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R iFEMES~OESRERDORHBSOREIZOWT

EFHETIL, FTFPERAER~0BSEEEYoRHBE0REIZOWT, BEAXEMHEETO
FELXaStrkEONENL Y —AF — LT D NREG-1465 |27 2 i B4, HoH e 2 By

Twa,

1. NUREG-1465 O hgHEBlS, Htke o HEIZ 2T

NUREG-1465'0D ¥/ — A # — A, MREMEMERHERA LY, RTFESVLHERLT 7Y 8FEA
KEHENABICES T TENRLLELOTHY, AFETHEEL TV AIEH I~ A L
RO —4r A2V THHBICEEN TS, NUREG-1465 THELLTWEI—F A%

1 RICTT,

#H13E NUREG-1465 THE| L LTSI —F oA

Table 32 PWH Source Term Contributing Sequences

Plani Sequence Daseription
Sarmy AG LOCA (hot leg), no containment hent remival gystems
THMLE* LOOF no PCS and no AFWS
v Interfacing gystem LOCA
538 SB0 with RCF geal LOCA
S0 SBELOCA, no ECCS and H, combustion
SiD-p SBLOCA with 6 hale in containment
Zion EIDCR LOCTA (2", ne ECCS no CERE
SIDCF LOCA RCP geal, no ECCS, no contaimment sprays,
no coolers-H; bam or DCH fails containment
SIMCF2 KH.‘I[,?FI except late H; or overpressure failure of
containment
THLL Tramsient, na PCS, no ECCS, oo AFWS—DCH fatdls
containment
Oconee 3 THLEB" 5B, no active ESF eystems
S1DCF LOCA (37), no ESF systems
Sequoyah S3HF1 ﬂl.gléﬁ:ﬂm no BOCS, no CSRS with reactor cavity
&
S3IHF2 SIHFI with ko leg indueed LOCA
IHF3 SIHF1 with dry reacor &y
IR LOCA (™) with SBO
THA SO induces hot leg LOCA—hydrogen burm fails
containment
ALD LOCA (hot leg) no ECCS no C5
3] SEQ delayed 4 BCP seal [ailures, only gleam driven
AFW opemates
53HF LOCA (RCP geal), no BCCS, no CERE
53H LOCA (RCP seal) no BCC recirculation

SHO  Siation Blackout
RCF  Heactor Cookant Fump

PCS  Power Conversion System

cs Cantainment Spray : CSRE
ATWS Anticipated Transient Without Scram LOOP  Lass of Qlfsite Power

LOCA  Lossof Coolant Accident

DCH Direct Contalrment Heating

ESF Enginsered Salery Feature
(C5 Recirculation System

NUREG-1465 Tii, EAHEHFFI-F LR TFFEHESHHE L ETRERDOEEIC
DNTE2EZODLSLESERE 7 = — Xz 2 HHEE, BHHBEBE2RELTWS,

1 Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-1465 M THib~bHhTvAH X 512, NUREG-14656 @Y — R & — AITIFLIEMIZES
e DR —r o ARREICLERENR Y —AY—LTHS, HiZ, FORESRICREIC Y
ENOSHHEMYEIREL LHBATHENR L —F AL LT, AFMTHELLTHS [X
R MT LOCA FFIZ ECCS EARTFCV A7 LA EARZ KRBT 5 —F7 2 280EE—F A%
RETHLIBRESNEHLOTH S,

F2R RTFEHAER~OKRHYBEUKEBS (NUREG-1465 Table3. 13)

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

Duration (Hours) 0.5 1.3 20 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 0.35 0.25 0.1

Alkali Metals 0.05 0.25 0.35 0.1
Telluriom group D 0.05 0.25 0.005
Barium, Strontium 0 002 0.1 D

Noble Metals 0 0.0025 0.0025 0

Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 D

* Values shown are fractions of core inventory.
** See Table 3.8 for a listing of the clements in cach group

*** Gap release is 3 percent if long-term fuel cooling 1s maintained.

( HBEROET = —XRFRELLTFOL S ICBBSh TS, )

* Gap—Release/Early In—Vessel

BEFETHREEOXT v v T L O (GapRelease) &, BEOERIHEIRTEE
REE TOFELHEOE (Early In-Vessel) #487E,
* Ex—Vessel/Late In—Vessel

FHiFEaBEE, FAoBEBFE L0 (ExVessel) R 1 RKFBIZIEEF L -ESH
g SRkl (Late InVessel) 2#E, )

HEMNEA L THLFOREMEZENEL, RTFESSFBETIESEROY A 2 - FiZon
T, MAAP 2 BV RERT 3 B OMRITRE 2 L NUREG-1465 OIBELX HHEi+A L, B3FD LB
h&izd,

FEI3E BEHSEILRTRESRIEETAETOYA I FOlE
PRI RESHEL, X | POBRESBHE L, EEE
oL ESK | ARTFEESRZERTAE

HEh o8 TOHRM
MAAP #E4T RS 0~#7 19 43 #9719 4r~#7 1. 5 ¥
NUREG-1465 0~30 4 30 43 ~ 1.8 BEA
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FOEBEEE R TFRESEROY 1 2 71220 TR, RERLTHY, BEoREms
KEICHEHEN SN OESERICKELREZRVEEMLTVWS,

NUREG-1465 @Y — A F#— AL, EBBEEBREEZARICLTVWS, F0D, KEICHBWT,
NUREG-1465 Y —A & —L (LLF, (EHFY—RAF—L] L\5,) ZHEEASEEME R R MOX
FHioEHTAERSOREICEL, 1999 F£i08 461 B ACRS(Advisory Committee on Reactor
Safeguards) EESHEICBVWTHERV R EINT WS, £ 2 TIE, ACRS /25, FERIEEIRELE U MOX
BE~OERIC YW THI T 3 DI Bir Y — L ORBRRUERT — ¥ OIUENRLE L o A
v bl ERTWS, ZhizHL, NRC A% v 73, EEMNICY—RA ¥ —L~DEEIIRVWLEE
AENHLEHEBLTVS,

FO%, FHH 7 =— XORERENEUVEER S L —7ORHESIC 5L 2 REZII>VWTHE
FFEAFATOERBITHOATEY, FORED ERI/NRC 02-2022(2002 £ 11 A)icE Lo bh
LRERTVWS, ZOEROBRLLT, BTIEFTED, BRI <ZBREEAETLLTH
HH00, BIEEEBRE RN BRI L TLER Y — R F—LAD@ERICOWTHEES AT
BHO TR,

i (e ion that the physi i f the revised
Finally, there is a general expectation that the physical and ::hemmal forms o
source terms as defined in NUREG-1465 are applicable to high burnup and MOX fuels.

(ERI/NRC 02-202 &4 &)

diam SN EIRBEE R EHT, BEHESEORRIREER 75 oWd/t, F.OOFEEEREERE 50 GWd/t
PRl LT5,

HFARNLOHEROER L LTRENE, 7 = — X OREHER M R U HESR N~ 05
FIZ2WT, HAEE 1 OF 1-1 REUE 1-2 RIZRT (ERI/NRC 02-202 Table 3.1 B (F Table
3.12), EOH v aNOMEIZ, NUREG-1465 DEEXTRLTWAD, £, BHEOEERE—OMIZ
FREATWADR, “FARTH—-ORELASE S 2o BEIcB T 2 EMFEOHERE
Thd, THETHLOERIZ VT NUREG-1465 & £< —BLTW2 LR H4zv A3, NUREG-1465
PhREL RS L5 REEIIRREIA TV RV,

LLEOEROEREL LT, ERI/NRC 02-202 T, SIALAEZEIXO LB BRBEEREIZH L
T4 NUREG-14656 DY — A ¥ — AR BRTE 5 LERMMTI TS,

ek, ¥EOHBIEETH S Regulatory Guide @ 1. 183 (284 Tk, NUREG-1465 Lo HH
BE&EREHETRA 62 Ghd/t ETORBEECREE CTERTEZ LD LEED TS,

* 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 1OCAs are listed in Table 1 for BWERs and Table 2 for PWRs.
These fractions are applied to the equilibrium core inventory described in Regulatory Position 3.1.

