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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 refloed
phase of a PWR-LOCA. Tt was revealed in the previous Slab Core Test
Facility (SCTF) Core-II test results 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. In order to separately evaluate
the effect of the radial power(Q) distribution itself and the effect of the
radial temperature (T) distribution, four tests were performed with steep
Q and T, flat Q and T, steep Q and flat T, and‘flat Q and steep T. Based
on the test reéults, it was concluded that the radial temperature distri-
bution which accompanied the radial power distribution was the dominant
factor of the two-dimensional thermal-hydraulic behavior in the core during
the initial period.

Selected data from these four tests are also presented in this report.
Some data from Test S2-12 (steep Q, T) were compared with TRAC post-test

caleculations 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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L. INTRODUCTION

The Slab Core Test Facility (SCTF) test 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 the Cylindrical Core
Test Facility (CCTF) test program. One of the major objectives of the SCTF
program is to investigate the two-dimensional thermal-hydraulic behavior in
the core during the reflood phase of a loss—of coolant accident (LOCA) of a
pressurized water reactor (PWR)(l)-(7). In order to meet this objective,
SCTF simulates a full radius slab section of a PWR with 8 bundles arranged
in a row and the heating power can be independently controlled for each
bundle. Therefore, the effects of radial core power and temperature
distributions can be investigated with SCTF. On the other hand, the major
objective of the CCTF test program is to investigate system characteristics
during the reflood phase of a PWR-LOCA using a 1/4.5 scaled core.

Based on the previous SCTF test results(7)’(8), the two-dimensional
effect during the reflood phase are classified into the following two
individual effects :

(1) Effect of radial core power/temperature distribution
The heat transfer above the quench'front is enhanced in the
higher power/temperature bundles and degraded in the lower
power/temperature bundles and resultantly the turnaround temperature
is reduced in the higher power/temperature bundles.
(2) Effect of non— uniform water accumulation in the upper plenum
As the collapsed water level in the upper plenum becomes higher
in the hot leg side on the periphery than in the radial center side,
the bottom~up quench velocity in the upper half of the core is reduced
in the peripheral bundles due to a degradation of heat transfer in

these bundles.

In the SCTF tests, the radial core power/temperature distribution has
more significant effect on the reduction of peak cladding temperature than
the non—uniform water accumulation in the upper plenum. When the radial
core power distribution is given, the radial rod temperature distribution
is induced in the previous tests and therefore the effects of core power
and rod temperature distributions could not be distinguished from each
other.

In order to separately evaluate these two effects, four tests were
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performed with wvarious combinations of radial core power and rod

temperature distributions as follows :

Test number $2-12 S2-14 52-15 52-21
Core heating power distribution Steep Flat Steep Flat
Initial rod temperature distribution  Steep TFlat Flat Steep

These tests were performed under the forced flooding condition to make the
core inlet flow rate the same. The water in the upper plenum was extracted
in these tests so as to avoid the effect of non—uniform water accumulation
in the upper plenum.

The present report describes the results of these four tests, focusing
on the effects of radial core power distribution itself and the effects of
radial temperature distribution on the two-dimensional thermal-hydraulic
behavior in the core.

Presented in Appendix A are a brief description of SCTF Ceore-II. Some
selected data obtained in Tests S2-12, S52-14, S2-15 and S52-21 are presented
in Appendixes B, C, D and E, respectively. Additionally, in order to
evaluate the predictability of the two-dimensional behavior observed in the
SCTF tests by the Transiemt Reactor Analysis Code (TRAC)(la), some data
from Test $2-12 were compared with TRAC post—test calculation performed by

the Los Alamos National Laboratory in Appendix F.
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2. Test Description
2.1 Test Facility

A schematie 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 cold 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.

Figure 2.2 shows a vertical cross section of the pressure vessel. The
pressure vessel includes a simulated core, an upper plenum with internais,
a lower plenum, a core baffle and downcomer. The SCTF pressure vessel
simulates 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 a 16x16 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 rod are based on those for a 15x15 fuel rod bundle
of a Westinghouseé 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 Core-II is available in reference

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

2.2 Test Conditions

The tests referred to in this report are Tests $2-12, §2-14, S2-15 and
8§2-21. Major test conditions for these four tests are listed in Table 2.1.
The BOCREC (bottom of core recovery) in Table 2.1 represents the time when
the ECC water reaches the bottom of heated part.

