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ABSTRACT

An experimental investigation of the mass scaling of
steam explosions involving molten LWR core simulant and water .2
has been undertaken in the Molten Fuel Test Facility at AEE
Winfrith. Thermite-generated uranium dioxide / molybdenum melts ,. .

in quantities of 24 kg were released under the surface of a -

pool of 1.5 Te of water within a pressure vessel, in large
scale replica experiments of-aarlier work with 0.5 kg melts. ~

Spontaneous and triggered steam explosions were observed with
simila'r characteristics at the different scales. The effic-
iency of thermal to mechanical energy conversion was low and
was unchanged over a range of participating melt mass from
0.03 to 18.0 kg. The efficiency increased with decreasing
water subcooling, with a maximum of 4.3% at saturation. In

this geometry and at the larger scale, the fraction of
participating melt increased with increasing system pressure -'

f rom about 13% at 1 bar to 75% at 10 bars. This observation
has been attributed to the dispersive effect of coolant vapour
production and its importance in the development of
melt / coolant mixing.
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INTRODUCTION
!

,

'-Steam explosions involting water and molten core
material, which might occur as a consequence of a hypothetical -

were identified by the -

degraded core accident in an LWR,
Reactor Safety Study (1) as a potential mechanism for the 's

early failure of the Reactor Pressure Vessel and Containment. l['
Subsequent studies (2-4) over a number of years have attempted {|

'
to determine more realistic estimates of the conditional

*

probability of a steam explosion leading to failure of the ,.

Containment. Additionally steam explosions can influence the _

"

progression of such accidents by altering the rates at which
steam and hydrogen are generated, and by contributing to the ~

dispersion of core debris. Assessment of these phenomena
~

of ten involves extrapolation f rom experiments with materials, -

scales and initial conditions sometimes very different to ]' '
-

those appropriate to a reactor accident.,

~ .

Investigations of the characteristics of Core Melt
Coolant Interactions'(CMCI) involving reactor materials or.

other simulant high temperaturg melts, have been in progress
for a number of years (5, 6 for example). This work has

established that they proceed through the processes of coarse
mixing, triggering, frag' mentation and propagation which have
been identified as the important mechanisms in coolant vapour
explosions. Reactor safety arguments are based on the low
ef ficiency of thermal to mechanical energy conversion
observed experimentally, and in particular, the improbability

impossibility of mixing a very large mass of melt (>= 5 Te)or

with water. However, most of the available data come from
experiments involving less than 20 kg of melt, and even so,
little is understood of the mechanisms of melt / coolant mixing,
or of the scaling of efficiency and mixing to the masses
involved at the reactor scale.

This paper reports ,the results of a series of experiments
investigate the mass scaling of the characteristics ofto
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melt / water interactions, based on replication with 24 kg melts
of earlier work carried out at the 0.5 kg scale (5). In any

''particular experimenL at eit.ker scale, only some fraction of
the melt took part in a steam explosion. Consequently the

characteristics of interactions have been observed for -t
-t

participating melt masses f rom 0.03 to '18.0 kg, corresponding 'm-

to observed mass scale factors of up to 600. Thermite 'l[
generated, uranium dioxide-molybdenum melts were employed in a k

'
pool mode of contact with water in a closed pressure vessel.

'

This mode of contact was unprototypic to an LWR but has been ,

found to be a reliable and reproducible way to generate CMCI, _

'

permitting close control of the initial conditions. It also

assisted measurements of interaction yields and pressures, and --

'the recovery of the solidified melt debris. Experiments were
$carried out with the increased melt mass, to investigate the

effects of melt mass scale, water subcooling and initial ]
~

system pressure on the characteristics of core melt / water
interactions. __ .