For non-LOCA evenis, the fractions of the core inventory assumed to be in the gap for the
various radiormclides 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

FOHRLEH Y —A Y —LEBPBEERESC WX BEHCERT A5 0REICH L THig

fTbhTEY, 2011 F£ 1 AiCE, v -7+ TEHAIMAFT LBESEIHEATWS
(SAND2011-0128%),

EERBEEE IR B OF MOX IRt O M BE 1T, RS L OF 13 REUE 14 RIDFTEBD,
EREEREOFTN L ELL REHALOTREVWI EFRRERTWA, ZOZ b, BEPEIC
BUTiE, NUREG-1465 D E#REEEEERES MOX BELOERIC YW TEES A2 b T2V ES
A5, BARIIENLOTF—F2EBETS,

F4F ERENETORME S ~OREEE OER

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(EERBEEEIRED ® | (MOXEREH ™ | (ERBEEEED | (MOX #2%h
A28\ 1.0 1.0 1.0 0.97 0. 96
L I%|m 0.75 0. 85 0. 82 0. 60 0. 62
CsH 0.75 0. 75 0. 75 0.31 0.55

¥ HWEOERBERELTWARD, FHEZERLE,

EDXI5iz, MPT~2BREERHSL00, RIEOMR TIE, EBEEEPEE O MOX £
BHoH L THLEFR Y —RF—LETEINRTWS O TiEAVZ & 5% Regulatory Guide 1. 183,
ERI/NRC 02-202 K {F Sandia Report i REN TV A,

AREF 3 BFOBREESEOREREER T, v 5 #ET 55 Gid/t, MOX #A¥EHT 45 GWd/t
ThDHIZ LG, ERI/NRC 02-202 (ZiiF @ AR, MEESEORBMBERE 75 oWd/t B
Sandia Report 0@ FH$ERH, #REMES B MRGEE 59 oWd/t LHE LEHOEERNICHD, £
fo, AFRER 3 B OB EHERBIREEE X T 5 RELT 61 GWd/t, MOX #28HT 53 GWd/t TH 1,
Regulatory Guide 1. 183 [Z78 4L D@40, SRR 62 oWd/t ORmERICH S, =

¥ Accident Sorce Terms for Light—Water Nuclear Power Plants Using High-Burnup or MOX Fuel
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Cs £72.0x10°¢ #11.9%10°5
Te $0 #78.0x10°% #1.5%10°5
Ba #3.2%10°5 #16.9x10°7
Ru # £1.3x10°¢% #1.3x10°¢
Ce #71.4X10°8 #14.7x10"8
La 0 #71.4X10°8 #17.4x107°

*¥1 RICBTI2HSOHEER, FHEEIHEEZABILAL 2HFICADE
*¥2 Cs OLHIElEOEFERE (CsI, CsOH FA—7) 2FTAEMIZOWT
%, Cs DIFLHEHERICHTIEAFOLEFEERE L —70RHBEE &
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(TE 1)

# 1-13% ERI/NRC 02-202 {2311 HEMER~ORH (SgsEEsE)

Table 3.1 PWR Rel Into Contninment (High Burmup Fuel)®
Gap Release Early In-Vessel Ex-Yessel Late In=-Yessel
Duration |Hours) o4 (5 1ALE 10 (20 LR {HHE
Noble Cases 0,048; 0.0T; 0 07; 007, ME* | 063, 0.65; B63; 0 64; LOTR 03 0 {1y
{005} (0,05)
Halogens 005 {0.05) 0,14 O85TR (035) 0.25 (0.25) 2 {00}
Akl Metals 005 (0.05) (.24 50TR (0 25) 035 (1.35) L {01y
Tellurmm greap 005 {0} 010 0.30; 0305 38, OTTR 040 (.25) 0,20 (0.005)
A1)
Dariem, Strontium oy 00z ™= (0,02) ol i) o ()
Hobie Metals ay (u0025) (0.0025) (m
Mo, Te a 015, 0202 0.2 0.7TR 0002; @a2; 1,2; 0.3 TH 1 & 0.05; 0,03, T8
Ru, Ith, P a 00025, 0,0025; 0,01, D.O5; 1 (025 QUG 02; 0O, Th g U3l 0.01; 0 10, TR
TR
Cermm group {0} (ILUHHIAY 10L005) (41
Ce o QLO002, 0 0005, 0.01; 001 | 0.005; 0005, 001; 0.00; TR L]
OOITH
Pu, & o CLO001; 00005; 0.001; 0.002; | 00035, 0008 0.01; 0.05; T ]
0 00ETR
Np B 0001; 0.01; 4.00; 0,01; (HO0S; 0 G0 001 0.0 TR L]
{LIETR
Lanthamdes (ane group’) 0, 0 @; {0} 0.0003; 0.002; G (0L0002) 0 005; 0.01; 0.01 (0.005) 0;0; 0 [0
La, Eu, Pr, Nb o0 0000 0AXTR 0 003 T o TR
., Wi, Ang, Cig oo 0LO0aE, 0003 TH 0005; TR TR
Hb (1] 0.00F; 0.00XTR 0005 TR 0; TR
P'os, Em (] 00002, 0002 TR (L00%; TH 0, TR

" Blutg that 1t was the pazel’s understanding that oely about 163 of the core will be bigh bamup foel. This 15 2 sgsiian deviaton Som the past when acedent
smtalyses wone performed foo cares 1hat were unlfirsly bumed wemlly to 19 W4

' T2 rumbers in parenthesis are those from NUREG-1465, Accidest Source Teems for MWR Light-Wter Nuclear Power Plants (Table 3.13)
! TR total release. The practice in France is to assign all releases follawing the gap release phase in the arly in-vessel phase,
' ME= Mo eniry; the panzl member concloded that there was imsalTicsent isformation upan which to base an informed opinion. _
* Baium should not be treated the same ns Strontiom. There is exporimental evidesce that barksm & much more valatile than strontium, VERCORS and

VT (ORNLY experiments ciied; hese show  50% releaze from the fuel and a 10% delivery wo (he containment, Steontium has 2 1025 release from fuel and

I% ba the contalament, hased npon al! data available 1o date. : .
 Three panel members retained e NUREG-1465 lanthanide grouping, £.g., ote group, whils two pase] messhers subdivided the group izt four sebgroups.

% 1-23% ERI/NRC 02-202 BT A @i~y MoX #ED

Tahle 3.12

MOX Releases Into Containment’

