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If a reactor accident leads to core melt, interaction of
this material with coolant can produce hydrogen by steam oxidation *

of the metallic content of the melt. In this paper we present
3-

experimental results for hydrogen generation from both explosive
and non-explosive melt-coolant interactions, using either iron- ".alumina or corium A + R as the melt simulant. Use of a simple model #

are in reason-gives predictions for hydrogen generation rates that
able agreement with the experimental results.

~

(1) A ' free-contacting' mode wnere the melt nas
been poured or injected into a coolant pool,INTRODUCTION

falls freely under tne influence of gravity, .

Given the absence of adequate cooling water to tne
cite of a ligh t-wa te r reactor (LWR), th e fission and mixes witn the coola9t. In snis case the -

melt-coolant gecmetry is one of melt dreps, of .

product decay heat would eventually cause tne r eac-
ter fuel and cladding to melt. Tnis could lead to various sizes, in film coiling surrounded cy

f
slumping of the molten core materials into the the liquid coolant. '

lower plenum of the reactor vessel, posstoly A steam expleston could occur while tne melt isfollowed by. f ailure of the vessel wall and pouring (2)
of the molten materials into th e reactor cavity & falling enrougn the water pool. In snis case

Recent analyses (1-5) have indicated that residual
ene melt would ce fragmented into muen finer

-

water is likely to De present both in th e lower decris sizes and ce e;ected into tne surround-

plenum and in too reactor cavity. Inerefore, wnen ing atmospnere.

the molten core materials enter eitner region,
there is a strong procacility of tne melt contact- (3) If a steam explosion does not cecur after the
ing water. The contact of molten fuel with water

melt mixes with tne water, then tne melt will*

settle on tne enameer case and reaggicmerate as
crn result in eitner explosive or non-explosive a stratified molten pool and posst:ly te slowly
events, both of whica can produce steam and hydro-
gtn at rapid rates. The final size of the de:ris quenened my the water layer on sep of it, er

remelt.also depends on the type of interaction,
We have performed a series of scoping experiments

In this paper we are concerned principally with sne
g neration of hydrogen from a core-melt / coolant using melt simulant materials and water to inves-'

In con-tigate nydrogen production during a CMCI.
interaction (CMCI). To our knowledge this is ene
first time experimental data have been reported on junction with these tests, supporting analysis nas

Deen performed to calculate the amount of hydregen
hydrogen production from a CMCI at a scale of 20 We first discussgenerated during these processes.
kg. Past researen into melt-water reactions (e.g. the experimental apparatus and tne tests performec,6,7) has dealt primarily with the correlation of
tsaction ninetics of solid metal outdation. al-

and ta en present our calculations for nydrogen
production in enese tests,thougn some data on the molten metal oxidation were

collected. The CMCI is unique in this respect in
EXPERIMENTAL APPARAT 05that both molten metal and solid metal oxidation
The TITS-C experiments for investigating nydr: gencan occur.

enae:er (Fig.production were conducted in a closed.There are several ways tnat metal can be oxidized
during a severe accident in a LWR. For metal cxi- 1). Earlier tests outside tne enameer were per-

deliveryformed to develop instrumentation and melt
dation producing hydrogen during a CMCI, the dis-
tinguisning features are that ene metal is initial-

tecnniques: tne in-enascer experiments allcwed fer

ly in a molten state, and the melt pours or falls
more detailed measurements (temperature, pressure

and tne collec-histories, hydrogen concentrations)
tion of th e explosion deorts (see Ref. 8 forinto a water pool. Tne mode of heat transfer and

the level of oxidation depend on the desatis of tne furtner details of tne apparatus).
sixing and fragmentation processes. Tnese proces-

The water interaction enamters used were dest;nedses can te distingutshed my tne following features:
in the form of rectangular parallel:ptpeds, wit:

cross-sectional areas and cper t=ps. These
'This wort was performed at Sandia National square

were facticated f rom clear, 6.3 == tn ten plexiglass

of Energy under Contract nuacer DE-AC04-760P00789
stocs in sizes to produce initial water-to-meltLaboratories and supported by the U. S. Department

mass rataos of 6:1 to 13:1.
for U. S. Nuclear Regulatory Commission, Office of
Researen.
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The experiments were ins trume nted with pressure.

