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o
—
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,
Run A6

B CSE A6 FEBRIZ X 2 L 5> FEoRELK

(2) CSEEBRDOBEHIZHOWT
CSE SEBR Rk & IR SR EBITE 2 S OREM SO ek 2 55 1 RITRT,

%5 14 CSE 328k & &Il 2 51 O FFAM & D bk

CSEZEEx ®Run No.
22 )11 25 ¥
A6*l*2 A5*3 A11*3
" R AR
A A A ke i %e = *
o P = FA X [7] [F] (+ k%)
A
&P[?aijf) #70. 20 #10. 22 %0, 24 %90, 31%
75 I A IR
ﬁé‘; s #9120 #1120 #1120 #9170
f@ﬁf A 0 L L B 1

HEt k1 : 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
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atmospheries by sprays” , BNWL-1244, 1970

%3 : R.K.Hilliard and L.F.Coleman, “Natural transport effects on fission
product behavior in the containment systems experiment” , BNWL-1457, 1970

* 40 REVA AR BGHR B LR IR O A S I REAl O Fil 2— o o A TRARE LOCA+HPCS M+
flE ECCS Bl + A BN N BRI ) 1T WT, JFoLrb Loz R REKE I
% (FR0W) ofE

*5:A6 BRI AT LA 20D KBRS, BREAERORHIZIT TEH DR T LA Eli
AR DR TR MASZNOREEA LI VEEL TWVD

*6: RRANAAR AT LA ZFEMT D0, FM LITEE LS BOREDRICH L TITHER

WEDOHEBREL, BRMNEHRATLVAICIDBREDRITIBRL 20

AT VA BHEHLTWRWAS RONALLICE T 5 I X 5 F 0B 1P A % N &
REORRZ(AZE 2 KIZRT, OHOWEEICHONTIE A6 LREKEOHEmEZRT & LD
I, IREZVEESO | BREEF TR T LAZBEIBESOOERIZEABEOND, £,
KEISRP6.5.2 TlE, JRFIFHEMEIFNOERL L S FRREN 1,7200 12725 F TITER
EOFoORENRAEND ELTWVD,

14 10 ”
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[ 10DINE 10DINE
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FIGURE B-5, FIGURE B-6.
saan TJ TR SV
Concentration of Elemental Concentration of Elemental

Iodine in Gas Space, Run A-5 Iodine in Gas Space, Run A-1l
B2 CSE AL RONALL EBRICK T HER L 5 FED
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IR AN FEEHH 2 SHOLKRBEHICOWTH 2 RITRT, K05 CSE FEBR L &I

JRF 3BT 2 SO EmBIZFARE L R>TWVL I LPHRTE 5,

%23 CSE EBr & &)l 2 5D R fE o g

CSEZE B & % 1)1 255 1

wrE (%) #1600 #7113, 000
Fmr (n*) #1570 #7112, 000
teFmEfE (1/m) #70. 96 #70.93
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e 4
YL aryTP— I TCORI T TICEIDBRENE (EHELHIFE) o0

PF Ly a =V TOAZ T TICRHER LS FOREDR (LT TDF) &
9,) & LT, Standard Review Plan 6.5.5 (ZJ&-3& DF5 25 & L T\ 5, Z#id Standard
Review Plan 6.5.5 IZ8BWT, M IOIFDOR I I TIZLDBREHEL LT, Mark—
0 & O Mark—IIiZ%F LT DF10 LLF, Mark— I (2% L C DF5 LA F % ERT 25 61%, FFiC
HEZLELETABLTCHLRN] EOFRMICESSEDOTHY (SR, IR
FEEITE 2 oI Mark— I P MAREZHRA L TWL 2 &b, ¥ 7Ly a7
— L OBBEOFEICEDLY, DI ZEHATLIZLELTVND,

B, AELIFBIZOVWTEITAROEETHDLZ LD, RDF OBRITITHFEL TV
RN, BRI E D FD DFIZ DN TIE, MAAPfRtr o X 7 S B Z5HH 7 v 75 2 (SUPRA =
— ) T LTS,

[Standard Review Plan 6.5.5] ($&#)

1. Pool Decontamination Factor. The decontamination factor (DF) of the pool is defined as
the ratio of the amount of a contaminant entering the pool to the amount leaving.
Decontamination factors for each fission product form as functions of time can be
calculated by the SPARC code. An applicant may use the SPARC code or other
methods to calculate the retention of fission products within the pool, provided that these
methods are described in the SAR adequately to permit review. If the time-integrafed '

|DF values claimed by the applicant for rerﬁovaTo?P:'alﬂcUIates and elemental iodine are:
110 or less for a Mark |l or a Mark |l containment, or are 5 or less for a Mark |
Icontainment, the applicant’s values may be accepted without any need to perform :

than those given above.