Gap Relense Early In-Vessel Ex-Yessel Late In-Vessel
Duratzon [Hears) 0.3; 0.4, 0.4; 0.4, 0.4 (0 5)! P42 L4 14 14 15 {1.3) 2.0 {2.00 100 (100}
HMoble Gases 005, 005, 0405; 0,05 047 0,65, 0,65 0.75; 0,03 0,02:03, 03 TR 0 (0}
10,05 005 T (0,95}
Hzlogens 0 05; 0 05; 0.05; 0.05; 007 0.325; £.15; 0,15, 0,375; 0 15;0,%; 0.25; 1.25; TR 0.2 0.2 0.2 0.2 TR (0L
10.05) 0.95TR {0 35} (25}
Alkah Metals 005, 005 005, 005, 0.07 | 0,25 0.30; 0 30; 0 30; 0.65TR | 0.25;0.25; 0.30; 0.30; TR 0.10, 0.15; 0,105,015, TR
f [0.25) (L35} (0.1}
Tellariem group 0; 0; 0; 0.005; 0.005 {0) B.l:ﬂ.ls:?ﬁa&::..!i,- 0.ITR 04y 004 0oy 0.4 TR (025 | 001502, 0020 2; TR (0.005)
Bassurn, Stroatmum WE, ME, NE; 0, 0(0) NE, NE, ME; 0.01; 0.1 {0.02) | ME, NE, NE; 0.1; 0.1 {0.1) ME, ME, ME, &; 005 {0}
Wable Meals (1] {0 O025) (D02 ]
Mo, Te ME, NE, NE; 0,0 ME, NE, NE; 0.1; 0.1 HE, NE, HE, 001, 001 NE, NE, NE; 0.1; 0.1
T, Rl B ME, NE, NE;: 0; 0 ME, NE, NE; 0,04; 0.1 NE, NE, KE; 0.01; 001 ME, ME, ME, 0,01, 4 01
Cerum group () [0.0005) (0005 (i)
Ce HE, NE, NE; (1 0 ME, ME, ML, NE; 0,01 NE, NE, NE; 0.00; 001 ME, ME, NE; ME, 0
Pu, Zr HE, NE, NE, 0,0 ME, ME, ME; NE; 0,001 ME, NE, NE; 0uDiH; 0,001 ME, NE, NE; ME; 0
Hp MNE, NE, NE; 0; 0 ME, NE, NE; NE; 0.01 HE, KE, NE, 0.01; 002 ME, NE, ME; ME; 0
Lanthansdes ME, WE, ME; 0, 0 (1) ME, NE{'ﬂ,bE:};IE‘ 0,005 ME, NE, KE, NE, 0.0 {0 005} ME, ME, NE; NE; 0{0)
)

" The numbers in parentbesis ore those from NUREG-1463, Aceident Source Terms far PWR Light-Water Muclear Power Planis (Table 3,13),
* TR = iotal release. The practice wn France 15 1o not divide the souree teem mio early in-vessel, ex-vessel, and lale mevesse] phases,

! ME = Mo eniry; the panel member concluded that there was msufficient ifomation upon which 1o base an mfvrmed opumon,
¥ The values i Table 312 are for releases from the MOX nssemblies i the core and gl from the LEU assembhes,
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWHSs in NUREG-1465 (parenthetical entries).

Radinnuclide Groups

Gap Release In-wessel Release Ex-vessel Release Late In-vezsel Release
Duration (hours) 022 4.5 48 143
0.5) {1.5 .0} 1)

MNoble Gases 0oar 0.54 ooid 0003
(Kr s} {0.05) 0.5} s} [}
Halogens 0004 037 oo 021
[Brl} (0.05) 035} {0.25) (D10}
Alkali Metals 0003 0.23 ooz 006
{Rb, Cs) {0.05) |0.25} (0.25) {D-10)
Alkaline Earths 0.p00E D004 0003 -
[Sr, Ba) {0) 0.02) [0.13) -}
Tellurium Group 0004 0.30 0.003 040
(Te, Se, Sh) {0} |0.05) {0.25) {0.005)
Muolybdenum - 0.08 oo 003
{Mo, Te, Mb} {00025} (0.0025] [}
Moble Metals = 0.006 [0.0025) -
{Ru, Pd, Rh, =ts.} {00025}
Lanthanides 5 150107 1.2 10-5 =
{r. La, Sm, Pr, eic.} (2107 (0.005)
Cerium Group - 150107 2.4x107 =
{Ce, Pu, Ir, 6] [Bx107Y (0.005)

1438 SANDZ011-012BIZH T HEMIER~ORE (MOXZEDH

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 Release In-vessel Release Ex-vessel Release Late In-vessel Release
Dwration (hours) 036 44 6.5 16
0.50 13 2.0 10
Release Fractions of
Radionuclide Groups
MNoble Gases n.0z8 0.6 0.05 0.026
(Kr.xe} (0.050) (0.95) (0} (D}
Halogens n.0z8 0.48 0.08 0.055
(Br.I} (0.050) (D.35) {0.25) (D.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Fb. Cs) (D.050) (D.25) (0.35) (D.10)
Alkaline Earths - 00015 0.008 ax10”
(5r. Ba) (0.020) (0.1} {0}
Tellurium Group 0014 0.48 0.04 0.055
[Te, Se, 5b) {0} (D.05) {0.25) (0.005)
Molybdenum - 0.I7 [0.0025] 0.024
(Mg, Te, Mb) {0.002E) {0}
Noble Metals - 0.005 [0.0025] 3 xi0
(Ru. Pd, Rh, etc.) (D.0025) {0}
Lanthanides - 1.4 =107 32107 -
(. La, Sm, Pr, eic) (D.0002) ({D.005)
Cerium Group - 1.0 x107 5 107 -
(Ce. Pu, Zr, etc.) (D.0005) ({D.0O5)

1. 13-252




(FsfTEEr 2)
HERE N —TOARIZONT

NUREG-1465 O ERBEEEREIR OF MOX BRElO@ERIZ W T, BEORR TR, TEshd b
DTIXRVH OO0, EIRBEEIREE T MOX #AEHI3 3 5 NUREG-1465 DERICET 2 FME T
Ham DT, NREG-1465 ICHATRERBHMBESRESNTOIBRE/ N —T b5, FiF
HTHWEEFALTOFEICENT, FEE/ L —TORNREMET S,

RIBICHH SN A HEESEIC OV T, NUREG-1465 IR Eh AR N —FORRELT
1-13] SMBEREERE 2-1 T, BT FRAF 0. MeV BBELE 22 T, MOX %
boxt 5 NUREG-1465 @ HIZBT A EMF ToOER O P T, NUREG-1465 (ZH~<TRELiitE
EERBEN TV A TeBFPRBISVWTR, ARP~0BEAMHHIC BT 3 HFERETNEL,
AT OBAIZIRRE RERERIZT LO TRV,

Fo-1FE BREICHHIhIHHEEHED
SERE L —7ONR (1-13]1 SEHRE)

-, (1, 2) =
BAE 7 piidunn)id ik ice o MR
(Bq) (%)

A A #0.0x10° 0
N E 2| #8.2x1013 55
Cs#8 11, 7x100 8 12
Te 8 #13.8x1002 3
Ba 8 16, 11002 4
Ru #15.9x10! {1
Ce i 1o, 2x10Ls 15
La 8 F11.7x1018 12
=% #11.5x1014 100

(1) 7 MBS
(FE2) FHEMEINTEZEBEAL 2HTICADE
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Fo22Fk BREICHHILIHHEMESHED
BERE N —TORR (y BT F/LF 0.5 MeV #28)

wsny | EBAER D o
2| #18.7x10' 53 91
SE 3] #16.7x1014 7

Cs #1.7x1014 2
Te M #13.1x10'3 <1
Ba #1.7x1013 <1
Ru $§ #9.9x10! <1
Ce i #1.1x1012 <1
La #12.9x1012 <1
et #19.5x1015 100

(1) 7 8RR

(FE2) AHEEIHEZMOBEAL 2MTICADE
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Bll#HE 3
& I BOIEFREBOREIZHOWVWT

FFETIE, LHoFOEFERBICHTATFEERS L LTRG 1.195 “Methods and Assumptions

for Evaluating Radiclogical Consequences of Design Basis Accidents at Light Water Nuclear

Power Reactors” TRahftt I FBOFEERSEHVTWS,

R FERES~0ESREDOMHEESO®REIZAH VW NUREG-1465 124 & 5 BO(LFR
BRICH T AFERSIC OV TOREEH L8, R FRMERNOBMBOpH 2 7T EDORE L S
hTwad, (2L 5F0SbaRRL SR 5 2@V L, FREI>FIEIxERLSHE
D3 % (0.15 %) Z@AiV (95 ¥A3RITHR)).

AFETEET 22— A0 LI, BROBHERAT LA OEELBEEL, pH HEHN S
heWAEEER L A BEI2IE, THER L I F~DERBIGHERE b Lt0ERLHY, THRk
LOBROHFERESHERELZNTIFRL >FOFERSLREL RS, iBRLIBECVATD
HALFI LY —FoEEGEERADLIOICHL, L 5 RIIFREOENDREE RiADHRZN
ZEhh, RTEHEAEBNS~ORHOBAHLRERE S HOEEXRRETHS Z L2 RF
Z, FAFETIRL S BOLFEEEEOFEEISORFEIZOWTETO LB &, BELE.