Experimental Detail

The large scale experiments reported here were the first
to be carried out in the new Molten Fuel Test Facility (MFTF)

at AEE Winfrith. The central feature of this facility is a

large pressure vessel with an internal volume of 1.7 m-8 .

equipped with electrical heating.and viewing ports suitable
for continuous operation with water to a maximum temperature
of 200*C and pressure of 1.6 MPa. Thermite generated melts of
uranium dioxide (81%) and molybdenum (19%) in quantities of 24
kg were released from a charge container located centrally
under the surface of a pool of 1.5 Te of water, within this

vessel. The remaining volume in the vessel, of about 250
litres, was occupied by an argon cover gas. The experiments

were designed to replicate, at an overall melt scale factor of
48, earlier work with 0.5 kg melts in the same geometry using

'

43 Thus the water scaling factor waswater pools of 0.05 m
-

only 30, but this was believed to be unimportant since at each
*

2
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scale tho bulk of tha watcr did not como into contcet or mix
with the melt. The arrangement of the charge container in the p

'

,MFTF pressure vessel is shown in Figure 1. The distance .j;
between the charge container and the debris tray at the bottom

| of the vessel was 0.7 m. ,,

-t
=

|
The thermite charge container was a large steel cylinder, 1r

attached at its upper end to a releasing mechanism. This

consisted of a casing containing a piston loaded to 10 Te.f by +

a spring, and retained by two explosive bolts. The piston was -

4

connected, by means of a pushrod running coaxially through the
charge, to an end cap sealing the lower and of the container. 5

The thermite was ignited in the container with an electrically _

operated pyrofuze, and the progress of burning monitored
automatically via the pressure generated within the container. -

This typically reached 0.8 MPa on completion following which, --

after a short delay, a firing signal was sent to the explosive 7!'

bolts in the release mechanism, freeing the piston and
ejecting the lower end cap and' melt. The time delay between -

ignition of the pyrofuze and release of the melt was
approximately 4 seconds in the, case of 24 kg charges, for
which pressures within the charge were observed to rise and
level within about the last 300 ms. No measurements were made
of the initial melt temperature, but such measurements for the
0.5 kg melts indicated a temperature of 3600 * 150K. The

charge arrangement was essencially an enlarged version of that
used in the small scale work with linear dimensions scaled up
by a factor of 3.63 - the cube root of the mass scale factor.

Two modes of release were employed: free release in which
the melt was released freely into the surrounding water, and
restricted release in which the melt was constrained by an
open catchpot attached to and ejected with the end cap of the
charge container. The catchpot was a thin-walled, stainless
steel cylinder, 145 mm deep and internal diameter 274 mm, 10
mm greater than the external diameter of the charge container.
On release the catchpot/endcap assembly fell through the water <

3
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to the base of the pressure vessel, and tended to contain the
I melt which was of suf ficient voltme to have formed a pool |
1

' about CO mm deep within the catchpot. Identical modes of ,

release were used in the 0.5 kg scale experiments, in which
-

|*
; 0

| most were in the restricted mode as this more reliably and 1.,
.,

; reproducibly gave rise to melt / water interactions. The free y,
release mode was dispersive while the restricted mode gave a j{

more constrained and better characterised release. The (.
geometry of the restricted release arrangement for the 24 kg *

melts is illustrated in Figure 2. *|>

1 .

ITransient pressures developed within the MFTF pressure
vessel were measured by 12 piezoelectric pressure transducers. _.

Three of these were located in the roof to measure cover gas

! pressures, 6 in the side wall and 3 in the base to measure '.' i
,

i pressures developed in the water. Two similar transducers };
monitored pressures in the charge container, and all pressure -

;

signals were amplified and recorded on analogue magnetic tape.
, *

Two high speed cine-cameras with f raming rates of 1500 pps
recorded the release of the melt and its interaction with the:

water. t

4

Experimental Programme *

,

Nine experiments, SUW 01 to 09, were carried out with 24
kg melts, 3 of these were in the free release mode and the !

;

i remainder in the restricted mode. The initial experimental

conditions are summarised in Table 1. Experiment SUW 01 was

! intended as the ' standard' free release case with experiments

SUW 02 and 03 investigating the influence of increased system
pressure and reduced cover gas volume on the dispersion of the

.

melt and the characteristics of melt / water interactions. The

remaining experiments in the restricted mode were in two
;

j groups: SUW 04 to 07 examining the effect of water subcooling,
|

from 80*C to saturation, at a constant system pressure of 0.1
MPa (abs) and SUW 05, 08 and 09 the effect of increasing
system pressure from 0.1 MPa (abs) to 1. 0 MP a , at a constant

4
i
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subcooling of 60*C. Additionally, two experiments, SUW 10 and
|

11 with a melt mass reduced to 8 kg, were carried out in the -

restricted mode at pressures of 0.1 and 1.0 MPa and 60*C -{
| subcooling. h|'

4. ._

| After each experiment the solidified melt debris was $-
{ dried, then recovered, and the particle size distribution lE:

|
measured by sieving. Water drained from the vessel was k

'sampled, and analysed for the presence of suspended solids by
*

filtration through a 0.45 micron filter, and the particle size ,.

