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Major purpose of the Slab Core Test Program is to investigate the
two—dimensional thermal-hydraulic behavior in the core during the
reflood phase in a PWR-LOCA. In order to investigate the effects of
radial power profile, three cold leg injection tests with different
radial power profiles under the same total heating power and core
stored energy were performed by using the Slab Core Test Facility
(SCTF) Core~II. Tt was revealed by comparing these three tests that
the heat transfer was enhanced in the higher power bundles and
degraded in the lower power bundles in the non-uniform radial power
profile tests. The turnaround temperature in the high power bundles
were evaluated to be reduced by about 40 to 120 K. On the other hand,
a two-dimensional flow in the core was also induced by the non-uniform
water accumulation in the upper plenum and the quench was delayed
resultantly in the bundles corresponding to the peripheral bundles of
a PWR., However, the effect of the non-uniform upper plenum water
accumulation on the turnaround temperature was small because the

effect dominated after the turnaround of the cladding temperature.

The work was performed under contract with the Atomic Energy Bureau of

Science and Technology Agency of Japan.
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Selected data from Tests S$2-5H1, S$2-SH2 and S52-06 are also
presented in this report. Some data from Tests S2-SH1 and $52-SH2 were
compared with TRAC post-test calculations performed by the Los Alamos

National Laboratory.

Keywords: Reflood, LOCA, ECCS, PWR, Reactor Safety, Two-Phase

Flow, Chimney Effect, Cross Flow, Quench, Heat Transfer
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1. Introduction

The thermo-hydrodynamic behavior during the reflood phase of a
postulated loss of coolant accident (LOCA) in a pressurized water
reactor (PWR) has been investigated by using Slab Core Test Facility
(SCTF). The SCTF program is a part of the large scale reflood test
program under contract with Atomic Energy Bureau of Science and
Technology Agency of Japan together with thé Cylindical Core Test
Facility (CCTF) program. One of the major objectives of the SCTF
program is to investigate thé two—dimensional thermo-hydrodynamic
behavior in the core(3)-(11). In order to meet the above objective, SCTF
simulates a full radius slab section of a PWR with 8 bundles arranged
in a row and the heating power for each bundle can be independently
controlled. Therefore, the effects of radial core power profile can
be investigated with SCTF.

In the SCTF Core-I forced feed flooding tests, it was found that
the steep radial power profile gave the higher heat transfer
coefficients in the higher power bundles under the same total core
power(l) and a significant cross flow between rod bundles was
egstablished even for the flat radial power profile test(2), However,
the core inlet flow rate in these tests was much higher than a typical
flooding rate observed in the CCTF tests(ll), 1In addition, the
emergency core cooling (ECC) water is injected into the cold legs in
an actual PWR instead of the lower plenum in these tests.

Tn order to investigate the effects of two-dimensionality on the
core cooling under more realistic conditions of feed mode and core
inlet flow, three tests: $2-SH1, S2-SHZ and S52-06 were performed under
the modified cold leg injection condition in the SCTF Core-II test
series with the base case, flat and steep radial core power profiles,
respectively.

The present report describes the effects of the radial power
profile and the distribution of upper plenum water level on the two-
dimensional behavior in the core.

Presented in Appendix A are a brief description of SCTF Core-ll
and calculation methods of mass balance, steam generation rate and
additional horizontal differential pressures. Some selected data
obtained in Tests S2-SH1, $2-SH2 and S2-06 are presented in Appendixes

B, C and D, respectively. Additionally, in order to evaluate the
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predictability of the two—dimensional behavior observed in the SCTF
tests by the Transient Reactor Analysis Code (TRAC)(13), some data
from Tests §$2-SHl and S2-5H2 were compared with TRAC post-test
calculations performed by the Los Alamos National Laboratory in

Appendixes E and F with some comments.
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2. Test Description
2.1 Test Facility

A schematic diagram of SCTF is shown In Fig. 2-1. The primary
coolant loops consist of a hot leg equivalent to four actual hot legs,
a steam/water separator corresponding to four actual steam generators,
an intact cold leg equivalent to three intact éold legs, a broken cold
leg on the pressure vessel side, and a broken cold leg on the
steam/water separator side. These two broken cold legs are connected
to two containment tanks one by one which are connected to each other
by the pressure equalizing pipe.

The flow area scaling ratio is 1/21 of a 1,100 MWe PWR, whereas
the heights of each component are preserved.

The emergency core cooling system (ECCS) consists of an
‘accumulator (Acc) system and a low pressure coolant injection (LPCI)
system. The injection ports for the Acc and LPCI systems are the
lower plenum and the intact cold leg, respectively.

Figure 2-2 shows a vertical cross section of the pressure vessel.
The pressure vessel includes a simulated core, an upper plenum with
internals, a lower plenum, a core baffle and a downcomer. The SCTF
preésure vessel gimulates a full radius slab section of a 1,100 MWe
PWR.

The simulated core consists of 8 bundles arranged in a row with
full radial width. Each bundle consists of 234 heater rods and 22
non-heated rods arranged in 16xl6 array. The outer diameter and the
heated length of the heater rod are 10.7 mm and 3660 mm, respectively.
The dimensions and arrangement pitch of the rods are based on those
for a 15x15 fuel rod bundle of a Westinghouse type PWR.

The core and the upper plenum are enveloped by honeycomb thermal
insulators with wall plates to minimize the wall thermal effects.

More detailed information on SCTF is available in references (3)

and (4) and a brief description is pressented in Appendix A.

2.2 Test Conditions

The tests referred to in this report are Test S2-8Hl (base case),

Test $2-SH2 (flat radial power profile) and Test 52-06 (steep radial
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power profile). Major test conditions for these three tests are
listed in Table 2-1. The BOCREC (bottom of core recovery) in Table 2—-
1l represents the time when the ECC water reaches the bottom of
heated part.

These three tests were performed under almost the same conditions
as each other except the radial power profile. The radial power
profile in Test $2-SH1 (base case) was based on the radial power
profile in a 1,100 MWe Westinghouse initial ldading core. The radial
power profile was changed to steep (Test 52-06) or flat (Test $2-SH2)
but the total heating power was unchanged from the base case test.
The initial stored energy in the core was also set to be almost the
same for these three tests.

The test conditions common to these three tests have been
selected to reasonably represent the situation of reflood phase of a
PWR-LOCA. However, the Acc injection rate was reduced and the
injection period was extended from the scaled injection rate and
period because a significant U-tube oscillation cccurred during the
Acc injection period under the scaled injection conditions. The Acc
injection water temperature was determined so as to give the same core
inlet water temperature as in a typical CCTF test. The LPCI flow rate
was based on the scaled value of a 1,100 MWe Westinghouse type PWR.
The Acc and LPCI flow rates were 19.3 and 5.41 kg/s, respectively,
which correspond to about 5.71 and 1.59 cm/s of nominal flooding

velocities. The intended system pressure in the containment tanks was

0.2 MPa.
2.3 Test Procedure

The test procedure for these three tests is as follows. After
setting the initial pressure and temperature conditions, core heating
was initiated. In order to make the initial stored énergy the same,
when four cladding temperatures exceeded 1053 K, 1013 K and 1137 K for
Tests $2-SH1, S$2-SH2 and S2-06, respectively, the accumulator
injection into the lower plenum was initiated. The initial saturatiomn
water level in the lower plenum was 0.14 m below the bottom of heated
part. After keeping the core power constant for 40 s from accumulator
injection initiation, the core power decay simulation started gsimulat-

ing the reactor transient from 40 s after shutdown. The decay curve
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was based on the 1.02 x (ANS standard+Actinides). The injection
location was switched from the lower plenum to the intact cold leg at
55 g after accumulator injection initiation. At this time,
aceumulator injection was terminated and LPCI injection was initiated.
At 900 s after the initiation of LPCI, the test was terminated.

The chronologies of major events for these three tests are

summarized in Table 2-2.
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3. Test Results and Discussions
3.1 Fluid Behavior in Pressure Vessel and Primary Loops
3.1.1 Boundary Conditions for Fluid Behavior in Core

As shown in Figs. 3-1, 3-2 and 3-3, the accumulator and LPCI
injection rates, the core inlet water temperétures and the pressure
transients at the core center and the containment tank-II are in good
agreement with each other for Tests $2-SH1, S2=-SH2 and 52-06.

Figure 3-4 shows the core heating power transients in Bundles 2,
4, 6 and 8 for these three tests. The normalized radial power factors
in Bundles 1&2, 3&4, 5&b6 and 7&8 are 1.001, 1.065, 1.015 and 0.919,
for Test $2-SH1, 1.0, 1.0, 1.0, and 1.0 for Test 52-5SH2 and 1.0, 1.2,
1.0 and 0.8 for Test $2-06, respectively, under the same total heating
power in these three tests.

Figure 3-5 shows the estimated core inlet mass flow rate obtained
by a mass balance method together with the ECC injection rate in Test
§2-06. The procedure of mass balance calculation is explained in
Appendix A.3. As shown in this figure, the core inlet mass flow rate
during the accumulator injection period is about 12 kg/s. The
estimated core inlet mass flow rate is almost in agreement with the
LPCI flow rate during the LPCI period. Approximately the same core

inlet mass flow rate was obtained in Tests S2Z-8HIL and §2-SH2 as in

Test $2-06.

3.1.2 Fluid Behavior in Upper Plenum and around End Box Tie Plate

Figure 3-6 shows the comparison of liquid level in the upper
plenum above Bundles 2, 4, 6 and 8 in these three tests. The liquid
level in the upper plenum increases gradually after about 200 s and
rapidly after about 450 s and remains at almost constant after 500 s.
The liquid level is higher above the Bundle 8 side and lower above the
Bundle 1 side especially after 450 s. The above-mentioned water
accumulation behavior in the upper plenum is almost similar to each
other in these three tests except the relatively lower liquid level
above Bundle 8 in Test $2-06 than in the other two tests before 450 s.