NUREG-1465 Tit, X 59 #ED(LFEBEOEERSICEL T pi<7 o#§TolENZEORE
i37evd, KHFEOFEREOREICE LT, NUREG/CR-5732 " Iodine Chemical Forms in LWR
Severe Accidents” #8|H L TuW+A, NUREG/CR-5732 TiZ, pH L L 9 FOETERSIEL2R L
LT, pHOETFIZHFE->Ta#R L 5 B~0ishBlsimgnramResnd L L LI, pHREHR R
EhABERCREhWESThTIZONT, EAEERO L S BOLFERICHEL THEK
D77 MoHT 5FmEIToTV S,

pHAEBA RSN TVWARGORELH 1 R, HFAEXR LI RVWBREORELE 2 RICTT,
PWR T F 7 B #% a2 F7 0 Surry OFFHliRE R T, pH BB Sh TWAHIEE1E, ZIF£ER
ITEoTHTFRESBICARZIOIEHLT, p BREBSATWARVWESIZE, FIEEELATHRR
LoFLeD, £z, AREIEIZOWTYH, BT IVWEETHLH, pH FESh TV
L0, pHEEBSATWREWERSODIES A, LERARENRERATVLS,
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FlFR EXEHHFODH FAELAESOL S HBLEFERE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine specica for pH controlled above 7

Fraction of total iodine in containment (%)

Flant Accident I (g} I; (N I{n CH,I (g)
Grand Gulf TC v (05 003 9992 o
TQUV ¥ (.01 003 0.9 [ITELIE]
Peach Bottom AE y 0.002 003 Sy OLO001
TC2 4 002 0.03 G005 QL0004
Sequoyah TBA .21 003 .76 0004
Surry TMLB' v L9 0.03 SR 003
AB ¥ 24 003 975 003

F2Fk HERKEHEEFOpH FEZEZR L 2VWES0 L 5 BLFEE
(NUREG/CR-5732, Table 3.7)

Table 3.7 Distribution of iodine species for uncontrlled pH

Fraction of total iodine in containment (%)

Plant Accident L (g I (1} I (0 CH;I {g)
Grand Gulf TC y 266 153 580 n2
TOUY ¥ Lt 183 751 i
Peach Bottom AE y 1.5 2.6 6.8 m
TCZ y 10.9 180 1.0 o7
Sequoyah TBA 692 9.9 0.5 0.4
Surry TMLE" y 971 1.5 07 0.7
AB y 976 1.2 G G

Zokiiz, BEAFEFORERFE2EE L 2SEOFMOBSIZIZ, NUREG/CR-5732 TR
2 pH FFE I T2V Surry OFHER RIC L 5 BOFERESHEVWZ &, B Tl LRSS
HELEBE L ENLRTMEHRERET S L, LV okBlaNLEEL, RG 1195 DL 5FE
O{LFEHBEOTFESRS (HikEM) 2HW L ELE,

%5 3 3% NUREG-1465 & R.G. 1.195 23311 3 L 9 #O(LFHEHEOIFER S O 8

NUREG-1465 R.G.1.195
ik L 5% 4.85 % 91 %
AL S% 0.15 % 4%
HFRLEI%# 95 % 5%
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BI#HE 4
T FEAERE~DTRERLR L S FOEFHRIZONT

FriFRMERENICBIT Rkl L > FoRLEFIZ-WT, MEAEA RTHBEEHITHRE
(EAF, TNUPEC) &4 3,) 2L 285 TERK 9 £ NUREG-1465 @ Y — A ¥ — AL % FV o iR tE
HERHBEOFMICET AH®ES] I2BVT, CSE A6 ERICESERTREIATHS,
EfEORERHICEATAMELLTICRAT,
FRFFRAESHNTOTRRL S ROLEEEL 4 LT L, RTFEHERNICEIT S TE
HEORORE p DBELE(BLUTOXTREIND,
dp
P
o  RTFFRAEBNICBT 2B R L S RORE (peg/m®)
Ad : BAILEE (1/s)

IhERSZET, RTFEBEHAERNTOITRIRE ) ROWFEE A 3ZRH 2B 5HK
LIRBRE o0 ERANICBTORERREIBRBEaZTHAWT, UTFOXIICREND,

. 1ng[ﬂ)
L-1 Po

235, NUPEC §145#E T2, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” 3ER#l (CSE A6 EEE) L v, TCSE A6 EBER S
TROBEE(LTIE, B0 5 TRE10° pe/m’® Thobohs, BFHI30 4T 1.995X 10
pgmlind,) LLTHEY, Zhon¥Er ERUICRATHZ LT, nRikd 508 RitEE
E9.0x10™ (1/s) 2BHL TV, ZHIIFRIMOL S ROBEENEE, 2T LA HE-
TWRVWIRER T TOEMEZEIRT S0 LFA6h 5, 4&ds, KE SRPE. 5. 2 TR FIFEMES
POTTRIRL 5 RBED 1/200 1225 ETEARK L S RMOBRERRAEND L LTWS, S
DR —r o ADES, TR X 5355 DF (BRIGRHED) =200 (ZHE= T 5 HIL, [Gap—Release)
~ [Late In-Vessel ] OFHA#ET LA (HHBGH6 11.88M) 2425, FHFEHES
ISR L T e E RS s e AR E RO 100 50 1 BEICETF2BAET
FEREEEERIZEZ—ETHI b TEY, RAFRMESAOLRL L S RITED
A PEEOoBRILEEEICR L TRESNRDS, L-T, ZZTRAERNICERMEOR
RLEHEEXERLTVS,

CSE A6 FEBEOFEMIZANE D Nuclear Technology MFILIZIV VT BNIL- 1244 B35S hTwv 5,
£% L LT, BNWL-1244 RROFFFHRMERNTER L > RoBMELERIcTT, ZodT
ERRLIBOPMBEIZ 10° pe/m®Liz-TEY, HRER 3 SFORTIFEMHERICITET
HZEIFORELRRETHD,
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#£%E . BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

H:RXEBTIE, A7 AFMpE LTTAH Y NaOl) BRAVEATWSD, iEEERHICE

ATVA BESAEOBEOCEERVCTWSED, ZA7T LA FENHOEELZIT R0V,

BIWL-1244
/ B 045 : 10° pg/m?
10° —
.ﬂ£132 = 12 min

DROP STZE: TZ10 & MMD

FLOW RATE: 49 gpm

TEMPERATURE: 255 °F

PRESSURE: 44 psia

SPRAY ADDITIVE: 3000 ppm BORON
]D‘ NaQH - pH 9.5

(=)

Cge GAS PHASE CONCENTRATION, wg/m’
=

(=]
i~

BRFEZI] 30 43 - 1.995x10% pg/m?