The reviewer has an option to perform an independent confirmatory calculation of the
DF. If the SPARC code is used for a confirmatory calculation of fission product
decontamination, the review should take care in proper establishment of the input
parameters for the calculations.
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VL a =L TORAT T E LTI D
M X O FoOREDRICET MO m LIz >N T

BTy a =V TOARAI T IO DEEL S FOREDRICET S0 A

& L C,SPARC = — RIZ L % 3B %5 530 OVNC UKAEA & TNPOSETIDON IZ TITo = EBRNR H 5,
kB, BELEEHR Y- A, BRAFEIEEEELTHY, ITORSERZEE
LTWa,

(1) SPARC =2 — RIZ X % Gt & &

Standard Review Plan 6.5.5 @ 5| CHk* ' 123 T, SPARC = — R&EZHW/- X9
FOAITEUTICEDBREDNREZFEL TS, YLk T, Mark— T B 7
AR A R E R E LT X O F (L), i IR &K 5 F(CsD) ROEH K © F (CHsI)
T D27 T TICEDBREDREFAEL THD, FEMREIE I KOLEBY
ThV, EELO>RIIHTLHIFIIHRNTIORETH D,

B, B|E LR — 7 R0E, RPFELEEREELTHY, DUF Ol
ERELTWD,

- 30 I IRE L d8 U T HIAEI R OO N R RS R AR
- BRAFLEA AT AEEBHT L0, RFFHOLLVEY T Ly g T — L

ORGE N =WAR Rl
c SRR SR AR O MR ERE B O T LD mEAM R EER LR R, FOBEEN A
HEt k1 : P.C.Owczarski and W. K. Winegarder, “Capture of lodine in Suppression

Pools” , 19" DOE/NRC Nuclear Air Cleaning Conference
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51 SPARC &5k 5 (#RF i DF)
Rk CERT oL (BRH)
“Here the 1o flow rate is fairly high until 148.5min, then the rate(and
incoming I concentration) decreases. These decreases cause the pool

scrubbing to become less effective at the iodine concentrations of pool.”

(2) UKAEA & O POSEIDON |2 THT 7= B
MK ISR T IAZ I TICEDBREMDREIZOWVT, UKAEA*? KO
POSEIDON*? ICEB W TERBITON TN D, FERAERZE 2 MEOH 3 M, EBREM
MOFBMHERZE 1 RLOB 2RI T, Fo2ROLEY, HWE X O R0 DF 3K
INT 14 TH D,
HR*k2: AFV 20T ¢ 7 U A (FEKJBOE WS B K B HHE (SGHWR) ) D 2K K # l
VAT DRI DBy R D PREF 2 TR D T2 80 D FEBR
*3: AL ZADKR =V« =T =W TITONTZAKFT~DHT ARSI FEDR Y
7 v BT % EER
%4 : “State-of-the-art review on fission products aerosol pool scrubbing

under severe accident conditions” , 1995
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H1ROERSEME
Program Acrosol Acrosol Carrier Steam mass| Water Pool Injector
size, pm fluid fraction temp., °C | pressure
Csl 1.7-2.7 N; + 0.008 - 25 !
ACE CsOH 1.6-28 steam 0.31 | 83 ambient sparger
MnO 1.7-23
Csl 0.2-3.0 | air, N, or - ambicat single
EPRI TeO, 04-27 | He+ 0-0.95 - near sa- ambient orifice
Sn 2.7 steam turated
Csl ~4.5 273 1.1 MPa | single
EPSI (radius) stcam 1 (imitially) 3.1 MPa | orifice
CsOH 6.1 MPa
GE Eu,0, 0.1 -40.0 air 0 ambient ambient single
Csl <03 orifice
JAERI DOP 0.3-100 air 0 ambicnt ambient single
orifice
LACE - Csl 1.7-72 | N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 (abs.) | orifice
-multior.
SPARTA | Csl 07 |air+N, 0 |closcw | ambient | 2 orifices |
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
UKAEA | Tyvapour | - ~ [airandior | 0-1" ~ [ ambient | ambient | 4 orifices,
steam
ambient