Figure 3-7 shows the differential pressures across the end box

__6_
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tie plate above Bundles 2, 4, 6 and 8 in these three tests. The
differential pressure is much lower above Bundle 8 than above the
other Bundles in Tests S$2-SH1 and S$2-SHZ, suggesting the lower steam
up-flow rate above the Bundle 8 side. On the other hand, the
differential pressure is larger above Bundle 8 before 260 s in Test
52-06, suggesting that the steam up-flow rate is higher above the
Bundle 8 side during the initial 260 s for the steep power profile
test. After about 300 s, the differential ﬁreSSure above Bundle 8
becomes much lower than those above the other bundles even for Test
52-06. The negative differential pressure across the end box tie
plate at the later period indicates the water fall back into the core

through the end box tie plate holes.
3.1.3 Water Accumulation Behavior in Core and Downcoumer

Figure 3-8 shows the differential pressures across the core full
height in Bundles 2, 4, 6 and 8 in Tests $2-SH2 aund §2-06. As shown
in this figure, the total water accumulation behavior in the core is
almost flat even for the steep power profile test and no significant
difference is observed between these two tests.

The differential pressure in downcomer is also in good agreement

with each other in these three tests as shown in Fig. 3-9.
3.1.4 Steam Generation Rate in Core

The steam flow rate in the hot leg can be estimated by two
independent methods. One is the steam generation rate obtained by a
heat balance calculation in the core as described in Appendix A.4 and
the other is the steam outflow rate obtained by a mass balance’
calculation. Figure 3-10 shows the comparison of these two methods
for Test $2-06. As shown in this figure, the steam generation rate is
in good agreement with the steam outflow rate after 80 g. However,
during the initial 80 s, the steam generation rate in the core is
higher than the steam outflow rate. The reason of this discrepancy
may be attributed to the following two reasons. OUn reason is that
some amount of the generated steam contributed to the pressurization
of the system as shown in Fig. 3-3. Also some amount of the generated

steam is considered to be condensed because the temperature of the
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structure could not be in equilibrium with the saturation temperature
during the rapid pressurization period.

Figure 3-11 shows the comparison of steam generation rate for
Tests $2-SH1, $2-SH2 and 52-06. The steam generation rates for Tests
S§2-SHL, $2-SH2 and S2-06 are almost in agreement with each other
because the total core heating power and the initial core stored
energy are almost the same for these three tests.

Although the steam outflow rate could ndt be obtained for Tests
S2-SHL and $2-SH2 due to the malfunction of venturi flow meter in the
intact celd leg, it is reasonabiy suggested from Figs. 3-10 and 3-11
that the steam outflow rates for these three tests are also in good

agreement with each other as well as the steam generation rates.
3.1.5 Fluid Behavior in Primary Loops

Figure 3-12 shows the comparisons of mass flow rates and void
fractions in 4 regions of the hot leg. The top region comprises the
upper 31 % of the pipe cross—sectional area, the second region
comprises the next lower 27 %, the third region comprises the next
lower 26 %, and the bottom region comprises the bottom 16 %. As shown
in Fig. 3-12, after 160 s, the mass flow rate in the bottom region is
negative and the void fraction in the bottom region is almost 0.0,
indicating the flow reversal at the bottom part of the hot leg after
160 s. The flow reversal in the hot leg enhances the water
accumulation above the Bundle 8 side and therefore contributes to the
development of non-uniform exit head effect as will be discussed in
section 3.2.1.

Figures 3-13 through 3-16 show the comparisons of differential
pressures across the hot leg, the intact cold leg, the broken cold leg
steam/water separator side and the broken cold leg pressure vessel
side, respectively. As shown in these figures, the transients of
differential pressures agree well with each other, indicating that the
fluid behaviors in these primary loops are quite similar for these

three tests.
3.2 Two-Dimensional Hydraulic Behavior

3.2.1 Absoclute Pressure Distribution
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In order to investigate the two-dimensional hydraulic behavior in
the core, vertical and horizontal differential pressures were measured
at various locations in the core. By combining the measured
horizontal and/or vertical differential pressures, horizontal
differential pressures at other locations could be obtained. The
calculation method of additional horizontal differential pressures in
the core is described in Appendix A.5. The absolute pressures at
various points in the core were also obtained by combining the
measured absolute pressure with the measured or calculated
differential pressures. By vértically interpolating these calculated
absolute pressures, equal pressure lines were obtained. Figures 3-
17(a) through (e) show the comparisons of equal pressure lines in the
core between Tests $2-SHZ2 and §2-06 at 100, 200, 300, 400 and 500 s,
respectively. The distribution of bottom quench front along the
center rods in all bundles is also shown in these figures.

Before 300 s, the pressure in the Bundle 8 side is lower than the
pressure in the Bundle 1 side at the middle elevation of the core in
Test $2-06, indicating the steam flow towards the Bundle 8 side while
almost flat pressure distribution is observed in Test 52-SH2. The
two-dimensional flow caused by the radial power profile is called the
power profile-induced convection effect. The quench front profile is
also almost flat in Test $S2-SH2 and the quench front is lowest in
Bundles 3 and 4 and highest in Bundles 7 and 8 in Test 52-06
corresponding to the radial power profiles for these two test,
respectively.

On the other hand, after 300 s, the pressure in the Bundle 8 side
becomes higher than the pressure in the Bundle 1 side especially at
the upper part of core indicating the cross flow from the Bundle 8
side to the Bundle 1 side. At 500 s, the core pressure distribution
for Test S2-06 is almost similar to that for Test S2-SH2. The
inclined pressure distribution in the core Is considered to be caused
by the non-uniform upper plenum water level shown in Fig. 3-6. Figure
3-18 shows the comparison of absolute pressure distribution below the
end box tie plate (3.821 m from the bottom of core). As shown in this
figure, the pressure in the Bundle 8 side becomes higher with time for
both tests. The inclined pressure distribution in the core shown in
Fig. 3-17 is in accordance with the developing of the inclined

pressure distribution at the outlet of core shown in Fig. 3-18.

igi
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Therefore, the two-dimensional flow caused by the non-uniform water
accumulation in the upper plenum is called the non-uniform exit head
effect.

The quench front propagation in the Bundle 8 gide is suppressed
after 300 s and the quench front becomes lower in the Bundle 8 side
for these two tests due to the non-uniform exit head effect in the

later period.
3.2.2 Void Fraction Distribution

Figure 3-19 shows the comparison of void fractions in Bundles 2,
4 and 8 at 6 elevations for Tests S2-~SH2 and S2-06. These void
fractions were calculated from the measured vertical differential
pressures by neglecting the effects of frictional and accelerational
pressure drops.

In the lower half of the core, no significant difference in the
void fractions between bundles is observed in Test 52-SH2. In Test
§2-06, on the contrary, the void fraction in Bundle 8 becomes lower
after the quench front reaches the bottom of measurement section
because the quench front propagates faster in the Bundle 8 side at the
fower half of the core and the steam generation rate is lower in the
Bundle 8 side due to the radial power profile.

In the upper half of the core the void fraction in Bundle 8§ is
higher than in the other bundles for these two tests.

The increase of void fraction at the bottom elevation after about
450 s in these two tests is due to the flashing caused by the

depressurization at this time as shown in Fig. 3-3.
3.2.3 Horizontal Differential Pressure

Figures 3-20 and 3-21 show the horizontal differential pressures
between Bundles 1 and 4 and between Bundles 4 and 8, respectively, for
Tests S2-SH1, S2-SH2 and 52-06. In these figures, the horizontal
differential pressures at 1.905 and 3.235 m were directly measured
values while those at 3.821 m were calculated from the neasured
vertical and horizontal differential pressures as described in

Appendix A.5.
As shown in Fig. 3-20, the pressure in Bundles 4 is slightly
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higher than the pressure in Bundle 1 during the first 80 s at 1.905 m
and the pressure.in Bundle 1 is slightly higher than the pressure in
Bundle 4 before 300 s at 3.821 m for all of these three tests.
However, it is generally concluded that the horizontal differential
pressure between Bundles 1 and 4 is almost zero at all elevations
before about 350 s and after that time the pressure in Bundle 4 is
higher than the pressure in Bundle 1 at all elevations. No
significant difference in these characteristics is observed among
these three tests.

On the other hand, it is observed in Fig. 3-21 that the pressure
in Bundle 4 is higher than the pressure in Bundle 8 for about initial
260 s (S2-SH2) or 400 s (S2-06) at 1.905 m. The positive horizontal
differential pressure is the largest in Test 52-06 and the smallest in
Test S2-SH2, indicating that the steeper radial power profile induces
the higher cross flow from Bundle 4 to Bundle 8 at the middle
elevation of core. Since the non-uniform exit head effect becomes
dominant with time, the horizontal differential pressure between
Bundles & and 8 becomes negative and the negative differential
pressure is larger at the higher elevation. At 3.821 m, the pressure
in Bundle 8 is always higher than the pressure in Bundle 4 during the
test period, indicating the cross flow from Bundle 8 to Bundle 4. Also
the pressure difference between Bundle 4 and 8 is the largest in Test
52-06 and the smaliest in Test S2-5HZ at this elevation.

Figure 3-22 shows the magnitude of the horizontal differential
pressure and the direction of the cross flow at elevations of 1.905,
3.235 and 3.821 m at 50, 100, 200, and 400 s in Test S52-06. The
bottom quench front is also shown in this figure. At 50 s, the cross
flow direction at the middle elevation is from Bundle 4 to Bundle 1
and from Bundle 4 to Bundle 8 indicating the divergent flow from the
higher power bundle to the lower power bundle. At 100 and 200 s, it
is suggested that the cross flow direction is from Bndle 4 to Bundle 8
at 1.905 m and from Bundle 8 to Bundle 4 at 3.821 m. As disccussed in
Section 3.1.2, the differential pressure across the end box tie plate
is higher above Bundle 8 than above the other bundles. Therefore, it
is suggested that the generated steam in the core tends to flow toward
the Bundle 8 side due to the power profile-induced convection effect
and the steam up—flow rate at the end box tie plate is larger in the

Bundle 8 side. As the bottom quench front proceeds upward, the cross
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flow direction above the quench front is from the Bundle 8 side to the

Bundle 1 side due to the non—uniform exit head effect.
3.3 Two-Dimensicunal Thermal Behavior
3.3.1 Heater Rod Temperature

Figures 3-23 and 3-24 show the comparisons of heater rod surface
temperatures in Bundles 2, 4, 6 and 8 at elevations of 1.905, 2.33 and
2.76 m from the bottom of heated part in Tests S52-SHZ and S$2-06
respectively. These temperatures were measured at the center rods at
each bundle.

