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Interpretation of the CABRI LTX Test
Using SAS4A-Code

Soo-Dong SUK™ and lkken SATO™

Abstract

The LTX test was performed using a SCARABIX pin in March 2000 in the
framework of the CABR! RAFT Program to investigate the pin failure mechanism, in-
pin fuel motion and post-failure fuel relocation behavior under a simulated TUCOP
accident in LMFR. The transient of the test was initiated by a coolant flow reduction
and a structured TOP was triggered when coolant average temperature at TFC
~ reached a predefined value to keep the channel in the subcooled condition. Pin
failure occurred rather early, before the initiation of any significant fuel meiting. This
early failure of the cladding was presumably caused by a local cladding heatup and
stress concentration arising from the excessive pin bending. Rapid gas release upon
the cladding failure led to the voiding of coolant channel, followed by a molten fuel
ejection and gradual axial relocation in the test channel.

An effort was made to interpret the experimental results of the LTX test using
the SAS4A code. Although the original SAS4A model was not well fitted for this type
of early pin failure, the global behavior after the pin failure was reasonably simulated
with time and axial location of the pin failure specified as an input to the code and
judicious choice of failure criteria. This study resulted in better understanding on the
gas release behavior from the failed fuel pin and its effect on the process of the post-
failure fuel melt progression and relocation. It appears that the detail mechanism of the
early cladding failure does not affect the global behavior of the post-failure fuel melt
progression and relocation.

*1: KALIMER Development Team, Korea Atomic Energy Research Institute
*2:  Advanced Technology Division, O-arai Engineering Center, INC.
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1. Introduction

The LTX test was performed in March 2000 as part of the CABRI RAFT Program.
The objectives of the test were to investigate the pin failure mechanism, in-pin fuel
motion and post-failure fuel relocation behavior under a TUCOP(Transient
Undercooling Overpower) in | sodium coolant channel. The test conditions are
essentiaily the same as those of the preceding LT4 test [1], which had been carried
out in March 1997 in the framework of the CABRI FAST program. A SCARABIX pin, a
mixed-oxide annular fuel with a maximum burnup of 6.4 at.%, was used in semi-
restrained channel conditions for each of the tests. Modifications were made for the
LTX test by replacing solid fertile pellets by hollow insuiation pellets and placing DT
{Displacement Transducer) to detect in-pin fue! squirting, which was suspected to
have occurred in the LT4 test.

'Linear heat rate at the peak node of the pin and sodium temperature rise along
the fissile were 507 W/cm and 180°C, respectively, during the CABR! steady-state.
The transient was initiated by a coolant flow reduction from the steady-state value of
135 g/s(571 i/h) with a halving time of about 7 seconds. A structured TOP was
triggered at 18.5 sec after the initiation of LOF when coolant average temperature at
the fissile top reached a predefined value to keep the channel in the subcooled
condition. Extensive azimuthal temperature oscillations were observed during the
LOF and a local onset of sodium boiling took place during the pre-puise period of the
TOP. ] ' ,

Quite contrary to what happened in the LT4 test, i.e., pin fai!uré occurred late
with extensive fuel melting, a cladding failure occurred rather early at around 460 ms
after TOP, before any initiation of significant fuel melting or sodium boiling. An
analysis[2] of the LTX test.using the PAPAS-28 code shows that the earlier cladding
failure could be due mainly to local cladding heat-up caused by excessive pin bending
occurred in the LTX test. Upon the cladding failure, a rapid gas release led to an
extensive coolant-channel voiding. Under the circumstances, the continued power
transient in the test gave rise to progressive fuel melting and subsequént axial
‘relocation of molten fuel similar to the other CABRI TUCOP tests with extended
coolant boiling conditions. Because of limited energy injection, fuel disruption and
axial relocation were finally contained within the fissile region. A significant blockage
of the test channel appeared after the transient, with a flow rate reduced to 3 % of the
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initial flow. _

tn this study, the SAS4A code, version "REF99 Reilease 3, is utilized to simulate
the sequence of events through the transients of LOF and TOP as well as the pre-
irradiation history and steady state power operation. The focus is made, however, on
demonstrating the limitations as well as the ability of the code to predict the post-
failure fuel behavior in the TUCOP test like the LTX.