Experiments Species tested DF range
Cs 145 - 3000
ACE Ma 11 - 260
1 47 - 1500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
Sa 110 - 6800
EPSI csl 2100 - 3300
GE Ex,0, 68 - 2900
Csl 7-10
JAERI DOP 10- 150
LACE-Espafia Cst 16 - 3000
SPARTA csl 7
UKAEA e NIE s s i L 13- 1680 _
1 L 14 - 240 A
POSEIDON Iy 20300000 ,

* Only onc test performed.
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ffi i 5
L F IR AR~ DS R AR OB S DR EICOWNT

RER~DOHEIT, FRANBEEICREFIEMERA~OKREEGEZRED 2 L THRIET
5, (B3E1H)

JE T HF M AR B~ D S B A OFFMIC Y 72 - T, BEFH T T U 4 T RAkE LOCA+
HPCS KL+ K ECCS KB+ 242 i B) ) IR E K | IZB W TR I E N B g 4 7 IR a8
THEBENIRT D7D, TDOT 7 MREZBHFEEZRMAMP 23— F2 VWD 2 & &350,
UTOERENG, X0 ERBITHNL 2 A& MNE 280~ DB RA ) O U B & 2 % E
THEO,NUREG—14650MmEZHWCTH-KEREZEORHEEGEMET D,
B, WMITFHMICEG A EBE L CIIEHERBMEEBENO DTG NELALEERDN, N
UREG—14650HMAZMNTHIETDH - (RIEFEEFED 5 B E FRHZHE ISV
THWIEL M ~DOFENEZ LN, MAMAP 2 — RO REZOEF@EHA T2 LBEIC
RFHRFME D2 D, KV ERBICALEFME T272ONUREG—14650
R AW B E S O/MIEETT O,

1R MHEG ORMR R (MAAP fZ4T)
JR M A SN DRI ERE | PR HAESR 7 1 L 2N bR
SO A WEI ST T AN FIRE A~ O A

S/C~Xv |k D/W b S/C Xk D/WR ks

B Filt
T—7

| K1 2.2X1072 ) 2.2X10 2 #9.6xX10 ! $9.6X10!

CsI ¥ ) T7.0X10°° $37.0x10°° #1.3x10°°6 % 3.5X10 14

CsOH A #2.8x10°° #2.8X10°° ¥11.2x10°¢ #3.2x1071
Sb #8.4x10° #18.4X107° #12.5X10°° I 7.1x10!
Te0, ¥A #14.4x10°° #14.4%x10°° #14.5X10°7 1 7.5X10°°
Sr0 ¥4 1 1.8X107° $11.6X10°° 1 4.7X107° 1 1.9%X1072
Ba0 %8 #13.0X107° #12.9%x107° #2.5X107° #19.8X107°
Mo0, %5 $17.1x10°° $17.1Xx10°° F1.1Xx10°° $1.9x10 ¢

Ce0, #H 9 5.6xX10°° 9 3.6xX10°° F4.2x107° F1.3X102

La,0, 8 5 5.4X107°6 %) 3.5X10°° #4.2X10°° #51.3X102
FEREk 1 /ANERFE 2280 B
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B2k IMHBE O R (P REREOE L — 7T DM ER)

JRF IR AP DIRF I ER | HFFRMES Y L hR

¥ il o
» DO A VE A *! T 4V EEE SO RIS !
L— 7
S/C Xk D/W~_> K S/C X b D/W~_> K

fi A AFE | K 2.2X1072 #)2.2X10 2 #9.6X10°! $9.6X10°!

CsI % 9 7.0X10°° ) 7.0X10°5 % 1.3X10°6 % 3.5X10 14

CsOH #d % 2.8%X10°° % 2.8X10°5 #1.2X10°6 % 3.2x10 14

cs .| #3.2x107° % 3.2%x10°5 $1.2%x10°° #3.3%x10 ¢

Sb ¥4 #6.3x10°° #6.3x10°° #12.4X1077 #16.5X10°°
Te0, $A #6.3x10°° #6.3x10°° #12.4X10°7 #16.5X10°°
Sr0 A #2.6xX10°° #2.6x10°° #19.5x10°® #12.6X10°°
Ba0 %8 #2.6x10°° #2.6x10°° #19.5x10°*® #12.6xX10°°
MoO, ¥ #3.2x10°7 #3.2x10°7 #11.2x10°°® #13.3x10 ¢
Ce0, %1 #6.3X10°° $6.3x10 8 5 2.4%x10° 6.5X10° 7