As shown in Fig. 3-23, in the flat radial power profile test, the
heater rod temperature becomes higher in the Bundle 8 side than in the
Bundle 2 side after the turnaround time especially at the higher
elevation. In addition, both the turnaround time and the quench time
tend to be delayed in Bundle 8.

In the steep radial power profile test, the turnaround time and
the quench time in Bundle 8 are also delayed at the higher elevation
as shown in Fig. 3-24 though the heating power is the lowest in this
bundle.

. Figure 3-25 shows the radial distribution of the turnaround
température and the temperature rise from the BOCREC to the turnaround
at elevations of 1.905 and 2.76 m in Tests S2-SH2 and $2-06. The
turnaround temperature is higher in Bundles 3 and 4 than in the other
bundles in Test $2-06 because the core heating power is the highest in
these bundles. However, in Test $2-06, the turnaround temperature in
Bundle 8 is higher especially at elevation of 2.76 m though the
heating power is the lowest in Bundles 7 and 8. The temperature rise
is also remarkably higher in the Bundle 8 side at the higher elevation
in this test. On the other hand, the radial distribution of the

turnaround temperature and the temperature rise is almost flat in Test

52-8H2.

3.3.2 Relation between Quench Front Propagation and Non-uniform water

Accumulation in Upper Plenum

Figure 3-26 shows the comparisons of bottom quench front profile
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for Tests S2-SHl, S2-SH2 and $2-06. Before the quench front reaches
the middle of the core, the bottom quench front profile is
corresponding to the radial power profile. That is, the quench
propagation speed is higher in the lower power bundles and lower in
the higher power bundles in the non-uniform radial power profile tests
and the quench propagates at almost the same speed over 8 bundles in
the flat radial power profile test. At the later period, however, the
quench propagation is suppressed in the Bundlé 8 side in these three
tests.

As shown in Fig. 3-6, the water accumulation level in the upper
plenum is higher above the Bundle 8 side and lower above the Bundle 1
side and the difference increases with time. In order to investigate
the relation between the non-uniform water accumulation in the upper
plenum and the progression of the bottom quench front, the difference
of water accumulation level between above Bundle 8 and above Bundle 1
is plotted against the bottom quench front elevaticn in Bundle 8 in
Fig. 3-27 for Tests S2-SH1, S2-SH2 and 82-06. As shown in this
figure, with respect to the guench front elevation, the difference of
water accumulation level in the upper plenum is larger in Test 52-SHZ
than in Test $2-06. This is corresponding to the fact that the steam
up-flow rate is larger in the Bundle 8 side in Test 52-06 and smaller
in ﬁhe Bundle 8 side in Test $2-5H2 as indicated by the differential
pressure across the end box tie plate shown in Fig. 3-7.

The non-uniform water accumulation in the upper plenum becomes
significant as the quench front proceeds upwards in the upper half of
the core, corresponding to the fact that the quench in the upper part
of the core was delayed in the Bundle 8 side as mentioned before. In
addition, since the turnaround temperature appears before the
difference in the upper plenum water accumulation level becomes
significant, the non-uniform water accumulation in the upper plenum

has little effect on the turnaround temperature.
3.3.3 Heat Transfer Characteristics

Figure 3-28 shows the comparisons of heat transfer coefficients
at 2.33 m among Bundles 2, 4, 6 and 8 in Tests S52-SH2 and $2-06.

These heat transfer coefficients were calculated from the transient of

average temperature in each bundle. In Test 52-06, the heat transfer
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coefficient is highest in Bundle 4 and lowest in Bundle 8 due to the
power profile—induced convection effect. In Test S2-5H2, on the other
hand, there exists no clear difference in the heat transfer
coefficients Among these bundles.

In order to clarify the heat transfer characteristics, the heat
transfer coefficients in Bundles 2, 4 and 8 at elevations of 2.76 m
and 1.905 m are plotted against the distance from the bottom quench
front for Tests §2-SH2 and $2~-06 in Fig. 3-29. As shown in this
figure, the difference of heat transfer coefficients between bundles
is larger in Test 52-06 than iﬁ Test S$2-SH2 and the band of heat
transfer coefficients for Test $2-SH2 is included in that for Test S2-
06. Therefore, it is indicated that the effect of radial power
profile on the two-dimensional heat transfer characteristics 1s more
dominant than the effect of non-uniform upper plenum water
accumulation.

The local liquid fractions at elevations of 2.76 and 1.905 m for
these two tests are plotted against the distance from the gquench front
in Fig. 3-30. The local liquid fraction is obtained by the
differential pressures in 6 sections of the core. As the quench froat
aproaches the elevation of 2.76 m, the local liquid fraction becomes
higher in Bundle 2 in these two tests at this elevation, indicating
the water concentration in the Bundle 1 side due to the non-uniform
upper plenum water accumulation. On the other hand, no significant
difference is observed among bundles and also between these two tests
at the elevation of 1.%05 m.

Figure 3-31 shows the relation between the heat transfer
coefficient and the local liquid fraction at these elevations for
these two tests. It is noted by comparing Fig. 3-31 with Fig. 3-29
that the differnce of heat transfer coefficient in Test S2-06 between
bundles 4 and 8 is slightly smaller with respect to the local liquid
fraction than with respect to the distance from the quench front. It
is therefore suggested that the heat transfer coefficient is affected
not only by the distance from the quench front and the local water
fraction but also by other parameters such as the local vapor or

water velocity.

3.3.4 TEvaluation of Core Cooling Enhancement due to Two-

Dimensional Effects
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As discussed before, the heat transfer is enhanced in the higher
power bundles and degraded in the lower power bundles due to the power
profile-induced convection effect. However, the actual decrease of
cladding temperature due to the effect of radial power profile can not
be evaluated by directly comparing the measured cladding temperature
in the flat radial power profile test with that in the steep radial
power profile test because the initial temperature and the power were
different for each test.

In order to quantitatively evaluate the effect of radial power
profile on the cladding teﬁperature, hypothetical temperature
transients were calculated by applying the experimentally obtained
heat transfer coefficients from the flat radial power profile test
(Test $2-SH2) and the steep radial power profile test (Test 52=-06) to
the conditions with the same initial temperature and power transient
given in the latter test. The calculation was made by solving a heat
balance equation per unit length by assuming a lumped heat capacity
for a heater rod. A cross section of the heater rod and the
calculation method of the average heat capacity are shown in Fig. 3-
32.

By using the lumped approximation for a heater rod, the heat

balance equation per unit length 1s written as:

Tw(t+l) - Tw(t) Q(t)fZ

1 =
At NyodL

4

Dz(CpD)a - mDh{Ty(t) = Tgatr (£)) (1

= Average heat capacity of a heater rod
D = Heater rod diameter

T, (t+l)= Cladding temperature at time (t+1)

Tw(t) = Cladding temperature at time (t)
t = Time interval

Q(t) = Bundle power at time (t)

£, = Axial peaking factor

Neod = Number of heater rods in a bundle
L = Heated length
h = Heat transfer coefficient

Tgap(t)= Saturation temperature at time (t)
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The initial temperature is the temperature at the beginning of
bottom reflood in the steep radial power profile test (Test 52-06).
The bundle power transient is also given in this test.

Although the cladding temperature affects the heat transfer
coefficient, especially for the radiation heat transfer coefficient,
the effect of the difference in cladding temperature on the heat
transfer coefficient was not considered in the calculation for Test
§2-SH2. Therefore, the calculated cladding temperature using the heat
transfer coefficient of Test S2-SH2 indicates a hypothetical
temperature transiemt. In spife of this error involved in the
calculation, the difference between these two calculated temperatures
is considered to be induced by the effect of two-dimensional flow due
to the radial power profile.

Figure 3-33 shows the comparisons between the two temperature
transients at four elevations in Bundle 4 calculated with eq.(l) under
the initial temperature and power transient in Tests S$2-06 using the
‘heat transfer coefficients obtained for the particular locations in
Test $2-SH2 and in Test §2-06. As shown in this figure, the
turnaround time is.delayed and resultantly the turnaround temperature
is higher in the temperature transients calculated from the heat
transfer coefficients in Test $2-SH2 (Case 1) than in those from the
heat transfer coefficients in Test $2-06 (Case 2).

Figure 3-34 shows the horizontal distributions of the temperature
differences between Case 1 and Case 2 at 2.33 m from the bottom of
heated part at 50, 100, 150, 200, 250 and 300 s. As shown in this
figure, the temperature difference is positive in Bundles 1 through 6,
indicating that the heat transfer was enhanced not only in the higher
power bundles (Bundles 3 and 4) but also in the average power bundles
(Bundles 1, 2, 5 and 6) in the steep radial power profile test. On
the contrary, the negative temperature difference in the lower power
bundles (Bundles 7 and 8) implys that the heat transfer was degraded
in these bundles in the steep radial power profile test. However,
since the initial cladding temperature was lower in these bundles
because of the lower heating power, the heat transfer degradation in
these bundles did not affect the maximum temperature in the core.

The difference in the turnaround temperatures between the two
cases is plotted against the bundle number at five elevations in Fig.

3-35. In general, the turnaround temperature tends to be decreased in
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the higher and average power bundles and increased in the lower power
bundles in Test §2-06. The degree of increase and decrease in
turnaround temperature is more significant at elevatioms of 2.76 and
3.19 m than at elevations of 1.905 and 2.33 m where the maximum
cladding temperature was observed. As shown in Fig. 3-33, the
turnaround temperatures in Bundles 2 through 6 at elevations of 2.33,
2.76 and 3.19 m are evaluated to be reduced by about 40 to 120 K.
These reductions are considéred to be due to the power profile-

induced convection effect.
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4. Conclusions

The effects of radial power profile and non-uniform water
accunulation in the upper plenum on the two-dimensional thermal-
hydraulic behavior in the core were investigated under relatively low
flooding rates and resultantly low heat transfer conditions in the
SCTF Core II cold leg injection test series and the following
conclusions were obtained.