Tha melt used in these experiments was prepared my
e totallotnermic (tnermite) reaction. Tne result- transducers: In th e water enemmer case and side I

ing selt consisted of either iron-alumina (55
walls to measure water pnase pressures in the enam-
ber upper head to study decris slug enaracterts- ,j.

w/o-iron, 43 w/o-alumina) or corium (corium-An. tics: and in the FITS cnamcer side wall perts to j
UO /Iro2, 10 w/o-stainless steel) at a

theoretical (maximum) temperature of 3100 K. inis
measure the gas pnase pressure. Melt delivery was -j70 w/o - 2

corresponds to an it.t er nal energy content of 3.3
initiated automatically encougn the use of pecces j

MJ/kg for iron-alumina and 1.8 MJ/kg for ene in tne cructele tnat sensed wnen the tner=tte 9
reaction was ecmplete. Melt entry time was ,

cottua. Calorimetry tests indicated that ene " " -

actual fuel internal energy was aoout 904 of this
measured by photodiodes 2.5 cm aeove tne water .Esurfaces the snape and velocity of the melt at

value. This suggests an entry temperature into the water impact and during mixing were recorded my .I
water pool $2800 K this value is in agreement
with optical pyremeter measurements mada in a few hign-speed cameras. Cecris recovered frem tne sa

tuts of the surface of the melt mass. Iron- experiments was enaracterized by steving using y
sieve sizes ranging from 38 /Jm to 25 mm.

-

elumina was used in these tests because it is an 4

inaxpensive h igh-tempe r a tur e simulant for the more EXPERIMENTAL RESUI,TS
protetypic melt (corium), and we wished to *

datermine any dif ferences in the oxidation benavior 3-
Five tests were performed in the FITS enameer

of the two materials. (Taole 1) with nitrogen used as an inert cover gas

t' ate r from the local water supply was used as the
(99 v/o) in order to cetain post-test samples of I,

"the unreacted hydrogen produced by metal oxida-
coolant. No special treatment, such as degassing
or deionizing, was done. Water temperature was nog , tion. Analysis was performed using gas enromato-

grapny. Gas and water phase pressures and __

centrolled for the majority of the experiments, and temperatures were measured during the tests and
w s between 309 and 319 K. post-test debris was collected. An iron-alumina

melt was used in FITS-10 to repeat tne initial ,,

conditions used in an earlier test, FITS-2B :except ..

that FITS-28 used air as a cover gas wnten pre- ~

vented hydrogen measurements because comoustiong occurred). Following this, FITS-20 and -3C were +-

r '

/g_ conducted with corium A+R. Of the last two expert-

-

ments in the sortes only one (F!!S-5C) was success-
_ ful, and used tron-alumina witn a hign system

c. c==== (g __

" " " " ' w a===io=== pressure, P.,* 0.5 MPas tne water temperature was .

p increased to matntain tne subcooling at STsu: 2
. p _,_,,, , 70 K, as in FITS-lc to -3C.p .= awnam m.

van, 3
o.--, c===

. Preliminary analysis of tne photograpntc data and-

6o sn. m c su.= 4 .ase
#"""****""*'""' ,,available pressure records indicated tnat tne

results were similar to those ceserved in eneg

/| FITS-B experimental series (9). As an example,, _ , , , ,
< consider the cenavtcr of FITS-10 (see Figs. 2 to

D., ', # 5). A cenerent melt mass of 17 tg was delivered, ,
, , , , , ,

p, Into 110 kg of water at an entry velocity ofs w j
/4 y approximately 5 m/s (see ref. 8 and 9 for desatis,,, s.-= ow