! distribution of the filtered material was measured from _,

'

electron micrographs with an IBAS image analyser.
_. :

| RESULTS
,

.

-;

Hydrogen Production j

3

Immediately on contact o( the melt with water, in each of|
.

the experiments, hydrogen was generated over a timescale of
| order 100 ms. This effect was seen in the cover gas pressure 4

.

transients as a step increase La pressure, of about 0.2 to 0.4
MPa, which was also observed as an increase in system pressure

| measured in the vessel after the experiment.- Values of the

hydrogen partial pressure for each experiment are shown in
Table 2.

Malt Water Interactions

The high speed cine records and vessel pressure
transients, showed that the form of the release in both free

and restricted * release mode experiments was qualitatively
closely similar to that observed in the work with 0.5 kg
melts. The free mode - as in SUW 01 - tended to be
d ispers ive , but this was reduced by a smaller cover gas volume
- SUW 03 - and particularly by an increased system pressure -
SUW 02. Restricted mode experiments were less dispersive that.

| those in the free mode, but here also dispersion of the melt
|

0
.

l

.-_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . __. _ _ _ _ _ - _ _ _ _ _ _ _ _ _ .



-_ - - - - - - - . -. - - . _ .

.

inhibited at higher system pressures, with most of thewas
melt tending to be confined within the catchpot. Rapid j

'

mel*/ water interactions were observed in each of the ,|

experiments, except for SW 02 and SW 11, for which only slow j
vessel pressurisations occurred, corresponding to incoherent ]
boiling over a timescale of about 200 ms. The characteristics u

of the CMCI were qualitatively aimilar to those observed in O.

the 0.5 kg work, with spontaneous interactions which generally i|

occurred promptly after release as the catchpot and melt
descended through the water, and triggered interactions which ,

were initiated by the impact of the catchpot on the debris -

tray at the bottom of the vessel. Typical vessel pressure

records, corresponding to cover gas and water pressure --

transients measured in SW 05, are shown in Figure 3. ,j
Interaction yields were calculated as the work done on the ;

vessel cover gas in adiabatic compression to the maximum ,

'

pressure observed. On this basis yields of interactions

occurring in each of the exper.iments are shown in Table 2. In ,;

| both free and restricted release experiments, sequences of two
or three interactions occurred except in SW/08, 09 and 10. Ci-

In these, with the initial system pressure raised to 0.5 and
1.0 MPa (abs) respectively for 24 kg melts or at 0.1 MPa for

| .an 8 kg melt, spontaneous interactions were inhibited and ,

single, relatively energetic triggered events were observed.
The cover gas pressure transient for experiment StM 09, shown
in Figure 4 reached a peak value of 17.2 MPa (abs),
corresponding to a mechanical yield of 0.88 MJ, which was the
highest observed in this series of experiments. In experimentl

SW 02 in which no rapid interaction took place, the slow
tpressurisation of the cover gas corresponded to a work yield

I

of 0.076 MJ.

The overall of f ect of decreasing the coolant subcooling
was to increase the yield of individual spontaneous or
triggered interactions. The offect of increasing system |

pressure was to suppress spontaneous events and to increase
the yield of triggered interactions for 24 kg melts, from

6
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about 0.1 MJ ct 0.1 MPc to 0.88 MJ ct tho m ximum cpplicd !-

|

I
I pressure of 1.0 MPa. With 8 kg melts, neither spontaneous nor ;

triggered CMCI were observed for a system pressure of 1.0 MPa. , |!

These data are summarised in Table 2. ]i
-

|

i h:
.y
-2-Melt Debris
1m i

1E'
After each experiment when the water had been drained ]-

f rom the vessel, the bulk of the solidified debris - f rom 50 f'

to 90% of the total mass - was recovered from the debris tray. .