1) Two-dimensional flow in the core was induced by the radial power
distribution in the core and the ﬁon—uniform water accumulation in the
upper plenum.

2) Heat transfer was enhanced for the higher and average power
bundles and degraded for the peripheral lower power bundles and
resultantly the turnaround temperature was reduced for the former
bundles and increased for the latter bundles in the test with a steep
radial power profile as compared with the test with a flat radial
power profile under the same total heating power and initial core
stored energy.

3) The turnaround temperatures in the higher and average power
bundles at the upper elevations were evaluated to be reduced by about
40 to 120 K due to the two-dimensional flow effect.

4) The collapsed water level in the upper plenum was higher in the
hot leg side than in the other side and the difference increased with
fime due to the water concentration in the hot leg side and the flow
reversal in the hot leg. The variation of radial power profile has
little effect on the non-uniform water accumulation behavior in the
upper plenum.

5) The turnaround temperature was not much affected by the non-
uniform water accumulation in the upper plenum because the effect
dominated after the turnaround of the cladding temperature.

6) The quench in the upper half of the core was delayed in the
bundles corresponding to the peripheral bundles of a FWR core. This
is considered to be caused by the lower upward flow trend in those
bundles than the other bundles due to the non-uniform water

accumulation in the upper plenum.
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Table 2-1

Test type
Initial system pressure
Initial total power

Maximum rod temperature
at BOCREC
Bundles 1 &2
i 3&4
n 58&6
" 7&8

Ace injection condition
Flow rate
Temperature
Time

LPCT injection condition

Flow rate
Temperature

Radial power ratio
Pundles 18& 2

n 3&4

il 5&6

" 7&8

Decay curve

JAERI—M 85— 106

Test S2-SH1
{base case)

Test $2-5H2
(flat power)

Test conditions for Tests $2-SHl, S2-SH2 and $2-06

Test 52-06
(steep power)

modified cold leg injection

0.2MPa

7.12MW

1039K
1076K
1061K
1019K

18.9 kg/s
363K
55s

5.41 kg/s
350K

1.001
1.065
1.015
0.919

1.02 x (ANS + Actinides)

0.2MPa

7.12MW

1012K
1022K
104 0K
1035K

19.3 kg/s
364K
55s

5.41 kg/s
350K

=
ool

0.2MPa

7.12MW

1060K
1163K
1072K

955K

19.1 kg/s
362K
558

5.41 kg /s
350K

O
oMo
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Table 2-2 Chronologies of major events for Tests

§2-SH1, $S2-5H2 and S$2-06

(1) Test $52-SH1 Time after
BOCREC (s)
Core power "'ON" - 146
Acc injection initiation -3
BOCREC 0
Maximum containment tank-TT pressure {0.22 MPa) 29 -
Core power decay initiation 37
Switching of ECC from lower plemum to cold leg and 59
from Acc to LPCI
Maximum core pressure (0.266 MPa) 54
Maximum core temperature (1166K) 105.5
Whole core quenched 492.5
(2) Test 52-SH2 Time after
BOCREC (s)
Core power "ON" ~ 139
Acc injection initiation - 2.5
BOCREC 0
Maximum containment tank-IT pressure (0.217 MPa) 32.5
Core power decay initiatiom 37.5
Maximum core pressure (0.266 MPa) 53.5
Switching of ECC from lower plenum to cold leg and 55
From Acc to LPCI
Maximum core temperature (1142K) 145
Whole core quenched 473.5
(3) Test S2-06 Time after
BOCREC (s)
Core power ''ON" - 150
Acc injection initiation - 3.5
BOCREC 0
Maximum containment tank-II pressure (0.217 MPa) 29
Core power decay initiation 36.5
Maximum core temperature (1244K) 42
Switching of ECC from lower plemum to cold leg and s
from Acce to LPCI
Maximum core pressure (0.274 MPa) 59
Whole core quenched 475.5
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Intact cold
leg injection
Intact cold leg

Hot leg
Broken cold leg
@ J = S/W separator side
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@ Pressure - equalizing ling

|

Lower plenum injection _
Broken cold leg- PV side

(1) Pressure vesel (5) Break valves
@ Steam / water separator @ Flow resistance simulators
@ Containment tanks

@ Pump simulator

Fig. 2-1 Schematic diagram of SCTF
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CORE INLET WRTER TEMPERATURE
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Fig. 3-2 Comparison of core inlet water temperature
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Test S2-SH2 (Flat power)

Test $2-06 (Steep power)
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i 2 3 4 56 7 8
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Fig. 3-18 Comparison of absolute pressure distribution at core outlet
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Fig. 3-20 Comparison of horizontal differential pressures at 1.905,

3.235 and 3.821 m between Bundles 1 and 4
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Fig. 3-23
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Fig., 3-24 Comparison of heater rod surface temperatures in Bundles

2, 4, 6 and 8 at 1.905, 2.33 and 2.76 m (Test 52-06)
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Fig. 3-2B Comparison of heat transfer coefficients in Bundles 2, 4,

£ end 8 at 2.76 n
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Cross section of heater rod

Material properties

Specific heat {Kcal/kg) Density (kg/m’)
MgO Cpy = 0.1665 T2 P, = 2520.0
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BN Cp3=00526 T P, = 1840.0
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(C4Plg =102T39C, 0 +01066 Cpof, +02929 C, P, + 03266 C, P, 1x41868 /K

Fig. 3-32 Axial power profile, cross section of heater rod and

average heat capacizty
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+ 300

E

lev. 2.33m

Bundle number

Eadial distributions of differences in temperatures
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Appendix A Slab Core Test Facility (SCTF) Core-II

Al

Test Facility

The Slab Core Test Facility is designed under the following design

philesophy and design criteria:

a.

(B

(2)

b.
(1)

(2)

(3)

(4)

(5)

Design Philosophy
The facility should provide the capability to study the two-
dimensicnal thermohydraﬁlic behavior in a reactor pressure vessel
especially due to the radial power distribution during the end of
blowdown, refill and reflood pahses of a postulated LOCA in a PWR.
To properly simulate the core heat transfer and hydrodynamics, a
special emphasis is put on the proper simulation of the components
in the pressure vessel. Provided as the components in the pressure
vessel are the simulated core, downcomer, core baffle region, lower
plenum, upper plenum and upper head. On the other hand, simplified
primary coolant loops are alse provided. Provided as the primary
coolant loop components are a hot leg, an intact cold leg, broken
cold legs and a steam/water separator which is to simulate single
steam phase flow downstream of a steam generator and to measure

the flow rate of carryover water coming from the upper plenum.

Design Criteria

The reference reactor to be simulated in SCTF is the Trojan reactor
in the United States which is a four-loop 3300 MWt PWR. The Ooi
reactor etc. in Japan are also referred which are of the similar
type to the Trojan reactor except the provision of UHI system.

A full scale radial and axial section of core with single bundle
width of the pressurized water reactor is provided as the simulated
core of SCTF.

The simulated core consists of 8 bundles arranged in a row. Each
bundle has electrically heated rods simulating fuel rods and non-
heated rods with 16x16 array, with the diameter and the pitch for
Trojan which has 15x15 rod array.

The flow area and fluid volume of components are scaled down based
on the nominal core flow area scaling, 1/21.

To properly simulate the flow behavior of carryover water or

entrainment, the elevations of hot leg and cold legs are designed



(6}

(7

(8)

(9

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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to be the same as the PWR as much as possible.

A honeycomb structure is used for side walls with surface plates
which accomodates the slab core, the upper plenum and the upper
part of lower plenum, so as to minimize the effect of walls on the
core heat transfer and hydrodynamics.

To investigate the effect of flow resistance in the primary loop
are provided the orifices of which dimension is changeable.

The maximum allowable temperature of the simulated fuel rods is
900°C (1173 K) and the maximum allowable pressure of the facility
is 0.6 MPa. '

The facility is equipped with the hot. leg equivalent to four hot
legs connecting the upper plenum and the steam/water separatoer,
the intact cold leg equivalent to three intact cold legs connecting
the steam/water separator and the downcomer and the two broken cold
legs, one is for the steam/water separator side and another for
the pressure vessel side.

The ECCS consists of an accumulator (Acc), a low pressure cecolant
injection (LPCI) system and a combined injection system.

ECC water injection ports are at the cold leg, the hot leg, the
upper plenum, the downcomer, the lower plenum and above the upper
core support plate. These ports are to be chosen according to the
objective of the test.

For better simulation of lower plenum flow resistance, simulated
fuel rods do not penetrate through the bottom plate of the lower
plenum but terminate at below the bottom of the core.

For measurements in the pressure vessel including core, the feature
of the slab geometry of the pressure vessel is utilized as much as
possible. Design and arrangement of the instruments are done so
as to be able to carry out installation, calibration and removal
of the Instruments.

View windows are provided where flow pattern recognition is impor-
tant. Their locations are the interface between the core and the
upper plenum, the hot leg, the pressure vessel side broken cold
leg and the downcomer.

Blocked bundle test is carried out in Core-I in order to investi-
gate the effect of ballooned fuel rods and unblocked normal bundle
test follows in the Core-II and -III.

Types of break simulated are cold leg break and hot leg break.
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(17) The components and systems such as the containment tanks and ECC
water supply system in CCTF are shared with SCIF to the maximum
extent.

The overall schematic diagram of SCTF is shown in Fig. A-l. The
principal dimensions of the facility is shown in Table A-1, and the

comparison of dimensions between SCTF and the reference PWR is shown

in Fig. A-2.

A.1.1 Pressure Vessel and Internals

The pressure vessel .is of slab geometry as shown in Fig. A-3. The
height of the components in the pressure vessel is almost the same as
the reference reactor's, and the flow area and the fluid volume of each
component are scaled down based on the nominal core flow area scaling,
1/21.

The core consists of 8 bundles arranged in a row and each bundle
includes heater rods and non-heated rods-with 16x16 array. The core is
enveloped by the honeycomb thermal insulator which is attached on the
back surface of core wall plate.

The downcomer is located at one end of the pressure vessel which

corresponds to the periphery of the actual reactor pressure vessel,
The core baffle region located between the core and the downcomer is
basically isolated for Core~II to minimize uncertainty in actual core
flow. However, some leak holes are still existing. For better
understanding, the cross section of the pressure vessel at the elevation
of midplance of the core is shown in Fig. A-4.