THIRD SPRAY
(RECIRC. )

SECOND
SPRAY

L] I 'i 3 | 'ﬂ&&%ﬁﬁ

150 200 1550 1600 1650
TIME, mim

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

Eun Ab
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CSE EBOEAM Iz T

CSE EBOFRMLHREFR I EFOHRBICOWTHE L RICE LD D, £/, NUPEC 0#EEICE
WTiE, A7 LS ABRENZSLIMOMEOL S EREA RICEALEEESRFEL TV H,
AT LA KIZLED CV REZS~Ofhitlev., Zhix, oV AEBEZSORhIc L 5 L 5 FBOiE ek

FEHLTWAZ LLETFOTRIENWLEELS,

#1F CSEEBSEMLNIEETR I SFO#

CSE %EBE® Run No. {BIET 3 B4F
A6 1) (2) A= (4] A-11 =) ﬂﬁg%
FHER A AR Rl Gk [RiZE
HENED #0.20 #0.22 #10.24 #310.335%2
(MPaG)
RSN #1120 #1120 #1120 #7138* %
(C)
%)
A7 b4 | BXENCHD*! L 2L GoER L HFEIcHL
TITBRILEDHBHE)

(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 spravs” , BNWL-1244
(3)R.K. Hilliard and L. F. Coleman,

in the containment systems experiment” , BNWL-1457

“Natural transport effects on fission product behavior

¥ 1 : BRICEFEEORHIZIZE LB EHORT L1 BEDIOEHZERN
LomBEOCEEHAVTNS,

¥ 2 BMESREREM L — & o AORETE

* 3 BWESRRBEHRMIE — 7 - AORTE
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BERIEFOLDr—R (A5, A-11) OFEB/ANTHIRE 2 L FIoRT, MOEFIZoOVW T,
A4 HD (A6) OBRGLERELFBIIREDGREY, &, FIHRELY 1/200LHETLE
FicEFEREChIcRA L (v b F7) BBRDENS,

i i
RN K-S EiR A-11
TLEMENTAL ELEMEMTAL
i, [i]E7 10D0IKE
- o 1,105 2 05w =
E. [} _,_.,-'-'I'r 5 ]I:I"_ __I.-Iz"I:tIJSrin
3 - MAIN DD
B r4 12 LOCKTIONS
= 1 HALK BOOR =
W -k_.-r BYG OF 17 LOCATICRS £ g I owrp
= 3 =
= s F
E 5 I.Ilz A2 0 3hr
A ¥ R, byt B
“ " ey : .
5 o T u Lo 1
3 F - & i
e K J;‘A-L_-L:ﬁ- '_‘_- &= 4] \ o8
@ b B i st 1 - p  MIDDLE ROGM -
BOTTIM RECW i -
A : I
i BOTION ROOM. . """
o P [ty =" n
o 4 L] 12 1 .| o = & B Iz 14 a i o
I. B¢ L hr
FIGURE B-5, FIGURE B-6.
Concentraticn of Elemental Concentration of Elemental

Iodine in Gas Space, Run A-5 Icdine in Gas Space, RBun A-11

F2F EEBCBTIHEFOSMEED

A-6 (2) A-5 (3 A-11 )
1134 12 5 13.5 43 16 47
Ho A THE
540 9 *4 22 K 18
() 24D 4y (9 EF[E) HRF [ BF ]
B bF7HE
— (WL 34 B 33
— (k2 L) HRF [ BF ]

¥4 : A7 LA B{Thhi-#O/
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HEMWMOLEBFOREFMS LT, BEMTZERLE, RE2EI3RIC, BELE4FICTT,
&Y, Ay bATZEROEEFERELCVA~OTEY L5 BFOBHBISICH L TREEN SN
foh, BITOFMPEHFIIRYNLELS,

FH3F REMTRIF

AR R AR
5 ff 24 2
_ RlZ
(#1348) (PLAF M 9E4 57 1)
40 B
Sl 2= e Gis (A5 EBRE R0 34 BefE) (38
(# » k77 DF=200 #)
EiAL) ICREE RE)

Fak HERITER

~—Z 5t % AR AT
LI9FED CV A~OEHES 3. 6E-4 3. TE-4
(F.LA v b U H) (1.00) * (1.03) *

¥ HyaRNEA—ARHFICHT RS

SEIOFMTIE, CSE ERICIITHEBRMSE 30 5 TOTHRRL > BOREM LM LRD
HALEREERALTWS, T2 T, CSE ERIZHBWT, DF=200 (@ T SR E ToxRREL S
FROBRERLHE BRILERERD-BEOBEELTICRT,

CVADBAREFELZRELEBRILLE LTWAH A6 RBICSOWTIE, A7 VA ERAZETART
LA L BBEDERH A, MIMBECH LT DF=200 i@+ 5 % TOME X3, BEROFMIc
ERLTW2EBRLEOLOBEZ LV LREL, BEBRIIRE 25,

T, A7 LA shBWRBORERLE LT, RULL CSE ORBRER (A5, A-11 3B ZXEiC
HAEFEEZHAVWERSICEWTIE, idolBY, IHOBRLERIRPOFMICERALT
WAHHREFR L RSB VTR, E6IZ, A5 RBED A-11 BBO OV RO L I FBRER
DF=200 fir & TILFEEIZBET L TWizvyy, LR oT, DF=200 S T—EOBRLEELEAHWS
ZLIMERWEE LS,

2P, (KIZ A5 HBE AL HBO S bEMPEPEEORV A1 HBOZENH LB LD EM
FE 16 7ERAVWTE 9RO OV A~DRHBIEGIZOWTHEH LSRR EE 5 RICFAT, FMS
FRESRIITT LR, hoFHBERE» /BN IBALEELTAVTLEREO A-6 HBER
PoBONIBEREERELEATERITNIVEEZS,
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FHR HALFERZEHZELESOL 5O CVA~DRHEEIE

B — A AT D BRERINQ
SR () 12 4y R 16 4y#1
S M (DF=200 BlEd) Ehs 40 R Gk
£ 9D oV A~0iHEE #7 3. 6E-04 #9 3. TE-04 # 3. TE-04
HEr—RICHT 5k 1. 00 1.03 1.04

1 AN RBOBELYVRELE
K2 ASRBOERICRABERAATHRE L E

7, BALERIFFHT26F0OEEFER L AEROE THIRRGHOREBEZIT, KR
EHEPRKEVIELAREFRIIREL 2D,

F T, CSEORBETR LOREF 3 SFOREEMIZO>WVWTE 6 RICFET,

FEORICTTLEEY, CSEXRBAER LARER I EFIASEOLEREBE-TEY, CSEDOR
BTHONILEEEITRRER 3 SFICERTETH D,

Ho6Fk CERBLAREFRIEFOLFTmHEOKE:

CSE BRI HRER 3 =1F
{7 (m?) #7 600 #37 65, 500
FETH (m?) #1570 #7 69, 000
HRmfHm ') #70.96 #71.05
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(%) CSE RBFER

TABLE L
Physical Conditions Commen to All Spray Experiments

Volume above deck including drywell | 21 005 £t7 595 m?
Surface area above deck including
drywall & 140 f1° 5689 m*
Burface area/volume 0.293/ | 0.958/m
Cross-section area, main vessel 490 rt? 45.5 m*
Cross-section area, drywell o5 ft* 8,86 m*
Volume, middle room 2 089 &t? 58 m?
Burface area, middle roam 1 363 ft* 127 m*
Volume, lower room a 384 1t? 86 m?
Surface area, lower room 2 057 ft* 181 m*
Total volume of all rooms 26 477 £t° 751 m?
Total surface area, all rooms 0 6560 ft7 B8E m*
Drop fall height to deck 33.8 ft 10.3 m
Drop fall height to drywell battom 50.5 ft 15.4 m
Surface coating All interior surfaces coated wilh
phenolic paint®
Thermal insulation All exterior surfaces covered with
1-in. Fiberglas insulation®

“rwo coate Phenolineg 302 over one coat Phenoline 300 primer.
The Carboline Cu.,:st. Louls, Missouri.

bk = 0,027 Btush 117) (° FAAL) at 200°F, Type PF-015, Owens-
Corning Fiberglas Corp.
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&% . Fofhos B (PHEBUS FP 3B Ioxd AE&E|onT