2. Major Test Features and Results

2.1 Test Features .

A structured TOP was automatically triggered when the mean sodium
temperature at TFC reached 893 °C with sodium flow rate decreased to 40 g/s (168
I/h). - Figure 2.1 shows the power history during the TOP. At the end of pre-pulse
(480 ms after the TOP onset), energy release at the peak power node (PPN} was
increased to 0.49 kJ/g. Its vaiue reached up to 1.11 kJ/g at the time of scram (720
ms), and saturated to 1.23 kJ/g by the end of the TOP(1.2 s). Trané.ient power
iincreased by 45.4 times the steady-state power at 543 ms after the onset of TOP. |

A SCARABIX pin was used in the LTX test as in the LT4 test. The pin is a
mixed-oxide annular fuel pellets of 21.4% Pu /U+Pu pre-irradiated in PHENIX to a
local burnup of 6.4 at.%, clad in 15/15 Ti with an outer radius of 8.5 mm. For the
LTX test, modifications were made on the test pin used in the LT4 test by replacing
original solid fertile pellets by hollow insulation pellets to study in-pin fuel motion
expected to take place during the test, particularly the fuel squirting before cladding
failure toward the gas plena through the central holes connecting the fissile
region and gas plena. A new device was installed just above TFC to detect the
squirted fuel moving upward from the fissile. Table 2.1 lists the test features of
interest for the two tests.

2.2 Test Results ' .
_ During LOF of the test, the élongation of fissile fuel of 2 (£2) mm was
| observed by the heutron hodoscope, while it was 3(+2) mm in the LT4 test. Although
refatively large uncertainty in the measurements makes a direct comparison of the
fuel elongation difficult, the slight difference is consistent with more extensive pin
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bending expected in the LTX test than in the LT4 test. The azimuthal coolant
temperature variation at TFC was 39.7 K at the end of the LOF in the LTX test and
increased further during TOP of the test. It was 33.9 K at the end of LOF in the LT4
test. The azimuthal temperature difference at 60cm BFC (Bottom of Fissile Column)
was aiso larger than in the LT4 test. Furthermore, the peak coolant temperature took
place at about 60 cm BFC, as indicated by TC75 ( 280 °), during TOP of the LTX test,
while it was around TFC in the LT4 test.

Figure 2.2 shows sodium flow rates during TOP. Local sodium boiling began at
around 410 ms after TOP during the pre-pulse in 60cm BFC, leading to a moderate
sodium expuision from the channel. A more violent sodium expulsion transient took
place at 460 ms, before onset of the main pulse, apparently caused by the cladding
- failure and subsequent gas release. Unfortunately, some important instrumentation
malfunctions fook place during the test. Due to some unsuitable configuration as well
- as connectivity problems, the microphone and the pressure measurements failed. As
a result, precision was lost for the timin'g of the rupture events and their locations.

Various events of measurement are shown along with the flowmeter integral -

curve in Figure 2.3. After the peak of the main pulse (560 — 670 ms), the progressive
destruction of the TCs in the test channel near the presumed rupture location { on the
levels of 30, 45, 60 cm BFC) indicated the fuel ejection. In the mean time, the DT
caught a dynamic event at 526 ms. About 4 ms later, the hodoscope registered a
signal increase at TFC. However, the PTE did not reveal any sign of in-pin molten fuel
relocation above TFC. The DT event and subsequent hodoscope event are
considered, th-erefore, to have been upward motion of the upper part of the pin. The

squirting detection device was also found in the original unreleased state. There were

no correlated TC events at TFC. ,
Based on the PTE results, the DT event and subsequent hodoscope event are

censidered to have been upward motion of the upper part of the pin, taking place at-

