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BHE T C19964ET A ICE i S iz,

PHEBUS FPRABREEE D& % B1KITFR T,
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iz L7zFPE TV o ZICHWIR T 8% 7 = — X3 E b WS IASsN OFPIR EE O RIE 23T
b, 0%, 2HEREOKRMELRD X 5 RDILEEDHEHRET HbFET7 =—XPBWbh, 7
KEZOFPEHRFRLND,

PHEBUS FPRERDFERZH2KICTT, =7 0/ N7 2 —XTBT BB RHNOT AR K 9%

(ERERESBRVEHL 5F) OBREIIKHEORMBRET I o THO0.05 % (F.LA v
RUMVH) FTCHHETTAI L8000, TEEHORBLE L LICRERTOMEMINEL
RBEZERDLNSE, BIET—EZNR=T a7 x—X (BHEEREER) OETHY, FPHHHE
BRFERE L TWAZ LA b, ZOZEEIIAHROCSEER & RKROBEM TH S,

UEnD, X0HLWAR TH HPHEBUS FPRERHICSEEER DOFER L [AROBEM ThH 5 L HEF T
XHb00, BEGEQ), (2) TEHE SN /-PHEBUS FPRRERR TIXHHMIH O DB ERENREL
TWARWED, L S ROLEFERENRINTWVAHACSEERZFFMM LERAT A2 L LTWA,

(D) RFAHREEITHENE, EERSHLETE (RFFRWAREEEEIEES) ([CBT 5%
EmEE, FR15F

(2) RFHEBEINTEE, EEEEDR M (R FRWEREREEEESR) BT %
EmEE (B, Fr154

1. 13-265



PHEBUS Reactor
Steam generator

Horizontal
line {hot leg) |
1

Model of
reacior core
Vertical L T00°C
ne '
Test s
pasembly
Phebus reactor =
core hot leg
cell L f primary circuit
Pl vy | Fission Product Caisson I

[€3.3-2 PHEBUS-FPRBS S 8-5 (=

- | PHEBUS FP Brit@ (1)

AERFER
- BMERAI[EPHARRKIVERIEA) -

FPT1 - Gasecus lodine fraclion in the containment almosphore during
the acrosol seilling and chemistry phase

i

o E
%
—

SIS X 5 KM

=

$4399us Ding WACTOR ) the CImLMAMENt SUTOKENEE [
i : L)
? o
7

Bundie nveniony |
L=}
. —
———
,
o
’
ey ——
£ E201008 AR AR AR
- gy o ragpanearets
n‘-'-‘.'
’r' —a—
iy
[ E—
—.—
.

',
o . . R
- -4
- 5 ol Ty @
e —— A - M T
+ " ¥ [wtarary
o w000 100 150000 200000 252000 00000 30000 00000

Wi from the test origin js)

OHEMBBADHAKITERRES(F DA VMo 28E) 1L, 170V 71-2" T
02X MM TOSN BEFTRRAICHLD,. HRRDEP -1 TIHOAVEELIFIF—F
CE)YRWMBERAVMICHTARE TR, FhFh#03% 0.08% 0.15% (HMEB~ORHBIS A
#sax1=80)

9 PHEBUS FP BR#EE (2)

1. 13-266



B 5
FEFIFRMAERE~DTT oy ILOLBEHEICHONT

JFFIFRAERNICBIT 227 v YLD ERLEICOWT, BMEEAN FEFHFREESNTHERE (U
F, INUPEC] &9 5%,) IZ&k Bt IRk 9 4 NUREG-1465 O Y — A ¥ — A& AW EME
B BOFHMHIZBE T 52 ®EE) (ER 1043 H) (LLF, INUPECBEE] LT5.) ZBW\WT, =
TaINVOEAREREZRWEZETARKRREITWS,

ZDETNVOMEL LLTITRT,

JFRFIFRMESRN TOENILEEEEZ Ve L T5 &, RFFERARSRNOESRERY DILEC
X HBORIT, FEFFBEHEGENE—RIZEESA TS0 L, UTOXPbROLNS,
2¥, MIEERT 3 S ORFIFRMESREREE VR FFEHAS B BEEROEZ AN TS,

A
Ag :Vdv—f = 6.65X10% (1/F¥)

g

by : BRALEER (1/s)

v, : EOUREEE (/s)

A,  RFIPRMAZRREE (n?)
(JBREEFT3 54 1,250 n?)

v : RFIEEA R B HEE (m?)

(JAZEFT3 55 65,500 m?)