These four tests were performed under almost the same conditions

— 3 -
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except the radial core power distribution and the initial rod temperature
distribution. The normalized power ratio in Test 52-12 was 1.0 (Bundles 1 &
2), 1.2 (Bundles 3 & 4}, 1.0 (Bundles 5 & 6) and 0.8 (Bundles 7 & 8). This
is called the steep radial power distributicon because the radial peaking
factor‘was set to be larger than that expected in the initial loading core
of a 1,100 MWe Westinghouse type PWR. The radial temperature distribution
in this test was also steep. On the other hand, both the radial core power
and temperature distributions were flat in Test 52-14., In Tests 52-15 and
52-21, the radial power distribution was steep and flat, respectively.
However, the radial distribution of initial temperature was set to be flat
and éfeep in Tes§782-15 and $2-21, respectively, based on the test
procedure described in Section 2.3. The initial stored energy in the core
was set to be the same for these four tests as well as the total core
heating power,

- In order to specify the core inlet water flow rate during test period,
the present.fOur tests weré pefformed under the forced flooding condition.
That is, the downcomer ﬁas isolated from thé lower plenum by inserting a
blocking platé at thé‘b§ttom of downcomer and emergency core cooling (£CC)
water was directly iﬁjected infb the lower plenum. In the previous SCTF
Core-II fests(lo), the ECC water was injected into the lower plenum during
fhe accumulator injeétioq period and then into the intact cold leg during
the low.pressure coolant injection (LPCI) period. This ECC injection mode
ié.called the gravity feed because the core flooding is driven by the water
head in the downcomer as in thé case of an actual PWR. By comparing the
test results under these two ECC injection modes, it was found that the ECC
injection mode, irrespective of forced feed or gravity feed, has little
effect on thé two-dimensional thermal—ﬁydraulic behavior(ll) for the flow
rate range in this feport.

The injection rate and temperature of ECC water were varied to make
the core inlet flow rate and water temperature as equal as possible to
those in CCTF Test G2-06¢12)  uhich was the flat radial power distribution
test with CCTF Core-II. The maximum ECC water injection rate was 25.7 kg/s
corresponding to 8.5 cm/s of nominal flooding velocity. The injection rate
for the LPCI period was 4.8 kg/s corresponding to 1.6 cm/s of nominal
flooding velocity. ‘ _ .

- The water in the uppef plenum was extracted in these four tests so as
to évoid the effecﬁ df non~uniform water accumulation in the upper plenum

because the major purpose of these four tests was to separately evaluate

_4_
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the effects of radial core power and temperature distributicn on the two-
dimensional thermal-hydraulic behavior in the core.
The system pressure in the containment tanks was controlled to be

0.2 MPa.

2.3 Test Procedure

In Tests $2~15 and 52-21, the core was initially heated up with the
flat and steep radial power distributions, respectively, so as to establish
the flat and steep radial temperature distributions. After the maximum
temperature reaches to just below the temperature for the ECC imjection
initiation, the radial power distribution was changed to steep and flat for
Tests S2-15 and $2-21, respectively, and the core heating started again. In
this way, the radial temperature distribution at the BOCREC could be
established independent of the radial power distribution in these two
tests. In Tests 52-12 and S2-14, the core heating was initiated after
setting the initial pressure and temperature conditions as in the cases of
the other SCTF tests.

In Test 52-15, the period from the end of the initial core heating to
the initiation of the second core heating was so long that the initial core
heat transfer behavior was affected by the superheating of the walls and
the non-heated rods as will be discussed in Section 3.3.2. 1In Test §2-21,
on the other hand, this unfavorable effect could be minimized by shortening
the time required for the change of radial power distribution to
approximately zero.

The ECC injection into the lower plenum was initiated when four
cladding temperatures exceeded 1016 K for Test 5S2-12 and §2-21 and 910 K
for Tests S2-14 and $2-15, respectively, so as to make the initial core
stored energy the same. At the same time as the ECC injection imitiation,
the core power decay started simulating the reactor power from 40s after
shutdown. The decay curve was based on the 1.02 x (ANS standard +
Actinides).