PHEBUS—FP 3EIX, H % T v i 2% @ PHEBUS MIEFEZ VT, FOhbOBHAERICES

FP BBTT 5E8%, Sy LY, a—AFLI/EE, RABERSFERELERTFEAT A
EHBELEERTRENRERET ELOTHS,

SABEIIA023 GWd/tIAEE L - R B 2184, RERBEHE2AL 2 ERHL, +HohkELT
BES FCI96FETRICER=L-,

PHEBUS FPaileisE mitaEZ2 1o,

AREBIIHAEZ LRSS TREZEESES 72— X0%, 1 RERELHAL R THEHESRS
RS 5, ZORETIHROBHESSEEIh T o /A7 2—X, #1205 OBWESRT
EZIERE LI-FPR FERY » FIC Wit T 7 — — XM 6 iR A BN OFPR E O E »{Th

ha, TOE, cEEREOEMESOL )FOLFEEHERETS{EFE 7 =—XB0EhHh, V27
HEEHI-FPEEAE~LNA,

PHEBUS FPREBEOEELZF2HICTT, =70/ A7 =—XICB T 5B BERNON 2%k L 5 #

(TR LIRETHERL 5 F) OBSIIHHEORMAFERT 51200 THI0. 05 % (FLA
Ay bVH) FTHHETTAZ LMD, FEHEHOERL L LICRERETOERENEL
B LHibhd, METF—FBzT o7 2—X (BHEREREER) OFETHY, FPRHE
HEEMERAL TWAZ b, ZOXEBNIANGROCSEEE L RkOEmMTH S,

LLEdG, E0#HLVWER THSPHEBUS FPRABRMCSEEROZER L FAROENM TH S LT
xA5L00, BEFE(1), (2) TEA SN -PHEBUS FPRER CIRREMIIM, O 0L HEHEENTEN
Tz, Bl 5 EOLEFEENTIN TV ACSEERAIFEM EERT L ELTA,

(1) R ARELTHRE, EERSHLETEFME (R rdaEaE|Estee s CHT8
EREE, FRI5F

(2) RFHBRELITERE, EEWMESHEEFM (R rdasSERttssEiss) T8
EREE (EOR), FR15F
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BIl#E 5
R AERE~Dz7 o Y LOLEEDHRIZONT

RFFERESRNICBT 227 0 ALOBRIEFIZOWT, MEEA RT3 EEiTeE (DL
T, NUPEC) &4 5,) ok A8at T9ERL 9 £ NUREG-1465 @ YV — A ¥ — L% A S H
HEOFHEICET28EE) (FRL 10463 A) (BLF, INPECEEE) L¥5.) BT, =
T AOEHEEEEEHWEETARBER S TWS,

ZOEFAOBEBEELLITICRT,

EFFREAESATOERENEEREEES Ve L 15 L, R FEHESAOESTRE Y OILEIC
L HMARIT, R FEMESAR—RICERESATWabo L L, LFoXheRDEND,
feds, HEER 3 BFORTFIFHEAESKEMEVCRE FFERESREBHEROEEHVWTWS,

A
Ag =Vy==L = 6.65%107% (1/85)
vg

Ay : HREER (1/s)

V, : WAOWEEEE (n/s)

A, R FREAERETDE (n?)
(AREF 3 EHF 1,250 m?)

A% : AT FERAESEAERE )

(AFEFT 3 B4 65,500 m®)

ZIT, VaBRHIZoWTHE, =7 a AR 5BROBREEEZRODLIATHLA P—7
ADAEZBERAL, UFOL5ERIhD,

2 2
= 2rp(Pp— P)E 29 PpE

Oug Sug
o T o AR (n)
Op : 7 8 Y AEE (kg/m?)
O s AFEOEE (ke/m?)
g : WAMEE (m/s2)
He : AAEORE (Pa - s)

ERATA—FDEEFIFICETLDS, B, T TRLEASATA—FENPECEESI TR
EhTWAETHS,
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F1FE FEICHWERATA—#

2NG ey fil {ii %5
TT YRR p (o 0.5X107% |KB1l punmO=T o/ ILEEFE
T SNEE pp (ka/m®) 3.2X10% | NUPECH&EE LY
A[EOEE pp (ke/m?) — =T e/ AEE LSV hER
EHMEE g (m/s?) 9.8 BHFERLY
R[EDHE u, (Pa-s) 1.8X10™5 |NUPECHEHFLY

roT, 14 = 9.68X1075X1250,765500 =1.847X10"% (1/s)
= 6.649X 1073 (1/FF) — 6.65Xx1073 (1/WF) L5,

(&%)
NUPEC [EgRE 9 £ NUREG-1465 Y —A ¥ — L& AR EAHEOFMIZET 58

&E& (FRR105£E3A8)) HE

(1) B#SILAT

- HHA FREl M @A ol Eh& S EICILE Lz,

- fima R (NA) YEREHET R OGR AT O B L RIRR I ZPE R L AL,

-ERIIYE () 2.0 10% (Us) : BERILEH (A1)
CSE A6V D EM 2 Y RO BEL{LTIL BrRlor TEKI0®
pgmTHE- 2 bDA, R0 TLISXI ugm® 2715,
Ay=- log [1.995x 10*/ 10"):9.(];‘ 10741 / s)

1
30 %60
- Csl(T7 o) 1.9X10° (1fs) : BECHEE (A
1ymOKEIOTTOVILOEHIEFEE LSRN, S
I HICBEO L TWEBEEEL T, HRESEEREE Bk
EDEERITROENS,
i 2r'(p,~p)e _21,7p8
. T, I,
- 2l x 0% 2P=32x 1P« 98
a Ox18x 10"
nx2l5"
73700

=9.68 x 10 T{m/ s)

A
?..d=".-’d1T:-9.6Exll'.}5x =1.9x%10°°(1 /8)

+ Cs,Te,5r,.RuCe.La Csl&H U ET 3,
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HI#E 6
AL Al sz T e AOBEFEEOREICOWVT

WEAEHRICIF O OEMESR~HH SRS AR, BFRORREDHEIZ, HECEEE
ThCATLVAILLHBEFORRICL-TH, RTFERESHTOERICREEZT S, €
-, NUREG-1465 <= MAAP |ZiX = 6 OB (R 55, ST ARVVIERICESERE
ESNEERTENTED, BEVA FTLIALBHROBEIZONWTHREIATWS,

IO b=Ta S MIETAIRT LA BROBFEIZCONWT, FFETHRRL LTSS LLE
NUREG-1465 TIXZDARICHOVWTHENICS® TS L L ZhTWa Z L b BEE A, SRPE.5.2 128
WTRERA2=7T a5 A7 LA R RO NUPEC EBRERIZESWEAT LA BEEH
WHZEETE, MEDEZFITOWTLUTICERLE,

1. SRP6.5.2 =7 o/ AZxtT 2 A7 LA R OHK

HESRP6.5.2 T, AFVAEHICBI AT LA ICL 2T o/ AOBREEEL LT OX
XD EHLTWA,

= ORI, KEHFRT T b (US-APWR, AP-1000) O EEH S G A0 MIcB TS
BAwbehTEh, £, YETT7T7 7 Ml a— FT& 5 MELCOR <2 MAP [Z#lZGAE R T
H5HLOTHD,

_ 3hFE
2Vs D

Ag D AT LA BEEE
h D AT LA EEE TR S
Vs P AT LA RO R
F 1 A7 LA MR
E D gD
D AT LA R

=, BERG LIS THL=To/A0AFLARLELT, FTod LD SRPE.5. 2 A5 A
AEEL LTWAZ s, RFEMHICHLHVWTWS,

2.3 Reduction in airborme 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 1s described i Chapter 6.5.2 of the SEP.

1. 13-268



2. A7 LA%2 (E/D) OREIZOWT
SEOFMTIE, EDET LRELE, ETORYHEIZOWTETIZFRT,
(1) NUPEC 3Bk

(EE#EHETETFM (R rEnERERtEEirsEs) CET8EREE FRISF
3 A BMHEEAN RTHREERRE bW T, YETT7 7> MEORAT LA DBHRIC
SVWTHHIRRBRE CFERLTOEY Esh T3, TOREZERL, £FFEETIRAT L
AhE (E/D) 27 LBETS,