ZIT, VWOREHIZOWTIE, =7 ey Al T3BOKEEEEZROLIATHLHA N—7
ZOXEEHAL, UToLoickEh 5D,

~..2 2
Vi 215 (Pp —Pe)8 i 21pPpg

ug ug
ry D =T\ Y VHEE (n)
2p : =7 Y VERE (kg/m?)
Pe s ]IEDFEE (kg/m®)
8 : EAHIEE (w/s?)
g : [REDHEE (Pa - s)

BNRTA—FOEEZFE1IRICELDD, 2B, ZITRLE/NT A—F I NUPEC #E5EIZTEHE
ERTWAETHS,
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B1R FHEICAWEAT A—H

2T p—H & ik
TR NVEE , () 0.5X107°% K1 pmDO=T B NVEHEE
TTa I NVEE p, (kg/m®) 3.2X10% | NUPECH&EE LY
K[EDOEE p, (kg/m?) — TT Y IVERE L AN SN D ER
BEHIMEE g (w/s?) 9.8 HEHER LY
K[EDKEE 4, (Pa - s) 1.8X10°5 | NUPEC &£ LY

XoT, 14= 9.68X107°X1250,65500 =1.847X 10" % (1/s)
= 6.649X1073 (1/Hf) — 6.65X1073 (1/8f) L7225,

(%)
NUPEC [ERE 9 4EBE NUREG-1465 DY — A ¥ — A% AWt E i EOFEIZE T 58
L& (Ek104E3 A)) ke

(1) BRRLAT

- JmAA FESHE B ORI AT vl B 3E S RERICTEE L2 W,

-fARITER (HR) RSB UL A o] o il & ] BRI TR L 7w,

- TR (HR) 9.0x10* (1/s) : HAWER (1)
CSE A6KRP DK 3 7 £ DO|EL(L TIL, BFRI0r THILI0
pugmd3TH- =B DA, FEZB30T1995X 104 ugmd3 73 %,

_ 1 i )_ i
- BOxwlog(1.995x 10'/10°) =9.0x 1071 /s)

- Csl(zy7 oY) 1.9X10° (I/s) : BARLER (1)
IlumDKEZEXIDOLTOVNOEHUMEEEZA N, FHEEH
IZ—RICEALTWAEKREL T, HMAEBKERE B hER
EDkERLCTROENS,

2r ) (p,-pe  2r.pe

ou, 9n,
C2x(1x 100¢/2)*x3.2x 10*° x 9.8
- 9x18x10°
A 5 xx215 -
YR/ v; =968x 10 " x 00"~ 1.9%10°°(1 /s)

* Cs,Te,Sr,Ru,Ce,La Csl&FRIUH#WET S,

V=

=968 x 10" (m/s)
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ALV AICE BT au VOBREEEDOREIZONT

BEREHEFRFICF L DEMBERA~RE SN D A RIR, MFROBFEHEIL, EESILES T
TREAFVAIZEIDBREZSOHRICL > TYH, FFIFEMERNTOXERNICEEELZ TS, 1
T, NUREG-1465 %> MAAP |ZIXZ b OEENT/R L FHER, FHMEET A VIIERICESERE
SNEERTINTEY, FEITA FTHLINLHROEZBEICONWTRER TV,

IO bTTu S NIHTDHDATVAHROERIZONT, KM THRELTEELLE
NUREG-1465 TIXEDHIRIZOWVWTHEINIZBEE T 22 L LS TWDH I L bEE X, SRP6.5.2 128
WTRESNDTT 0 Mkt $ 5 A7 LA ZIR KO NUPEC EBRERICESWIERT VA R EH
WHZEET5H, REDEZFIZOWTUTICER LT,

1. SRP6.5.2 =7 @V NIk TBAF LA ROR
HKE SRP6.5.2 Tix, AFLAERICBITAAT LA LB T7 a0y VOBREREREZUTOR
EOVREHLTWS,
Z OFERIT, KEFHRT T > b (US-APWR, AP-1000) DFREHEEF R T HFMEICB W TYH
RAWwbehTEY, £i=, YT T 7T 2 MEa— FTéh5 MELCOR X° MAAP (ZHEAA EH TV
H5HbDTH DB,

_ 3hFE
2WsD

As : AT VABREHE
A7 VA RHHE T8 S
AT VA B D KR
AT A ik

DR

ATV A REERE

As

=

SRR

F7-, RERGL195 THLZT7Ta Y AOARATLALHRLLT, FTEOEFBY SRP6. 5.2 2358
AEEE L TWAZ &b, BFHEICHLAWVTNS,

23  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 1odine and
particulates is described in Chapter 6.5.2 of the SRP.
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2. A7 VA%E (E/D) OREIZDONT
SEIOFMETIE, EDETERELZ, TOEEMEITOVWTUTITRT,
(1) NUPEC 38