In order to investigate the thermal-hydraulic behavior in a large core
under no ECC flow rate in Test $2~21, the ECC injection into the lower
plenum was terminated after the quench of whole core at 409 s while the

core heating continued along the specified decay curve.
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Table 2.1 Test conditions for Tests S2-12, S2-14,

$2-15 and S2-21

Test No. 52-12 S2-14 52-15 S2-21
Initial pressure 0.2 MPa 0.2 MPa 0.2 MPa 0.2 MPa
Initial total power 7.11 MW 7.11 MW 7.11 MW 7.11 MW
Maximm Acc 25.8 kg/s  24.5 kg/s 26.1 kg/s 26.5 kg/s
~injection rate
.. . 4.8 kg/s '
LPCIL. injection rate 4.7 kgis (oscillated) 5.2 kg/s . 4.7 kgfs
Maximum core 16 K 16 K 20 K 18 K
inlet subccoling
Radial power ratio
Bundles 1 & 2 1.0 1.0 1.0 1.0
" 3 &4 1.2 1.0 1.2 1.0
" 5 &6 1.0 1.0 1.0 1.0
" 7 &8 0.8 1.0 0.8 L.0
Maxdimum rod
temperature at BOCREC
Bundles 1 & 2. 940 K 907 X 922 K 934 K
" 3 &4 1046 K 927 K 931 K 1045 K
" 5&6 961 K 921 X 892 K 969 K
" 7 &8 857 K 935 K 895 K 865 K
UCSP extraction
start 98 s 77 s 79 s 99 s
end 398 s 377 s 379 s 399 s
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3. Test Results and Discussicns
3.1 Overall ¥luid Behavior

3.1.1 Boundary Conditions

Figure 3.1 shows the comparisdn of ECC injection rates into the lower
plenum for Tests S2-12, S2-14, S2-15 and S2-21. The ECC injection rate is
in good agreement with each other except the oscillation in Test S2-14
after 240s. Figure 3.2 shows the estimated core inlet mass flow rate
obtained by a ﬁass balance method(’), As shown in Fig. 3.2, the core inlet
mass flow rate during the ihitial 30s istlower than the ECC injection rate
because a part of the injected water flows into the core baffle region
during this period. After 30s, the core inlet mass flow rate agrees with
the ECC injection rate because the water accumulation rate in the core
bafflg becomes much lower than the ECC injection rate. The difference of
the core inlet mass flow rate among these four tésts is alsoc small except
dufing the initial 20s for all of these four tests and after 240s for Tests
52-14. |

Figure 3.3 compares the integrated core inlet water mass. The
integrated core inlet water mass agrees approximately for these four tests
except that the integrated mass in Test S2-14 is slightly lower than in the
other three tests.

Figure 3.4 shows the comparison of core inlet water temperatures. The
core inlet water temperature is the lowest in Test 82—15 and the highest in
Test S2-14 and the difference between these two tests is about 10 K. The
core inlet water temperarures in Tests 52-12 and $2~21 agree well with each
other and are between these in Tests S2-14 énd 52-15.

Figure 3.5 shows the transients of‘core heating power. The radiai
core power distribution is flat in Tests $2-14 and $2-21 and the power
transients completely agree with each 6ther for these two tests. In Tests
52-12 and S$2-15, the radial core power distribution is steep and also the
power transients completely agree with each other for these two tests. The
total heating power at the BOCREC was set to be thé same for these four
tests. l .