La,0, %8 1 2.6xX10°8 #2.6x10°8 #59.5x1010 5 2.6x10°7

HReskl: IEAE 2290 BT
%2 : Csl JAMK O CsOH JHDE 2> & 5FAl (RFAG =132 1)
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OTMI REEH R F IEEMFELTOBREERICHONT

B1RICED L, SEBMEZR (CsI, CsOH) O T A4 b OHESE (107° 4 —
Z—) L, e REREEEOMHEIENREY (107°F—F—) LnIoFERIZR-
TW3,

—J7, Ml REEE R I REFTFECOBBMFEENS, FHENBELLZLAICKD
%<mm%néﬁ%%¢gm,ié%%ty?A%maﬁ%ﬁ@%E?%D,¢-ﬁﬁ%
PEOWEOMEEIIFEEREONE L H_XTHLETHLZ N> TWVD,

B3 RIE, T™MI FlE BRI SN B MEEROGFT L OFERTH LN, HHAR
EEFEEEE (Bv v A0k 9 %) BWRTFENDEHIMNF AN EO L SRERE KT S
5—HT, B RERMEEEITIZERENR FFEENERFICREFEINTND &V D FFN &
o TN D,

B3 # TMI SRl #% S AP Al & AU 7o i PR O S5 B i O A7 (£ & 7

(EBA7: %)
- EIERE PIEFETE SIEF

Ea 14403 !54Eu 155Eu QOSr 106Ru IZESb |:37CS IZQ[ BSKF

| [RFIRE R 105.4 122.7 109.5 89.7 93.2 117.2 40.1 42 30/
7 A = = = 1 = 0.2 3 1 -

HhBEIK, |AER 58 0.01 - - 2.1 05 0.7 47 an' 54
HENRE - B - 0.1 - 0.7 5 7 -
&t 105 122 110 93 94 119 95 97 85

T REEAOURENEMEELZEDT IV (HHISHT ALY D=8, CCTORBFRISFDLDAAUM)—EREE
EBESHHFEREEOTLED., LIzA 2T, CITRFSNZIDA AU M) —([ECsERFTHDHEE XD,

HERE k3 FEEISG =V 7B O AT fE & ORIGEN2 =1 — R AT % 5
HHL : TTMI—2 S OFRENF TR R (JESEH, L, MR B AR T 1575
Vol. 32, No.4 (1990)) |

£70, BARIT, BEE A REITERR TN S 72 FE B TR Ot 8 PR

BROY TV THRTHID, ROBEMESHL TV L O EHERELEE (LD LR
£5F) THY, ZLof AREFEMEEEITIABE (ND) LWHFRER->TND,

AR WWEE T REERTE R ISR ST O B P R

(4 Bo kg L)

T e s e o maiowae (ONAE [TEEE SeWm

(FEAL G ¥500m) 2 (78 95001 #2 (FTTPR#500m ) €2 (L1 000m )2 |{HH500m 147 il .

EEENE &zl 3/23] 3.2 3725 12 329 ERC | 472 322 | ] 32|

HHRRE JAEA JAEA g JREA e JAEA oty JAEA JAEA JAEA JAEA JREA
| MED 3/24) a/23) 3,30 328 /39 28] /0] @28 3/25] 3423 324 /23|
i (- 131(#RA) SEEHB 576405 28E404) F0E+06 39E+04 12E407] 26E+08| AKES0S 5 1E=06) 19405 225404 SAE+08|
L |- 13201280 4 *4 2.3E405) =4 13E+07 ) 1.5E+05| 4 #4) *4 4 4
Gs=13alzE) JAEHD 49507 53E40) 7AEN) 32640 356406 .7E03) BEES0Y LIE-3) ETE03 1TE4 18E+03]
Gs-136($13 81 126404 BAE04] 3.3e+04) 1.0E+04 ZBE+D| 4.9E+0L| 5.9E+04 T LIE=0Y) 19403 222408 23E+04|
s~ 137(830%F) 34E-05 46E-03 5 1E+09) 706404 32E+03 3.5E+0¢] 9.5E+03) 4TEC4| 1.0E<00] 2.0E~04) 165704 1.0E+05]
Te- 123($934) 25605 26405 852109 53E104 Nl 276408 5.0E+03) 2BEC4) £8E+05) 85203 192404 176405
Te-132($538) 416108 3.4£.05 3.0C 03| 8.50104 1.4C10%) 1L 0g 2.0E1 05 2.2E+04] 1.9C08| 210404 3804 38E105|
Bo- 140049186} 13604 1.62:04 ol 256403 Nl HO| ol D! B0E04) ND)| HD D
Me-95(#335 EI) 176403 24E+03] N ND| Noj 536407 WD) ND| £.1E+03) ND| ND| T9E:02]
Ru-106( 53708 536404 ND o) 64F403 nol 27E495] o) ND! 6.8E04] 196403 HD 32604
Me-30( #6652 M) 214 ND ND)| Hin wo| B.5E404) o) NO| O ND| D o
| Te-somigIaEs A 23EHM4 20504 ND)| ] nD} 4.5E+04) o) 1.3E+03) 23604 ND| HD B3E+04
La-140(F92 5} A3 0 NDJ 2303 ND) IR oy LEEHDY Z1E=08) 47602 B2Ev THEH0Y
Be~ M¥353H ) NO| ND ND) | ol N D) NO| S2E=04) ND| ND HD
Ag—110m(§125081) 11E+03) 26503 D) Ho| D) Ho| o) 176402 1.8E-04) ND)| ND D