In restricted release experiments, an additional quantity of '_
up to 28i was found in the catchpot, and in most experiments :

up to 20% of the total debris mass was recovered from the _.

effluent water. In some experiments quite large amounts of
debris, from 3 to 43%, were still unaccounted for, and it was

,

subsequently determined that this material was partly held up ;

in inaccessible areas of the drainage system or was carried ;

away and disposed of with the used water. Additionally,

sampling of this water showed~that it contained a suspension -

of very fine debris particles with a total mass of from 0.2 to
0.9% of the melt, and a mean diameter, by number, of
approximately 1.7 microns and a size range of 0.5 to 13
microns. For debris analysis the material recovered from the
debris tray was taken as a sample of the general debris, and

'

it was assumed that the particle size distribution of this
| material also represented that of the unrecovered debris.

Material recovered from the drainage system, excluding that
|

,

suspended in the water was found to have a size distribution ,

which was very similar to that of the tray debris.

Overall particle si:e distributions of debris from the
free release experiments are shown plotted on log / probability
scales in Figure 5. The corresponding data for restricted
release experiments are shown in Figure 6, illustrating the

effect of water subcooling on the debris, and in Figure 7, the
effect of system pressure. Debris distributions wero

!

! relatively unaf f ected by the water subcooling, but became <

7
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i

markedly finer with increased system pressure, except for SUW
11, an 8 kg melt at 1.0 MPa, where no interaction occurred and
the debris was coarse. ~ ),

L b
i 9

ANALYSIS AND DISCUSSION _g.
1e
an;

OrHydrocen Production
b
'

| In the work with 0.5 kg melts, the quantity of hydrogen i

,

generated on melt / water contact was correlated with the volume 4

of the cover gas in the rig vessel (5), which represented the -

| free volume available for expansion of melt and steam into the

f surrounding water. A figure of 0.72 moles of hydrogen per kg ~

| of melt was found for cover volumes of 3.6 litres and about ;
,,

! half this value, 0.39 moles /kg for volumes reduced by a factor ;

; of 3. On this basis hydrogen generation was judged as an ,. ;

|
effect controlled by the interfacial area between the melt and ~|

t

water. In this large scale work with 24 kg melts and cover ,

| volumes scaled by a factor of 70 rather than the melt scale
I

|2 factor of 48, the average quantity af hydrogen generated was
i

moles per kg of mett for a 250 litre cover volume.1.16 * 0.07

|
The limited data corresponding to cover volumes reduced by a
f actor of 3 gave 0.33 moles /kg, and for meltmass reduced to 8
kg with a 250 litre cover volume, 2.16 moles /kg.

These data are mostly consistent between the different
scales and hydrogen g meration is still believed to depend on
the area of the melt / water interface. However, there is some

evidence in the data that hydrogen partial pressure and
coolant temperature may aloc be important parameters and
analysis is continuing.

!

CMCI - Estimate of Melt Mixino and Efficiency
'

,

|
.

As in the analysis of the work with 0.5 kg melts (5), the
mechanical yielda (Yi) of individual interactions were

| interpreted as the product of a mass of melt (M1)

1 8

i

!
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participating in the interaction, with an efficicncy (Et)
expressed as the mechanical yield per kg of the participating ,

melt. Such that:- i

I
*

Yi = Mi .Ei .

-t
le

This efficiency could be exprenned conveniently an a de

fraction of the thermal energy of unit maan of the melt (1.62

MJ/kg), and in the following analysis, efficiency values were ,

-

calculated on this basin.
J

-

In each experiment, only some fraction of the total melt
maan participated in CMCI, and this was interpreted as the .

amount of melt which had effectively mixed with the water at
*

the time of interaction. The remr.inder was either too widely
,

dispersed to support an interaction, or was insufficiently -

mixed. The mass of the participating melt was estimated from 7

the particle size distribution of the melt debria, on the
~~ ~

basin that only particlan of a diameter of 280 microns or
less, contributed significantly to heat transfer on the

timescale of the interaction , Jess than 0.5 ma. This

f raction of the melt debris represented the f ragmented
material and therefore that participating in the interaction.

On the basin that the melt that interacted was that which was
mixed,with water, it also represented an estimate of the mass
of melt mixed. In experiments in which more than one
interaction was observed, the debris from each interaction

could not be distinguished, and not values of amounts of melt
'

mixed snd efficiencies were taken.