As compared in Figs. 3.6 and 3.7, the pressures at the ﬁore center and
at the top of the containment tank-II are in good agreement with each
other for the present four tests. During the initial 100 s, the pressures
at the core center in Tests $2-12 and S2-21 which have steep initial

temperature disribution are slightly higher than the pressures in Tests S2-

_9_
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14 and $2-15 which have flat initial temperature distribution.
The chronologies of major events for these four tests are summarized

in Table 3.1.
3.1.2 Fluid Behavior in Upper Plenum and around End Box Tie Plate

Figure 3.8 shows the comparison of liquid level in the upper plenum
above Bundles 2, 4, 6 and 8 in these four tests. Iﬁ order to avoid the
effect of non~uniform water accumulation in the upper plenum on the two-
dimensional thermal-hydraulic behavior in the core, the water in the upper
plenum was extracted through the eight extraction nozzles located just
above the UCSP at each bundle. Therefore, the liquid levels in the upper
plenum in these four tests were kept at lower level in comparison to those
in Tests S2-SH2 and 52-06(7X Although the water in the upper plenum was
extracted, the liquid levels in the present four tests were slightly higher
above the Bundle 8 side and lower above the Bundle 1 side as in the cases
‘of Tests $§2-5H2 and SZ~O6(7). The ripples in the liquid levels indicate
the intermittent actuation of the extraction system. The increase of
liquid level after about 380 s in Tests $S2-12, S2-14 and 82-15 is due to
the end of water extraction. The decrease of liquid ievel after about
450 s in Test S2-21 is caused by the termination of water injection into
the lower plenum.

Figure 3.9 shows the differential pressures across the end box tie
plate aboﬁe Bundles 2, 4, 6 and 8 in the present four tests. In general,
the differential pressure is the lowest at Bundle 8 from 20 to 200 s in
these four test, suggesting the lower steam up-flow rate above Bundle 8
during this period. This is explained by the fact that the liquid level
in the upper plenum is higher at the Bundle 8 side as shown in Fig. 3.8 and
resultantly the two-phase cross flow occurs from the Bundle 8 side to the
Bundle 1 side at the upper part of the core due to the horizontal pressure
gradient as will be discussed in Section 3.2.3 (Fig.3.23). After 450 s in
Tests $2-12 and S2-15, the negative differential pressure above Bundle 8
which is fhe lowest power bundle indicates the water fall back into the

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

Figure 3.10 shows the differential pressures across the core full
height in Bundles 2, 4, 6 and 8 in Test S2~-12. The total water
accumulation behavior in the core is almost flat even for the steep radial
power distibution test. The vertical differential pressures across the core
full height in Bundle 4 in Tests $2-12, S2-14, 52-15 and S2-21 are compared
in Fig.3.11. The difference in the differential pressures across the core
full height among these four tests is relatively small except the lower
differential pressure in Test $2-14 after 300 s which was due to the

reduction of the core inlet water flow rate shown in Fig. 3.2 .

3.1.4 Total Steam Generation Rate in Core and Steam Qutfliow Rate from

Pressure Vessel

Figures 3.12 and 3.13 show the comparison of steam generation rates in
the core obtained by a heat balance method and the comparison of steam
outflow rates from the pressure vessel obtained by the sum of the steam
flow rates in the intact cold leg and in the broken cold leg steam-water
separator side, respectively, for Tests $2-12, S2-14, $2-15 and S$2-21. As
shown in Fig. 3.13 , the steam outflow rates are in good agreement among
these four tests after 100 s. During the initial 100 s, the steam outflow
rates are divided into two groups ; Tests $S2-12 and 52-21 and Tests S2~14
and 82-15, corresponding to the initial radial temperature distribution.
On the other hand, the estimated steam generation rate in Test $2-15 is
much lower than those in the other tests during the initial 160 s and after
that time these four steam generation rates agree well with each other.
The lower steam generation rate in Test §2-15 is corresponding to the fact
that the water accumulation level is lower in this test as shown in Fig.
3.11.

It is 'indicated by comparing Fig. 3.12 with Fig. 3.13 that the steam
generation rate are higher than the steam outflow rate during the initial
60 s except in Test $2-15. This discrepancy may be attributed to the
following two reasons. One reason is that the geunerated steam 1is
considered to be condensed because the temperature of the structure could
not be in equilibrium with the saturation temperature during the pressure

overshoot period. Another reason is that some amount of the generated
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steam contributes to the pressurization of the system.