526 ms. Figure 2.4 illustrates final state of the test fuel deduced from the hodoscope
data. The results show the trend of the fuel accumulation around TFC and in the
upper zone from row 12 to 20( 55 to 73 cm above BFC), noticeable lack of fuels in

the mid-zone from row 21 to 32(30 to 55 cm from BFC), and accumulation in rows 41

fo 44(6 to 15 cm from BFC). Results of the post-test non-destructive examinations by
gammametry and X-ray images are in general agreement with the trend described in
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the above. It was also shown that the clad had been severely damaged and not visible
between 31.3 and 59.6 cm BFC, the pin nose had been displaced in the upward
direction by 17 mm. No molten fuel was observed in the central hole above or
around TFC. _ - ,-

Within the PTE activity for the LTX test, an axial cut covering from 76.0 to 79.5
cm BFC was performed to provide detail information of the pin behavior at around
TFC, including the level of the intact cladding, dpper steel accumulation, the failure
mode of the brasing, among others. It was observed in the examination that steel
cladding was intact down to about 76.9 cm BFC, molten steel accumulated between
77.3 and 76.0 cm BFC, small amount of fuel accumulated above the accumulated
steel, and few fuel fragments existed above TFC.

3. Analysis Assumptions and Bases

3.1 Failure Specifications and Criteria

There are three major events of fuel pin failure in simulating the molten fuel
behavior using the SAS4A code. They include cladding failure and gas reIeaée, pin
failure (fuel melting causing cladding rip-off or separation), and fue! disruption, which
take place simultaneously or in sequence depending on the specific transient. Since
the major interest of this study is the molten fuel behavior after clad failure, the time
and axial locations of the clad failure were specified as inputs to the code in this study,
based on the inerpretation of the test data.

First, it is assumed for the analysis that clad failure occurred at around 60 cm
above BFC at 460 ms after the onset of TOP. The test data, shown in. Figure 2.2,
indicates time of the clad failure as ewdenced by a rapld flow-rate divergence. There
seems to be no direct measurement to indicate where it failed in the test, however. As
described in Section 2, the peak sodium temperature occurred at 60cm BFC rather
than at TFC seemingly because of an excessive pin bending occurred in the test. lt is
deduced from the experimental data and analysis with PAPAS~28 that the cladding
mid-wall temperature at the hottest TC azimuth of 60cm BFC reaches beyond 1050°C
by the time of 460 ms after the TOP onset. At this temperature level, the cladding
hoop stress corresponding to the plenum gas pressure could be enough to induce
cladding failure. '
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Secondly, it is basically assumed in the analysis that the molten fuel ejection
occurs at 526 ms upon the onset of TOP at 60cm BFC, the axial location of cladding
failure. As presented in Section 4.3, this assumption was not directly realized in the
SAS4A analysis because of the model limitation. At this time, a significant upward
displacement of the pin top took place. However, there was no evidence of
corresponding upward relocation of the fissile bottom. This clearly indicates that the
pin was separated into the upper and lower parts. Although there was no direct
information on the axial level of such a separation, pin failure is most likely to have
occurred at 60 cm BFC judging from the temperature hirstory. It is assumed,
therefore, that the test pin fails at the same axial location as the initial cladding failure.
The high thermal load at this axial location expected from Niobium structure also
supports the above assumption, since this indicates the accumulation of the molten
-fuel.w Based on the DT signal at 526 ms/ TOP and subsequent hodoscope event, and
the PTE resulis as.well; the following seduence of events are assumed to have .
occurred around the time of pin failure ; Fuel pin sebaration takes place at 526 ms by
losing the strength at the axial location of around 60 cm BFC, where the upper edge of
melt front of the fuel is reaching at the time of failure. The upper pin separated from
the lower one moves upward into the free space above the pin and stays there during
thetest. . -

Finally, fuel disruption is expected under a rapid cladding heat-up and fuel
melting after the fuel ejection. Criteria for fuel disruption are 20 % AMF(fuel areal melt
fraction ) and cladding midwal! temperature of 1250°C as used in the previous studies
with SAS4A. It should be noted that this cladding-temperature level is usually reached
just after cladding dryout in the conventional situations.