For each of the experimento with 24 kg and 8 kg molta,
the values of the maan mixed and interaction efficiencies are
shown in Table 2. For most of the 24 kg experiments, the mana

of melt mixed for nach interaction was approximately 6% of the
total mann. The name proportion in each interaction was found

| in the work with 0.5 kg melts, demonstrating the accuracy of
the replication of these experiments at the larger scale.

9

1



_ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ ______ ___ _________ _ ___

;

i CMCf - Effect of Water Subcoolinq j

*1
:1

''The efficiency of the interactions involving the 24 kg
melts increased approximately linearly with decreasing water
subcooling, as shown in Figure 8, with a least squares linear ~ ;[
fit to the data having an intercept, at zero subcooling, of w:

.e

4.1 0.2 % of thermal, and a slope of - 0.020 2 0.003 % per ~ 0,

*C. The corresponding data from the 0.5 kg scale experiments iU
'

exhibited closely similar values of efficiency and dependence ;

on water subcooling, and this data and a linear fit are also ,i
'

shown in Figure 8, having an intercept of 4.4 2 0.2 % thermal, .,

! and slope of - 0.016 * 0.003 % per C. At both large and small ^f
scales, the data corresponding to interactions with small ~

cover gas volumes showed similar but anomalously low i

*1
ef ficiencies, and although these data are shown in Figure 8, t

.<

they have been excluded from the fits. It is concluded that ,

the efficiencies of CMCI and their dependence on water *|
subcooling, were not significantly different in the two series ,

,

i of experiments at the 24 kg and 0.5 kg scales. [

!

CMCf - Effect of System PressuP'e ,

,

Although for 24 kg melts, the data do not show a
dependence of interaction efficiency on system pressure, the

|
yields of interactions in restricted release experiments
increased from a not figure of 0.16 MJ at 0.1 MPa to 0.52 MJ

| at 0.5 MPa and 0.88 MJ at 1.0 MPa (Table 2). This was caused
1 by an increase in the fraction of the mass of melt mixed, from !
!

' about 13% at 0.1 MPa, to 48% at 0.5MPa and 75% at 1.0MPa. In

|
the case of 8 kg melts, at 0.1 MPa, these showed mixing'like

I

l that of the 24 kg melts at higher pressures in that

|
spontaneous interactions were inhibited and there was a single |

l triggered event involving 80% of the total mass of melt. The |

dependence of mixing on pressure is attributed to the |

different mixing and dispersive effects of the flow of coolant |

vapour generated by the melt, and the effect of pressure on
P

10 ;

I
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the sp:cific volume of this ccolant vcpour. Effcctivo mixing

would require that the melt be distributed in an optimum ,

volume of water. If the actual volume was too small or the ,j
melt was dispersed widely in a large volume of water, then the j

,fdegree of mixing would be relatively ineffective. At low
-!pressures, relatively large volumes of vapour were generated, =

leading to high flow velocities which tended to disperse the 3g

melt in a large volume of water. Such disperstvo releases and ]
.

the decrease in dispersion of the melt at higher system ,

pressures, were observed in the high speed cine films. At the .

,

higher pressures, the specific volume of the vapour was
.

reduced, reducing vapour volume generation rates and flow
i

velocities. This reduced dispersion of the melt and annisted
-.

the formation of a melt water mixture capable of supporting an
.

interaction.
.

These processes would be expected to be geometry and 7

acale dependent. The 8 kg melta were releaned in catchpots of
the same size as those used fd'r the 24 kg molta and vapour -

volume generation and therefore flow rates were, proportion-
ately lean, which was consistent with the cine film records.
Therefore at low preneures, mix'ing qualitatively like that in
the 24 kg molta at higher system pressures would be expected
and was observed. In the extreme case of an 8 kg melt at a

preneure of 1.0 MPa there was no interaction, possibly because
vapour volume generation rates were insufficient to promote
significant mixing and consequently no interaction occurred.