The design of upper plenum internals is based on that for the new

Westinghouse 17x17 array fuel assemblies. The internals consist of

control rod guide tubes, support columns and orifice plates which are

attached to the upper core support plate (UCSP). The UCSP has some
open holes without internals. Those arrangement is shown in Fig. A-5.
The radius of each internal is scaled down based on the factor of 8/15
of an actual reactor. Baffle plates are inserted in the guide tubes.
The elevation and the configuration of baffle plates are shown in Figs.
A-6 and A-7.

The heights of the hot leg and cold legs are designed as close to
the reference PWR as possible. However, in order to aveid the inter-

ference of the nozzles in the downcomer, the heights of nozzles for the
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broken cold leg and the intact cold leg are shifted down compared to

that of the hot leg as shown in Fig. A-3.

A.1.2 Simulated Core

The simulated core for the SCTF Core-I1 consists of 8 heater rod
bundles arranged in a row. Each bundle has 234 electrically heated
rods and 22 non-heated rods. The dimensions of the heater rods are
based on 15x15 fuel rods bundle for a PWR and the heated length and the
outer diameter of each heater rod-are 3.66 m and 10.7 mm, respectively.
A heater rod consists of a nichrome heater element, boron nitride {BN)
or magnesium oxide (Mg0Q) depending on elevation in the heated zone and
Nichrofer 7216 (equivalent to Inconel 600) sheath. The sheath thick-
ness is about 1.0 mm and is thicker than the actual fuel cladding
because of the requirements for thermocouple installatjon. The heater
element is a helical coil and has a 17 step chopped cosine axial power
profile as shown in Fig. A-8. The peaking factor is l.4.

Non-heated rods are either pipes or solid rods of stainless steel
with 13.8 m 0.D. The heater rods and non-heated rods are fixed at the
top of the core allowing downward expansion. In Fig. A-9, relative
elevation of rods and spacers is shown.

For better simulation of flow resistance in the lower plenum the
simulated fuel rods end in the lower plenum and do not penetrate through

the bottom plate of the lower plenum as shown in Fig. A-9.

A.1.3 Primary Loops and ECCS

Primary loops consist of a hot leg equivalent to four hot legs in
area, a steam/water separator for simulating single steam phase flow
downstream of the steam genefator and for measuring flow rate of carry
over water, an intact cold leg equivalent to three intact loops, a
broken cold leg on the pressure vessel side and a broken cold leg on the
steam/water separator side. These two broken cold legs are connected
to two containment tanks through break valves, respectively. The
arrangement of the primary loops is shown in Fig. A-10. The flow area
of each loop is scaled down based on the core flow area scaling, 1/21.
It should be emphasized that the cross section of the hot leg is an
elongated circle with an actual height to realize proper flow pattern

in the hot leg. The steam/water separator has a steam generator inlet
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plenum simulator to correctly simulate the flow characteristics of
carryover water into the U-tubes. The cross section of the hot leg and
the configuration of the steam genrator jinlet plenum simulator are
shown in Fig. A~11.

A pump simulator and a loop seal part are provided for the intact
cold leg. The arangement of the intact cold leg is shown in Fig. A-12.
The pump simulator consists of the casing and duct simulators and an
orifice plate as shown in Fig. A-13. The loop resistance 1s adjusted
with the orifice plates attached to the intact cold leg, the stéam/
water separator side and presshre vessel side broken cold legs and the
pump simulator.

ECCS consists of the Acc and an LPCI systems. Injection ports are
located as already described in the design criteria section. Besides,
rhe UCSP water extraction system and the UCSP water injection system

are provided for combined injection tests.

A.1.4 Containment Tanks and Auxiliary System

Two containment tanks are provided to SCTF. The containment
tank-I is connected with the downcomer through the pressure vessel side
broken cold leg and the containment tank-II is connected with the steam/
water separator through the steam/water separator side broken cold leg.
Especially in the containment tank-I, carryover water from the downcomer
is measured by the differentiation of the liquid level. These contain-
ment tanks and auxiliary system such as a préssurizer for injecting

water from the Acc tanks, etc, are shared with CCTF.

4.2 Instrumentation

The instrumentation in SCTF has been provided both by JAERL and
USNRC, The JAERI-provided instrumentation includes the measurement of
temperatures, pressures, differential pressures, liquid levels, flow
velocities, and heating powers. USNRC has provided film probes, imped-
ance probes, string probes, liquid level detectors (LIDs), fluid
distribution grids (FDGs), turbine meters, drag disks, densitometers,
spool pieces and video optical probes. Location of each instrument is

shown in Figs. A-14 through A-32.
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Appendix A.3 Mass Balance Calculation

The mass flow rate at the core inlet, ﬁF shown in Fig. A-33, was
estimated by the mass balance in the SCTF system assuming the quasi-
steady state conditions. The following mass accumulation rates in
various parts, ﬁK, were estimated by the time diffeventiation of the
measured differential pressure APK:
ﬁ1K=é'£E(APK) S¢

where K = Ci (core, 1 =1 ~ 8),

Ui (upper plenum, 1 =1 ~ 8),

Fi (end box, 1 =1 ~ 8),

B (baffle region),

UB (upper plenum above baffle region),
(lower plenum),
{dowvncomer) ,
{(hot leg),

CL " (containment tank-I) and

SW (steam/water separator).

The total steam flow rate generated in the core was estimated by
the sum of mass flow rates at intact cold leg, ﬁI, and at broken ceold
leg (steam/water separator side}, ﬁBS’ measured by the ventury flow
meters assuming single-phase steam flow conditions, which was
confirmed by the differential pressure along the vertical direction in
those pipings. Condensation due to the subcooled ECC water at intact
cold leg was estimated by the difference between mI and ﬁIZE’ where
mI]I is the mass flow rate from the containment tank 1 to the
containment tank-II measured by the orifice flow meter.

The core inlet mass flow rate ﬁF can then be expressed considering

the upstream mass balance from the core inlet as

M = gy + Mgy *omp T mpg T T Ty T Wy o

where mSL and mSI are the supplied ECC water mass {low rate into the

lower plenum and the intact cold leg, respectively. The core inlet

mass flow rate can alsc be estimated considering the downstream mass

balance from the core inlet as
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where ﬁow is the overflowing water mass flow rate from the steam/water

separator.

A.4 Calculation Method of Steam Generation Rate

The steam generation rate in the core was calculated with a heat
balance calculation code "STEAM'". The heat flux at the surface of
heater rods was calculated with a heat transfer calculation code

”HEATT”(IZ)

developed for the SCTF test analysis. The temperature
dependence of physical properties is considered but the axial heat
conduction is neglected in this code.
The following assumptions were made in the calculation.
(1) The heat flux from the heater rods 1s totally absorbed in the
fluid.
(2) The core inlet flow rate is equally divided into each of 8
bundles.
(3) The steam and water mixture is always saturated.

The core is divided into 8 bundles and 10 elevatioms.

The steam generation rate in each of 80 cells is calculated by

_ 1 _ i .
sij =t {qijA m, Cp2 ATsub} (A3-1)
fe
where 1 = Bundle i
] = elevation j
Sij = steam generation rate in this cell
q. . = heat flux
ij
A = 234WD-AHj (Heat transfer area)
D = heater rod diameter
AHj = height of this cell
m = core inlet mass flow rate in Bundle 1
Cp@ = gpecific heat capacity of saturated water at the

pressure in the lower plenum (PTO1A1T)
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1
ATsub

h = latent heat of evaporation at the pressure in the

fg
core center (PTOLDLL)

H]

subcooling of core inlet water in Bundle 1

The core inlet mass flow rate is assumed to be equally distributed

in each bundle and given by

W (A3-2)

-
@w| =

where the win is the total core inlet mass flow rate obtained by the

mass balance calculation described in A.3.

The ATsib is. cobtained by using the following Data:
1 _ Lo . _
AT o = Toae {TW01ill + TWOl1i41)}/2 (A3-3)
where Tsat = gsaturation temperature at the pressure in the lower

plenum (PTOlAll)
TWO111ll and TOWli41l are the fluid temperature at the bottom

of heated part in Bundle i

The heat flux, qij’ is calculated from the transient of heater
rod surface temperature. In the STEAM code, two kinds of temperature
transients can be selected. COCne is the temperature at the center of
each bundle (TEjilC in Fig. A-14, i = 0l ~ 10, i =1 ~ 8). Another is
the average temperature in each bundle at the same elevation. Figure
A-34 shows a comparison of total steam generation rate obtained by
these two methods in Test S2-06. As shown in this figure, the
difference of these two method is less than abeout 8 Z. 1If not
specially commented, the average temperature transient is used in the
steam generation calculation.

Two kinds of vertical nording models are involved in the STEAM
code. One is a even division between two adjacent thermocouple
locations ("Even" division). Another type of division is made so that
the heat flux in each cell accuratelly represent the average heat flux
of the cell by considering the stepwise axial power profile shown in
Fig. A-8 ("Step" division). Figure A-35 shows the vertical nording
models of these two division methods., The difference of the total
steam generation rates obtained by these two methods is less than about

8 7 as shown in Fig. A-36. If not specially commented, the "Step"



JAERI—M 85 — 106

division method is used in the steam generation calculaticn. The
"Even' division method is mainly used for the evaluation of steam flow
rate at each elevation.

Since the heat flux shows a very high peak value when the
thermocouple is quenched, the heat flux is averaged for the calculation
of steam generation rate when the quench front exists in the cell.

The averaging method is classified into two cases.