B, 7o/l HTAAT LA HRIIOVWTRE, =7 oY A0RREK (OF) BH5HE
[CEET A L BRREENEPMIZ2 D LD NUREG/CR-0009 MiERIZESE, SEIOFMTI,
B EE NRIC i ORRADDFE T A7 DF) LEHEL, SRP6.5. 2 ICTHRESIILTW
BH v hA7 0F LR C[CJ#E L, skee. 5.2 Tz RN, ED % 1/10 LT L0
EXFLRINTEY, TOELCHY, By b47 @0z 711 BHRIC>N
Tid, E/D=0.T & LCEEdmELRHLE,

X iz, FES AR OBWROB S O R L ERIc, NUREG-1465" 1 G E L=
FosABEHEEr ERBEUMSTE L, Jhirh, PWROEHIZ HNUREG-1465T
AV TVBED=IDELA P LA L ABREDEEEMHE L. Z0BEOEDOEIIHT
THRMER N FIF—ET 5 A4S, Shid, BWROSS CEH T ANEE (il
W AT oS AREDRERAT Ao TREL Y G REIEEFLT

Bra

B ATz ARERES L
_ UVohizSEh 2R ENEE
g SEMEZEDDHT

15
s g Evalustion by NUREG-1465° A, = 3hF E
- for this fesl* N
il ,::;\é‘“ EID=1(m")
E L'.‘ ad 3 f Mataral remowal datn
ol % R B PWRE
é ‘Y., 0 ED{-T)bused on test data = 1K)

n -- ot}
T N =122}
u.m @ 180 0 420 54l &6 ™ F=0020 /hr}

Time sfter spry initiation (min)

E32-127 PWRIEERE (E+&8) #F SNUREG-14655TEE & o

(2) JAZER 3 SF~0EH

TARER 3 BF OS5 EIOFFMTIL, NUPEC BRI X%, E/D=T L LTW5,

NUPEC BUERB TIZ, PCCVA L—TFF L PO ETT 7270 FMRREBEEL, A7 LA
ICEHBEDREEIMELER, AL HEE LS mOFHEOTFT, E/D=T L OEENREDL
hTwa,

PCCV 77 o b LEREK OV 777 o F AR ERT 3 B4R Tik, EXEHFORESCENIZONT
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EFoERHLILOLELNSHN, CSEEBRTORRNL, BE, EHEOREOBRVWAEAS
LA BBICEZAZEBITNEVOICHL, AT LARERIIAXEEEEXEZ - LBDbME
(-1 2M8),

X-T, NPEC OFB#ERTHS E/D=T 2 @EAT DI, A7 VAHEDN 1.5 m % E
BV LEMBTILENRSL S,
:@ﬁﬁ?ﬂ.%H%#Tmth4fXWLEﬁt{::FWh&ﬁﬁLTEG.:m&
FORT LA REEDY 1.5 mm Thott, HEEHR 3 EFTIIFRMERSA T LA FFIC
LBAT VA THIAT AT VA Vv I~y o[ B0 v d s xusmmsncos
tm.17u4ﬁEL5mmF&§ﬂTatbtu,va%ﬁy#ﬁdcjﬁmmtfz
FrA 2 ZN 1 @b i/h) BEBETHD, SEIOFMETHWZIBREER 3 SF0MN
wiwas 7Ll Jotn O ]wtm oo, 2788 15 m TR
TETWALY, E/-T2ERATAHZLIIRYTHS,

. T AEBEEEORH

1. GRLESRPE.5.2D7 Y i T 3 AT VA BBTOAT LA BROER W, 2.
THRLEATLA%B%E (E/D), A3EFTORATLVSHERETHS, A7 LM HAf0FE#EE
VAT LA iBlcT=7T o/ AVREEEFZEHLE,

DI TOHETIE, SEOFMESREERL, 274 T5E0OBMESEL AHERE
BATVAR LT LT D, ZORE, REBEREBRAT LM IREL NS, TOH—F
Hb/hSv, Tk, FFEicE W Tit, RTFEABRNTA T LA K hd b A2y i
(EAT VLK) BHELEESELT, 7o/ AREFEEZREHLTHS,

AT LA ERICBVTI, A7 LA ICLA3=T o/ VREHRAZEENICRAL: i
TERVE, RTFEHESNESOANMICL3REDRICL-T, #AS LA BAHNER
BAT A EEICBITTHZ LT, BENICEREENS,

#[H Regulatory Guide 1. 183 T, R AIcL =7 0/ LOBREDRLZ T HERC
BEAT VA BEEBSETSZ L, A7 VAEBLERAT LA E@RORGEESEIHEAT LA
A 1 BRI 2 EMRTAELTWAZ LG, SEIOFETH, AT LM BEEZ SR
L, BEB&EREAT L8N 1 BMic2@ARMRTSZ L 245 (FT288),

A OERE R 2 LLTFIC7RT, BAESHEER Vo 0T 227 L1 B0 ERES
EflL, AT VAFERCBVWTHAT LA ICLOREDENR VLD LTS, BRI
BT/ AVBELXG EL, AT LAHELE 2T LA EEOBIZIE, REQDZE
SWBMHY, AL BFE~BITLET oY ARATLAICLVBREZNDLEELS,
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¥

Gs (I_ﬂ'Vw
AT LA R

Ay

CIOETFNMIBHAHRATVABAEEUVAT VB0 T7T o/ ViBEOBREERK
BHESENOREzT o/ AR, A TEEL .,

A 1o ¢

& T

dC, 1 ,  sathdfine-
&7 G666

NE{f]={_f-CN +(1'ﬁ'cs]'ycv

: FE i ICHBITARECT v A BE (Ba/m)
s : AT LA EMERERFD CVN=T 2/ L (Bg)
: AT LA SRS ()
(AREFR3IEFE 93 %)

2N

T : CVRZESRSHRE (h)
V.
TE??: (CV RO LR +4IciRET 5 £ TorM)
o : CVAHEHERm®)
(M EFT 3 54 65,500 m?)
0] : OV NS M E (m?/h)
(AFREF 3 B4 122,000 m3)
i : AT VAHEEDAT LA 1L 52T o/ L EEEE (L)
¥ 1 AT LA pEME R

(ifEF N: AT L A5, S: 271 @)

FREL, ARAT LA BRICET 2RERKTHY, FTFRAERSEOEREN,DIER
T AR ELIWEERY OEETORAT LA BEEHTHS, Lo T, SRPE.5.2 TRE
nTWs W) i3, A7 EsERe LT, Vox(-f)eLtEas,
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ERE=TA2EHL, #RA7 L/ ERErER LR TFFEAESRESEORECT o/
DAT VA BEEEZEH L=,

B, =Ta YT A LA BRIZHOWVTIE, =7/ L0RRMEH (0F) Xh5
HEiCET 5 L BREEESELMICARS L5 NUREG/CR-0009 DfFRICESE, SEOFMET
2, BEEENECHICREIBEDODF # By hA 7 DF] LEHL, SRPE.5.2 [CTHRS
nfwéﬁyb¢7mwﬁmijbﬂﬁLtnmmjiﬁuﬂyh¢7WﬂEj%ﬂimﬁ
i, E/D & 1/10 £¥5LOEXFLRSNTEY, T0EXIEY, 2y b+ i Jea
ATEODAT LS HRIZONWTIE, E/D=0.7T & LTHEEEZEH L,

PEDZ Livh, ZFEMIcBIT AR LAICLA2=2To/ABRESFEELLTEIROLS
iTRELE,
¥, BI1ERE2YVFSTITRLEATLABREDROETAEZE 1 HIZTRT,

FlE To/NLEBEEE

#1 o bAZ DF =7 oY LEEEE
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1.OE+D0
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SRR FAERAC)
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AT LM FEEME ()

H1E AFLrABREDROET

1.13-272



CSE &=—#

Experiment”