The rate of volume generation of coolant vapour and flow
out of the catchpot (V') can be represented as a function of
the heat flux (Q) per unit area of the melt / water interface,
the interfacial area (A), the enthalpy of vaportsation of unit
mann of coolant vapour (h) and its specif ic volume (vn) such
thats-

V' = Q.A.vn/h

11
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The area of the melt / water interface would dagend on
lwhether the pool of melt in the catchpot was slumped or boiled i

n
up. With the particular catchpot geometry in uaa, the #

interfacial area of the fully slumped 8 kg melt f
(2.1 x 10-3m2), was approximately 1/3 that of a 24 kg melt tF

-t!

(5.9 x 10-3m ) and this ratio would still apply in the case of is Ia

fully mixed melts if they were composed of melt particles of }{|
the same characteristic length scale. Hence, the quantity J[
vs/h for a 24 kg melt, or vs/3h for an 8 kg melt, is *|
approximately proportional to V'. This parameter is shown in . , ' ,

Figure 9, plotted versus the percentage of the melt mass that .
,

*

was mixed in each experiment in the restricted release mode .
This demonstrates that ineffective mixing occurred for the '

dispersive condition of relatively high volume flow rates of
coolant vapour (large vs/h) and for very low rates, but that
in intermediate conditions, ef f ective mixing could occur. "

.
|

The role of coolant vappgr in the development of .i

melt / water mixit.g, and the effects of other parameters
including geometry and pressure are under further investiga-
tion in experiments in the MFTP using a melt pouring mode of
contact.

L-

i

Effects of Melt Mass Scale i

,

The gross characteristics of the melt releases and CMct
were comparable in the 0.5 and 24 kg scale experiments. ,

However, the most striking similarity was in the interaction .

r

efficiency referred to the mass of participating melt, and its
dependence on the water subcooling, which wore not signific-
antly dif f erent at the dif f erent scales (Figure 8). Since the

mass of melt participating in interactions in the 0.5 kg work
was typically as low as 0.03 kg, and at the larger scale up to
18.0 kg, a melt scaling factor of up to 600 was appropriate
rather than the overall figure of 48. The progression through .

i

this range of scales is significant in that it is from a maan
of melt with linear dimensions only of the same order an thoen ;

12

|
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*

.

characteristi: of individual particles in a coarse mixture, to ,

Itone large enough to form a relatively substantial mixture.
';

is concluded that the ef ficiencies of the CMCI were t'

| independent of the mass of the participating melt, for the L(
'

1
| range of mass scales addressed by these experiments. , rt ;

.-
;

( a

The pressure dependence of melt mixing, found for the 24 jf |
~

kg melt, was not observed at the 0.5 kg scale. It is likely
*

[o,. that the effect is scale and geometry dependent, but
*

. development of this analysis will depend on the more detailed ,;
l

study of melt / water mixing processes being undertaken in the .

i

MFTF.
-.

!

CONCLUSION
,

1

*

f .%n experimental investigation has been undertaken of melt
-

I'Imass scaling in CMCI, with 24 kg uranium dioxide / molybdenum |
|

melts released into a pool of.l.5 Te of water within a i

*

pressure vessel, replicating earlier work on a 0.5 kg melt !
i

' scale. The characteristics of melt / water' interactions were
studied as a function of water-subcooling and system pressure.
The principal results were -

1. Spontaneous and triggered melt / water interactions were
observed with the 24 kg melts, with characteristics
similar to those occurring in the small scale work, but i

with mechanical yields in the range of 0.02 to 0.88 MJ.!

/

2. The ef ficiency of thermal to mechanical energy ,

conversion, referred to the mass of melt participating in
the interaction, increased with decreasing water sub-
cooling with a maximum at saturation, of 4.3% of the

!

thermal energy of the melt. The efficiency was not a

function of the melt mass scale and was unchanged over a |
|range of participating melt mass from 0.01 to 18.0 kg.

3. For the 24 kg melts, the fraction of the melt participa- ;

!13
|

-

|
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'

.

ting in melt / water interactions incrococd with incrocoing
system pressure, from about 13) at 0.1 MPa (abs) to 75% ,

| at 1.0 MPa. This was interper*.ed as a mixing effect ,I,

which was scale and geometry dependent, and was not .

observed in the work with 0.5 kg melts. In a small number .,

|
of experiments with 8 kg melts, but otherwise in the 24 j

kg melt geometry, similarly enhanced mixing was observed 1g

at a pressure of 0.1 MPa, but was apparently inhibited at 3
1.0 MPa. These mixing effects were attributed to the [

influence of coolant vapour generation, and the effect of ;

pressure on coolant vapour properties.
7.
-

,

Melt water mixing processes and the effects of the system ,,

conditions of geometry, pressure and coolant subcooling are
being investigated in further experiments, in a melt pouring 7

-

mode of contact. "
.