{1) 1In case of: t,. <t <t,ort. <t <t,
i1 q ] ] a i-1
where t = quench time at thermocouple location
tj_1 = quench time at the bottom of cell j
tj = quench time at the top of cell j
m
q A= I q(t ) » 2347DAH, /(m+1) (A43-4)
m ]
k=0
where m = lt, - t. |/AL, At = 0.5 s
t] 1-1
AR.?
t =t + 0.5 —F—m-k
" AELY 4+ AH,Z
] J

AMI.! = distance between thermocouple elevation and bottom
of cell
AH.? = distance between thermccouple elevation and top of

]
cell

1

. <t. < t. <t .<t t <t.<t. t <t. <t.
{2) 1In case of: tj tj—l £t , @ Tq 57 or 1 ERLE

When t is between tj— and tj, eq. (A3-4) is used in eq. (A3-1).

q’ 3-1 3 ]
m
gA = & q(t ) + 2347DAH,/(m+l) (A3-5)
m 3
k=0
where m = |t. - t. ,|/bt, &t = 0.5 s
] -1
t =+t + 0.5(m - k)
m

When t is between tj—l and tj’ eq. (A3-5) is used in eq. (A3-1).
For the other time, eq. (A3-4) is used in eq. (A3-1).

The quench time at the bottom of the core is set to the initiation
time of bottom reflooding. The quench time at the top of the core is

obtained by extraporating the quench times at elevations 10 and 9.
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A.5 Calculation Method of Horizontal Differential Pressure

The measurement lccations of the herizontal differential pressures
in the core are shown in Fig. A-26. TIn addition, the vertical
differential pressures were measured at various locations as shown in
Fig. A-25, The horizontal differential pressures which were not
measured directly can be obtained by combining these measured
horizontal and vertical differential pressures., Figure A-37 shows the
locations and Tag ID's of calculated horizontal differential pressures
together with the locations of measured horizontal and vertical
differential pressures. The calculation methed for the additional
horizontal differential pressures is shown in Table A-3. The Tag ID's

used in this table are explained in Figs. A~25, A-26 and A-37.

-1
IaV]
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Table A-1  Principal Dimensions of Test Facility

1. Core Dimension

(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)
(10)
(11)
(12)

(1)
(2)
(3
(4)
{5

(6)
(7)
(8)
(9
(10)
(11)
(12)
(13)

(14)

{15)

(16)
(17}
(18)

Quantity of Bundle

Bundle Array

Bundle Pitch

Rod Array in a Bundle

Rod Pitch in a Bundle

Quantity of Heater Rod in a Bundle
Quantity of Non—Heated.Rod in a Bundle
Total Quantity of Heater Reds

Total Quantity of Non-Heated Rods
Effective Beated Length of Heater Rod
Diameter of Heater Rod

Diameter of Non-Heated Rod

Flow Area & Fluid Volume

Core Filow Area (Nominal)

Core Fluid Volume

Baffle Region Flow Area

Baffle Region Fluid Volume (Nominal)

Effective Core Flow Area Based on the Measured
Level-Volume Relationship Shown in Fig. 4-7
Including Gap between Core Barrel and Pressure
Vessel Wall and Various Penetration Holes

Downcmomer Flow Area

Upper Annulus Flow Area

Upper Plenum Horizontal Flow Area
Upper Plenum Fluid Volume

Upper Head Fluid Volume

Lower Plenum Fluid Volume

Steam Generator Inlet Plenum Simulator Flow Area

Steam Generateor Inlet Plenum Simulator Fluid
Volume

Steam Water Separator Fluid Volume

Flow Area at the Top Plate of Steam Generator
Inlet Plenum Simulator

Hot Leg Flow Area
Intact Cold Leg Flow Area (Diameter = 297.9 mm)
Broken Cold Leg Flow Area (Diameter = 151.0 mm)

8 Bundles

1x8

230 mm

16x16

14.3 mm

234 rods

22 rods
234%8=1872 rods
22%x8=176 rods
3660 mm

10.7 mm

13.8 mm

0.227 m?
0.92 w?
0.10 m?
0.36 m?
0.35 m*

0.121 m?
0.158 m?
0.525 m?
1.16 w3
0.8 m?
1.38 o?
0.626 m?
0.931 m?

5.3 m3
0.195 m*

0.0826m2
0.96%97m?
0.0179m?



(19)
(20)
{21)
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Table A-1 {(Continued}

Containment Tank-I Fluid Volume
Containment Tank-I1 Fluid Volumc

Flow Area of Exhausted Steam Line from
Containment Tank-1i1 to the Atmospherc

3. Elevation & Height

(1)
(2)
(3)

{4)
{(5)
(6)
(7)
(8)

(9)
(10)
(11}
(12)

(13)
(14)
{15)
(16)

Top Surface of Upper Core Support Plate (UCSP)
Bottom Surface of UCSP

Top of the Effective Heated Length of
Heater Rod

Bottom of the Skirt in the Lower Plenum
Bottom of Intact Cold Leg

Bottom of Hot Leg

Top of Upper Plenum

Bottom of Steam Generator Inlet
Plenum Simulator

Centerline of Loop Seal Bottom
Bottom Surface of End Box
Top of the Upper Annulus of Downcomer

Height of Steam Generator Inlet
Plenum Simulator

Height of Loop Seal
Inrmer Height of Hot Leg Pipe
Bottom of Lower Plenum

Top of Upper Head

i74__

30
50

see Ref.

0
- 76

- 393

=-5270
+ 724
+1050
+2200

+1533

-2281
- 185.1
+2234

1595

3140
737
-5770
+2887

3
™

(D
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Table A-2 Total, lower and upper heights of each cell

for calculation of steam generation rate

(a) "Even'division method (b) "Step" division method

Elev. AHJ. AI—Ij ! AHj z Elev. AHJ. AHj L AHj z

No. (m) (m} (m) No. (m) (m) {m)
10 0.255 0.215 0.04 10 0.205 0.165 0.04
9 0.430 0.215 0.215 9 0.630 0.365 0.265
8 0.430 0.215 0.215 8 0.220 0.155 0,065
7 0.4275 0.2125 0.215 7 0.660 0.385 0.275
6 0.2975 0.085 0,2125 6 0.115 C.075 0.040
5 0.2625 0,1775 C.085 5 0.115 0.020 0.095
4 0.3925 0.215 0.1775 4 0,660 0,325 0,335
3 0.430 0.215 0.215 3 0.220 0.115 0.105
2 0.420 0.205 0.215 2 0.630 0.315 0,315
1 0.315 0.110 0.205 1 0.205 0.110 0.095

AH. = total height of each cell (elev. No. i)

A.Y = distance between thermocouple elevation and bottom of

cell (elev. No. j)

AH.? = distance between thermccouple elevation and top of

cell (elev. No. j)



(1

('

(2)

(3)

(3)7

(4)
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Table A-3 Calculation methed for additional horizontal

differential pressures using measured

horizontal and vertical differential pressures

for Run

DTO1D11 + HDOSCL1

HDO5C21
HDO1CZ1
DTO4D41
HDO5C61
HDO1C61

for Run
HDO5C11
HDO1Cl1

DT00D41

HDO3C21
DT02541
Hno4cel
HDO2C61

601 ~ 619
DTOLDZ1
DTOLDAL

DTOLD6G1
DTOLD8L

620 ~ 625
-~ DTO1DZ1

— DTO1S41
+ HDOACATL
- DTO2S881

elev.3 (0.7 m) for Run 601 ~ 619
DTO02S21 + DTO3D22 - DT02S841
DTO2S41 + HDO4C42 — DTC2S81

elev.3 (0.7 m) for Run 620 ~ 625

DTO3S41 + DT04D41 - DTO2S61
DT02S61 + HDO5C61 — DI03581

elev.l (~0.142 m)
HDO1C11 =
HDO1C21 = DTO1D21 +
HDO1C1l2 = HDOLCl1 +
HDO1C41 = DTOLD4L +
HDO1C61 = DTOLD6L +
HDO1C42 = HDOI1C4L +
elev.l (=0.142 m)}
HDO1C11 = DTO1D11 +
HDO1C21 = DTOODL1 -
HDOICLZ = DTOCDILL
HDO1C41 = DTOOD4L
HDO1C61 = DTOOD42 -
HDO1C42 = DTIOOD42
elev.2 (0,085 m)
EDO2C21 = DTO1S21 +
HDO2C41 = DTOLS41 +
HDO2C61 = DIOLS6L +
HDO2C42 = HDO2C4T +
HDPO3C21 =
HDO3C4Z =
HDC3C21 = DTO2D22
EDO3C42 = DTO2D42
elev.4 (1.365 m)
HDO4C21 = DTO3D22
HDO4C4L =
HDO4CEL =
HDO4C4Z =

HDO4C41 + HDO4C6L

- DTOLlS61
- DT01581



(5)

(6)

{(7)

(8)

(9)

(10)

(11)

(12)

elev.5 (1.905 m)
HDO5C11 = DTO4DEL -
HDO5C2] = DTO3D22 +
BEDO5C12 = DTO4D11
HDO5C41 = DTO4DA4A2
HDO5CA1 = DTO4D4L -
HDO5C42 = DTO4D4]

elev.6 (2,03 m)
HDO6C21 = DTO4521 +
no6C42 = DTO4S41 +

elev.7 (2.57 m)
HDO7C21 = DIO5SDZ1
HDO7C42 = DTOSG4T +

elev.8 (2.695 m)
HDOSC21 DTO5D21 +
HDOBC42 DTO5841 +

elev.9 (3.235 m)
HDO9C11 = DTO6R1L -
HDO9C21 = HDOBCZ1 +
HDO9C12 = DTO6DL1
HNosCc4l = DTO4DAL +
HDO%C61l = DTO6D4L -
BDOSC42 = DTOGD4A]

elev.10 (3.36 m)
HD10C42 = DTO6S41 +

elev.1l (3.685 m}
HD11C41 HD09C41 +
HD11C61 HD11G&2 ~
HD11C42 DTO7G4L +

elev.12 (3.821 m)

HD12C11 = HDO5CL11 +
HD12C21 = HDO5C21 +
HD12Cl2 = HD1ZCL1 +
HDL2C41 = DTO4ADAT +
HDl2C61 = HDO5C61 +
HD12C42 = HD12C4l +
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- DT05541

- DTO6581
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Fig. A-4 Horizental Cross Section of the Pressure Vessel (1)
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Fig. A-5 Horizontal Cross Section of the Pressure Vessel (2)
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1905¢ 6
= 5  $1735 Region 4 44 31 Region 3
=
S 180°
-
4 ¢1380
hw=
ar
©
T
3 T95O
Azimuthal focation
Elevation No.
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T/C Locations on Heater Rod