EEREME LT (RTFFENAREEEEIIESE) BT 2REREE Tk 16 F
3 A MEEAN BEFHRERIITHEE cBWT, YETT7 73T MEDR T LA DHEIT
OV THEERB R UFHESU TO@EY Efish T\ 5, TORKREZEA L, A TIIA 7L
A% E/MD) %7 LBRET D,

BB, =T NVCHT BRI VA HRIZOVTIE, =7 vy VoREEER (OF) 2H51HE
(T B LBRFHEERELMNITR D LD NUREG/CR-0009 DFERIZESE, SEIOFMTIL,
BREBENEONIZLRDIERDODIFZ Iy 47 DF] EEEL, SRP6.5.2 [T TREINLTW
55y bAZDF LRI 50 LRRE L7-, SRP6.5.2 Tid DF50 B3ELI, E/DZ 1/10 45 LD
EZFHLRENTEY, 20BN, By A7 DF50 ZEBXEBORXA T LA ROV
TIE, E/D=0.7 L LTRHREREZEMH L,

& 640, FEPIIEAIROBWROBE O R L FERIC, NUREG-1465"7% 65l L7c =
o BEHBEAERR VR TR L, ChAME, PWROEEICHLNUREG-1465T
AWTWAED=1DEIRA 7L A ICL5BREDRELENFEL. - OHEEOEDOMEITHKT
TRBHEELIZF-HTEZ L3905, Zhid, BWROSE L EREICAKEER (P
KE) kAT AREDERA T LA BMPOFRBL Y bREVWI EERLTY

60

° RIS BREFRMS &
3 UlhIz8FhHMEHEE
g ERABEEOD

15
g " Evaluation by NUREG-1465* "= E_E_
g for this test** 5 D
%10 ;SU\L EfD=|{m_'}
5 3 s, g0 5 Natural removal data

™ "

? s u R EMPWRE
a ' 1 . E/M{-7) based on test data h=1%m)

0 xx%n:.%;léar -« — ¥ =122(m")

60 180 300 420 540 660 780 F =0.0200m’ / hr)

Time after spray initiation (min)

g

[43.2-12 PWRIEEERER (EASM) &R LNUREG-14655 - {H & DOLLER

(2) BFEER 3 BF~DiEH

AR ERT 3 BFE DS EIOFHM Tk, NUPEC B#ERBRIZE 3%, E/D=T L LTW5,

NUPEC #iERBR TlX, PCOVA L—TF 7T bV ETT 7Ty MRBEZREL, A7 LA
WL DBREMDREHERLIER, AT VARE LS5 m OFBEOTFT T, E/D=T L OFEEREDL
nTna,

PCCV 7T > b BBk CV 7T > b OIREERT 3 BIF CTIE, EXRFHFOBESCEAITONT
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HETOERHHLOEBDNSA, CEERTOR/REND, RE, EHNEOFHOENERT
VARIZEZDEEBIINSVDIZHL, AT VA RBRIIRELSBEEZEZDZLRDbID
(-1 28),

X o T, NUPEC OREBRERTH D E/D=T Z@AT 270X, ATV AREN 1.5 mm & &
BIHRNWZ 2RI DLERD D,

TOREBTIY, EEEUHTORT LA ANV1EHEVH 1 n®/h #EBRELTEBY, Z0k
EDRAT VA KRED 1.5 mn Tholz, HEER 3 5 TIIRBEEMBB/A T LA R TIT
LBARATVATHERTERT LAV T~ FIZ 100 HORT VA ) AVBERBESIL TV
72, AT VARERL5m L TFEFERT 70121, AT LA R 7HE100n3 /0 BLE (R
TrA ANV 1 EHEZVH 1 n®/h) BLETHS, SEIOFHETHWZBEHEER 3 BFOR
BB AT LA EIZ 140 m®/h (> 100 m®/h) THY, AL AR 1.5 mm LLF 2R
TETWAHEY, E/D=T2EATHIZLIEIHETH S,

. ET Y VEREREREDOEH

1. C/RL7=SRP6.5.2 D=7 B Y NI T AR T VA IR TOR L LA FHEORXE AW, 2.
TRLEAZVA%E (E/D), H3EF TORF LA BEHETE S, A7/ LA BROKER
VR LA MBI T= T Y VRERELZEH L,