**""",7*-" J. Nb p% * of the delivery system). Apprcximately 130 msee
after melt entry, a single. spentaneous steam, ,

\ 4 e.f *== ,q explcsion was triggered at tne top surface of sne8'"""*

melt-ccolant mixture. Tnis was quite similar to
=g== /.h g[, the result octained in the FITS-29 experiment

| NV, q6 **
* 8" " previously mentioned. The melt entered the water,

j 'y pool and dispersed in the snape of a paracciotd asg ,
* w.4. asse mt,

he . ;r >

' in previcus tests. Individual melten droplets'

=>.m could ce distinguished at the pettynery of sneA , melt-coolant atxture wtta diameters in :ne range of
7Q n c ,=

10-20 mm. Gas pnase pressure transducers inI /ff;
~ ****C**"8="" FITS-lc measured a peak explosien pressure (see

, , , , , , , , ,
gf===.== ,

I Fig. 2) in the FITS enamter of 0.36 MPa witn a,

I df' g-o g g quast-statte pressure of 0.25 MPa over tne firstm

I few seconds.J, f 5 The decris from the exploston in FITS-10 was'

collected and separated into snitty su sections my
| { "* *" sieving. The decris exnicited a scmewnat timcdal

districutten (Figs. 4 and 5) with the ma;ority of
particles in tne range of 100 to 300 .m. The mass

""***i' di'***** f*' *** d*"'** *** *EE'*****

Figure 1. Fits Test Cha:nber 300 .m. wnile tne Sauter mean diameter was 4.5 2

(tne Sauter mean diameter is tnat size wnica
represents the correct decris volume-te-surface-
area ratio for a collection of particles 1. Tnts

c=tain-debris distritution can te compared to tnat
ed for FITS-20 (Figs. 4 and 5) wnten involved 17 <g
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Table 1 FITS-C EXPERIMENTS - INITIAL CONDITIONS AND RESUI.TS
-

.

,
GasCoolant to Water i

Melt Mass Melt Mass Temp Chascot Pressure j
Tut ( vce) Ratio (K) Dimensions g IMPat Results

-+.)0.083 Spontaneous surface triggered - ' ""
FITS-lC 17kg 6.6 298 0.61 m square N2 explosion 130 mm af ter melt entryand 0.J m deep

Iron-alumina * Results similar to FITS-28. -$
d

FITS-2C 17.0 kg 13.0 295 0.61 m square N2 0.083 Spontaneous surface triggered
and 0.61 a deep explosien 30 ms after melt J

Corium-A+R' entry. Wean spontaneous
-

4base-triggered exploston
150 ms af ter entry. .

:-

FITS-3 11.5 kg 9.8 299 0.53 m square N2 0.083 No explosion or trigger sites
observed. Melt dispersed at

and 0.4 m deep 2Corium-A+R entry (entered as a series of 1-2 '
cm dia. drops).

FITS-4 19 kg 5.9 J00 0.61 m square N2 0.59 No spontaneous expleston. Exter-
nal trigger failed to fire. Gas
samples lost. Test to ce
repeated as FITS-5C. ..

FITS-5C 19.5 kg 5.8 298 0.61 m square N2 0.58 No spontaneous explosion, ,

disper sed delivery. No trigger
signal. Gas samples octained. 7

45 w/o - Al 0 , 55 w/o - Fe* Iron-Alumina: 2370 w/o - UO /Ir0 , 30 w/o - stainless-aseel .
2 2Corium-A+R:

5
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of corium-A+R dropped into water. FITS-20 resulted The explosive benavtor of FITS-10 and -20 snould ce '

in an early, spontaneous, surface trigger 30 msec contrasted wttn the non-exples tve cenavtcr of *

after fuel melt entry, foll wed my a second wea" FITS-3C and -5C. In FITS-3C ene corium-A-p melt ~!'

