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so-called “quench” lemperature. Al lemperstures below this quench lemperature the kineties ol
gt phuse feactions ameng CO, COy, Hy, and HyO ae o slow © maintain chesiical
4 1o the -

d by the waler pool, very
hot gases produced by the cors debris are suddenly cooled 10 temperatres such that the gas
) a thy for the “guench™
ridence Sisggest that fhe "qucnch” s 1300 10 1000 K. The value of
d dformly disteitused ever thix Toags for
the calculations done here.

mmmmmormumwmm deteris anacking comcress
has not been examined casefislly in the experiments done to date. |t s awsurned here that fhe
logarithm uniformly distributed over the range af Inf0.05 pfkilogram
HyQ) = -3.00 to In(100 pidlogram H,00 = 4.61.

mwmmmﬁmuwmmum
pool will increase with time. Depending on ihe availshle fcilities for replenishing te water,
ihils volume fracibon could become guite lrge.  Models availsble for this study are, however,
limdled 1o volume fractions of 0.1. Consequenily, the valume fraction of suspended salids is
‘nkem 1o be uniformly distributed over the mnge of 0 w 0.1,

%) Density of Supended Sclids-  Among the maierials that are fo make up the
MMmmc,-tzMwsm,c,-11Mmmw
w.-]ﬂw}vm(’-iﬂ from the core debrin or any of & variety of
serotol materisls. 11 I5 assumed here that the matcrial density of the noponded sofids
w-hwlyw:wnuwnl’lm!w? The upper limit is chosen based on the
Onherwite, gas

thal suspended U0y
mmumﬂ-mmﬁlw

9 Suriace Tension of Waigr. The surface tension of the waber can be incressed or decreased
by dissolved materialy. The magnitude of the change i taken hero 1o be Se{w) where § i the
weight fraction of dissolved sofids. ‘The sign of the change is taken Vo be minus or pha
depending on whether 3 random variable ¢ is bew tban 0.5 or grester e or equal 1o 0.5,
Than, ihe surface tension of the liquid i

olw) (1-5) fore <05

L
Ve prezos

where ofw) is the surface tonsion of pure water.

(10) Mcan Aerosol Pariche Skig. The mas mean particle size for acrosol produced during
meli/cemcrete inleractions is known only for situations in which no waler is present. Thees is
reason fo believe smaller particles will be produced if a water poal is present. Examisation of
serosols produced during melt/concrete imeractions shows (hut the primary particles are about
0,1 pem s dismeter. Eves with o water pool present, smalier patiches wnshil nor be expocted

femmperat
wpmmhnmlmoo,‘“rw"pmwhumwhm1
equilibrium on useful tine scales. Tn the shasp temperature drop creaed by the water pool, very
MgmmmwikmmmmwwmeMm

the "quench® lemperatisre.
mwmwmn q_di wmi;lmmlmx The valoe of
range for

e quench
mmmmm

(6) Solubc Maxs. The mass of solules in waier poaks overlying core debris attacking concrete
has pot been examined carefully in the experiments done o daie, 1t is assamod here that the
togarithm of the sotuie mass is wniformly distributed over the ramge of Inf(05 g/kilogram
Hy0) = -3.00 to 1a(100 /kilogram H,0) = 4.61.

. The valume fraction of suspendad golids in ke water

limited 10 valume fractons of 0.1, Gmawuﬂiy.mwhmm:ﬁmnlwmdah
taken fo be uniformly dstributed over the range of 0w DU1.

(%) Density of Suspened Solids. Among the materials that are 0 make up the
wummwﬂ,(,-u.ﬁ:ﬂ;usmﬁ,-n from the consrete and
UGy(p = 10 glen®) of 210, (p = 5.9 plem”) from the core debris or any of a variety of
merosol muaderials, T is asuemed here tha: the memierial density of the suspesded solids is
uH\Iln.lyMﬂlnﬁmlkquZbO;km’ “The upper limit i chosen based on the
[re——— uo,uillmmmummﬁwwmm Otherwise, gas
sparging will not keep mch a dense rmaterial saspended.

%) Surface Tension of Water. ‘The surfsce tnasion of the water can be incressed or decrensed
by dissolved materiale. The magnitude of the change s aken here ip be So{w) where § is the
weight fraction of disslved solids, The sign of the changs is taken fo be minus o plu
depending on whether & random variable « bt less than 0.5 or greaier than or el 1o 0.5,
Thus, the serface teasion of the liquid is:

eiw) (1-) fore <05

-
eiw) (1+5) fore = 05

where e(w) is the surface \easion of pure water.

