 0.01,0 01

Cerum group
Ce
Pu, Zr
Np

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

(0.0005)
NE, NE, NE, NE; 0.01
NE, NE, NE; NE; 0,001
NE, NE, NE; NE; 0.01

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

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

Lanthamides

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

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

NE, NE, NE, NE, 0.01 {0 005)

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

- w -

The values in Table 3.12 are for releases from the MOX assemblies i the core and not from the LEU assemblies.
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The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France 1s to not divide the source term into early in-vessel, ex-vessel, and late m-vessel phases.
NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opinion.
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWRs in NUREG-1465 (parenthetical entries).

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Release
Duration (hours) 0.22 45 48 143
in.si i1 _5I iz.Oi lmi
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr.Xe) (0.05) (D.25) (0) (0)
Halogens 0.004 0.37 0.011 0.21
(Br.l) (0.05) (D.35) (0.25) (0.10)
Alkali Metals 0.003 0.23 0.02 0.06
(Rb. Cs) (0.05) (D.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) (D.05) (0.25) (0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Tc, Nb) (0.0025) (0.0025) (0)
Noble Metals - 0.006 [0.0025] .
(Ru, Pd, Rh, etc.) (0.0025)
Lanthanides - 1.5x107 1.3x10-5 -
(Y.La, Sm. Pr. etc.) (2x107%) (0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Pu, Zr, etc.) (5x10*) (0.005)

B1-43% SAND2011-0128(Z35 1) DRI ~D i (MOX#R¥EL)

Table 16. Comparison of proposed source term for an ice-condenser PWR with a 40% MOX core (bold entries) to
the NUREG-1465 source term for PWRs (parenthetical entries).

Gap Rel In-vessel Release Ex-vessel Rel Late In | Release
Duration (hours) 0.36 44 6.5 16
0.50 1.3 2.0 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) (0.050) (0.95) (0) (0)
0.028 048 0.06 0.055
(Br.l) (0.050) (0.35) (0.25) (D.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs) (0.050) (0.25) (0.35) (0.10)
Alkaline Earths - 0.0015 0.008 9x10™
(Sr. Ba) (0.020) (0.1) (0)
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se. Sb) 0) (0.05) {0.25) (0.005)
Molybdenum E 027 [0.0025) 0.024
(Mo. Te, Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3 x10*
(Ru, Pd. Rh, etc.) (0.0025) (0)
Lanthanides - 1.1 x107 3 x10° -
(¥.La, Sm, Pr. etc.) IO.D(E} (0.005)
Cerium Group - 1.0 x10 5x107 -
(Ce. Pu, Zr, etc.) (0.0005) (0.005)
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BRI NV— T DONIRIZHONT

NUREG-1465 D REEEEBREL R X MOX BREIDBEHIZ 2\ TiE, BEOHR TIX, TEEINhS
DTIERWH DD, BIRBEERE KR O MOX #AEHZ %35 NUREG-1465 DEA I+ 5 HMETO
Fim DO T, NUREG-1465 |ZHANTRELRBHEIEVPRESN TV DIEREIN—T b5, KFF
i CTAWEZET VLV TOFBIZENT, SRS NV—TONRERERT 5,

BRI Sh D e E 2o\ T, NUREG-1465 (RSN HEERE I L —TDRNRE LT
I-131 SHEREMEH 2-1 RIZ, Vo ~vBRTFUFX 0. 5MeV MEEZ 5 2-2 RITRT, MOX K
({Zx4" % NUREG-1465 D@ 2R3 2 EMAF TOFERDF T, NUREG-1465 |ZH~_ TR E ek tHE
BPRBEIN TS Te FLRUBIZ OV T, RRF~DOBEAEMEIZBIT 2 FEEHEIT/NEL,
AFEOBARITIIRE REEL KITT HOTITAR,

F2-1k BREICHKHINDEFEMED
EEEIN—T ORI (1-131 HHEHRE)

s — ot ee R (kL 2 .
(B ®

ikabgl #70.0x10° 0
i #8.2x1013 .
Cs #11.7x1013 2

Te 3R %93.8X10!2 3

Ba 5 #6.1x10'2 ;
Ru’R #15.9x101! a

Ce 3R #2.2x1013 5

La R #11.7x1013 2
Gkl #11.5x1014 100

(1) 7 EEEEREE
(FE2) APEIEIHTE ZUBEAL 2HTICHD/ME
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B2-2K BEICHH SN BEHEEDED
B N—TDORR (yBRTZRLFX 0.5 MeV #5)

B~ Mﬁf‘ﬁf o “j%“f
i T AHR #8.7x10'° 91
X oFEHE #16.7x104 7

Cs #1.7x1014 2
Te 38 #3.1x1013 <1
Ba #H #1.7x1013 <1
Ru 38 #9.9x1011! <1
Ce #1.1x1012 <1
La 38 #92.9%x1012 <1
&t #19.5x10'° 100

(1) 7 EEEEREE
(FE2) APEIEIHTE ZUBEAL 2HTICHD/ME
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£ 9 ROLFEREOFEIZONT

A TIE, X OFOLFEREICHTAEERSESE LTRG 1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear
Power Reactors” TRENT L IHIFBOEFEEIHESEZHNTWND,

R IR R~ D R ERY O EIA DR EICH V- NUREG-1465 (2% X 9 EDOLER
RBIZH 4 2 FEFIS IS OV TOREE H D0, RFFRMBESRNOEMED pH 23 7L EDFE L
NTW5, (MHELHIFEDOIBLERREHIFIXS WZB N L, AL OIRITRREIH>FE
D3 % (0.15 %) ZEBZ2\V (95 $2KIFIR)),

BB CTERET D5 — T AD LS, BEROBMAERAT LA DEERLEEL, pH BN
NRWATRBMD 5B 81T, TRRE I B~DBBRBIGHERES D LEOMALH Y, TRRK
L) RDFEFHEVPREL ZNIAHEE > ROFEFEGLREL 2D, TRREL SR IICVATOD
BRALEFICL YV —EOEBHNENRRADDLOIZK L, AL 5 BIIFEROERRELZ RiAD
Zenh, EFFBRHERMI~ORHOBANLITERL D ROWENEETHHZ LE2EE
Z, BFHETIEL 5 BOERREEOFEREOREIIOVWTLUTOLBY KA, RELE,