ZIZTOFETIE, SEOFMEREZEEL, 274 T500BN#SREZRBRHE
BATVAR T LT D, ZOHE, REBRWERAT LA IIHREL/NEL, £EOI—F
BbH/hEW, 2072, FHEICBWTIE, RFFEHABESEN TR T LA KB H R OGEEK
FERATFVABR) BHHIEEEBERLT, =T/ ABREEELEHLTWS,

FERAT VA BRICBWTIE, ATV ICXD2=T o/ VREDRZEZENICRATLZ &iX
TERVE, EFFEAERANZEROMRICE 2BAEDRIZE ST, AT LA BERNER
MAT VA BRICBITT 52 LT, BENICRESNS,

K[E Regulatory Guide 1. 183 TiE, A7V AIZL BT a ) VORENREZFHET SR
IZEAT VA EEEZEZERTHE, AT VAEREIERAT VA EROBRABIAITERAT LA
PEIRAY 1 BRI 2 ERERTH L LTWABZ D, SEOFETS, AT LA HEREERE
L, BEBEIRIIIERAT LA EEN 1 BRI 2B@BBT5ZLET5 (Fit-221),

FEOMRE R & LU FIRT, BRMERNLEEV o ctd 23R 7 11 Bl KRS
B EL, BRATUAFERICBOTEHAT LA IC L BREPDERAVLD ET 5, FkilC
BIORETT O VBELC &L, ERATLAERE R LA EROBICIE, ko ©
EEBBNRDY, A VA ER~BITLEZT O MERAZ LA L L VREShE L EZ B,
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A : AP VABEROR T LA L BT o/ VRERE ()
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%, BREEEDBONDICRDIFERDODIF % [Hy b4 7 DF] LEZEL, SRP6.5.2 [TTRES
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ZTHBDAT LA HBIZDONWTIE, E/D=0.7 & LTREFEEZEH L,
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CSE & —4# ( “Removal of Iodine and Particles by Sprays in the Containment Systems
Experiment” Nuclear Technology Vol. 10, 1971 )
CSE TOZRBRTOEHREZLTITTRT,

TABLE II
Experimentzl Conditions—CSE Spray Tests

Run Run Run Run Fun Run
A-3 A-4 A-6 A-T A-B A-9
- - -ai Steam-air
Atmosphere Air Alr Steam-air Steam-air Steam-air
Ter:npal:llure, °F 7 77 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b c
Nozzle type = n = s
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.63 153 1,50 1.50
[ SR |
2 12
Number of nozzles 3 12 12 12 1
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
i I t I
Spray solution ° [

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

(e, ZOFBTHRLNEARAT VA BEOERELLTITRT,

TABLE IX
Summary of Initial Spray Washout Coefficients

£525 ppm boron as HyBO; in NaOH, pH 9.5.
3000 ppm boron as HaBO; in NoOH, pH 6.5,
£3000 ppm boren as HaBO, in demineralized water pH 5.

As Observed, min™'?

Iodine on Total
Run { Elemental { Particulate]| Charcoal | Inorganict
No. Iodine Iodine Paper Iodine
A-3 0.126 0.055 0.058 0.125
A-4°| 0.495 0.277 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-7 0.315 0.31 0 0.20
A-8 1.08 0.88 0.365 0.96
A-9 1.20 1.15 0.548 1.14

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

Includes iodine deposited on Maypack inlet.

ZORERMND, IRERVEAEZZESETHRBRZERK L7- A-4, A-6 LR A-T TD” Particulate
Iodine” DFERZHETH L, BHHEOHHET-HLTEY, KRELF|EEFA LT TWRY, Zhioxt
L, A7V AREZ/PNEL LIEA-8 T, 3IEULEATVAHERALLTWAZ E3b3,
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L/ WEMRERE (B ZEELEZELTH, HI3IRITT EEYE0.40 MPalgage] T
bV, RFIFEABERNERITERICH L TRBEAZATND,

728, ERITIHREOHBITEZERNRVD, [EORMERE, HALETRERERLER
L7cET, BohBED S bRAEZFEL TV,
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BIIHL 8
T =27 RAERERE T 4 VEBREDEOREIZONT

1. PRIF 7 4 VEBREZHRIZONT

T =2 T AERECREOWRIF 7 A NV ZIZL BT a Y VREGROFESEMSEE LT 99 %
ERWTWS, EIF7 4 L Z 2OV TIE, MARTO THEREICBWT LR 7 4 VL ZEBREHER
BRI TWAZ 2R LTV,