Fig. A~14  Thermocouple Locations of Heater Rod Surface
Temperature Measurements
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Fig. A-15 Thermocouple Locations of Non-Heated Rod Surface
Temperature Measurements
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Thermocouplie Locations of Fluid Temperature (Sputtering)
Measurements in Core
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Fig. A-17 Thermocouple Locations of Steam Temperature Measurements
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Fig. A-19 Thermecouple Locations of Fluid Temperature Measurements
at Center and Periphery of UCSP Holes
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Steam generation rate (kg /s)
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Colculated by using :

——— Average temperature
-——- Temperature at center of each bundle

'~
wn

Test S2-06

104
o

no
o

T 717 7T 1 i LI ¥ 1 l T L] T |

O
o

| ] 1 ! {
200 300 400 500 600 700

0 100
Time (s)
Fig. A-34 Effect of temperature data on steam generation
calculation
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Thermocuple Node Node
elevation boundary boundary
(m) ~ (m) (m)
3go_ - Fo=—3366_ _ ______ — 366
10
3 405 3.455
9
3{19— -+ -+ -4 - — - ————— —~ 1+ —e g
B 2.975
X | 2825
2/6——F+-+ -+r———-———— 11— 8
-——— 2545 2605
7 .
233 — - —+ -+ — — — — — I SR
21175
L 6 ,
1905 b —+ — = = — e T % 6 1.945
.82 .83
1-735__"——’;"- —————————— =9 5 1715
1.5575
| 4 |
138— - s — - - e e 4
1.165
L 3 1.055
095--fF - —} - — == — — - — - —e¢ 3
0.835
0.735
2
052~ —F —— —|— = = = - — = =~ 2
0315 |
e | 0.205
0.11 _— e e - — - ———— - 4 — |
o 0
"Even” division "Step” division
Fig. A-35 Two kinds of vertical nbding models for steam

generation calculation
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S T8¢

= - Test 52-06 —— Step division

@ 2 | -——- Even division

€ 50

c -

L “

5 [

e 25K

S 1

EE L

(] L

-9'—3 OO [ |- ] | ]

0 100 200 300 400 500 800 700
Time (s)

Fig. A-36 Effect of vertical noding models on steam

generation calculation
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elev.
Core spacer No.
) , - HD12¢42
E levation (m) HDlZCll HD12C21 Hmzcu HDlZC615_ l
5.821 I /‘ HD12C12 Z? HD11C414 HD11C61 2
3.685 ] f {1
3.66
-mmcaz«
. -~ EDL0Ct2 -/) Horizontal D/P
3.36 —F— mposc11 — 41 =, 10
) C11 T HDO9 ] _HDO9C&1JHD09C61
3.235 << ‘ 9« ™ Megsured D/P
BDO%Cl2 UDO9 42
\ - .,/“"\
)HDOJCH avoscel * Calculated D/P
2.695 f’ | > | 8
257 — 4| < “ )\ \1 \ ) 7 Vertical D/P
HDO7¢21 < EDO7CA2
= I\ e’
' o HDG6C2] AnoeCaz
203 -3 VANV WA T
' [z HDOSCL1\  HDOscz1y JEDO5CALY ~HPOSCEL
1.905-9 ¥ , 5
-~ HDO5C12 HDO5C42
o
DL
+ | \
ED04C21 HDO4C42
{.365 ” 4
m[ hDO&CZl EDO4C61
HDO3C21 Jisstrad
_t_\ P _\ ~
0.7 3
\ — HDO2C4 2
0.085 - X Y 2
p—— \ HD02C41 HDozcm -
HDOlCllL HDTEZI e KDD1C42 ~-.,\\-
- 0.142 I >
> #po1c12 o KDO1Chl — HDOICEL _f 4
{ 2 3 4 5 6 7 8
Bundle number
Fig. A-37 Locations of calculated horizontal differential

pressures
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Appendix B Selected Data of Test S2-SHEl

Fig. B-1 ~ B-16
Fig. B-17 ~ B-20

Fig. B-21
Fig. B-25
Fig. B-27
Fig. B-29
Fig. B-33
Fig. B-35
Fig. B-37
Fig. B~38
Fig. B-40
Fig. B-42
Fig. B-46
Fig. B-51
Fig. B-53
Fig. B-55

Bt

Y

%)

B-24
B-26
B-28
B-32
B-34
B-36

B-39
B-41
B-45
B-50
B-52
B-54

Heater rod temperatures

Non—heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Tluid temperatures at core inlet

Fluid temperatures in core

Liquid levels above end box tie plate

Liguid levels above UCSP

Liquid levels in hot leg

Differential pressures across core full height
Differential pressures across end box tie plate
Horizontal.differential pressures in core
Differential pressures in primary loops
Pressures in pressure vessel and containment™ tanks
Bundle powers’

ECC flow rates
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Appendix C Selected Data of Test S2-SH2

Fig. C-1 v C-16

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Cc-17
Cc-21
C-25
c-27
C-29
C-33
C-35
C-37
C-38
C-40
C—-42
C-46
C-51
C-53
C-55

Y]

avl

"

c-20
C-24
C-26
c-28
c-32
C-34
C-36

C-39
C-41
C-45
C-50
Cc-52
C-54

Heater rod temperatures

Non-heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Fluid temperatures at core inlet

Fluid temperatures in core

Liquid levels above end box tie plate

Liquid levels above UCSP

TLiquid levels in hot leg

Differential pressures across core full height
Differential pressures across end box tie plate
Horizental differential pressures in core
Differential pressures in primary loops
Pressures in pressure vessel and containment tanks
Bundle powers

ECC flow rates
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Appendix D Selected Data of Test $2-06

D-1 ~ D-16
D-17 v D-20

D-21
D-25
D-27
D-29
D-33
D-35
D-37
D-38
D-40
D-42
D-46
D-51
D-53
D-55

"

av

4"

D-24
D-26
D-28
D-32
D-34
D-36

-39
D-41
D-45
n-50
=52
D-54

Heater rod temperatures

Non-heated rod temperatures

Steam temperatures

Fluid temperatures just above end box tie plate
Fluid temperatures at core inlet

Fluid temperatures in core

Liquid levels above end box tie plate

Liquid levels above UCSP

Liquid levels in hot leg

Differential pressures across core full height
Differential pressures acress end bex tie plate
Horizontal differential pressures in core
Differential pressures In primary loops
Pressures in pressure vessel and containment tanks
Bundle powers

ECC flow rates
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Appendix E Comparison beiween TRAC Post-test Analysis and Test Data

of Test S2-SHY -

List of figures in Appendix E

Fig. E-1 - B-40 Heater rod temperatures

Fig. E-41 - E-64 Water temperatures in core

Fig. E-65 - E=72 Steam temperature in core

Fig. E-73 - E-76 Vertical differential pressures across core lower
half

Fig. E-77 =~ E-80 Vertical differential pressures across core upper
half

Fig. B-81 - E-84 Vertical differential pressures across core full
height

Fig. E-85 - E-102 Void fractions in core

Fig. E—fOB Liquid level in core baffle

Fig. E-104 - E~-111 Tiguid levels in upper plenum

Fig. B-112 Liguid level in lower plenum

Fig. E-113 - B-116 Pressures in pressure vessel

Fig. E-117 Liguid level in downcomer

Fig. E-118 - E-121 Differential pressures in primary loops

Fig. B-122 - E-125 Mass fleow rates in primary loops

Fig. E-126 - E-127 Pressures in conftainmen’® %anks

Fig. E-~128 Liquid level in S/W separator

Fig. E-129 - BE-13%3 Horizontal differential pressures in core

TRAC-PF{ posi-test analysis resulis obtained by the Los Alamos
National Laboratory (LANL) based on the 2D/3D Agreemen® are compared with
the %es%t resulis of Test S2-SHY1. For the comparison plots in this
Appendix, the TRAC results are identified by circle symbols and the SCTF
regults by triangular symbols. Commenis on the comparisoun resulss are
presented as follows :

(1)  Heater rod %emperature {Figs. E-1 - E-40) _

The heater rod %emperatures predicted by TRAC gqualitatively agree

with %he S{TF resulis except at the upper part of the core. TRAC

overpredicts %the %furnaround temperature at the lower half of the core and
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at the top of the core except in Bundle 6 while_underpredicts at
elevations from 3622 %o 4907 mm from the bottom of pressure vessel (1905
o 3190 mm from %he bottom of heated par%t) in all bundles. The
calenlated quench %ime is louger than the test data at almost all
elevations. The %op querch sometimes observed in the test results is not
predicted by TRAC. The beginning of heat up is delayed by about 20 %o 40
s in Bundle 6 probably due to an error in the input data.

(2) Water %emperatures in core (Figs. E-41 - E-64)

The water temperatures in the core predicted by TRAC exhibit the
saturation temperature, while the measured temperatures are affected by
the superheated steam %temperatures excep: at the bottom of heated part.
At the later period, the measured water temperatures wall agree with the
calculated temperatures.

(3) Steam temperatures in core (Fig. E-65 - E-72)

The measured steam temperature sometimes shows much lower
temperature than the calculated temperature as shown in Figs. E-6€ and E-
68 and *he measured %emperature decreases %o the saturation temperature
at much earlier %ime than the calculated temperature. These are due %o
+he fact that the superheated steam probes used for the steam temperature
measurement might be wetted by water droplets. Superheat data before the
quench of the probes show almost reasonable agreement with the TRAC
caleculattion as shown in Figs. E-65, E-67 and E-T70.

(4)  Vertical differential pressures in core (Figs. E-T3 - E-84)

TRAC overpredicts the differential pressure across the lower half of
the core and underpredicis the differential pressure gcross the upper
half of %he core. The differeuntial pressure across the core full height
is slightly overpredicted by TRAC except during the initial 60 s after
the begiuning of bottom reflood. During that period, TRAC underpredicts
the differential pressure. In general, 4he calculated vertical
differential pressures in the core show oseillatory behaviow, whereas uo
significant oscillations are observed in the SCTF results.

(5) Void fractions in core (Figs. E-85 - E-102)

The calculated void fraction remains almost unity before the
pccurrence of quench and then decreases repidly, while the measured void
fraction gradually decreases with time from the beginning of reflood.