NUREG-1465 T, X 2 BOLFEEBEDOHFEFIESICE L T pi7 DA TOEZERRED TR
T2, X5 REROEREEOREIZEA LT, NUREG/CR-5732 7 Todine Chemical Forms in LWR
Severe Accidents” %3/ LTV %, NUREG/CR-5732 TiX, pH & X H BEOHEEEES IR R L
LT, pH DIETFIZfE- TmBER L 2 F~DEBREIGAEMT 2R E2RT L & I, pH RN
ENBHFARVRENRVFEENETNIZONT, EXRFEHFFO L 5> BOLEHREIZE L TE
DT 7 v MIRT 57l Z=1T> TV 5,

pH AR R EINTVWAEEORREZE 1 £, pHiBRZRINL2WEEORRELE 2 RITRT,
PWR T N7 A BUEA 28 2 FF D Surry OFHMEFER TiX, pH SHREINTWDEAL, 1ZIFLERN
"L 72o TRFRE D RICRDHDIH LT, pH BAABEIN TORWERITE, EIFLERTER
XoFEMRD, Flo, ARLOIFBIZONTY, HFEINSIVWEIESTHDN, pHEIN TV 5
AXv Y, pHRESNTWRWEAEDIZHI N, LW ELRERIRINLTNS,
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B1HR EREHEEOH AELZBED L O F(LFEHE
(NUREG/CR-5732, Table 3.6)
lied above 7

Table 3.6 Distribution of iodine species for pH o«

Fraction of total iodine in containment (%)

Plant Accident L (g) L (0 I (0 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 ¥ 0.02 0.03 99.95 0.0004
Sequoyah TBA 0.21 0.03 99.76 0.004
Surry TMLB' vy 19 0.03 98.0 0.03
AB y 24 0.03 97.5 0.03

FoEk BEREHEEOH ABRZEZELLWEED L 5> FBLFERE
(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 (9 (] CHSI (g)
Grand Gulf TCy 26.6 153 58.0 0.2
TQUV ¥ 6.6 183 75.1 0.06
Peach Bottom AE y 1.6 21.6 76.8 0.01
TCZ v 10.9 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 0.4
Surry TMLB' y 97.1 1.5 0.7 0.7
ABy 97.6 1.2 0.6 0.6

ZDEHIT, BEREHFORESRGZ2EZE LS EIOFMOEAIZIE, NUREG/CR-5732 TRE
L% pH F8%E STV 20 Surry OFFHEFERIZ & 5 BOFEESFIENELWV 2 &, #IiE < FHE_ LR
HELEE L@ RTMEGFERETHIE, LV oBANLEEL, RG1.195 DX H5FE
DILZERREOFEERES (BEI3XRSBM) 2HVWDLILELE,

%5 3 ¥ NUREG-1465 & R.G. 1.195 (2817 5 & 5 EOLFEEBREDOFEER S OL®

NUREG-1465 R.G.1.195
TEREOE 4.85 % 91 %
AL O R 0.15 % 4 %
BFHRE R 95 % 5%
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WNOTTFRIR L 5 FRIMEEA 1/200 IR D EFTRIRR L S ROBRENRAENDS E LTV, 4E
DEE L — 7 U ADHE, JLFRIR K 5 A5 DF (BRYRE0) =200 ([ZEE T DHFHIE, [Gap-Release)
~ [Late In-Vessel] DA T L7ckim (FttiBitas o 11.8 Kefll) L7225, RFIFBEHAS
(PR LT D IHE R B SR O E B O 100 530 1 BEICIE T3 5RAET
IFEHARUEFFERENIZIE—ETHD I LMD oTEY, R FEMERNOTLERE > RIZD
KE G BERAPAOBRLEEE IS CTREESND, Lo T, ZZTIIAKRMIZELOH OB
RULBEEEZEH L TW5,

CSE A6 EBR DFEMILATIR O Nuclear Technology M SCIZ#V T BNWL- 1244 5| & TV 5,
£%E L LT, BNWL-1244 CH DR FIFHEMABRNILRR L 5 BORME(LZKITRT, ZOHFT
FTERRE S FBOPIHIREIT 10° peg/m®L2oTRY, HREFH 3 B ORETFIFENERCIFET
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£ . BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

EAERTIE, A7 VML LTT A Y NaOH) BV GRTW D2, IEEEERHICI

AT A PELROBBEOEZHANWTWATED, AT LA EIMYOEBLZZ TR0,

BNWL-1244
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]05 o %
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o E
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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AT VAKIZED OV NEZE~DOEITIR, Thid, OV NEZDENICL 5 L 5 BobE (e
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%1% CSE EBREM LA ER 3 SR DLEs
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(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 : BRIWEFEOHEBIZIZIE L BEE DR T LA D EDRIDEMAEZRN
XORBEOEZANTN S,

* 2 FIAERERRR IE > — 7 v 2 DRFHTIE

* 3 1 BWASBIRAEERS Ik > — 7 o A DRFTE
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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* 505 m?
6 140 ft* 569 m?
0.293/ft | 0.958/m

490 ft* | 45.5 m?
95 ft* 8.8 m?

2 089 ft? 59 m?
1 363 ft* 127 m*
3 384 1t® 96 m?
2 067 ft* 191 m*

26 477 ft* 751 m*®
9 560 £t? 888 m*

33.8 ft 10.3 m
50.5 £t 15.4 m

Surface coating
phenolic paint®

All interior surfaces coated with

Thermal insulation

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.

5% = 0.027 Btu/(h ft?) (° F/it) at 200°F, Type PF-615, Owens-
Corning Fiberglas Corp.
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M EOFHEIZEA T 2 ®EE) (F 1043 A) (LLF, INIPEC #EE) &9 %,) BT, =
TaYVOEHEEEREEZ BV ETARKRR I TV,

ZDETNOMEEZ L TITRT,

RSN TOENIEBEEE 2 Ve b T5 L, BEFFRABRSRNOESRAERY DILEIC
X BB RIT, RAFEARBRAR—RIRE IR TWA LD L L, UTORXnbROLND,
72k, AREH 3 BF ORFIFHEMASRERELE VRFIFEAES H BHEEOELZ AVTng,

Ag = Vy ﬁ
Vg = 6.656X10"°% (1/Hp)
A : BRULER (1/s)
v, : EAWREEE (n/s)
A : RFIPRAASRRERE (n?)
(EFEFT3 54 1,250 m?)
\% R ASE BEE ®)

(JAZEFT 3 5JF 65,500 m?)