3.2 Plenum-Gas Blowout Model
In the SAS4A model, failure predjction is tinked to the ejection of molten fuel and
its interaction with sodium and coolant-channel structures. For the condition of single-
phase coolant ,'therefore, cladding failure is allowed only after some amount of fuel
melting gets available. Under the circumstances, the plenum-gas blowout model,
- usually applied after coolant boiling, had been used for simulating early cladding
faiilure and subsequent gas release in the studies with the SAS4A code. In order to
simulate the LTX test, some modifications were necessary to correct the
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inconsistency handling the condensation of gas mixture between the pre- and post-
failure models. Input parameters speeiﬁeally selected in this study are listed in Table
2.2. These inputs are essentially same as those used in the SAS4A analysis of the
LT1 study [3] for the condition of single-phase coolant '

4. Analysis Results

4.1 Pre-Failure Analysis

Figures 4.'1, 4.2 and 4.3 show a set of major input variabies of SAS4A being
compared with the test conditions, which include power history normalized to the
steady-state power, axial power distribution during the steady state and flow rate
during LOF. It can be seen that the basic features of the test are well fitted for the
analysis. It is also shown in Figure 4.4 that the steady-state coolant temperature
distribution is well simulated along the channel with the code. Figure 4.5 shows a
comparison of the coolant temperature history at TFC during LOF between the TC
data and the analysis result by the code. It can be noticed that there exist variations of
the TC signals presumably because of pin bending, which is not modeled in the
SAS4A code. Pin. bending appears to cause the trend of a slight underestimation of
the coolant temperature by the code. '

Figures 4.6 and 4.7 present comparison of coolant temperature histories
measured by TCs at various azimuthal angles with the analysis results at TFC, and 60
cm above BFC , respectively, during the early phase of the TOP. As can be seen in
the figures that the coolant heat-up behavior is well simulated by the code during TOP
up to the time of cladding failure. It may be noted in Figure 4.6 that the calculated
coolant temperature at TFC temporarily decreases from 940 °C at 526 ms upon the
onset of TOP as much as 40 °C just prior to the step increase up to 1270 °C. On the
other hand, the coolant temperatures measured by TCs slowly increases toward the |
saturation temperature As described in the analysrs report of the LT1 test[3], a
sudden dip of the temperature arises from the upward motion of the reiatively cold
coolant slug from down below. The absence of coolant temperature drop in the
experiment is partially explained with the possible delay of TC response'on one hand.
On the other hand, axial temperature profile in the experiment may have been flatter
than in the calculation. As the slug passes through TFC, the coolant channel
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subsequently becomes filled with the released gas (in about 20 ms). However, heat
transfer between the ejected gas and channel structure cannot be modeled under the
present usage of the SAS4A code. This results in a sudden step increase of the
coolant temperature to the peak in the analysis work. The insufficient modeling for the
possible heating of the coolant-channe! structure by the gas released in this study
would not affect the results, however, because heating 6f the cladding after.channel
voiding will be dominated by the heat flow from internal fuel pellets and/or molten fuel

in the coolant channel.

4.2 Cladding Failure and Gas Blowout Analysis
Figures 4.8 and 4.9 show the axial cladding temperature distribution and radial
- fuel temperature profile at PPN, respectively, calculated at the time of the cladding
failure (460 ms after the TOP onset). Cladding temperatUre reaches about 1000 °C at
the location of failure and fuel temperature remains far below the melting point at the
time of the cladding failure and subsequent gas blowout.

Figure 4.10 presents analysis results by SAS4A and test data for coolant flow
 rates in the outlet as well as in the inlet of the test channel around the time of the
cladding failure and gas release. It can be seen that the overall trend of flow
divergence, that is the magnitude and duration of the flow rates, is well simulated by
the code. It may be noted herein that a failure rip area of 1mm? was used in this
analysis, as specified in Table 2.2. This rip area is lower than the value(3 mm? ) used
in the LT1 test representation[3]. Right upon the cladding failure and initial gas
blowout at 460ms after the onset of TOP, calculated flow rates increase to the peak
values in step and subsequently in gradual decline. The pin fails at around 529 ms in
the analysis and the flow rates show local peaks and then continue o decrease. As
the lower void front reaches the lower boundary of the channel set by the code at
about 590 ms, flow stops at the inlet of the channel. The upper void front subsequently
hitting the upper_boundary: at 680 ms or so, flow stops after a brief peék at the outlet of
the channel. Void fronts, which are the integration of the flow rates, are compared in
Figure 4.11. It can be seen that the initial rate of void development is well simulated
but void fronts are delayed a bit (about 40 ms or s0) in the analysis compared to what
happened in the test. This may well be caused by the lack of modeling for the onset of
local boiling, which appeared to have occurred in the test at 420 ms after TOP. A

_T__
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sudden cease of the void-front expansion is due to the limit set by the code itself for
the sake of computatlonal stability.