, pontaneous) base-triggered i.xploston 150 msec entered the water pool and mixed with the surround- !
):after entry. Tnese results were qualitatively ing coolant in an array of 10-20 mm particles at

sirilar to three FITSB experiments whien involved the mixture peripnery. However, as it settled sc -

a;
cultiple explosions. In this test it would appear th e water enameer base, no spontaneous triggers '

that the explosion conversion ratto was lower than were observed and the molten particles reaggicmer-
in FITS-10, as shown by tne relatively coarser ated into a conerent mass on the enascer case and .N '

E
d:cris sizes: the mass average diameter was 1000 slowly quenened. Similar cenavior was ocserved for
un and Sauter mean diameter was 750 um.

FITS-50s as noted above, FITS-4C did not result in
m;

ja successful melt delivery.
a

Tne four successful FITS-C tests anow enat th e _

100.00 amount of nydrogen generated depends strengly on e.

. . i the type of melt-coolant interaction, and the stres
a) FITS 2B of the particles produced. Tne amount of hydrogen .

produced ranged from a few grams to acout one . = .

,
- hundred grams. Tne presence of a spontaneously

10.00 ; triggered steam explosion had the greatest effect r-
,

7 on the amount of hydrogen produced. In FITS-10 and 7'

, ji ;,

- M" . c
..

-2C the ennanced melt surface area contributed to' |v4
"

E. $ DOI"%$<,', ,['''"'
- ~ the larger amounts of nydrogen proeuced. Pre- and -

k 1.00 L " :
: . ', l;;Y' c' post-test gas samples from each test were analyzed

5
H,g' ff'?'h,,/

- : 'f(,.: using a gas enrematograph. Based on the results of'
,,

;, , the gas analysis, and knowing the approximate mass ~;

[T.j'h,g.,;yg.f'h,e,',,',',Q
,

s // f sne metallie passe in ene melt, we estimated tne _,f:

. M , ' ;s /y0.10 e,,;pL): f . ,/
percentage of melt tnat reacted to produce tne *'

j
' nydrogen. The results are given in Tacle 2, wnere

i }j(/ - ;''j[<';;;ff,b.I(.'6;jN'' p,;f
.. $.] 4 the nigner percentage value assumes FeC was for:ted, .,.

; . < ,fw, Y/;' ' f, % Y,f' a z g" and tne icwer value assumes Fe2 3 was formed. i.; O,- '' w-
c ey

io .o100.00
1 **t ili. *A P'. -

' '
, , ,
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~ ANA.YSIS OF EXPERIP.ENTSe1*00N -

)
d,;R. o -,

, 9;W , of nydrogen generated during a CMCI is
.no amount, :. ),M''J6''m *** P'*d"** # *** f******' *"' f**** '' * " *''

N'E '' ' _| chemical einetic rate of metal oxidation per unit
/,'1, , surf ace area as tne melt cools and solidifies, and0.10 -

' " h.''.'/q
','e

"

,

. the second is the availaele melt surface area nat/',",[ ;p, 'f . evolve s during the CMCI. For th e purpose of
'q'W ,)' j;DNO(- ]] !

' '
: ,

the features of tneanalyzing nydrogen generation,,

2 3 FITS-C uperiments can to classtfied as f= news:

10' 10 10 to' ' free contact' fuel-coolant mixing: a steam exple-
state. Let

siens and a reassiemerated melt-coolantSIEVE SIZE (pm) us first locs at the rate of enemical reactten,
followed by the surface area availacle, and SenFigure 4. Particle Size 01st:1butiens
estimate the amount of hydrogen genera'ted.
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TABLE 2 - Evdroaen Generation Re sult s
for solids, hydrogen generation rates are emptr-
ically correlated f rom test data (6,7) under the
boundary conditions that an excess of steam is