ZIT, VyORHIZOWTIE, =7 e/ ARl kET 50K EEEZROLIAXTHLRA F—7
ADOXEBEAL, UTO X ITREIND,

2 2
V4= 2rp(Pp — Pe)g ~ 21p ppg

Qug ug
o L T7 Y A ()
op : =7 a Y VEE (ke/m?)
pe GO (ke/n®)
g : EIERE (m/s2)
e : SUKORSEE (Pa - 5)

BNRFTA—FZDEEF1IRICE LD D, 2B, ZIZTRLENRNT A—F|XNPEC HEEIZRER
ENTWAETH B,
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HBIR FHEICANZ AT A=

NG RA—H & s
TR NVEE . () 0.5X107% | K1 pm DT Y LEEE
TTa I NVEE 5, (ke/m?) 3.2X10% | NUPECH4EE LY
K[EOEE p, (kg/m®) - T a Y VERE LA NS WD R
BEHIEE g (/s?) 9.8 BEMERLY
KEDKEEE 4, (Pa - s) 1.8X107° | NUPEC #EE LY

XoT, 14= 9.68X1075X1250,65500 =1.847X10" ¢ (1/s)
= 6.649x1072 (1/Ff) — 6.65X1073 (1/8f) L 725,
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CSE A6HBRC DM 3 7 ROWELALTIL, BiKl0s TH#IL10°
pugm* TH- b, RR305r T1L9SX 100 pgmi&ia 5,
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M= 357cgs 108 (l.995x 10°/10°) =9.0x 107401 /)

* Csl(Zy O/)b) L9X10° (I/s) : BARLAR (A
lemDOREZIDOLTY OV INOEHUPEEZHA W, FEZKH
I—RICEA L TWA EMEL T, HMA2E KM & H f AR
EDLERCTROENS,

V= 21, (p,—P) 8 _zrnlppg

Ou, on,
C2x(Ix 100¢/2)*x3.2x 10°x 9.8
- 9x18x10°

A, Ly X225 i
?»d:VdV;-~9.68x 10 szl.g)(lo (IIS)

=968 x 10" (m/s)
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TR AT VA IZEIDBREZEDHRIZEL > TH, RFFEMERNTOXERICEELZIT5, 1€
7T, NUREG-1465 X° MAAP |ZiZZ v b OEENZFRHFFMER, FHEET VB WITERICESERE
SNFEEPRINTEY, EEVTA FTHLINOHROBEIZOVTREIN TV S,

ZDHIBbTa Y NIIHT HERAT VA HROEBEIZONT, FFHETHR L LTSEL L
NUREG-1465 TIZZDHRICOVWTHEEUNZIBE T2 L L TWHZ L bEE %, SRP6. 5.2 128
WTRENDTT 0 kT 5 A7 LA BR KO NUPEC EBRFERICESWIERA T LA R EH
WHZLLTDH, REDEZFITOWTLUTIZERL,

1. SRP6.5.2 =7 B Y LIkt H AT LA BBEDOR

HKE SRP6.5.2 TliX, AFVLAHERICBITAAT LA 2L D=7 u Yy VOBREEEZ LU TOR
IO EHLTWS,

Z OFMRIT, KEFHR T T > b (US-APWR, AP-1000) DF&EHEMEES 5T 5 iHEICB N TH
BAWohTEY, £/, Y7727 37 v Mg a— R T2 MELCOR <° MAAP (ZFEAIA LTV
5HbDTHD,

3hFE
As =

2VsD
As D AT VA BREERE
h D AT VAREE TE S
Vs D AT LA EIROETE
F D ALV HRE
E L HEE

D P AT LA R AR

F7-, KERG1.195 THLZTaYALDARATLLAEEL LT, TEOEIBY SRP6. 5. 2 MEH
AREE LTWAZ &b, BFHEIZHAVTWS,

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) OBREIZONT
SEIOFMTIX, E/DZE T EREL, TORUEITHOVTLLTIZRT,
(1) NUPEC #XB&

EEMEMELTE (RFIFEWASREEEEIRSEE) [T 5REREE TRk 15 F
3 A BMHEEAN BEFHREEMEE I2BWT, YETT727VFT Y MEODR T LA OFERIC
DWW THERBR K UFHMBES LA T OB EfishT\d, TOREREZEA L, AFMTIIRA T
A% E/MD) %7 LRET D,

BB, =7 NIRRT HERAT VAL HRICONTIE, =7 o VvOREEE OF) 23H5E
(2T B LBRFFHERBERLHIT/R D £ H NUREG/CR-0009 DFERICESE, 4 EIOFM TIL,
BrEFHESBONITIRDERDODF % [y hA 7 DF) LEZEL, SRP6.5. 2 [IZTREI TV
571y bA 7 DF LR 50 &3RE L7-, SRP6. 5.2 TiX DF50 B|FELIME, E/D 2 1/10 45 LD
EZFHREINTEY, ZOBZIZME, By A7 DFS0 2B T2EDAT LA ZHEIZON
TIiE, E/D=0.7 L LTHREREZEH L,

& 64z, FEPICITAIEOBWROBE O R & FH#KIC, NUREG-1465"2 53¢l L 7=~
FRYABEHBEFESRVERCTELE, Zhdh, PWROEEIZHLNUREG-1465T
HAWTWAED=1DEIRA 7 LA I L 5BEDRLBF@ML. = DBE OEDOEILKT
TRBER L IZIF—HT D2 L8905, “hik. BWROBE & FHREICKSEEN (LK
KEY) LAz Ta/AREDENRATS LA BEPOFRELY bRXEWVWI EEZRLTY
Do

ATLAIZ & BB ERBE &
. |- UChIZSFhIWMEDEE
LEREEDDL

-
n

Evaluation by NUREG-1465* A = el

-U‘a\ﬂ"'"'“'“ "W D

Mo % E!/D=1(m")

. Natural removal data ]
. (=] 5
‘m a &

s

“REBMGEPWREN
' 0 _ E/D{-T) based on test data h=18m)
V=|22(m’)

F =0.020m"/ hr)

w

Csl acrosol concentration (mg/m3)

X

- '. &
X% n o .\_"' "" - P BT PO
60 180 300 420 540 660 780
Time after spray initiation (min)

=1

g

[#3.2-12 PWRIEIERE (XARM) &R L NUREG-14655F(H{E L O LLEE

(2) 1AREFT 3 BIF~DEH

AR ERT 3 BF DA EIDOFFM Tik, NUPEC ##ERBRICESE, E/D=T L LTW3,

NUPEC SRR TlL, PCCVA V—TFF T bDYETT 7Ty MRRZBEL, A 7L A
WCLDBREMDREHERE LI-MER, AT LAKR 1.5 mm OFBFOTFT T, BE/D=T L OERBEDL
nTna,

PCCV 7T b E#AgL CV 7T - FDIRRERT 3 B Tid, ERFHEFOIRERENIZOWVT
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(-1 28),