WBLF 7 4 VZDAMIIHT T Af#EL > — MRICLIZB DT, =7 NVEFATEERDAHM
EEBT AT, =T Y ANRH T ABMEICEZE - BT sz Lick IS,

- T = a7 AZEKELERE DML 7 4 Vv #
a. BEREBESRHFIZONT

Al CRE LICFHMEERICB W T, BEFFRABIRNIL 150 CREL Y, FFFEHE
MERPLDOREGEZFICIV T =27 ANDORENR LA TS,

T=2T7 ANOREIIRE T 120 CREZTO LA TH A7, AEBEHR3IBFOT=
2 T AETEERMICRE L TV AMELTF 7 s V2 ORmERIBELZ KB EES Z &1
<, HEBEBNETTHZ i, 2B, 74V FICHESNTERAEDEORERICLS
REFERIZ 1 CRETHY, T=a2 7 ANBE~OEBIIKEIVWLOTIRRY, £, B
EIZonWTh, BHERRAVRIIE b T RBEELREIHL2b00D, 7=27 REXR
A LRWEDRIL, T2 7 AAPLOEIBALH D LD, TNEERENS LR S Z
xRV, T AN OMEMET T Lidi, LEN-T, MeiF7 4 VX BRER
99 NIMERTE B,

b. REARIZOWVT

HREEF 3EFDOT =2 7 AZERELRMOWRL T 7 4 L F7 ORFARITA 8. 9ke/6 11
(Z12HDH>H EFRM6 ) THD,

FHEHE P I F IR MAR PO T =2 T AMANRAWVWLEZ T o AT R THAHES
B LW S RAFRIZRRE CTRME L 72 R 0349 0.9 ke TH D,

Zhid, TEEELEEZ T, BHESPOLIRAWV L TEX ML FR2E 7 4 V& ITHE
SNHHDOLE LTFHAELZbDTHSD, 2B, LORBF2TRFRES>FL L TGHEL .
(BIRRUE 1 HBR)

Lo T, 7T=2T7 AEXTELRBEOWELITF 7 4 MV ZITIE, =7 a/AE+SICHET
XOBRENRHDHDT, WhT7 4 VFBREZE 99 WIFERTE 5,

IR T=a7 AEKFRBEOMELT 7 4 NV REGEEE

PRI F 7 4 V5 7 =2 T AT E LR
TANFIHEESNA AT e VE #70.9 kg
REEE #18.9 kg
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2. XOFTANFOBREHRIZONT

T=a 7 AEFTERBOL IR AN ZITEHL 5 BROTLERE 5 BOBREDHEOE
ZMHEELT 95 $ZANVTVWDS, EI9FRTANFIZONTIE, EHEEERECLEREDHEN
MRTETVWA I EZHERLTWA,

- Toa 7 RAZEREEREO L ORI 4V F

a. REREBESRHEFIZONT

LOFRT A NFIE, KIREHF T TOREEREMENZ X 0hoTEY, EXFHFRFO L
I IRIBREREWVRETHIE, LERISHET LT BREDEREL RHEALRH 5,

Fiz, BEICKHLTUL, BEEOHFVEBVERESELRECX L, £E0LBD, BWE
FRZAWVWRIE LT bTHREBE EREIH L5000, 7=2 7 AEBXE R HEEBH%IL, 7
Za2 T AANLDOEIBALDHDLZ LD, TNIEEBENR ENRS Z L3RV, LER-T,
BRERCEREOCHBIILY 7A4NFOMEMETTLZ LTk, X5F 7 NFRrEDE
LT 95 WIHERTE 2, 1ok, RBESRMGEZBEATREDEOZYHOFEMIZONT
%, I,
b. REREIZOWNT

HEEBEFIFFOT =27 AZIEFLRBOL OB 7 AN ZOWEFEIL, #1.4 kg/34
BTH5,

R DI HFIERAERIPO T =2 7 AM~RAVWLE LI BT RTAREFE SIS
&S REFHYZRARE TRl L 722234720 g TH D,

T, R F7 AN Z LEROFETHEL 2D TH D (REEELER), 12721,
EHOFEDFEFRBIZETERRLIRTLIIARIOFL L, EIREUVE 2HZR)

LIe3oT, 7T=2 7 REXEERBO L SR 7 4 V71T, LOFEZTDITRETES
BERBPHDLDOT, LOFT7 A NZBRESER IS WIMMRETE D,

FeR ToaF ABKHREOL OB T AN IRERE

kogE740% T = a7 AZERE LR E
TANZIHHESNS L HIFEERE #7120 g
MESE 1.4 kg
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FEIR FLNEHEE (REEEZED)

- FLONEFEEE
(kg)
BQUE 5| 2. 1E+01
(X5%) (2. 0E+01)
Cs 3. 0E+02
Te 38 5. 0E+01
Ba 11 2. 1E+02
Ru #8 6. 9E+02
Ce 11 9. 4E+02
La #8 1. 0E+03
e 3. 2E+03

1. 13-284




WhLF 7 4 VA HER

!