4.3. Pin Failure and Melt Progression Behavior
Figures 4.12 and 4.13 illustrate the axial distribution of cladding mid-wall

temperature and the melting boundary, respectively, calculated at 529 ms after the ]

triggering of TOP. The cladding temperature reached about 1100 °C at around the
failure location by this time. Fue!l melting was initiated at 45 cm above BFC (core node
14) at around 500 ms after TOP. By the time of the pin failure, significant fuel melting
had occurred and the axial melt front expanded from 28 cm to 56 cm above BFC. The
areal melt fraction is peaked at 14 % around 45 cm BFC. Fractional radii of the
meltihg boundary ranged from 80 to 90 %. In Figure 4.13, it can be noted that fuel
remains solid in the inner region while moiten in outer region of the fuel pin. This
represents a radial temperature inversion characteristic with the CABRI test.

As described in Section 3.1, the test results are interpreted such that molten fuel
ejection took place at 60 cm above BFC at 526 ms after TOP. One of the failure

criteria is that some fraction of melting should take place. In our analysis, however,

melt front reaches 60 cm BFC only after about 10 ms later than the interpreted time of
-'failure in the test. Thus it was arranged in the analysis that fuel pin fails upon the
melt front reaching at 56cm BFC, a node below the failure node, to put the time of
failure forward close to 526 ms.

Early phase of melt progression is schematically depicted up to the time of peak

power (545 ms after TOP) in Figure 4.14. At about 500 ms after TOP, fuel melting is

initiated at the peak power node (about 45 cm above BFC, channel node 18). Upon
the pin failure at 529 ms after TOP, molten fuel is ejected from the failure node of the
pin to the voided channel. The liquid sodium stays just below BFC and far above TFC
at the time of fuel ejection into the channel so that no significant fuel-coolant
interaction is anticipated in this kind of TUCOP event. Prior to the power peaks at 545
ms/TOP, only a small amount of mixture of the chunk, crust and meit of the fuel is
formed around the cladding as well as the structure at the same axiai level as the
failure node. As can be seen in Figure 2.1, the energy release amounted to 0.75 kd/g
or 60 % of the total energy release by this time.

Right after the peak power (at 549 ms/TOP), the first fuel disruption occurs at
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the location of the pin failure and propagates rapidly downward along the pin. This
may be well illustrated in Figure 4.11, which shows axial propagation of fuel disruption
together with the development of the void-fronts in the channel. As can be seen, fuel
disrupts extensively by 650 ms, which corresponds to the time of the end of the main
power pulse with energy release reaching more than 1.0 kd/g (80 % of the total
energy). - By this time, fuel disruption has propagated down to 25 cm and up to 65 cm
above BFC. Fuel disruption is taking place gradually to the limited extent afterward. It
is probable that the earlier TC rdpture events below the failure location are more
related to the ejéction of molten fuel. It may be noted in the figure that the fuel
disruption fronts calculated by the code reasonably well refiect a series of the events
of TC rupture. ‘ ,

Figure 4.1 5 presenis the melt progression phenomena including fuel disruption
and relocation, from after the power peak down prior to the reactor scram at 720
ms/TOP, by which time 1.11 kJ/g of energy (90 % of total energy release) have been
injected to the pin. When the initial fuel disruption occurs at the channel node 21( core
node 17) at 549 ms/TOP, some amount of molten fuel and crust are formed around
the structure of the channel but it is mostly chunk fuel blocking the channel. As fuel

- disruption progresses downward, molten fuel in the central locations down below

moves upward in the pin and is ejected through the upper node into the channel and
stay upward in the channél, before the central nodes disrupt for themselves at around
590 ms/TOP. As fuel disruption continues, the epicenter of the ejected fuel also moves
-downward. It may be noted that the void front reached the lower limit and upper limit
at around 590 ms and 680 ms/TOP, as described earlier. In the mean time, the plenum
gas continues to be released from lower and upper ends of the pin even afiter the
initial blowout upon cladding failure. This tends to drive the fuel and steel ejected to
the either end of the fissile region.