X o T, NUPEC ORBFERTH S E/D=T ZEHTH7-DITIX, A7 VAREDN 1.5 mm % E
BIHRNWZ L E2HERTILERD D,

ZORBRTIE, EREEHTORT LA ANV 1EHEZVH 1 n®/h ZEELTEY, Zot
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XBATVATHERATHIRAT VLAV T~y FIZ 100 EDRT LA 7 AVPREBINLTND
728, ATV ARZEL5m A FEZERTHEZDICIE, AT VAR THE 100 /h LA E (R
TrA ) ANV 1 @AHTZVH 1 nd/h) BUETHD, SEIOFMTHWZERERN 3 BFON
BRANESRA T LA &L 140 m®/h O 100 m®/h) THY, A7 LA HiZ 1.5 mm LLF Z253ERR
TETWAHEY, ED=TZEATLZLIIHYETH S,

3. =T uYREERECEH

1. T/RLISRP6.5.2 DT B Y IIRTHEAT LA IR TDOAT LA ZHEDOXZ R, 2.
TRLIEAF LA (E/D) , H3IBFETORT LA BRETES, A7 LA BEROEER
VAT LA BBl T=T e AVBREREZEH L,

ZZTOFETIE, SEOFHEEREZEEL, 27 LA T 500 Z RBERHE
BAT VAR T LT D, ZOHE, REBRMERA T LA IIREL/NEL, ZOH—§
BHhE, 2O, FHEIZEWTIE, REFFRABIRN TR T LA KB 05 72\ O FEEK
FERATVAER) BHHLEBERLT, =T/ BREERELXEHLTNS,

AT VAFERICBOTL, A7 527 u Y/ VREDRZEZEMNICRATZ LT
TERVE, RFFRABERNERORMRIC L 2IBADRIZE - T, ERAT LA BEENZER
WAT LA ERICBITT 5 2 & T, MENCREIRS,

[H Regulatory Guide 1. 183 TiE, AL AL D=7 u /' VOREMDEEZFMT HERIC
ITEARATVAEREZBET DL, AT VABKELIEAT VA BROREFIEITHEAT LA
PEIRAS 1 FERIIC 2 [EFEBR T A L LTWAZ D, SEIOFHETY, FERXAT LA HREEE
L, BEBEIGIZFHEA T LA EEN 1 BB 2 EfEBRT B2 L &35 (-2 28) .

AHEOERR 2 L TFIORT, MEBRNEEETV . [T 527 v A EROKEES
Zrel, RATVABERICBVWTIEAT LS ICLZREDESZNBDO LT 5, i
BiIsRECTa Y VBELYC L L, EXATLAEERE RS LA BROMICIX, ko DZE
SEBRBRHY, ALV BAR~BITLEZ T oY VERA T LA IZEIVBREEND EEZ D,
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d;;N :_f% (Cx-Cs)
dC, 1
= C,.—C.)-\A-C.
i G Ea)
Ne(0)=(f - Ge+(1-)- G) Vi
G B ICB T B RIET T v Y LVIREE (Ba/n®)
N . FERT VA EIREERED CV N T 1 Y L (Bg)
f . ERT LA EEREEERE (-)
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_Vev TN :
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0 : CV NZEXEBRTTE (m® /h)
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A : AFVLAEBOA S LA L BT a Y L EEEE ()
|28 . AT A EIETE

(RF N :FERT LU AfEE, S: A7 LA #EK)

L, ARAT VA BRI T 5BRERKTH Y, FKFFEMNESSEO K> HIEX
TUAEREZLSIWRY OFEBRTOR T LA BRERETH D, Lo T, SRP6.5.2 TRE
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nTws V) i, 27 EmEEe LT, VoX(l-f)eLtzxs,

ERETNVEFERL, EXTF VA BREEZER LR FPRBESNEEOFE-T oy )L
DATVABREEREXEH LT,

B, =T Y NMIHTHATVAHRIZONVTE, =7 vy VoOkREERE OF) AdH5
EICET 5 L BREFHEEDELMNIT/A2 D £V H NUREG/CR-0009 DFERIZESE, SEIOFHET
%, BREFEEDFEODICRDEERDODF % By A7 DF) LEEL, SRP6.5.2 [ZTRES
NTWBHy AT DF ERT 50 EERE L7z, SRP6.5.2 TixH » b4~ DF A3 50 & EZELI A
X, EDZ1/10L5LDBEZFREINTEY, £DE I, By M4 7 DF50 %88
ZTEDAT LA HRIZONTIE, E/D=0.7T L LTHREEELZEH L,

PLEDZ b, AFHICBITAR T LAICLA= T/ VBREEEL LTE1ENLS
IRE LT,
i, BIREITTITITRLEATVABREDROETTNZE | KITTT,

®1E 7oL pEEE
# v hA 7 DF =7 Y VREERE

DF<50 0.36 (1/8F)
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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 TOLRBRALIFIZTRT,

TABLE I
Experimental Conditions—CSE Spray Tests

Run Run Run Run Run Run
A-3 A-4 A-6 A-T A-B A-9
Atmosphere Air Alr Steam-air Stem_'n-a.ir Steam-air Steam-air
TeTnpe]:tlure, °F il 7 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b c
Hozzle type - . s 1220
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.53 153 1,50 1.50
[ —
12
Number of nozzles 3 12 12 12 12
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
i 1 I
Spray solution L [ s

©525 ppm boron as HaBO; in NaOH, pH 9.5.
3000 ppm boron as HaBO; in NoOH, pH 9.5,
23000 ppm boron as HaBOs in demineralized water pH 5.

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.

£7-, ZOEBETHEONERAT LA DROBEREZUTITRT,

TABLE IX
Summary of Initial Spray Washout Coefficients

As Observed, min™'?

Iodine on Total
Run { Elemental § Particulate]| Charcoal | Inorganict
No. Iodine Iodine Paper Iodine

¥ e

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-7 0.315 0.31 0 0.20
A-8 1.08 0.99 0.365 0.96
A-9 1.20 1.15 0.548 114

*For first spray period, corrected for natural removal on
vessel surfaces.

Includes iodine deposited on Maypack inlet.