Percent By.rogen Mass Hydrogen Mass present, and the solid metal oxide film or crust - s' -

of Metal Generated (gal Generated (GM) resists further mass transfer. For steel, the t
irate of reaction is given by a parabolic tinetics
jM Roseted _ fr3m FITS-C Data tv Calculation

expression
-t

FITS-lc 22-33t* 110 105-110 ~ _e 1*

3

FITS-2c 18-264 48 35-40 1. gy2) = 3.8 (10 ) exp (2) -

dt R.ov ,

FITS-3C 4-66 7.5 5 .:,

where W is the cumulative mass of hydroge9 in -

FITS-5C 9-13t 49 45 gg/m2, and Ro is given here specifically in i
cal /gmole K. For a liquid oxide the process is -

even more complex because the oxide may be mise-*The first value assumes formation of FegC3 and
tas second value assumes formation of Foo. ible in the metal or the molten metal, and could -

become mechanically mixed by internal currents -

caused by temperature or relative velocity.
Rate of Chemical Oxidation We believe that, when the oxide is liquid, these i

M;tal oxidation is practically limited by mass two latter effects cause the primary mass transfer
trtnsfer in the gas and liquid (or solid) phases resistance to be in the gas-vapor film. When the

'-

nect the melt surface (10, 11). In the gas phase, oxide is a solid film or crust we can utilize the
steam must dif fuse to the melt surface through the empirical parabolic kinetic models derived from
h ydrogen which is being generated. In the liquid experimental datas this then becomes the dominant '

phree in th e ausence of bulk convection, if th e mass transfer resistance. -

cuide formed remains a liquid around the molten *

metal drop, the oxygen atoms must diffuse to th e Hydrecen Generation Durino Melt-Coolant WiwiM
unreacted metal through the layer being built ups ,

tha same process is true for the case where th e when the melt first enters the water pool in the %

oxide is a solid shell or crust atop the molten FITS tests it disperses and mixes with the water as
metal surface. These two rate-limiting processes it breats apart into smaller molten droplets wnich
are considered in the prediction of the hydroge W are surrounded by a vapor film in a continuum of ,

g;neration rate. liquid coolant. Past work in melt-coolant mixing

The first mass transfer resistance is the dif fusion
(10,12) indicates that the molten droplets decrease

cf the steam through the gas to the metal surf ace. in size with time to some lower limit determined by'
Following past work in this area (12), the govern- steam generation rates and fluidization criteria.
ing mass transfer equation can be written in a Currently, a simple dynamic mixing model has been
somewhat general form for equinolar counter- * developed (13) which describes the transient mixingprocess of melt and water. We nave used this nodel
diffusion of two perfect gases as to predict the amount of hydrogen generated daring

* #"~"" * * "" ** "

dN D dp coolant. To illustrate tne model we present a
H J gJ,3

dt RT dn simplified formulation here.

If steam diffusion through the gas-vapor film
dN **E*#3*'"9 ' * "" *"" * ""' *** DY *'

is the molar rate of hydrogen diffusion reasoning above to be the dominant mass transferthere de in steam (mole /s), resistance and the process is assumed to be quast-
Du is the diffusion coefficient for steady, we can rewrite Eq. 1 in spherical coordi-

nates (A a 4 r , n a r) and integrate across the2hydrogen and steam,
R is the universal gas constant, gas-vapor film thictness. The resulting equation iso
Py is tne hydrogen partial pressure,

g
Ty is the gas-vapor temperature,

n is the outward directed normal dN 4 frD apg g g (3)*

direction, 7* g; g g.
oy a e

2 for aA is the surface area: 4-r
2 for a plane. wnere aps is the difference in partial pressuredroplet or L

at the melt and coolant liquid surfaces, R ism

one can integrate this equation with respect to n the melt droplet radius, and is th e gas-vapcr

for a certain geometry (planar or spne rical) if film thienness. Based on the dynamic mixing model
one assumes th a t th e diffusien coefficient is a (13), R is calculated to vary according to3
constant stemming from the total pressure in the
gas-vapor pna se and th e mean film temperature,
T (equal to the average of the water satura- ,
y
tion temperature Tsat, and the melt surface 3

is the original melt diameter, andtamperature, T )'

wn e r e D'o = 2 R'o
m

The second mass transfer resistance is the diffu- T* is the dimensionless time af ter the melt enterssion of oxygen atoms through the melt oxide
(solid or liquid) to the unreacted metal. This the watert

dif fusion process is quite complex for example,
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Rvorogen Ceaeratten DuriPo e Steam Explesien
1/2t,

.