ACENOWI2DGEMENT -- ,

.

The author is pleased to acknowledge the contributions of.

Mr R A Millington, Dr R 5 Tatgarsall and many others in the
execution of this experimental programme and analysis of the

-

results.

REFERENCES

1. CARE!ENER, W. A. et al. Appendix V!!! in Reactor Safety
Study, WASH 1400 (NUREG-75/014), October 1975.

2. The German Risk Study. Published by the Federal Minister
of Research and Technology (1979).

3. MURF I N , W. B . The Zion / Indian Point Study, USNRC

Reports: NURE0/CR-1409, NURE0/CR-1410 and NURE0/CR-1411,

(1980).

4. PWR Degraded Core Analysis. Report edited by J H Oittus.

14

- _ - _ _ - _ _ - - _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - - - _ _ _ _ _



-. _ _ - _ - _ - _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _

e

tatAEA Report NDR-610(S) . Chaptcr 5, April 1,082.

[I5., BIRD, M. J. Thermal it.tgractions between molten uranium ,i

dioxide and water. In Proceedings of ASME Winter Annual -

Meeting, Washington, November 1981. .,

-ti

18 :

6. CORRADINI , M.L. , MITCHELL, D. E. , and NEtJON , L. S . , . -2 |
Recent experiments and analysis regarding steam explo- f

~

sions with simulant molten reactor fuels. In Proceedings ;*

of ASME Winter Annual Meeting, Washington, November 1981. ,

.s ;
'

.,

r

i

98

e

W

9
* e

h

%

I

;
E

N

e

|

|
i

I-

,

,

< ,
;

[
!-
,

1

,

*

15

,

' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ . _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _____ __________ _ _ _ _ _ _ ___

,

TABLE 1: IN!TIAL EXPERIMENTAL CONDIT!ONS IN THE SUW SERIES |

! l

.

.H
.

; Exp Release Melt Cover Absolute Water

| Type Mass Vol Pressure Subcooling ,{
j (kg) (Litres) (MPa) (deg C) .,

-t;
;

SUW 01 Free 24 250 0.1 78 's
SUW 02 Free 24 250 0.4 87 1r;

SUW 03 Free 24 85 0.1 80 :
SUW 04 Restr'd 24 250 0.1 80 *;

.

i

SUW 05 Restr'd 24 252 0.1 61 6
,

SUW 06 Restr'd 24 271 0.1 31' '

*

SUW 07 Restr'd 24 251 0.1 0 ,

SUW 08 Restr'd 24 259 0.5 60
SUW 09 Restr'd 24 250 1.0 60 ?

'

JUW 10 Restr'd a 250 0.1 60
SUW 11 Restr'd 8 250 1.0 60'

_,

TASLE 2: EXPERIMENTAL RESULTS OF SUW SERIES :

\

Exp Hydrogen No Total Fraction Efficiency l

Partial of Yield of melt (% of thermal) *'

Pressure CMCI (MJ) mixed (%)

SUW 01 0.23 3 0.223 20.4 2.8
SUW 02 0.27 0 0.076(i) 3.9 -

SUW 03 0.23 2 0.077* 12.5 1.6
'

SUW 04 0.23 3 0.175 19.9 2.3 '
'

SUW 05 0.25 2 0.162 13.0 3.2
SUW 06 0.28 2 0.160 13.1 3.1
SUW 07 0.42 3 0.225 13.5 4.3
SUW 08 0.40 1 0.521 48.2 2.8 |

SUW 09 (ii) 1 0.884 75.0 3.0

SUW 10 0.18 1 0.118 80.0 1.1 i

SUW 11 (ii) 0 0.0 9.0 -
;

i

Notes (1) Slow pressurisation from incoherent coolant f
fboiling,
!

(ii) Measurement not available. !

!

I

'

,

16
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