ZDFRERND, RERVENZESETRBRZER LT A-4, A-6 L A-T TD” Particulate
Iodine” DFERZ BT S L, HEOHET—HLTEY, RELEFELCTWARY, Zhizxk
L, A7 VARIRE/NESL LI A8 T, 3BULERATVABENRRELTWDZ EBbN5S,
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AT VA FHREIERT LA FEBOEY T NZDONWT

7 a Y NVOBREDHRIZONVWTIE, 2EERNITREN 5 5MTHEME Iz NUPEC B &2 HKiZ R
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MEEIZ. PWROBS,. X757 P LTEANTCEGETPORERT 7 - FTHH1100

KWelrDa— 7% BELE, —OBES. ARBTERTIMERBEHRIERLEBLT
(i T#1/5900TH Y . — 5, AMEHCERT S/ AV#ERLBEO—-H (BRTENILD
A LA~y DI 120RE) Lo\, ERBTERTIAT LA/ ALOER
ZEU T L5, T72b5, PWRBERBIZBVWTREBOAT LA/ XA EEDFEE
BT&ZVED, FPRENEICKELRITTLELLNDAMAT LA BORBENH % T
XAMRVBELID VI alL—F ) ANEFERTHLLLE, 8, AT HRICEL
Tid. AMBED A 7L A i E&H8120 tonhr THY . ZHEVSIOTA Ty —AFT7 LT, ¥
T al—% X lT034Y v Flimind RREESL LE,

FOE®H, E/D=T #FEICH, BIZERA T LA ERICE > TZ7 2 LOBRENRRIADRN
HEEZBMVIATZ LIXTROLBYVESTFHRBNE 25,

100 ¢
1 e FRT LA R DZNREEMSE E(2[E/h)
1 e FRTLAEEDOHR BMEELL
g 60
40
o
a 40
B
2
! 20
0 | '.’..::::::::::3"1000100.. ...... jasssssssssnsssasas Aassssssssas
0 5 10 15 20 25
B fiEl (Hr)

K R7UABREDREROLLE
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ERTF b A B E
or Pk AHF F&E
MBTFH PWR4A/L—TIE R
3 3 FIWI K A2000m’ 2
CV{k# 71,700m 12.2m B. AY—nEUSSTT
CVilh & 20m R4
AT A ) ANE% 120 1
A7 LA Kk 120m’/hr 0.34L/min
J AR BHEEXS54L YIal—HF XN
J XMoo 10mm 1.2mm
AT A T 1500390 (+ 99%8%) 14703707 (4 9988)
gk #10hr T R
2T A kB 303K R
A7 Vv A KE it Mm%
CVINIALE 0.52MPa M
ABEHASE 0.39MPa or3
AiraE 0.12MPa Br3 N, C{tA
H, 5 0.01MPa @ He C{LA
CVIIWIEE 415K Mm%
CVIIMALL ) 100mm ft‘:f“* r—akfe
=7 o/ AR Csl h
Csl = 0.01g/m’ m
CsIRLE 1370 @k ST MEEIT20
B P OIS $L %
ERIIFFIFEIEE 1085
MO L~ (B
HREE B 3,41 1MWt 43 kW HADOTN)
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MG DO E b B2
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FRFIFRRMNASR D OIRAVRIT, R FRWESNENSR®ERESD 0.9 FFOEHLTF
DHET IR TE, BAHHEXQ)IITRTEHERT 5,

(1) BRI EsNEARREERESD 0.9 FLLTOEHE
EEEREAD 0.9 FLULTFORWZWVEEZRTFOICFHET 2 72 OICEZERONX (ZNETOR
AESRICTER) LvEHT S,

L. [AR pa

La AFd  pr

WA WR

FREHR 2\

R IFREMA SN EE

R IF AR RN B

WATFE “d IFRAVRBREORELFT
WAF U7 [ 3FHRFEOREELRT

S A kDN

Q) FFIFRMESBNEN P ER&EREND 0.9 fFL 0V REWVWEE

FEABRERE TR, REIIEHEEREOZEZ TR0, RPFENERNENREEER
FEAD 0.9 5L 0 REWHEIIEREREDOBR - ELIROREEZEZET 5, WAVEITZEER
DR, EMEREORTK, FRFEKEZZEELERD 3 X0/ LNEEON, BEROMEET
%,

1. 7-138



B ’ _
% mekr k . *pfmk i
: P, B, ; ;
i E-1B EREHET (B
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2 kp+1 2
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k,—1 P opa JEAEMETR A (BLR)
2]( P )0 2 k;+1
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4 P, P,
[A.Pr Pa } 5 ZIERR
B A‘Paf P i
_ Kkt
Pleakt ( 2 )kf—l Fatm
=ma ,
P EFFRMERNESD b ke +1 b
Plgk - R VWOHATOER i ki
woo RHPRREBAOREORIERY P [ 2 Vi P
Paw * KEE .

FFIFRAESRP DDA VEEZE 1 KIIRL, ER®O1), @ ThRAEHERROKXNLED
NHWMAVEREZE 2 KIRT,

R IR MBS OJE TR (B fEAY 0.360 MPa (gage)) IZxHE L7l WE (59
0.144 %/ B) IZRBEFRAATZE L LT, RFFHENESRPDORAWVELZEHHR (7 BRE)
H0.16 %/ H—EIZREL TWD, ZOK, IWAVE 0.16 WX 2R FIFRMHEIRENL,
b/ SWEMETRAE (8 Z2KELEELTH, FIFIRT LBV 0.40 MPalgage] T
bV, FEFFEAEIRNERRITRRICH L TRBEAZATNS,

728, ERITITREOHBITEZERNRWVD, [IEORERE, HBHETRERELEE
L7zET, BoN5ED I LRERKMEZFHEL TV 5,
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ZRAWTWS, BLF 7 4 VZIZHOWTIE, MAROLEREICBWT LR Y 4 VFBREDEN
HERINTWVWDZ LE2HERLTWVD,

MBI -7 4 NV E DAMIIH T A #EE > — MRIZLTED DT, =7 v Y NVEEAUTEERN A8
ZiEET AR, =T a Y VR T AMMEICEZE - T2 LI L VgD,

+ T =2 T AETELERE OB 7 4 NV F
a. IREXROBESRHEFIZONT

Al CRE LIFHBEERICE W T, EFFRMAAIRNIL 150 CREL RV, FEFIFE#
MBERPLDREGEEICLI VT =27 ANDOIRER ERHT5,

T =2 ANOREITEET 120 CREEZTOLEETHHD, HEBEH3IBZFOT =
2 7 AZEGRELREICRE L TV AKLTF 7 4 V¥ O mERIREZ KigIC EES Z &%
72, MEBMMET T2 Z &3, 228, 74 NZITHEINZBAEDEDRBERICL S
BEEFERIT 1 CRETHY, 7227 ANBE~OEBIIREVLOTIIRY, £, B
EIZonThH, BAERRAVRIIS Lo THIRBELEREIHLLOD, 7T=2TF AER
LR EERIT, T2 7 AAPLOEIBALHDHZ L0, TIEERENS EBRDZ
Lilanizh, 74 NVFOMEMET T2 Z i3k, LER-T, b7 4 V7 BRED
F 99 WIFERTE D,

b. RRIEFAEIZOWNT

BREF 3 BF DT =2 7 AZERE LRI ORI T 7 14 NV Z DIRFFEEITHY 8. 9keg/6 2
(124055 LM 6 £2) THD,

FHEHIE P IR FRAERND T =2 T AH~NRAVWLEZ T a VTR TRHES
B & D REFRYRARE TRE L 724552547 0.9 kg TH 5,

T, REEELEEEZ T, MESRPLOIRAWV L TERMETFREET V&7 ITHE
ENHLOLLTHHELEZbDTH D, 2B, LHRFILETRHFREH>FL LTEHME L=,
(B 3REVE 1 NBHR)