(6) TLiquid level in core baffle (Fig. E-103)
The initial increasing of the liquid level in the core baffle is

well predicted by TRAC. Thereaffer, TRAC slightly overpredicts the
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liquid level.
(7) Tiquid levels in upper plenum (Figs. E-104 - E-11%1)

TRAC underpredicts the liguid level in the upper plenum above all
bundles. The measured liguid levels in the upper plerum begin %o
increase Jjust after the beginning of reflood, while the predicted values
indicate no increases until about 280 s affer the beginming of reflood.
In addition, %the measured liquid level in the upper plenum is higher at
the Bundle 8 side %than at the Bundle 1 side at +the later period.
However, TRAC canuot predict the nonuniform water accumulation in the
upper plenum.

(8) Tiquid level in lower plenum (Fig. E-112)

The initial liquid level in the TRAC calculation is lower than the
megasured initial value. There may be an iuput errvor for the initial
ligquid 1level in the caculation.

(9) Pressures in presure vessel (Fig. E-113 - E-116)

TRAC slightly underestimates the pressure in the core, the upper
plenum, the lower plienum and the downcomer during the initial 6C s after
the beginning of reflcod. After that time, the predicted pressures well
agree with the test data,

(10) Liquid level in downcomer (Fig. E-117)

The initial Iiquid ievel in the TRAC calculation is shifted lower.
If the shift of the initial liquid level is corrected, the calculated
result well agrees with the itest data.

{(11) Differential pressures in primary loop (Fig. E-1318 - E-121)

The differential pressure between the upper pienum and +the
steam/water separaior predicted by TRAC is much smaller than the SCTF
result especially at the later period. The differential pressure belween
the steam/water separator and the downcomer is also underpredicited by
TRAC urntil 600s. The differential pressure between the downcomer aund the
contaimment *tank-I is well predicted by TRAC. However, 3%he calculated
differential pressure beitween the steam/water separator and the
containment tank-IT ie much lower than the test result.

(12) Mass flow rate in primary loops (Fig. E-122 - E-125)

The mass fTlow rates in the hot leg and the intact eeld leg were noi
measured correctly and the comparison has no meaning in Figs. E-122 and
E-123%. 'The measured mass flow rate in the steam/water separator side
broken cold leg well agrees with the TRAC result if correcting the

initial shifting in the measured value. TRAC overpredicts the mass flow
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rate in the pressure vessel side broken cold leg.
(13) Pressures in contaiument tanks (Figs. E-126 and E-127)

Since the measurad pressure transients in the coutainment tank-1
warae used in the TRAC analysis as the boundary conditiocn, the TRAC and
SCTF results agree well with each other.

(14) Liquid level in steam/wa%er separator (Fig. E-128)

TRAC underpredicts the increasing rate of the liquid Zevel in the
steam/water separator.

(15) Horizountal differential pressures in core (Figs. BE-129 - E-133%)

The average values of %the horigzontal differential pressures
calculated by TRAC are almos%t zero while the measured horizgontal
differential pressures bvecome negative at the later periocd. Therefore

TRAC canno® correctly predict %the *wo-dimensional flow behavior in the

core.
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Appendix F Comparison beiween TRAC Post-test Analysis and Test Data

of Test S52-SHZ2

List of figures in Appendix F

Fig. F-1 - F-40 Heater rod temperatures

Fig. F-41 - F-64 Water temperatures in core

Fig. F-65 - F-72 Steam temperature in core

Fig. F-73 - F-76 Vertical differential pressures across core lower
half

Fig. F-77 - F=80 Vertical differential pressures across core upper
haif

Fig. F-81 - F-84 Vertical differential pressures across core fuil
height

Fig. F-85 - F-102 Void fractions iu core

Fig. F-103 Liquid level in core baffle

Fig. F=-104 - F-111 Ligquid Zevels in upper plenum

Fig. F-112 Ligquid level in lower plenum

Figs F=-113 - F-1146 Pressures in pressure vessel

Fig. F-117 Liquid ievel in downcomer

Fig. F-118 ~ F-121 Differential pressures in primary loops

Fig. F-122 - F-125 Mass flow rates in primary loops

Fig. F-126 - F-127 Pressures in containment tanks

Fig. F-128 Liquid level in S/W separator

Fig. F-129 - F=133 Horizontal differential pressures 1lu core

TRAC-PF1 post-tes®t analysis results obtained by the Los Alamos
National TLaboratory (LANL) based on the 2D/3D Agreement are compared with
the +est results of Test S2-SH2. For the comparison plots in this
Appendix, +the TRAC results are identified by circle symbols and the S3CTF
results by iriangular symbols. Commenis on the comparison results are
preseunted as follows :

(1) Heater rod temperature {Figs. F-1 - F-40)

The heater rod %emperatures predicted by TRAC qualitatively agree

With the SCTF results except a% the upper part of the core. TRAC

overpredicts the fturnaround temperature at the lower half of the core and
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at the +op of %the core except in Buudie & while underpredicts a%
2levations from 3622 4o 4907 mm from the bottom of pressure vessel (1905
to 3190 mm from the bottom of heated part) in all burndles. The
calcutated guench time is longer than the test data at almost all
elevations. The top quench sometimes observed in the test results is not
predicted by TRAC. The beginning of heat up is delayed by about 20 %o 40
g in Bundle 6 probably due to an error in the input data.

(2) Water temperatures in core (Figs. F-41 - F-64)

The water temperatures in the core predicted by TRAC exhibit the
saturation %emperature, while the measured temperatures are affected by
the superheated steam temperatures except at the bottom of heated part.
At %he later period, +the measured water temperatures wall agree with the
calculated itemperatures.

(3) team temperatures in core (Fig. F-65 - F-72)

The measured siteam temperature sometimes shows much lower
temperature than the calculated temperature as shown in Figs. E-66& and E-
68 aud the measured %emperature decreases %o the saturation temperature
at much earlier %ime %han the calculated temperafure. These are due to
the fact that %he superheated steam probes used for the steam temperature
measurement might be wetted by water droplets. Superheat data before the
quench of the probes show almost reasonable agreement with the TRAC
calculattion as shown in Figs. F-65, F-67 and F-70.

(4) Vertical differential pressures in core (Figs. F-73 - F-84)

TRAC overpredicts the differeutial pressure across the lower half of
the core and underpredicts the differential pressure across the upper
half of the core. The calculated differential pressures across the core
full heigh% well agree with the %tesit data except during the irnitial 60 s
atter the beginning of bottom reflood. Duriang $that period, TRAC
underpredicts the differential pressure. In general, the calculated
vertical differential pressures in the core show oscillatory behavior,
whereas no significant oscillations are observed in the SCTF results.

(5) Void fractious in core (Figs. F-85 - F-102)

The calculated void fracition remains almost unity before the
seccurrence of quench and then decreases repidly, while the measured void
fraction gradually decreases with %time from the beginning of reflood.

(6) TLiquid level in core baffle (Fig. F-103)
The initial increasing of the liquid level in the core baffle is

well predicted by TRAC. Thersafter, TRAC slightly overpredicts the
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liquid levei.
(7) liquid leveis in upper pienum (Figs. F-104 - F-111)

TRAC underpredicts +the liquid level in %he upper plenum above all
bundies. The measured liquid levels in the upper plenum begin %o
increase just after the begiuning of reflood, while the predicted values
indicase no increases until about 300 s after %the beginning of reflood.
In addition, +he measured iiguid level in %the upper plenum is higher at
the Bundle 8 side than at +the Bundie 1 side at the later period.
However, TRAC cannot predict the nonuniform water accumulation in the
upper plenum. '

(8) Tiguid level in lower plenum (Fig. FP-112)

The initial liquid level in the TRAC calculation is lower than the
measured initial value. There may be an inpu® error for the initial
liquid level in the caculation.

(9) Pressures in presure vessel (Fig. F-113 - P-116)

TRAC slightly underestimates the pressure in the core, the upper
plenum, %he lower plenum and the downcomer during the initial 60 s after
the beginning of reflood. After that time, the predicted pressures well
agree with the %tesi data. TRAC tends %o overpredict the pressures at the
later period.

(10) Liquid level in downcomer (Fig. F-147)

The initial liquid level in the TRAC calculation is shifted lower.
TIf the shift of the ini%ial liquid level is corrected, the calculated
result well agrees with the test data.

(11) Differential pressures in primary loop (Fig. F-118 - F-121)

The differen%ial pressure between +the upper pleuum and the
steam/water separator predicted by TRAC is much smaller than the SCTF
result especially at the later period. The differential pressures
between the steam/water separator and the downcomer and between the
downcomer and the contaiument %ank-I are also underpredicted by TRAC at
+the initial 400 and 300 s, respectively. After these times, TRAC
overpredicts these differential pressures. The caleulated differential
pressure between the steam/water separator and the coutainment tank-II is
much lower than the test result.

(12) Mass flow rate in primary loops (Fig. F-122 - F-125)

TRAC underpredicis the mass flow rate in the hot leg. The mass flow

rate in %the intact cold ieg were not measured correcily and the

comparison has no meaning in Fig. F-123. The measured mass flow rate in

— 199 —



JAERI—M 85—108

the steam/water separator side broken cold leg is higher than the TRAC
result for about 300 s from the beginning of reflood and then lower than
the TRAC resul%. TRAC overpredicts the mass flow rate in the pressure
vessel side broken cold leg.

(13) Pressures in containment %anks {Figs. F-126 and F-127)

Since the measured pressure transieunts in the containment tank-I
were used in the TRAC analysis as the boundary condition, the TRAC and
SCTF results should agrse well with each other. However, %the TRAC input
data are slightly higher than the test result.

(14) Liquid level in steam/water'separator (Fig. F-128)

The ircreasing rate of the liguid level in %the steam/water separator
is well predicted by TRAC.

{15) Horizontal differential pressurses in core (Figs. F-129 - F-133)

The average values of the horizontal differeantial pressures
calculated by TRAC are almost zero while the measured horizontel
differential pressures become negative at the later period. Therefore
TRAC cannot correctly predict the two-dimensional fiow behavior in the

core.
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