Higt : AR (BR) HP (http://www. tepco. co. jp/ce/press/11040609-j. html)
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INRPB—R 322 ANNEX-A 2.2 Todine) @ HH

b, o ‘ Meadow grass and crops

Methyl 1odide

There are fawer data for methy! iodide than for elenmiental wodine. but all the data indicate that
it 18 pooriy-absorbed by vegetation. such that surface resistance 15 by far the denunant resistance
componant. The early data have been reviewad slsewlhiere (Undarvood. 1988: Harper ef al. 1991) and
no substantial body of new data is available. The meastred values range betwean 107 and 107 ms™
approximarely. Azain, there are no strong reéasons for taking r; to be a fimction of windspeed. so it is
recomumended that v, 18 faken to be a constant, Boased on the Hmired data available. the “best judgement”
value of vy 13 taken as atui the ‘comservabive’ value as 107 m s, Where there is UIE eITaIny
as (o the chemmeal species of the jodme. 1f 15 clearly safest (o assume tiat 1t 18 all i elemnental fonn fom

the viewpoins of making a conservative estimate of deposition flux

2.2.3 Urban
Meiind fodide
There appear to bz no data for the deposition of methyl 1odide to bulding surfacss: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for which specific data are reguired, No reconmiendations are given in this case. For vegetarion
within the wban area (lawns and parks etc). 1f is recommended that the values for extended grass
surfaces be used,
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Fig. 4 Dry deposition velocity as a function of particle size, Data were obtained from a number of
publications.’® —2° The theoretical curve appropriate for a smooth surface is shown for comparison,
Note that the theoretical curve is strongly dependent on the value for «» and that Eq, 22 does not
contain a parameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.
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Fig. 11. LAZ pretest calculations — aerodynamic mass median
diameter vs time.
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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 thc solutc 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 Suspen lids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/cm®) or SiO, (p = 2.2 g/em?) from the concrete and
UO,(p = 10 g/em®) or Z1O, (p = 5.9 g/em?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended 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 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:

o(w) (1-8) for e <05
o, = .
{c(w) (1+S) fore 205 }

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

(10) M rosol 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 expected.

ffi } 8-6



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.

(11) i rd Deviation of the Parti i istribution. 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 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
mteractxon progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm? and condensed products of concrete decomposition such as Na,O, K20 Al,0; Si0,,
and CaO with densities of 1.3 to 4 g/cm 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 aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping 1s 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 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:
n yo4
- {8 %
& 8

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 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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%% 1—2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS, NEA/CSNI/R(2009)5 @ & ¥L } OV oo i 25

9.2.1 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 um formed (though their
composition was not _established) then these agglomerated giving rise to a mixture of compact particles
betwee! in size at the point of measurement. The composition of the particles was found to
be dominated 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 acrosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle gcometrical-mean
diameter varied over the range{0.29-0.56 pm|(climination of the first filter due to it being carly with respect
to the main transient gives the range 0.32-0.56 pum) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Tuming to composition, if the first filter
sample is climinated 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

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 um; acrosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (ds) of particles in
FPTI1 was scen to be bclwccn 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 valuc 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 FPTI test: during this period, the smallest particles were found to
be cesiumerich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the clements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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