L7edio T, T=2 7 AZEKELRIMOWRL T 7 4 V221, =7 a Va2 +45ICHET
ELEENRHDHOT, WHTF 7 4 VEBRESDE 99 WIHERTE 5,

IR T=a T AEKJE RO T 7 4 W FRIFEE

k7 4 V% 7 =2 T AERE R
TANZIHEINS T Y VE 0.9 kg
REEE #18.9 kg
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2. XHFETANZOBREBHRIZONT

T=a 7 ABTEREO L O R T A NV ZIXEKL 5 BRUTER X 5 FOBREDEOFH
FHEELT 95 %ZANTNS, EHIRTANZIZONTIE, EHEEERE TLEREDHERN
FERTETWVWAZELZRERL TV 5,

+ ToaF AR ERIEO L IR 7 4V H
a. IREXROBESRHEFIZONT

XOFT 4 NFiX, KBRET COREEEIMENZ LB oo TEY, EREHFRFO X
I IRIBREREmWVRETHIUE, LERIESET LT K REDEREL RA2BERRH 5,

iz, BEICX LT, EBREOFPEVBREDRLZREETE L0, EOLBY, BWE
BRAVWRIE LTI REBE LRIEIH 5000, 7=a 7 ARG LRHES%IT, 7
Za T AANPLDETBEBALH D Z LD, FIEEREDS E23H Z LTV, L3> T,
REKMBEEDOREBZLY 74V ZOHENMET T2 Z 2137 <, LR T 4 VEFREDFE
L LT 95 WIMERTE S, ok, RIBERHEZEE X TBREDEOZYHOFFEMIZONT
1%, TR,

b. BMEREIZOWNT

HREFIEFDOT =2 T AZKHERBEO L HOF 7 4NV OREREIL, $91.4 kg/34
HTH5,

TP I R F R ERN DT =2 T AB~RAV L L 9B TR TAREFEENS
& W) RSPV ZRARGE CRHE L 725 R23%9 20 ¢ TH D,

ZhUE, BRI T 7 AN Z EEROFETIHMELZbOTH S (REZELERE), 12721,
EOFDEFREIIETERRLIRILIIAERELO>FTL L, (FE3RRVE2XBHR)

L7edioT, T=a2 7 AZBKEERIED L OF 7 4 V21203, KOFEHDITRETED
BEPRDHDLDT, LHIFT A VFBRESHR S WIETE D,

Fe2R Toafd ABKIHEMREOLORT AN IRERE

ko9E74NE T = a2 7 A ERE R
TANZIHEINDLHYER #5120 g
LERE 1.4 kg

1.7-144



IR FLNEHEE (KEEEZED)

- FLONERER
(kg)

X O FEH 2. 1E+01
(X55%) (2. OE+01)
Cs ¥ 3. OE+02
Te ¥ 5. OE+01
Ba ¥§ 2. 1E+02
Ru ¥§ 6. 9E+02
Ce ¥ 9. 4E+02
La 38 1. OE+03
it 3. 2E+03
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WhiF7 4 NI BER

!

(RFIFRAESR DR AV LR+ 2 2 B H5E)
/N

JRF PSRN ~D Cs DHEIE
N

(RFIFEAESRPD DR A £ 0.16 %/day)
N

(FFIF & MZA P T OIERZIR)
N

(NUREG-1465 |ZZ:3 < R FIF AR~ Cs DRHEIE)
/N

REHEE LB ED
PR F DIF LNERE R
(XHFRFIETRFRET D)

FBIR 7 =27 AEKECRE OMELF 7 « v F R ERHE OBE
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LORTANFHER
N

(FF It Bi%i/i\ L7e &5 EiRLBHE)

FEFIFREMERIA~D X 5 BOKRHEEIE

N

(RFIFRAERERP DDA £ 0.16 %/day)
N

(FFIF &M A P T OEREIR)

!

(NUREG-1465 (23 < JRFIF MBS~ D HEIS)

i

REFAER LB 8D
O RDOFLNEREE
(XORILTHRFRELTFERELO>FLTD)

B2l T==2T RAEREARMD L 5 F T 4 LV FZHEERFFHOBE
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LORTANZOBEFHFLZRE X LBREDROZUMEIZ OV T

(1) £ 5FT7 AN FBREDEABRICONT
XOFRTANFIZOWTIE, EHEEEREICBVWTLIZB 7 AN FREDERABRETERL,
X 9 FREMENERME (REHRS L) ZMET AL EHRLTWA,
ZDOBEORBRSEMT R - 30 °C, #BEE : 95 %RH] TH 5,
7B, LORT7ANFITRIE, BEEOHFREVREDELRE T 2EHMICH D,

(2) AREBEFTOIREERIUIZDOWNT
EFREFORERIIZ OV TIE, REFFAIERM 6 ICER&T 5 ABORRIBEOFHE, KK
SIROEEE (Fatim 1991 £~2020 ) 2L b &, ERERVURIEMEIZZhEh 25.6 C,
-5.8 CTh %,
L, BECKRTFMEIT - HEROFHMEESEIL, YRFORFBERVOREMETH S, 25.6 C,
-6.1 CTh o7 (FEEHHIR 1981~2010 ), LIRTDOFHlZE D 523 EAEHI 25 & 72 5 729,
WEICEN L 7-FHESEHG CORFRREZTEHT 5.