(1] The mass mean particle size for asrossls produced dusing

inigractions s kmown only for siluations ia which no water s presend.  There is
reason 1 hefieve smaller particles will be produced if & water pool Is present.  Examination of
aeroiols produced durirg melt/concrese ineractions shows that the primary particies are sbout
0.1 um in diameter. Even with a water poal present, smaller particies would not be cxpected,

Consequenly, the natural logarithm of the mean particle sire i takes here to be uniformly
distribuled over the range from in (0.25 um) = -1.39 w0 la (1.5 pm) = 0.92.

stanctard
corretated with the mesa sire of the serosol. Proof of this correlation Iy
difficalt o marshall because of the marse dats base. It can also be argued that wnaller
Mwmmumhmmmm T i wniliely

that dats will ever The peometric standard deviation
of the size i1 assumed ”d\-ﬁh!l Any
muumwmmnumuuw negiectod,

(12) Aerosol Maerial Density. Esrly i the course of core debris imeractions with concrele,
vo,m.mm-rmmv-‘uummm As the
smsw_‘m whol’hn-ﬂzwmh ﬂﬂm“ﬁ%m
s ﬂ’%ﬂ Al
-dmmmm.m;‘m'mnnm i Condenmicn Sl

ealculation af
MMM mmwdld!om. plenr’.
Nose that the mean aerosol pasticle size predicied by the VANESA code [6] is correlaied with
nmﬂmm;omvmw This cometation of serosol particle size with
particle density muuw-—kummwnuwdw
muhmu-ﬂmwm

(1%) Initial Bubble Size. The fsiial bubble sise it calewlsted from the Davidwin-Schular
equation;

e
a &=
where € b5 assamed 10 be unifoemly distribused over the range of | 10 1.54. The minimum
bubkle alze is Emied by the Fritz formula i be:
D, = 00105 ¥la, e e N

where the contact angle s assumed 10 be uniformly distributed over fhe range of 20 1o 120,
“The maximum bubble sire it limited by fhe Taylor isstability model to be:

(Consequently, the natumal logarithm of the mean particle sire is taken here 1o be uniformly
disaribuled over the range froem n (025 gm) = -1.39 1o In (2.5 ym) = 0.92.

difficull 1o marshall because
wdwhﬁomm'ﬂhpdmdinmnwm—ﬁnm Iliuml'kz];

that il ever
dlhﬂkmilwwhwﬂw distribnited over the range of 1.6 t0 3.2. Any
covmelation of the grometric standard deviation with the mean size of the acrosol is neglocted.

12 Aerosol Maserial Density. Early in hmdmummmm
uo,.m-mumh,uumm;im’ the predoménant serosol material. As the
mmwnuuu.mumﬂmmm“m
5.5 glem? and 2 N30, K,0, ALD, Sily,
ummman.;mm’mnwm ‘Condensation
umnl-ﬁ-m mmyﬂummmﬂm

materials 350 the prediction of the dersities of
mumm-nuum uamlrmmmﬁmmhm
uncertsin, The material dentity used in the ealmulation of seross] trapping is takes b be as
uncerin pammeser anifarmly disrbused over the rarge of 1.5 w0 10,0 giea’,

mmnuemmmunmmbywvmamlqnmm
the particle material density o the -1/3 powes, This correlation of erosol pariicle skee with
mmmqmmmummumwmmm
‘evidence to be consldered in (he uncerminty analyses dane here.

(13) Isitial Bubble Sirg. The initial babble sine in caleubated from the Davidsoo-Schular
equation:

6"'"!
nefd)
where © it svusmed to be uniformiy distribuied over the range of 1 i 1.54. The minimum

bubbde size is limbied by the Fritz formids @ be:

b, - 00105 ¥, igtpp 1"

‘where (ke costact angle iy axumed 1o be uniformly distribaied over the range of 20 o 1207,
‘The maximism bubble sice is limiied by the Taylor insability model fo be:

.;;ﬂw.m!
lnpnpuduwdwwmudamwymﬂhwu Tut the gus
“frozen” e "guench™

E.M-mlmmﬂﬂh M wkmmlmt The valuz of

range for

e quench
mmmm

6 SouE Mams The mass of solucs ks waer pools overlylsg core debils simckliag conuce
T rod bees examined carefally in the experiments done bo date. 11 is arsumad hee (bt the
over the mange of Is(0.03 gfilogran

logasithm of the solste mass 3 unifornly cigrivued
Hyll) = <3 0010 s 100 g/kilngram Hy0) = 4,61

™ ¥olumg Praction Sysperdod Sofidh. The valums fation of sespesded solds in e water
ool will Incoaase with lime, Depeding on ihe avallade faciiiies for repleniding e wite,
hi volume frictos coskd become quile largs.  Modeh svailible for this stady are, boweves,
Timited 1o volume fractions of 0.1, Comsequently, the valume fraction of suspeadsd solids s

sken ts be aniformly distributed over the ange of 0t 0.1,
moeg the materials that are

s vodkssing s effactive demiity,
m.nn st keep sach 2 derae mutsrial suspended.