CSE TOHRBTOREREZLITFIZRT,

{ “Removal of Iodine and Particles by Sprays in

Nuclear Technology Vol. 10, 1971 }

TARLE T
Experimantal Comditions—CSE Spray Tesis

(#f-1)

the Containment Systems

Fun Run Ruan Hun HRun Fur
A-3 A4 Al A=1 A-B A3
Mdr Alr Steam-alr Stagm-alr Steam-air Steam-air
;::nn'::::ﬁe, *F T 7 250 . 260 250 250
Presgare, paia 14.8 14.6 44 1] 4A 44
. 3 b c
Heozzle type a . . .
Crop MM, ut 1210 1210 1210 1310 770 1
Geometric stapdard deviation, ¢ 1.53 153 L53 1.58 150 1,50
e
Mumber of norzles i 12 12 12 12 |E
ta, ‘min 12.8 48,6 49 49 60.5 145
?ﬁ;;ray mm, Eal it 1850 15960 1660 0z 300
* - I I
Spray solubion L_r _I“

"A9E ppm baren a8 HaBOs in MaCH, pH 8.5,
3000 ppmn boren ag HaBO. in NaOH, pH 8.5
E3000 ppr boros as HaBO,; in dem:neralized water pi 6,

sgpraying Svalema Co. 3/ 4 TG3, fell cons.
bgpraying Systems Coo 370 A0, hellow cope,
cypraying Systema Co, 3,4 ASD, hallew cone.,
Oons median diametar.

g, ZORGETHBLNERAT LA BROBRELLITICRT,

TABLE IX
Summary of Initial Spray Washoul Coeffinients

ry Observed, min™'"

Todine on Total
Fun | Elemental §Particulate]| Charcoal | Inorganich
No. Todine Iodine Paper Toding
A-3 0.128 0. 055 0.058 n.125
A4 0.495 0277 0.063 0.43
A-f 0330 o3z 0.154 0.31
A-T 315 031 0 £4.20
A-8 1.08 0.5% 0.365 0.98
A-Q 1.20 1.1% 0.548 1.14

Tor first spray period, coerrected for natural removal on

vessel surfaces.

PIncludes indine depesited on Maypack inlet,

IORENG, RERUVEHEZEFLZETRABEER LS A4, A6 EFA-T TO” Particulate
Iodine” MEREZFHET AL, HEOHEET-ELTEY, KEL£FJ]RE LTV, Zhics
L, A7 LA RBENEL LEAS T, 3HEUEAT LA BEEMELTWAZ b5,
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X LERVMEEL 9B Ial—F ) AARERTHLLLE, T, AT LMGRICEL
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(B#EE) NUPEC PWR HifiEstBedeit

#32.3  PWRIM SRR &4

T Sl A i
HE T UF AHF BE
HEFS5 | PWRA/NL—TIE Fi
) 3 A R 2000m’ & 1
CViET 71, 700 12.2m 5. AS— L H1SETT
CVl & 20m %
AFVvA 5 X nAE% 120 1
AT LA KR 120m"fhr 0.34L/min
4 ARzt MEEXSSL YIial—FJ)EN
A ELHOR 10mm 1.2mm
AT LA S 150020 (# 95£E) 1470380y (4" 95
7 7 W #10ke EkER SES
274 KR I0IK M
A7 A KE s 5
CYUIMALE 052MPa mz
AW E 0.39MPa [ FS
AiraE 0.12MPa Rz N, TR
H, 0.01MPa BAx He LB
CV e 415K m%E
CVaRIA L () 100mm ft“f‘*#"”:ﬁh
=T o Al Csl [H#
Csi@E 0.01g/m’ Fx
Cslir i 1o @ S mEEIL20
s LTl 1T - @M%
FEHAFE TR i 108
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R MERRE L VWEOREICOWT

R FEMERPOORAVRIZOWTIE, FAMFETEET 2 S sic R L - S
—rrAMH L, RTFEHERAENNE BT 28— A THD TR LOCA FFiZ
ECCS AR CV A7 LA HEARRMT 23— 7 A ICBIT 3 RTHIFMERNOE RS
Blowin LR AVWRICRBEZRAAEEERELTWA,

FRFIFBEHAESPLORAVEIL, RAFEASESNENSESEREN® 0.9 FOEHLLF
OB IR TE, BB QIIIRTAL2ERT 5.

(1) RHFEAERNENDPEGEREND 0.9 {FLL T OES

BREEHEAD 0.9 SLLTFTORAWEA2ERTFOICFME TS dicEZEEROX (ZhETOR
HESICTER) XvEHT S,

L A

BEHR A

ERR G2 ekt by S i
TR E SN EE

HATF “4” HRAVWEBEBEORELRT
AT “¢t” IEEFOREBERT

IR G hH

(2) RTFEMERAENREREREND 0. IFLY KEVEE

FEABRERITHE, METEREREOZELZ T, RAFEAERNEDSREER
EAD 0.9 L0 KEVIESIIEMEREORER - LRORBE ST 5, AV RITEEHR
DX, EFEREOCER, FLREARESELARXO 3 XA oBoNsHEOR, BRAOELT
Do
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P RTFRMERAES Aokt _ ( 2 )E Patm
Pogr : WAVOHATOERD F ke +1 ' B
J7, P R TIFERAE SRR O SEO SR : i

k P RFIFRERESROREO B Beak d el { 2 ]m Patm
FBam @ KREE Pi ka +1 " Pq

R FEMESPLORAIVESE 1 HicsL, EREQ), 2) ThgERRohecE6
ho@AVWEEFE2EICFT,

RFEMERNOENBRITE R (RHEER 0.360 MPa (gage]) (Z# LEERAVE (#
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so-called "quench” temperature, At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) 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) Density of Suspended Solids. Among the materials that are Ipochd to make up the
suspended solids are Ca(OH), (p = 2.2 gtcm’] or 8i0, (p = 2.2 g/em”) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 g/cm?) 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/em®, The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials, The magnitude of the change is taken here to be So(w) where § is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus

depending on whether a random 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) for e <05
a(w) (1+85) fore = 05

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

(10) Mean Aerosol Parlicle 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 expected.

1.13-312




Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 pm) = 0.92.

(11) Geometric Stands dewiatic [ il L . The aerosols produced
during core debris-concrete 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 1.6 10 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,
U0, 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/em? and condensed products of concrete decomposition such as Na,0, K;0, ALD; §i0,,
and Ca0 with densities of 1.3 1o 4 g/cm® become the dominant acrosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of acrosolized 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 gfem’,

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:

04
6\ Vs
ﬂ}'E[:] Fm

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 1"

where the contact angle is assumed (o 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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iff+-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AFROSOLS NEA/CSNI/R(2009)5 iR (ra8 o=

2217 Aerosols in the RCS
9211 AECL

The expermenters 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
l}em'eenhl size arf the point of measurement. The composition of the particles was found to
be demunated by Ls, =u and U while the Cs and Sn mass contributions remained constant and very sumilar
i mass. [T was relatively minor in the farst how at 1860 K evolving to be the mam contributor in the third
{very approximately: 42 % 11, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measurad.

9.2.1.2 | PBF-SFD

Further inferesting measwrements for pruposes here were six isokinene, sequential, filtered samples located
about 13 m from the bundle ourler. These were used to follow the evolution of the aerosel composition and
to examine particle size (SEM). Based on these analvses the anthors state that particle geometrical-mesan
diameter vaned over the mnch 0.29-0.56 JJII1I elimmation of the first filter due to it being early with respect
to the mamn ransient gves the tange U.31-0.56 pum) while standard deviation Huctated between 1.6 and

2.06. In the images of filter deposits needle-like forms are seen. Twrning to composition, if the first filter
sanple 15 eliminated and “below detection linut” is taken as zero. for the struchural components and

volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

9.2.2.)\ PHEBUSEP

[

The asrosol size distributions were faitly lognornal with an average size (AMMD) in FPTO of 2.4 pm at
the end of the 5-howr bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 pun. Geometric-mean diameter {ds;) of particles in
FPT1 was zeen to be ben';ee a SEM mmage of a deposit is shown i Fig. 9.2-2. In both
tests the geometrie standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that acrosol 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 cesiume-rich. In terms of chenmcal speciation, X-ray techniques were used on some deposits and there
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