K1 BEEFEADOREERI GRERFAIA 6 [T DIRE DT

FER A B Hirdek 7INHE A 1 e
) D DN ORBE
MBI ORA ) OXZEE SEEBTT SEBBIT
EmRIRA / EESIEA 8 A 1A 8 A 1A
BEARRIBOEHE, RHESIEOELE | 24.6 °C | -4.7°C | 25.6 C | 5.8 C
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(3) {AZEFTOAERHE BRI OV T
2011 K UR012E D1 A ~12H £ TORBEFTNOHIMBET —Z B L THFEH L LTE

B,

BEEh A B BALCLER], Mt B FHOMMRE LT, ZORR, 95 WRHLA L OFEXHRE
DOEVBEIZR<, FEXHEEE ¥RHLL EIZEMI3HE (20114F) , 1H (20124F) ThHoT-,

o T, BEHOMEMBEIZIBWT, 74 VF OMREICEET 2 B EOMEIHEES %RHIZ
FEMEELTRL, HAHEE YRHLA EIZEME KL MEETH 5,

2B, 2021 ICBWVWT L HEREZIT o7& 2 A, B OMRHEEISRRHIZAERH %8 L T2 H
LA <, HERHEAEE90 %RHUA L & 722 DITEFEM20H (BYRE) Th-oTo,

A BEHHEBE (20114, 20124F)

100
90

80 i|||

maara

70 - |I|||i|_||
60 et
50
40
30
20
10
0

A AFRARAHREE (%)

i I -
— o o

iy
=

mo o moom m
o] w b~ e o] [=3]

10H
11H
12H

W20114F M20124

X1 20114F1H ~20124E12 8 @ B ¥ O HE E
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(4) FHFDO XL IRT 4 NV FNBEETFMITONT
a. 7=z 7 AZEXELixlE
7 =27 AZEFTE LR O RGN Z 2”1, EREHRFOT =2 7 R, BWES
NOHKETBRAL, BBRRBUAPOHINRBALTL 5, BERIZIE, BABSRENLOD
KEZEBARDKT.5 kg/h BV THY, BRBRUADLLOAKEREZEDEROBARI,
#33000 m®/h &2 TH 5,

BREEFEALOREZERVOALAFEONTORE, BEZE (2) HEU (3) HLY25.6 °C, 95 %RH
BU-6.1°C, 95 ¥RHE T 5 &, EREHFFOT =2 7 ARNEROKERIZEE, FhEh,
#94.0 kPa, #90.92 kPa &3 L7253, HEHIOT =27 A%, BWERIPLOEBRBICL V@
EREOIRE (40 CRE) LTICkdZ LiZEBExbhRWE=®, T=2F7 ANIREE40 CL
BE LIRS, ZORROMEINBEIIS5 RHELT &80 &Y | X 5 RT7 2 V¥ OBRITFHEMR T
ERAN

# :
Hic|H h
AvAvd KA S
%2 FlF|Flc 7.5kg/h 4
e m— @ 5 .
3000m*/h
[ H|c|ulE
avavak:
52 FIF[F|¢
FT=aF R FEAMA #r
A5 3000m*/h =]
N -
WH 77 (15 —
Loz ans % = -
BEMBaAN | o 3 r

B2 {H3 BN 7T == T ARG LR R
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(1) HBWHBEELOOKEIBARIE, BWESNERKEERELEMERRAVEIVERY
LT3, HBMEISRINKERIRARE R RORKRMERI112000 kgL L, HEHESE
I A WRITHRIT < FHESRM0.16 %/ HE LT3,

(2) T7T==272VEHKE

(##3) 25.6 °C, 95 YRHEU*-6.1 C, 95 ¥RHDBEFDT =2 7 ANKRKNEIL, LLTO@

W&ild,

AR5 25.6 C, 95 %RH -6.1 C, 95 %RH
IKETEE [p o ] 0.024 kg/m? 0. 0049 kg/m®
ZEREE [0 o] 1.1 kg/m? 1.3 kg/m?

T =27 AV BEHERE (L) 3000 m2/h
CV LA DAZESTEANE
72 kg/h 14.7 kg/h
[Mo> = p o XL]
CV LS DZESEANE
3300 kg/h 3900 kg/h
[Mo= p oXL]
CV b DOAKEREAER
7.5 kg/h
(Mcv’ )
0.025 kg’ /k 0.0057 kg’ /k
[X= (o’ + Mcv’ ) Mol e /ke g /ke
T = o ANKERSE
[Pw=PXX/~ (0.622+X) ] %74. 0 kPa %90. 92 kPa
P=101.3(kPa) (KKJE)

(E4) FHRHFEOT=o27ANREZLZ 40 CLT5L, 40 COBFIKEKIDEILT. 4 kPaT
DD, T=a T ANEIOMIHNEEX, LLTO@EY L7225,
25.6 °C °C, 95 %RHM¥ : 4.0 kPa,7.4 kPaX100=54.1 %RH
-6.1°C, 95 %RHEF : 0.92 kPa,/7.4 kPaX100=12.5 %RH
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B 9
I MW E=RBE R ORIREICZONT

BB WTEHAIL- 1997 1 AND 19974 12 A T 1 EHOREEENZ L W BT 21T
24720, Zo 1 FHOKREEENRRYHMOKEREEZREL TWENE S ORI EITo =&
B, REERHD LHW LT, UTICREFERUCREREEZTT,

(1) BEFIE
a. ABEMEFMTIX, RTFOICHER B/ 20 m) OX&ET—¥ /A L THIE %
EEL TWHD, [ET —F ORKBUEZHERTDITH2Y, il 20 m OEB AT THE
KfEE SAHEEZRET HER 84 n OBRAIREZ LAV TREZT- 7=,
b. 7 — & HEEH#iM
WEEHE - 20114 1 A~2020 45 12 A (10 4ER8)
BRESE : 1997 4E 1 H~1997 £ 12 A
c. BEFIE
REENEI D, FAOMBEICLVREEZIT- T,

(2) BRERER

B 1RIIREZBREZRT, £/, &6 20 m TOFEHRESR (RAJIHBEE) RO (BuE
PEARBIHHERABEEE) %25 2 RRUHE 3 RIT, 2@ 84 m TOFEHREREH 4 REUE 5 RITT
R

HEE 20 m, F&84 n TOBASKIZ2THEDND Y S, HEAE (ERE) 5 »TEHIN
HEL, E®20nlX 0@, #Fm84nid3E (Am (2HE) RUOEEM®K (1IEB)) THY,
WM HIBEOLEEFEE BV TREBESE 2D W EHlF S - FEHEEH(1~3ERB)
DFFAIZAS>TNDZ &b, REERHORIMOIFREEZARL TW5 LHBahD,

1R REEREGR

B BLHITEE B OE ® 2

. JE\ ) B HH AR B EHEERZL
EE 20 m

TR P 1) HH B A FEHBEE R L

2 TH HEEH)

= 84 PRSI (J&ff) : SSE, W)
31=0) m

. 1 T8 B ZEH]

RURRRBI IR (BRGEBER - 0.5 n/s~L 4 n/s)
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BI#E 10
W E L EE L HRELEEREOREIZOWNT