@) Susface Tengion of Wilcr. The surface tznnion of the waler can be increased or decreased
by dusolved reateriali. The magnitsde of the change is iken bere to bo Sotwi vhee 5 is the
weight foction of dissolved solids.  The sign of the changs is takes © be mirm or ples
dopeading on whether & mndom varishle ¢ is less than 0.5 or gresler than or opal o D5,

Thus, the surfuce tension of the liguid is

ofw) (1-5)  for & < 05
" loman presas|

where #{w) is the surface smdon of pere waer,

%) DBeaaity of Euipsnded Solidy. 1o ks up the
mmuumm|,-zzmhw3|n,:, 2.7 glem’}) Pum he caereie ard
Lro,(.-lnm)uaﬂ,{,-aswn’:mmmun-wuynramnof
mareriale. it assumed beme that the material dessity of e suspendes soiids (s
mmbmmhwd?u“mﬂ’ The ugper fimit ix choten baed o the
Cahario, gae

(10) Mean Agrosol Panice Sie.  The mass mesn particle size for seomli prodused during
melioncrete intzractions i3 known orly for titsations in which no water is presenl, These is

reaeen 0 helieve smaller panticles will be prodoced i & water poal is presen!. Exanbsation of
aevomls produced during meltkoncoets inersctions sheus tha e prinary pasticles sre aboat
.1 o in dinmcer, Even with & waler pool preseat, smaller partizles would sot be expeced.

[ Duupal,.hu-m logarithim of the mean panicle sic is umhmuhu-m;

distrisuted cwver the range foom In (025 pm) = <1 30 o b 2.5 ) = 0

eric i
mmmmumm“mmnme
deviations

Expermentally determised geometric standard

diffcdt o wanhall becasse of the sparse data base. [t can alio be argued that smalier
jgeomstric standard deviaions will be produced in rituations with water present. & i unlikely

bt s will ever this The peometric standard deviation
of the sine distriburion it ssmumed 1a be wnif distributed the range of 1.6 1032, Any
muummmmumm«wmhm

(12) Acrouod Material Demily. Earty
I.I),utanludnﬂs-fmm
ss.;mlw demied

The serocclr praduced
durution.
far the distributions in cases with na

in the ; hwmqkukwnuum
"
md‘hm manganess anc chromiwm with densities of sbou

ﬂm«nmmunmm‘

weroscl
ard reaction of water with (he mpeces muy aker i appatent material densitisr

ancernin parsmeler usiformly distribuied over ths range of 1.5 1o 10.0 !

Note that the mear serosol particle size predicted by the VANESA code [6] is comlaed wilh
the particie maserial density © the -1/5 power, This correlation of acrosci paricle sz with
partcls material densicy was taken to be 160 weak and insuficiontly supporied by experimental

evidence 10 be considered ia the uncerainty analyses done here.

(13} mitial Bubbls Size. The initial bubble site i caleuiated from the Duvidson-Schuiar
equation:

nefif 2

where € it svmmed to he sriformly distibused over the mage of 1 tn .54 The minimems

Tubbl size b Bmised by the Pz formula to be:

- 00165 Pl istp -p)I"

where the contact asgle it ssmmed © be usifornily distribwed over the range of 20 10 10,

The maximun bubbie size s Hmied by (he Taylor Instsbibty model 1o be:
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9.21  Aerosols in the RCS

The expermicuiers conchude tar sphiorienl panscles of aousd 0.0 w0 03 pm foned (ough dheir

then taese ving fise 10 0 mise of compact partiches
[ ﬁl-nljt oy sz 1 thie poan of wessuraues. The cosposstion of the parmices was fomd 10
be and U7 wile the s andd Sei s comtmbartions senasmed constand and very semilar
s, U uml‘ﬁlnmel\ numor o the fiest hoor ot 1860 K evalvug 1o be the maim conmbutor in the thind
fvery appececimately- 43 % U1, 36 % Sin 33 % Cx), Neither beeak down of comyretition by parichs size nor
arattical sire mformation wak measrnnl