(RF IR SR> OIR A LI+ 2 2 B %)
/N

JRFIFRENBE SR ~D Cs DIHEIE
/N

(EF PR MERN O DR Z\ £ 0.16 %/day)
N

(FRFIF A SR T OERZIR)
N\

(NUREG-1465 |Z -3 < JRFIF MBI ~D Cs OHEIE)
/N

REFHEEER LCHE D
ok F DI LN ERE B
(ORI ETRFRET D)

FBIN 7T==27 AZEXELREOMEIT 7 1 L 7 R R OBR
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LORTANFHER
N

(E%F%%E%#Bﬁ%vttiﬁ%ﬁ%ﬁﬁ%)

RFIFREMABRRI~D X 5 BOBHEE

N\

(RF I RMAERN O DR Z VY - 0.16 %/day)
N

(RF IR 42 N T OIRBZIR)

!

(NUREG-1465 |ZHE < R FIFEMEZmN~DO K HEIE)

|

REHEEZ LB ED
X IORDOFLNEREE
(LORFETHFRRELTAREIOKLTD)

FoR T==27 RERERMDO L >R 7 4 VI HEEFEOBRE
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SORTANFDWERUFLRE X REDROZUMEIZONT

(1) L5F7 4N FEBREDEHABRICONT
EOFBTANFIZOVTIR, EHNEEEREICBVWTLIFET AN IREDERBREZEMRL,
X O FHREMENERME BEPRS WAl 2METAZLE2HERLTVS,
ZOBEORBRSEMT NEE : 30 °C, B : 95 %RH] ThH 5,
B, LORT74NZIIEIE, BEECHIEVREDELZRE T IEMICHS,

(2) BEEFHFOBRERRIZOWVT
EREFORERIICOWVTIE, REFFAIEMT 6 I[ZEE8T 2 ARNOERIBEOFHE, KK
FIROEIE (Fatif 1991 £~2020 ) 2L 5 L, BERERVEREMEIZZNEH 25.6 C,
-5.8 CTH 5,
2L, BEICETMEZIT - BEOFMEMEIE. YRFORBERVKEMETH S, 25.6 C,
-6.1 CTHh o7 (FEatH 1981~2010 ), LARTOFHMSAF D523 AREBI 25 & 72 D5 728,
WEICER L 7-FHERG CORBIER L EHT 5.

x1 WHEEFADOEERI GXEFFAIHRNM 6 [ZRET DIREOHKE)

FER B it /NHEL R 1 e
1HZE D N OREBE
e KRBT SEERT
EEmRIRA /HIESIEA 8 A 1A 8 A 1A
BEERIBOEAME RESIEOESE | 24.6 °C | 4.7°C | 25.6 C | -5.8 C
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(3) THFEERTOFAEERIIZONT

2011 R UR20128E D1 A ~128 £ CORBEMNOEMNMBE T —FICB L TR L LTE
B,

BEEh A B AL CTLER, ftEic H FHOMMBE LT T, ZORR, 95 %RHEL EOFEXEE
D@V BT, HEAHEEE %RHLL EIZERMI3HE (20114F) , 1H (20124E) Th-ol,

o T, BFEHOMIMBEICIBNT, 74 4V¥ OWREICEET 2 B EHOMERE %RHIT
FEMZE L T2RL, HAHEE0 SRHLL EIZFEME KL EETH D,

B, 2021 IZBWVWT LR ET 272 L 24, B OMXHE EISHRHITLEM 48 L T2 H 4
L27e<, FEXHEEE90 %RHLL k& 722 DIXFERM20A (5%RE) Thotz,

B BEHHEIEE (201148, 20124F)

100
90 |

01— WIRETAT o
70 - W-flﬂhahﬂjﬁiﬂ.ﬁyk'ul L il
60 it
50
40
30
20
10

0
o o m m = o m o m
— o o < o © = 6o (=)

bl I'I'_. | | b | | | | || |_
0
R

H I FERHREE (%)