For the steam explosion the gecmetry is quite - t1(5)Th
D, \pm similar to mixing, since an array of fuel melt f I

8

droplets is produced. However, now the melt drep-0
$

wh:re t is time lets are carried along as finely fragmented molten
is the entry velocity, and melt particles and are quenched in the expanding 1

vm Therefore, M
Pe[#m is the density of coolant, c, and high pressure steam wnich is generated.

The vapor film thicuness in film boiling one can use Eq. 1 again for the mass transfer ratemelt, m.
be derived quite simply from first principles when the fuel is molten, but now the characteristiccan

if one assumes a laminar vapor film flow, length is the fuel melt diameter. Integrating Eq. --
resulting

in 1 produces a
< 1/4 ~

4~

"v Me y m sat (6) dN D dpg A (9)d=2 d = 220E I #c ~ #vIIv fg dt m R. D ,

#

wntre 4, and #v are the vapor thermal conducti-
is the gravita- when the melt surf ace solidisies the mass transfervity and viscosity, respectively, g

tienal acceleration, and igg is the latent heat resistance is dominated b) the solidified oxide i
film or crust, and the weir,tt gain is given by an

-

of vaporization. empirical parabolic rate equation like Eq. 2 for
Eqo. 3-6 give the rate of hydrogen generation per

steel. The fuel melt droplet diameter would now be _

droplet. The total generation rate is found by given by the post-explosion fragment size. Also,

in the gas-vapor p*ase would begin at
multiplying the rate for one droplet by the total the pressure

a high value and decrease with times however, _

numest of droplets because the diffusion coefficient, D is inver- ,,g,

sely proportional to pressure, this variation _

6m countercalances the increase in dpg.(7) e
N .

Tor . 3 The fuel melt temperature would decrease watn time .

e's as th e melt quenchess this would ee the ma3crm

is the fuel melt mass. One should note transient effect eecause, when the fuel is molten,
that there is some uncertainty in N;OTr one coul+- - th e diffusion coefficient, Dg, is approximately

*where as
13 If we divide the fuela:sume the melt is homogeneous and the mass is the proportional to Ty

metallic mass at tne mixture density or, conver- melt quench process at the point when the oxide
s;1y, the melt is heterogeneous with melt deeplets crust solidifies. Tsol, ( 1800f for iron oxide)

the then we can calculate the quenen time to Tsol fCffrom the oxide or completely covering
oxide drops. This introduces some range into the steam-diffusien-controlled mass transfer. By aseparate

simple energy balance for a fuel droplet we octainactual numeer of metallic droplets and the exposed
*=-

surface area.
b" = 2k" rc {T

-

23
p* E -T (10)

If one now comeines the resulting Eqs. 3-7 and D e
$ * *

integrates over the observed time, tfall' it m

tines the melt to fall through the water pool (or is melt spec 2fic neat and T is the am-
. to an explosion trigger site), the resultant where em

bient temperature, and we have assumed that thesimplified expression becomes fuel behaves as a lumped volume (Biot number
u c.1). We nave also used a Nusselt numcer of two,

* indicating that, for these small fuel melt diam-
D 6m dp 'exp(-T (t aH) - 1} eters ( 200 u m), tne droplet moves at the same

=(R,T 0,0 ,O
g

H m g
fall ) velocity as the gas-vapor phase. We have alsoggg

N
5H y assumed that tne energy produced from the exo-*

thermic iron outdation is negligtele compared to
the heat loss rate. The time to reach the oxidee:hore we have assumed, for the same of illustra.

tion. that the melt temperature is constant and solidification tempe ra ture is given by integrating
3 e q" , eq. (101:

This calculation also includes use of the dynamic ; .;
c1xing model. Because the water depth was so small L * * (11)

inin the FITSC series ( 0.3m) , one can calculate that t .
sol C, T,, g - T,

only a few tenths of a gram of hydrogen are gener.
Thistted during the fall of the melt in the pool.

result is consistent with the oeservation that the 12k
melt enters as a somewhat coherent mass and does

y (l }
wh'C' C *

not six significantly in the shallow depth of o 2
D

rater, causing the exposed surf ace area to be low. #m 3 Cm

For FITS-LC and 2C this time is on tne order of 50This suggests that the steam explosion or the
stratified melt quenching process produces the is muen smaller than the time toto 100 maec, which

the melt de=ris hasmajority of hydrogen. the quasi-steady pressure wnen

_ _ _ _
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settled after the explosion; this suggests we can balance similar to Eq. 10 except that in this case, I

use this charac te ristic time to compute hydrogen the melt is stratified as a layer. '.

Mneration af ter the explosion. Concining Eqs. 7, *

9, and 11 and integrating from the time of the ,
I,'

. ,J
2

explosion to tool gives Hence t = L,. In (. m - % (17)
.)3/2 sol w

4 nD,2 D, ap "27, + AT,(1-C,t,, gf g .,eg .,
g i

"g " 3 RT D T =7
oy a

,
m ga .

3where C a -

1 0 #N,m 4
.(T

+
a3;m o ,who,e 27 ,= T, - T ,.c and where a, is the thicaness of the melt. -[

When Eq. 17 is concined with Eq. 14, integration a:
over the time to solidification for iron oxide [

After the metal oxide surface has begun to solidi- '

(Tsola: 1800 K) givesfy, we can use Eq. 2 with Eq. 7 to find the amount ,

cf hydrogen generated as the melt continues to
cool. Practically, after the oxide surface of the D ap '2* + T (1 - C t l' &

3

=E 8 * * '

melt has solidified, the rate of hydrogen genera- N d I, * I -

R T,j8 3tion decreases so rapidly that Eq. 13 approximately m ,o 7
provides the total amount of hydrogen produced
during the explosion. Table 2 gives the results of ; .;

S * (133the calculation for FITS-1C and 2C where we have , -

a ,ln'used the FITS Sauter mean diameter for D.n . The
lower value in the Table assumes that the metal
phase is separate from the oxide as individual Practically, once the metal oxide has began to *

droplets. This assumption is based on the concept solidify, the este of hydrogen generation will be '-

tha t the melt is heterogeneous. If the melt is a reduced suestantially, and Eq. 8 will predict the "

homogeneous mixture, then the actual value is total amount of hydrogen produced. *aole 2 gives

bounded by the higher figure. The agreement with the results wnen this model is applied to expert- . ,.

,,ng, yt;3 3C and SC, where no steam explosions -

the actual experimental value is surprisingly good,
suggesting this simple approach is valid for an occurred. Again the agreement is quite good,
order-of-sagnitude experimental data analysis' suggesting one can use it for experimental analysts.

.

Mvdrocen Generation Durino Stratified Melt cuene*iino genet 3, ten,

Far the case where the melt has fallen through the Recent FITS-C experiments, using iron-alumina or
water pool and reagglomerated on the chancer base, corium A + R melt simulants, nave snown nat sue-
the melt will be oxidized by the water layer aeove stantial amounts of hydrogen can ce generated
it. The mass transfer resistance when the metal is during a CMC:s when the interaction was explosive,*"-

the percentage of metal that reacted to producemolten is given by Eq. 1 in a linear form (A =

in the
L, L . chamber width and n =x), with the inte- hydrogen was rougnly five times greater than2

gration taken over the vapor film thickness, d * non-explosive case. Predictions for the amounts of
separating the melt and the water hydrogen generated using a simple model were in

reasonsole agreement with the experimental results.

dN D jpg q H

p=A RT T
ov
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