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so-called "quench” temperature. Al lemperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO;, Hy, and H,0 arc oo slow 10 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” lemperature,
Experimental evidence suggest that the "quench® mmummmmmﬂx The value of
range for

the quench temperature was assumed 10 be uniformly d over this
the calculations done here.

(6) Solule Mass. The mass of solutes in water pools overlying core debris aitacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is wniformly distributed over the range of In(0.05 g/kilogram
Hy0) = -3.00 to 1a(100 g/kilogram H,0) = 4.61.

(7 Yolume 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.

Among the matcrials that are ex| o make up the

solids are Ca(OH), (p = 2.2 glem?) or Si0, (p = 2.2 g/em?) from the concrete and

UOy(p = 10 plem?®) or Z10, (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

mlhmlrﬂnr&mdwlhwnf:mﬁﬂml’ ‘The upper limit is chosen based on the

assumption that UD,uillhydsm 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

dissolved rials. The itude of the change is taken here 10 be So{w) where § is the
uul;mrnulmnfdlmmnuﬂ. The sign of the change is taken 10 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 teasion of the liquid is:

o(w) (1-5) ﬁlfl‘”}
o(w) (1+5) for e 2 0.5

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

(10) Mean Acrosol Paticle Size. The mass mean particle size for acrosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
mummhdmnmﬂcrpnlcleswﬂthpmﬂwedlhummlsml Examination of
aerosols produced during ‘ ions shows that the primary particles are about
Oi,umhdnmelu Emuuu\nu::pwlpuml smaller particles would not be expected.

[ i1~ 1 NUREGICR-5901 mier |

so-called "quench® iemperature. Al lemperatures below this quench iemperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,;0 are oo slow 10 maintain chemical
equilibrium on uselul time scales. In the sharp lemperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
compasition is effectively “frozen” at the equilibrium composition for the “quench” temperature.
Experimental suggest that the "gquench™ willﬂmiﬂl The value of

be d over this

range for

(6) Solute Mass. Tumﬁmhmpndlmﬁylumkbmuuhum
has not been i done to date. 1t is assumed here that the
logarithm of the solute mass is Buil’mlﬂylﬁnnmmm range of In(0.05 g/kilogram
Hy0) = -3.00 to In{100 g/kilogram H,0) = 4.61.

(7) Nolume Fraction Suspended Solids. The volume fraction of suspended solids in the water
pm!winiumle\nlh 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 1o volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken 1o be uniformly distributed over the range of 0 10 0.1.

(8) Density of Suspended Solids. Among the materials that are ex to make up the

solids are Ca({OH), (p = 2.2 glem”) or §i0, (p = 2.2 glem’) from ihe concrete and
UOy(p = 10 glem®) 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 distribuled over the range of 2 10 6 g, The upper limit is chosen based on the
assumption that suspended U0, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Waler, The surface tension of the water can be increased or decreased
by dissolved materials, The magnitude of the change is taken here 1o be Sa(w) where § is the
weight fraction of dissolved solids. The sign of the change is taken 10 be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal 1o 0.5,
Thus, the surface tension of the liquid is:

o(w) (1-5) for e <05

afw) (1+8) Jfore 2 05

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

(10) Mean Acrosol Paticle Size. The mass mean particle size for acrosols produced during
melt/concrete interactions is known only for situations in which no water is presenl. There is
mwumnmnumuaunummmmmmnm Examination of
aerosols d during shows that the primary particles are about
nlmhdmlﬂ Even with a water pool present, smaller particles would not be expected.
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The acrosols produced

ined in cases with no
prul\tnqbemulléwii‘ An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the acrosol. Proof of this correlation is
ﬂﬁmnmﬂlmufﬂnmmhﬂ. It can also be argued that smaller
standard will be produced in situations with water present. Tt is unlikely

that data will ever be available to demonstrate this contention. The geometric standard deviation
Mﬂwﬂu&ﬂmhmﬂbhm{wﬂyﬂw{hﬁdwﬂnwnﬂﬁh&i Any
of the standard deviation with the mean size of the aerosol is neglected.

(12) Agrosol Material Density. Early in the course of core debris interactions with concrete,
UO;MUllnlldéumlyoflmmdlU[ch’udelmmmm As the
interaction progresses, oxides of irom, E and ium with densities of about
s.&m’wmm concrete decomposition such as Nay0, K,0, M,o,so,
mmummm«lamtum’mmmmmmmm
mdmufwmm wmyummwmnmmm
of ials also iction of the densities of

mmmmmmmmnmnmwmm
standard d for the ions in cases with no
wﬂn—]ﬁmﬂmhﬂmlﬁnﬁ!! An argument can be made that the standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
dfﬁtﬂtwullnhllmoflkmdﬂlhu. It can also be argued thal smaller
standard deviations will be in with water present. 1t is unlikely

sard devialh

that data will ever be available to d thi ion. The geometric deviation
dummuw»hm;mmuwm.ems. Any
of the pe standard deviation with the mean size of the acrosol is neglecied.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrele,
UO;, with a solid density of around 10 g/em’ is the predominant aerosol material. As the
iinteraction progresses, oxides of iron, manganese and chromium with denmsities of about
5.5 g/em” and condensed products of concrete decomposition such a3 N0, Ky0, Al,O, §i0,,
wmmmﬁudlzwAum’munmmmc«mm
lldmnhlnr\nh'hh Mﬂsmrduﬂ:wmmuhlmm

af the ion of the densitics of
mmmwmm m.mummy«umnm

mmmmmm As a result the material density of the aerosol is considered
unwmh mmmwnﬂlnkmmﬂmm“muhm
1 ibuted over the range of 1.5 10 10,0 glem’.