10H
114
12H

W20114F M20124=

K1 20114818 ~20124E12 A @ H EH OFERHREE
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(4) FHEFEFEDO X > RT7 4 NVFUBEIEHFITONT
a. 7 =27 AZERELERE
7 = a7 AERELREO RGN E K2R T, EXEFHRFOT =2 7 XTIE, BhERE
NHKEIPEAL, BHBRRIADPOLAZIBBALTL 2. BEMIZIE, BHESRPLO
KERBAENKT.5 kg/h F TH Y, BHERUND»LOKEREELERORARI,
#3000 m®/h 2 TH B,

BREFTEALOEFRUVLFEONTORE, BEL (2) RV (3) HEV25.6 °C, 95%RH
BU-6.1 C, 95 ¥RHE T 5 &, ERFHIFOT =2 7 ANEXOKEIDEX, £hEh,
#94.0 kPa, #90.92 kPa B3 L7223, HEHEOT =27 A%, BHERNLOERICIVE
EREOIRE (40 CREE) LTIIRsZ LiIBzbhiWe®d, 7T==27 ANRE%40 CL
HE LIRS, ZOROMBMNBEIIS5 WRHEAT L7220 &Y | X 5K T 4 V¥ OHRITHERT
x5,

¥ :
i tlig
PAVAR: KA S‘
i
b2 FIF[Flc 7.5ka/h 4]
HESU o~ —— % N N
3000m/h
' ' ][CIIE
A AW
:;ﬂ FIF|F|¢
Rt ey [id aEes
ALl 3000m*/h —?
. i =
e T P E ._’
C/F| kaEvqans % > <
WEMM= AL | e lifbe g—| r

B2 HI3EF 7 =2 T AERGLRIERF R
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(FE1) RBMWEENOOKEIBARL, BWEASENEKREELEWASRRIVELVERY
LTW5, BMASNKEIRKRERIIMBITRERORKERNL112000 kg L, HEMEE
I 2 VFRIIEIE < FFEMSRE0.16 %/ B & LTV 5,

(FH2) 7T==272LEHKE

(#£3) 25.6 C, 95 %RHEU6.1 °C, 95 YRHDBED T =27 ANKERKHIEIL, LUTO&E

&b,

&S 25.6 °C, 95 %RH 6.1 °C, 95 %RH
KERREE [p o ) 0.024 kg/m® 0. 0049 kg/m®
7BREE [o o] 1.1 kg/m? 1.3 kg/m?

ToaZ7 AV EHERE (L) 3000 m®3/h
CV LISk ok
DA DABRIBAR 72 kg/h 14.7 kg/h
[Mo> = p o XL]
CV LS D ZEZEANE
3300 kg/h 3900 kg/h
[Mo= p oXL]
CV b DK
b DKETBEANE 4 B fa/h
(Mcv’ )
T =a T AN ap ki
7 ANZTICHRE 0.025 kg’ /kg 0.0057 kg’ /kg

[X= (Mo’ + Mcv’ ) Mo]
7 =27 ANKERHIE
[Pw=P XX/ (0.622+X) ] #94.0 kPa #30. 92 kPa
P=101.3(kPa) (K&E)
(FE4) FEHHEOT=z27ZARNEEEZ 40 CLT5L, 40 COEMKETIIEILT. 4 kPaT
L0, T=a2 T ANEXOHEIREIL, LLTO@EY &7225,

25.6 °C °C, 95 %RHFF : 4.0 kPa, /7.4 kPaXx100=54.1 %RH

-6.1°C, 95 %RHEF : 0.92 kPa,/7.4 kPaXx100=12.5 %RH
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BHE 9
L FHBICAWEREERORFRMEIZOWNT

FHIC B TEBIL/Z 19974 1 A5 19974E 12 B £ T 1 EROKBERNC L W ##r 2175
24720, Z0 1 EFROKEEEPRIBOKRREZNREL TV EMNE I DORMNEIT- 12/
B, REBERH S LU Lz, UTIREFERURERREZ T,

(1) REFE
a. AFEMFMETIE, ®FHICHER (BEH 20 m) OKBET—F 2#HA L THIZFmE
ELTWEE, [KET —F ORBHUEZHERTHITH72Y, 20 o OB THE
KREESMHEEZRET HER 84 n OBBRE LAV TREERT 7,
b. 7 — & kEEtHif
FEEHE : 2011 4F 1 A~2020 £ 12 A (10 4Ef4)
FRIESE : 1997 4 1 H~1997 £ 12 A
c. BEFIE
BREENE I D, FOTREICLIVREEZIT T,