Final phase of the melt progression and relocation is illustrated in Figure 4.16.
The fuel pin gradually disrupts to the extent that only about 10 cm-lohg stubs from
either end of the pin stay intact. The mixture of the fuel and steel is gradually relocated
to the ends of the pin due to the continual release of plenum gas and gravity effect as
well. Since the energy release is saturated after the scram, the relocation of the
mixture of the fuel and steel tend to be limited within fissile. However, the molten steel
gets relocated upward to the above of TFC. This result is consistent with a result of
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the PTE performing the axial cutting of the zone around TFC. However, a small
amount of fuel accumulated above the molten steel as well as a few fuel fragments
above TFC observed in the PTE are not predicted by the code. These are not
considered local effects significant enough to be simulated by the code, in which the
main part of the event sequence is represented. Unfortunately, processing of the-
hodoscope data is still underway to deduce the transient fuel mass distribution

so that no quantitative result is available at presenf.

Figure 4.17 presents a comparison of the final fuel configuration calculated by
the SAS4A code to that deduced from the preliminary hodoscope data (See Figure
'2.4). It should be reminded that the hodoscope signal is not proportionaf to fuel mass
due mainly to the self shielding effect. Therefore one should only compare the trend of
axial fuel distribution. It can be seen in the figure that the code bredicts rather well
giobal behavior of the test data; the fuel accumulation around TFC and in the upper
zone of the channel above 55 cm BFC, sharp drop of fuel at around 50 cm BFC,
gradual accumulation of fuels in the central part of the core down to 30 cm BFC, and
accumulation of fuel below at about 15 cm BFC. it may be noted, however, that there
exist a few local deviations between the test data and the calculated results. It should -
be noted that the test data only shows the fuel mass increased from the steady state
value. Above TFC, for instance, a small amount of increase in fuel mass would give
rise to a large signal. A peak at around TFC appears to be arising from the fuel
elongation occurred during TOP és well as LOF or insignificant amount of molten fuel
relocation. Another peak is shown at about 35 cm BFC in the hodoscope data, while
the code predicts gradual increase of fuel mass downward. Judging from the
experience with the code, this appears to represent the tendency of the cb_de to
underpredict the downward fuel relocation.

The trend of fuel relocation in the channel as well as in-pin meit progression
described in the above may be better understood by Iooking into the relative fuel-
worth history during TOP, which is shown in Figure 4.18. The relative fuel worth used
herein is defined considering the fuel mass distribution and axial power profile in
CABRI. The initial value is unity and the relocation of fuel mass from the higher power
region to the axial ends of the fissile leads to the reduction of the relative worth. [t
can be seen that the relative worth drops upon pin failure at 529ms/TOP as molten
fuel of the central part of the pin, where the worth is higher, moves upward in the pin

—io0—
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and ejected through the upper part of the pin. it is likely that downward propagation of

the fuel disruption leads to disappearance of the “pipe” which has been serving as an

important means to transfer the fuel up to the high axial level, where the power is low.
From arcund 600 ms on, the relative worth increases as the moiten fuel from the lower
part of the pin ( as low as 25 cm BFC) is ejected throUgh the central location. As
described above, the downward movement of the epicenter of the ejected fuel toward

the central location of the channel would also contribute to this trend of worth increase.

After 680 ms or so, the fuel worth continues to decrease as the epicenter of the
ejected fuel moves down away from the central nodes. As described in the above, the
fission gas continually released from the plena tends to disperse the fuels to the ends
of the fissile region, which contributes to the decrease of the relative fuel worth.