3.1.5 Fluid Behavior in Primary Loops

Figure 3.14 shows the comparisons of mass flow rates in 4 regions of
the hot leg in Test S2-14. The top region comprises the upper 31 7 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 this figure, after 106 s, the mass
flow rate in the bottom region is negative, indicating the flow reversal at
the bottom part of the hot leg after 106 s. The same kind of flow
reversal was also observed in Tests 8§2-12, $2-15 and 52-21.

Figures 3.15 through 3.18 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 in the primary loops in these four tests are in good agreement
with each other after aboutlIOO Se During the initial 100 s, the
differential pressures in Tests S2-14 and 52~15 are slightly smaller than
those in Tests $2-12 and S$2-21, corresponding to the fact that the initial
temperature distribution is flat in Tests S52-14 and S2-15 and steep in
Tests $2-12 and $52-21. These differential pressure behaviors in the
primary loops indicate that the total core heat transfer rate and resultant
steam generation rate are increased by the steep radial temperature
distfibution under the same.total core power and the same core stored
energy. The agreement of the differential pressures for these four tests in
the later period indicates that the radial power distribution has little

effect on the fluid behavior in the primary loops.
3.2 Effects of Radial Power and Temperature Distribution on Two-
Dimensional Hydraulic Behavior in Core
3.2.1 Pressure Distributicn

In order to investigate the two-dimensional hydraulic behavior in the

core, vertical and horizontal differential pressures were measured at
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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 absoiute pressures at various
points in the core were also obtained by combining the measured absolute
pressure with the measured or calculated differential pressures. By
vertically interpolating these calculated absolute pressures, equal
pressure lines were obtained. Figurés 3-19(a) through (f) show the
comparisons of equal pressure linmes in the core among Tests $2-12, $2~14,
§2~15 and §2-21 at 25, 50, 100, 200, 300 and 400 s, respectively. The
distribution of bottom quench front is also shown in these figures.

At 25 and 50 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
52-12 and S2~21, indicating the steam flow towards the Bundle 8 side, while
almost flat distribution is observed in Tests S$2~14 and $2-15. The quench
front distribution is also approximately flat in Tests S2=-14 and §2-15 at
these times. In Tests S2-12 and $2-21, on the other hand, the quench
front is lower in Bundles 3 and 4 and higher in Bundles 7 and 8. It is
suggested from the above-mentioned pressure and quench front behaviors that
the two-dimensional thermal-hydraulic behavior above the guench front is
not so much affected by the radial power distribution itself but is mainly
affected by the radial temperature distribution which accompanies the
radial power distribution during the initial period.

As the radial temperature distributions in Tests $2=-15 and §2-21
approach those in Tests S2-12 and S2-14, respectively, due to the radial
power distribution, the radial pressure distribution and the radial quench
front distribution beccome similar between Tests $2-12 and $2~15 and also
between Tests $2-14 and S2-21 as shown in Figs. 19(c) through 19(e).

After the quench of the whole core, the pressure in the Bundle 1 side
is slightly higher than the pressure in the Bundle 8 side at the middle

elevation of the core for all of these four tests as shown in Fig. 19(f).
3.2.2 Void Fraction Distribution

Figures 3.20 (a) through 3.20 (c¢) show the comparisons of void
fractions in Bundles 2, 4 and 8 at 3 elevations for Tests §2-12, S2-14, S2-
15 and 52-21 . These void fractions were calculated from the measured
vertical differential pressures by neglecting the effects of frictional and

accelerational pressure drops.
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As shown in Fig.3.20 (a), for the elevation between 0.085 and 0.7 m,
no significant difference in the void fractions among bundles is observed
in Tests §2-14 and S2-15, whereas the void fraction in Bundle 8§ is lower
than that in Bundles 2 and 4 during the initial 40 s in Tests S2-12 and S52-
21 because the quench front propagates faster in Bundle 8 than Bundles 2
and 4 in these two tests due to the radial temperature distribution.

As shown in Fig.3.20 (b), for the elevation between 2.03 and 2.57 m,
the void fraction in Bundle 8 is the highest among these three bundles in
Tests $2-12 and $2-15 until about 250 s and thereafter the lowest in this
bundle, whereas the radial void fraction distribution is almost flat in
Tests $2-14 and S2-21. The higher void fraction in Bundle & for the steep
power distribution test indicates that the effect of radial power
distribution on the radial void fraction distribution is more dominant than
the effect of radial temperature distribution at the middle elevation of
the core probably due to the radial disribution of steam generation rate.
It is also observed in Fig. 3.20 (b) that the horizontal distribution of
void fraction at this elevation is flat in these four tests during the
initial 40 s which is corresponding to the period of high ECC injection
rate.