Fusthier hiscsstilg tssssoneanens for purposes beis weie aix tsokizetic, soquentinl. Slnred siples locatsd
about 13 from the busdle sutles. These were used 1o Sollow the evabuion of tlie servss] corposition mul
W examng partiche sre (SE; anabyigs the sushoes state et pamcle geomemeal-ms
inuseten vemesd over the panfe 0 39056 o folausnation of e firat Slier due 1o it bousg csely with ruspect
™ the oA ASSIRE gITES wiige 010w 36 ) while standad devianon flaomaned berwwsn 1 6 and
208 L the s of Ther depunity e dle-She T are verm Tumiug o comipenitien. o die i Gba
saple o elimunsted mnd “below detection bmi™ 15 taken as zero. for the stroctural conpouest ad
valatile fwshon products we have m fems of peroentiges the ulugs pven in Tahle % 2-1

9.2.2  Aerosols in the containment

The nersnl site dismibutions wene farly lognonnal with m averge size (AMMEY in FFTO of 2.4 jan ot
e st ol e S Dussille—demadation plass woweg 1o 2 i before aeabilicles i 3.3% jme serosal
wime o FPT 1 was dlightiy 40 pm G chaneer (dw} of parmcles m
FIFT1 was somm b b betwe 3 3 EM mmagm of o deposal 15 sbown m Fig 9.2-2 in both
seitn the pecanstnic standard devaatvon enenmal disiibution was fuly constant at 2 vabie of arcnnd
20, Thaw was et avidence that seoiol composition vared very Hitle is & fimetion af particle sze
except B the lute senling phise of dhe FPTI fesl; durisg tis pesiod, the sauallest purticley wers fousd o
be cesimmrrich. In terns of chenscal specinfion. Xry feciuiques were used on some deposite and thers.
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821 Aerwsoly in the RCN
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The expermmenters conclude that spheneal parncles of around 01 w 03 um formed (though their
oomposition_ was ol established) then these aggl d giving rise to 3 mixtre of compact particles
betwern|ll, | and 3.0 jmlin siae ot the point of mesvarcment. The composition of the partiches was found 1o
e domi 1y U5, S and U while the Cs and Sn mass contributions remained constant and very similar
im mass. U was relatively minor in the first bowr a1 1860 K evolving jo be the main contrilaitos in the thisd
ivery approximately: 42 % U, 26 % S, 33 % Cs). Neither break down of composition by partiche siee nor
statistical siee information was measured.

9212

Further interesting measuroments for purposes here were sin isokinetic. sequential, filered samples locatad
about 13 m from the bundle outlet. These were wed 1o follow the evolition of the aorosol composition and
o examiee particls size amalyses the outhors sate that particle grometrical-mean
dismeser varied over the ination of the first filicr duc w0 it being carly with respect
i the main transient gives the rmnge 0324156 pm) while standard deviation fectusted between 16 and
204, Im the images of filler deposit needie-hike forms are seen. Tummg to composition, if the firs filer
sumple i eliminated aod “below detection limat™ i taken a5 zero, for the structwrsl components and
valstile fission produces we have in terma of percentages the values given in Table 9.2-1

The scrosol size distributions were fairly lognormal with an overage size {AMMD) in FPTD of 24 pm ot
e end of the S-bour bundle-degradation phase growing to 3.3 um before stabilizing ar 3 35 pm; sevosol
sk in FPT] was shightly larger o8 bevween 3.5 and 4.0 jim. Geometric-mean diameter () of panicles in
FPT1 was seen to be betwes 2 SEM image of o deposit i shown in Fig 92-2 In both
ests the goometric standan] deviatin of the lognovmal distritation was fairky comdant at 3 valoe of amod
20, There wan clear cvadonce thal acnosol composition vared very Iiitle = 2 function of paricle aiee
sneepl for the loke seitfing phase of the FPT1 soa dring ihis poriod, the smallest particles were found w0
3¢ eesmmerich. In term of chemcal speciation. X-ray techmiques were used on some deposits and there
sl exist mamy data on the sohubilites of the difforent clements in pumerous deposits giving & chue 2 0
the potendial forms of some of the cloments. However, post-test anidstion of mmples cannot be excludad
iinee storage times were bomg imonths) and the value of speculating on potential speciation on the hasis of
the available information is debatable. Nevertheless, there & clear evidence that some elements reschel
atgher staies of oxidation m the comtamment when compared o thesr chemscal form n the concmt

HBRELINRRES EROEE
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R21  Aervsols in the RCS
2211