5. Conclusion

An effort has been made fo simulate the experimental results of the LTX test
using the SAS4A code. In the test, the pin cladding failed rather early before the
initiation of any significant fuel melting, presumably due to fuel pin bending. Given the
time and axial location of the cladding failure and fuel ejection, the code produced the
results quite consistent with the experimental results including the fuel disruption and
melt progression behavior as well as the coolant channel voiding and subsequent
heat-up of the pin.  This study vindicates conclusions drawn up in the LT1 analysis [3]
in terms of the ability of the code to predict the eérly- induced events and validity of

the present treatment for dependency of the mobility of disrupted fuels on fuel

~ enthalpy, even if the initial pin boundary conditions are quite different between the two
tests. | , '

There currently exists quite a limited amount of experimental data for the LTX
test. Precision was aiso lost for the timing of the rupture events and their locations.
For the analysis of the test, therefore, it was necessary to assume the major events by
interpreting indirect information from the test. One of the major assumptions or
interpretations made for this analysis is related to the specification (time, location and
mechanism) of the molten fuel ejectibn; molten fuel starts to get ejected upon the axial
separation of the cladding at around 60 cm BFC (location of the cladding failure) at
526 ms after the onset of TOP. The application of this interpretation gave rise to a
simulation quite close to the experimental results of post-failure fuel behavior. The
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successful simulation by the SAS4A code of global behavior of the post-failure molten
fuel behavior in the LTX test confirms the observation made in the previous study in
that the code may well provide a sound basis for future evaluation of the early
failure scenario in the reactor case, regardless of the details of the cladding failure.
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Table 2.1 Comparison of test condition and main test resuits
between the LTX and LT4 tests '

Pin failure {ms after TOP onset)

LTX LT4

Fuel 'l;ype Scarabix-CABRI | Scarabix-CABRI -
Fissile length (mm) 750 750
Pin diaméter (mm). 8.5 8.5
Po (W/cm) 507 512
Na Temp. at BFC (C) 400 401
Na Temp. at TFC (C) 580 579
Energy at end of pre-pulse(480ms) (J/g) 499 499
Energy at 720ms (kJ/g) 1.10 1.10
Energy at 1.2s (kJ/g) 1.22 1.22

TOP Trigger (s after LOF onsef) 18.457 18.651

TFC Na Temp. at TOP onset (C) 893 807
Boiﬁng onset (ms after TOP onsét) 407 398
460 | 621




Table 2.2 SAS4_A input parameters selected for the analysis

Objectives Variable Input location  [Specified] Usual explanation
: name value value '
{Control plenum gas IGASRL (61, 278) 4 - Select the option to specify the gas blowout
blowout behavior ' time
INDFAL (51, 283) 17 - Node number of gas blowout location
AGSRLS (64, 181) 1.0E-6 - Rip area (m2) ,
GASKOR (64, 182) 3.0 - Orifice coefficient for gas release from the
' : plenum
TMFAIL(1-30){(64, 186 — 188) | 2518.06 - Gas blowout time (sec in SAS4A time)
Avoid liquid coolant slug XKORV(1, 2) ((64, 56) 6.4 1.6 |Orifice coefficient for flowing sodium at the
disappearance ' _ inlet
Suppress condensation [CENACN (13, 1146) 0.0 6.3E4 |Sodium condensation heat transfer coefficient
and evaporation in- CFENAEV (13, 1147) 1.0E-6 | 6.0E5 [Sodium evaporation heat transfer coefficient
LEVITATE o
Control initial liquid film [WFS00 (64,77) 1.0E-5 | 1.19E~4 [Initial film thickness on the structure (m)
WFQ (64, 84) 1.0E-5 | 1.19E-4 [Initial film thickness on the cladding (m)
Prevent unrealistic dryout|WFMNSW (64,76) 0.67E-5 | 6.0E-5 |Dryout film thickness on the structure (m)
judgement WEMNWT  [(64, 75) 0.67E-5 | 6.0E-5 |Dryout film thickness on the cladding (m)
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Fig. 2.4 Normalized hodoscope signal in the LTX test at the final state
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Figure 4.3 Flow rate-history during LOF used in SAS4A
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during TOP
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