1. BHEEEZEE L - REILERERE OREIZONT

AR BT, HRE~OWLFLZFMET S8, BRICE2BHETEELZE L CHIRELE
REZFHEL TV 5,

UTICEE, @EREZEE Lo REEERE LML ED 452 L TRE LicZ4Hico
WTRT,

1.1 EELER L BELEROREHFIEITONT
LT OERD DEtERER EMRIER (BARMSHLZY OWER) 2RDL5, I TR
HEPERRERIC X DA ARICHOVTIIRITETA TRV, BIBRBEEL T\ 5, 7o, HBHIKE
D DI DHERE S 2 B L IEE 2 BT DRAIIRIC & LT 5,

(1) #EfEbE=R
BT RS 7= ORI E RITRE B EEEFMEH O EFRICULToOXTREINS,
D,=V, ZfQo ..................................................... (1)
D c AR D70 O ER [1/n2]
Ved c EEEE [m/s]

x/Qo : H EOFERHREE [s/m®] (1 BRI O )

(2) BIELER
B R Y 72 © ORMAETLE RITHRE B EEFHEHESH KO LE B MmO Z Rk &
L TZIF 6T 5 Chamberlain OFFZEEE* L W REZHHMRE (x/Q TRETHLUT
DHTERIND,

D, :A'_[D ZfQ(z)dZ

................................................. (2)
Dri : BIHHERH 72 0 0BHIEER [1/n?]
A : P bREk [1/s]
x /Q(z)  SRE S OB RE S [s/m?]
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ZIT, x/QuPERGHELDERETS L,

Xz : $RTEFLHEOE (m]
x /Q AR [s/m®] (SRELJT 1R O RIS )

% Chamberlain, A.C. : Aspects of Travel and Deposition of Aerosol and Vapour Cloud, AERE
HP/R1261 (1955)

(3) HiFTLAER
EROKE Q) AND, #IFREFERIT, UTOXTRSNID,

A:Ddi+Dﬁ:ng'Z/QO+A'Z/Q0. V2 -2z

A : AR &7 W OHIRIEE F[1/n?]

1. 2 R mE R E AR R O Hi R PEAE =R
SEBIOFHEIZRBNTT T Ry v A VBRBEBRKE WEHEAIZOWT, HREEFRIIEME @
CT1HEILDOREEHIH LT, (DRRTE) X LEREETOLERLZEEL, £05
HOEM 97 WEREZ R -7, —FH T, BHELEDCALER L TERM 97 WEREZBE L%

HILEER (Tobbx/Q D97 WMERMEXILEHEE) LOEZG)IRDLIITED L, FB1ROD
EBY, WL 1ETHoT-,

Ddi_'_Dn' (ng'ZXQor—FA'I/QDr'm'Z:)g?%

........................... (5)
D, di ng ’ (ZX Qo )97%
( o RO 9T %IEEE
x / Qo D Bt OMEXHRE [s/m3] (ShE MO FHRE5AR)
B 1E£ PREF 3 EFICBIT 2 EMILERTFE GHEAR®)
x /Q(s/m?) $54.4x10°4
2 ¥ 97 %
RIHTIRE fe O #EMHETLEEA/m?) #1.3x10°¢
@ HEmEILEER1A/m?) e
1.5X10
RREHBEE 97 %E (REAEHEAE)
FERT & (mm/h) 0
MErERE & IEREMRREDE (@) 1.1

UEXY, BUELEZZELUIEERIT, x/Q 97 WHEEEZER LB SRR ERICK
N, 4 FETERLIERPFELNLZ LD, SEOFIEICEV TIRELE 25 8 Lo hdEE
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FEMILEDAFEETAZ LIIRATHRFMETHL EEZI BN S,
2B, #ECERT AT A—FEE 2 RITRT,

F2R MRILEEENT A -

IRG R —H & S
RLMETL B 0.3 (cm/s) NUREG/CR-4551 Vol. 2
Vad
$h B LR KR ESXHE 1 B Z L ofEEEH,
Tz REEEEEA : 2700 (n?)
2. =l +ean) ARERE ¢ : 0.5
0. SREL G A DEHDOIER /T A —% (m)
Ve RE A=9.5E-5XPr® & (s7!) | HARTFHNFEARE R FHREEF OMEFERD
A LEFHMEICBIT 2 EfEE (L)L 3PSAfR) :
Pr @ PEAKGREE 2008) (NUREG-1150 f#tTfE FAfE & L C5IH)
(mm/h)
K[EEH 1997 £ 19974E 1 A ~19974E 12 A @ 1 Bl Z & o J&[A),

JRGHE, KR %A
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2. FAEVLEEE OBREIZONT

BtEDILEEE 0.3 cm/s (X NUREG/CR-4551 (BEXHR 1) ICESVWTERELTWS,
NUREG/CR-4551 TIIZRS xR L L, FHLITER, EERVK - BARDETHERINS L LT
Wb, RTFHREFTNBRKOER TH 5720, BIMNCBITHUERENBEHTEXLEL10N
%, ¥7-, NUREG/CR-4551 TiZ 0.5 pm~5 pm ORI L THRHELTEY, x0T
T U VT v NEORITIRME ORERORE (B2 28R) 1o, BEEFHMEICB T 2R IRME
DOREHE, ZOREFHEANICH D LEZDBND,

%72, W.G.N. Slinn ORFHZ XD &, EROK, /L oloffa RHEICRHT 2 RRITIEG T
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#ff-1 NUREG/CR-5901 Dy

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

{6) Solutg Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solule 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 waler,

this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem®) or 8i0; (p = 2.2 g/lem”) from the concrete and

UO,(p = 10 glem?) or Z1O, (p = 5.9 gfem?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the malerial density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/em”. 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 So{w) where § is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random 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 <035
) a(w) (1+8) for e = 05

o

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

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expecied.
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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

0 - - i The aerosols produced
during core debri s—conc;-ctc llllu'acllms are assunu:d to havc lugnormal 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 1.6 t0 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UCI; with a solid density of around 10 g/cm® is the predominant acrosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm® and condensed products of ucmcrele decomposition such as Na,0, K,0, Al,0, §i0,,
and CaO with densities of 1.3 to 4 g/cm® become the dominant acrosol 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
malerials 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 g/em’.

Note that the mean aerosol particle size predicted by the YANESA code [6] is cormrelated 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;
T 0 o
D, = E[-E] = _em
- g%

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

D, = 0.0105 ¥{o, /g(p,~p )"

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

1. 7-166




¥sft-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS NEA/CSNI/R(2009)5 Dfr Kk UaRER O E

9213 Aerosols in the RCS
9.2.1.1| AECL

The experimenters conclude that spherical particles of around 0.1 to 0.3 pum 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 domunated Dy 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 um) 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 limit” is taken as zero. for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

.2.2.]| PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 jum at
the end of the 5-hour bundle-degradation phase growing to 3.5 pum 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 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 chemucal speciation. X-ray techniques were used on some deposits and there
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