Note that the mean serosol particle size predicted by the VANESA code [6] is correlated with

mmmmnmmm«m trapping is taken to be an
d over the range of 1.5 to 10,0 glem’.

Note that the mean acrosol particle size predicied by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with

the particle material density 1o the -1/3 power. This correlation of acrosol particle size with particle material density was taken to be 100 weak and insufficienily supp by exp
particle material density was taken to be 100 weak and insufficiently supp by to be in the y analyses done here.
i 1o be in the ry analyses done here.

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

ne i

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
‘bubble size is limiwed by the Fritiz formula 1o be:

D, = 00105 ¥lo, Is(p,p 1"

where the contact angle is assumed 10 be uniformly distributed over the range of 20 1o 120°,
The maximum bubble size is limited by the Taylor instability model 1o be:

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

T
i
is assumed 1o be uniformly distributed over the range of 1 to 1.54. The minimum
ze is limited by the Fritz formula to be:
D, = 00105 ¥(o, /glp;~p )"

where the contact angle is assumed 10 be uniformly distributed over the range of 20 1w 120°,
The maximum bubble size is limited by the Taylor instability model 10 be:
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9.2.1 Aerosols in the RCS

o._‘..f.:

lude that spherical particles of around 0.1 to 0.3 ym formed (though their

mblnhedl then :Inee agglamerated g;\mg rite to a mixture of .,mupac: particles

Siand U: while the Cs and Sn mass contributions remained constant and very sinular
in mass, 17 was |ehl|\e]) minor in the first hour at 1860 K evolving to be the main contribuior in the third
(very awruulml:h 42 % U, 26 % 5n, H“n Cs). Neither break down of composition by particle size nor
1 wis .

I size

9.21.2

Further interestimg measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle owlet. These were used to follow the evolution of the aerosol composition and
to exanune particle size (SEM). Based on these analyses the anthors state that particle geometrical-mean
diameter varied over the rng elimination of the first filter due 1o it being early with respect
to the mam transient gives the range 0. pm) while standard deviation fluctuated between 1.6 and
2.06. In the mages of filer deposits needle-like forms are seen. Tuming to composition, if the first filter
sanple 15 climinated and “below detection himit™” is taken as zevo, for the structwal components and
volatile fission products we have in termis of percentages the values given in Table 9.2-1

9.2.2 Aerosols in the containment

The aerosol size di were fairly log ] with an average size (AMMD) in FPTO of 2.4 jim at
the end of the 5-hour blmdk-demndauml phnu- mowing 10 3.5 jun before stabilizing at 3.35 pu aercsol
size in FPT1 was slightly larg 35 and 4.0 pun. Geometric-mean dinmeter {dy) of particles m
FPT1 was seen to be ber SEM image of a deposit is shown in Fig 9.2-2 In both
tests the grometric standard derm tion of d:le lognonmal distribution was airly constant at a valee of around
2.0. There was clenr evidence that aerosol composition varied very linle as o function of pamicle size
except for the late sertling phase of the FPT1 test: dunng this period, the smallest parncles were found o
be cesiunirich. In tans of chemcal specintion. Xaay tecluugques were used on soue deposits and there
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9.2.1  Aerosols in the RCS
The experi lude that spherical particles of around 0.1 w 0.3 pm formed (though ther
I then tivese d giving rise to & mixfure of compact particles

bcm‘o:{ 0.1 and 3.0 u;:.i i size a1 the point of measurement. The composition of the particles was found o

be domumated by 1 and U wihila the Cs and Sn mass conmbutions remained constant md very sinnlar

in mass, U was relatively minor in the first Ilolr at 1860 K evolving 1o be the main contributor in the third

(very amuxmme]} 2% U.26% ‘;n 33 % Cs). Neither break down of composition by particle size nor
l size was

0212

Further interesting measurements for purposes heve were six isokinetic, sequential. filiered samples locared
about 13 m from the bundle outlet, These were used 1o follow the evelution of the asrosel composition and
o exanune particle size (SE hese analyses the amhors state that panicle geometrical-mean
diameter vaned over the rang Jinunation of the first filter due 10 it being early with respect
to the main transient gives the ra 6 jim) while standard deviation flucmated berween 1.6 and
2.06. In the mmges of flter deposits needle-like fonus are seen. Tuning to composition. if the frst filter
smuple 15 elumnated and “below detection lunit™ is taken & zero. for the structural components ad
volatile fission products we have in fenms of percentages the values given in Table 9.2-1

9.2.2 Aerosols in the containment
9.2.2.1| PHEBUS FP

The asrosol size distiib were firly log 1 with m average size (AMMD) in FPTO of 2.4 jm at
the end of the 5-bowr bundle-degradation phase growing to 3.5 jum before stabilizing at 3,35 o aevosal
size 1 FPT1 was shehily L o fefionnnd 4.0 pm. G diameter (dw) of particles m
FPT1 was seen io be bcluccl 0.3 and 0.65 IEJ" 55\1 g of o deposit is shown in Fig. 9.2-2. In both
tests the g standard deviation of the | thution was farly constant at a vahie of aronnd
2.0. There was clear evidence that serosol composition vined very linle as a function of paticle size
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