(2) BRERE

B1IRIIREZBREZ T, £/, H 20 n TOFEHRER (AMBIHBSEE) RO (B#H
PERRBIHERBEEE) %5 2 REOUE 3 RIT, BH 84 n TOFEHNREREZE 4 RRUHE 5 RITR
%y

Em20 m E#&8d m TOBBISEIC2IHBED Y S, FEKE (fEBEE) 5 $TEHIN:
HAZ, EH20niX0ME, F&m84nid3E (Am 2HE) RUEERE® (13HE)) THY,
W LBEOREFE BV TREBES B 2DV LR S - FEHEEH(1~3HRB)
DOFHEIZA>TNDZ L0 b, REEN+ARBIMOKEREEZRRL TV LA D,

F1IR: REFRERR

B R BlHmEE ® E & -
- JE e B ER A FEHEHRL
S 20 m
JER\TER RS A% 1| HH B A FEHEERL
2
JE e B ER A N
- (JE\rA : SSE, W)
e | EEER
il 3 % | 7
IR (ELGEREH# © 0.5 m/s~1.4 m/s)
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BIHE 10
B E L ZE L ERELEEREOBREIZONT

1. BAELEZZE L - R EILEEEOREIC OV T

AFHEIZ BV TIL, HRE~OWLEZFFET 208, BRICX 2BHEILELZZE L CTHREILE
REZFEL TV 5,

UTIZAE, BHELEEZZR L REEEEE LI ED 4 5L L TRE L7245z
WTRT,

1.1 BtELE R LB E R OB EFEIZONT

UTOHEX» LML ER L RILER (BAHELHY OLER) 2R3, ZZ T
HREHERREEIC X DA HBRIZOVTIEHRUITEA TRV, FIRBEELTW5, £, HKHIE
B OGS SR L LFEEZBERTHRMIIFE L E LTS,

(1) HctErEE=
BALRHE S 12 ) ORI RITHRE B REFEREH OX L ARCUTOXTRS M,
Dy =Voq 2] Qv ovvveeeeeeese e (1)
Dy : BALAHER B 72 ) ORAEEER [1/n%]
Vea : WERE [n/s]

x/Qo : M EOFRRHRE [s/m®] (bR O = EE)

(2) BHILER
B R Y 72 ) OBMILE RITHRE B EEFEfE S BEAKRFOILE B M OB ERE &
L TZIF 6TV 5 Chamberlain OFFZEEE* L 0 REZHEARE (x/Q TRETHELUT
DHTERIND,

D, :A'LTZ/szJd:

................................................. (2)
Dri B HED - 0 OEEEE [1/n?]
A : PeiHRE [1/s]
x/Q(z) : SRE S R OFEXHRE A [s/m?]
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IIT, xNQuiERSMELDERETDE,
D.=A-y/0, V27 -2z

Xz : SR ELHLHE (m)
x /Qo D HERHREE [s/m®] (Sn1EJ7 1M O LR E53AR)

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

(3) HhRILFR
EROKE Q)X b, HMBLERIT, UTOXTRINID,
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#sfr-1 NUREG/CR-5901 DkEy

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

{(6) Solutg Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0,05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

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

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

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem’) or 8i0; (p = 2.2 g/em’) from the concrete and
UO,(p = 10 p/em?) or ZrO, (p = 5.9 glem?) 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 glem®. The upper limit is chosen based on the
assumption that suspended UQ, 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 Se(w) where S 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:

ao(w) (1-5) fore <05
a(w) (1+8) Jore = 05

T

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 pm in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 gm) = 0.92

Z¢ The aerosols produced
dunng -:nre ﬁabns-mnmttc mlmclwns are assnmad to ha\rc lognmmal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geomelric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geomelric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UO; with a solid density of around 10 g/cm® is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em® and condensed products of mcrﬂe decomposition such as Na,0, K,0, ALO, 5i0,,
and CaO with densities of 1.3 to 4 g/em® become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities,

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

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

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:

6 lﬁ Vs )
D} = E[-;] 301 cm

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

D, = 0.0105 ¥[o, /e(p~p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°.
The maximum bubble size is limited by the Taylor instability model to be:
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WfF-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS NEA/CSNI/R(2009)5 O#k#e: Ik V5B D=

92.1 Aerosols in the RCS
9211 AECL

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

9.2.1.2| PBF-SFD

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

9.2.2 Aerosols in the containment

9.2.2.]1 PHEBUS FP

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