The expenimenters conchiude that sphencal particles of aroumd 0.1 to 0.3 p formed {dsough e
composition was ot established) then these agglomernted n.+1||g rise 10 a mixhre of compoct particles
between size ait the powat of uensurement. The conpesition of the particles was found to
b dominated by Cs. Sn and U: whiile the Cs.and Sn miass contributions remnined coustnt and very similar
i masy, U was relatively tmmor in the first hour at (860 K evolving 1o be the i contribator m the third
fvery approximately: 42 %s U, 26 ®s Sn. 33 "a Cs). Neither break down of conposition by particle size nor
statistical size information was meaxsured

9202

Further mteresting measurements for praposes here were six isokinetic, sequemmnl, fltered sanmples locared
abonst 13 m from the bundle ontlet. These were used 1o follow the evolution of e acrosol componition and
1o examune particle size (SEM) Based on these analyses the authors smte that parscle geometiical-mean
diameter varied over the range 0 204056 i elummanion of the first filter due o it being earky with respect
10 the ruain rwsien gives the rauge 0.32-0.56 ang) wlkle standard deviation floctanted berween 1.6 and
2,06, In the tnmpes of filier deposits needle-like fonms are seen. Tuming to composition, if the first filer
sample s elimmated ad “below detection Huit” is taken as zero, for the strchmal components and
volatsle fission prosducts we lave m terms of percentages the values given in Table 8.2-1

922 Aerosols in the containment

9224

The actosol size distribations were fudy lognomnal with an avernge size (AMMD) wm FPTO of 2.4 um ot
the end of the S-hour budle-degradation phase growing fo 3.5 pum before stibilizmg s 335 uox aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 jun. Geometric-menn Bameter (da) of particles in
FPT1 was seen 10 be berween # SEM image of a deposit is shown in Fig. 922, In both
tests the geomnetnic stnndand deviatien of the logeormal distribation was fardy constant st o value of avound
2.0 There was clear evidence that acrosol composition varied very little as a fimenon of particle size
except for the late setilmg phase of the FPT1 test: during tlus period, the smalles: paticles were found 1o
be cesium-rich, In tenns of chemical speciation, X-ray techniques were used on some deposits and there
also exist many dita on the solubilines of te different elements i oumerows deposits mving a cloe as 1o
the potential formrs of some of the clements. However, post-iest axidation of samples canmot be exclided
since stotage times wete Ioug mmnllb! anid e value of rpm:l-mm o potental speciaion on the basis of
the available s ch there is clear evidence that soine elemients reached
Tigher states of oxidation in the when o tor thear i the circuit
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Mothyl iodide
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caponetil. The early data luve been reviewed

no sibstantial b
approximately
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vahe of vy s t e ‘con “m . Where there is imcertnnty

al 11 1n all iy edemnental form bie

1 the chamical species of e, it s afiev! fo o n

the viewpoin! of making a couservative estimate of deposition flux

2.23 Urban
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chemical
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= 7 v (NUREG/BR-0150 Vol. 1, Rev. 4 RTM-96 Response
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Mo (RTM-06)
Release Rates

The releass rates were chosen to provide estimates for the toral range of pcssibl:
rates. The assumed relesse raies and resulting escape fractions are listed in Table C-6.

Containment leakage rates inclode (1) uﬂmuph&[: failure, releasing most of the
fission products promptly (in about 1k for a 1 A hole at de.dsn_mum). .

(2) 100%/day, which is a traditionsl assumption for a failure 10 isolate containment,
and (3) design leakage.

(8% : Folhi
Bas
BIBAIT_ToRHRCALTRENTEI LS, HHBEERE LTS, HiE
LERMES, tORRR LN ERETE 0T,

g BBt isil (1) WhAPEIE - MAREQhokisdiRal (BHTLT
10 OEORE G LW B, (2] 100WE : RNSEBRE ROk b S e
fik. Bef [3) RHARELE,

3. NUREGTIE ®h HHE#ZE 880 5 00 Kt RS

KEORFARMERS THITL TV ARARGEN~=
= 7 A ( NUREG/BR-0150 Vol.l, Rev.4 RIM-96 Response
Technical Manual) T, =i 1 LUEH2O LB | EHE
B [EEeRE) 218E L 2B &0l BRFMICER T 5 M
MELT 1REfELEDTND,

Fi 6-1 HHBORE

HHEOBRE (RTM-26)
Release Rates

The release rates were chosen to provide estimates for the total range of possible
rates, The assumed release rates and resulting escape fractions are listed in Table C-6.

Containment leakage rates include (1) catastrophic failure, releasing most of the
fission products prompily (in about 1 b for a 1 £t hole at dcsiy:lp:ﬂsuu), .

(2) 100% /day, which is a traditional assumption for 2 failure to isolate containment,
and (3) design leakage.
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