As shown in Fig. 3.20 (c¢), at the top region of the core, the void
fraction in Bundle 2 is the lowest and that in Bundle 8 is the highest
among these three bundles and this behavior is common in the present four
tests. This is probably attributed to the reduction of steam velocity at
the Bundle 8 side because of the higher upper plenum liquid level at the
Bundle 8 side as shown in Fig. 3.8 .

Figure 3.21 compares the relation between the liquid fraction at
elevation of 2.33 m and the distance from the bottom quench front among
Bundles 2, 4 and 8 in these four tests. 1In Tests S2-12 and §2-21, the
liquid fraction is the highest in Bundle 4 and the lowest in Bundle 8 at
the same distance from the bottom quench front except at about 1.7 m. As
shown in Figs. 3.2 and 3.28, the time when the quench front was at the
elevation of 0.63 m (the distance between the elevation of 2.33 and 0.63 is
1.7 m) is approximately corresponding to the time when the core inlet flow
rate was reduced. Therefore, it is indicated that the horizontal
difference of liquid fraction disappears temporarily when the core inlet

flow rate is reduced from the accumulator flow rate to the LPCI flow rate.
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3.2.3 Horizontal Differential Pressure

Figures 3.,22 and 3.23 show the comparisoné of horizontal differential
pressures in the core at elevations of 1.905 and 3.235 m, respectively,
among Tests $2-12, $2-14, S$2-15 and S2-21.

As shown in Fig.3.22 (b), the horizontal differential pressure between
Bundles 4 and 8 at 1.905 m in Test S2-15 is close to that in Test $52~14
during the initial 80 s and thereafter approaches that in Test $2-12. Oon
the contrary, the horizontal differential pressure in Test $2-21 is close
to that in Test $2-12 during the initial 40 s and thereafter approaches
that in Test $2-14. It is indicated from the above-mentioned horizontal
differential pressure behaviors that the cross flow across the rod bundles
above quench front is not induced by the radial power distribution itself
but by the radial temperature distribution because the radial temperature
distribution in Test S52-15 is initially flat and then becomes steep with
time due to the steep radial power distribution and also the radial
temperature distribution in Test S$2-21 is initially steep and then becomes
flat with time due to the flat radial power distribution.

As shown in Fig. 3.23 (b), the horizontal differential pressure
between Bundles 4 and 8 at elevation of 3.235 m exhibits the oscilJlatory
behavior for all of these four tests. These oscillations are
corresponding to the ripples observed in the 1iquid levels in the upper
plenum as shown in Fig. 3.8 . In spite of these oscillations, it is noted
that the pressure in Bundle 8 is slightly higher than the pressure in
Bundle 4 before about 250 s and after that time the pressure in Bundle 4 is
slightly higher than the pressure in Bundle 8 for all of the four tests.

As shown in Figs. 3.22(a) and 3.23(a), the pressure differences between
Bundles 1 and 4 at elevations of 1.905 and 3.235 m are approximately zero

and no significant difference is observed among these four tests.
3.3 Effects of Radial Power and Temperature Distribution on Two-
Dimensional Thermal Behavior in Core
3.3.1 Heater Rod Temperature Behavior

Figure 3.24 shows the comparisons of heater rod surface temperatures

at 2.33 m in Bundles 4 and 8 among Tests $2-12, S2-14, §$2-15 and $2-21.
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The initial temperature in Test $2-21 agrees well with that in Test S52-12
in both bundles, while the initial temperature in Test $2-15 in Bundle 8 is
slightly lower than that in Test S2-14.

Figures 3.25 (a) through (d) show the comparisons of heater rod
surface temperatures among Bundels 2, 4, 6 and 8 in Tests $2-12, 852-14, S§2-
15 and $2-21, respectively. These temperatures were obtained by averaging
all the available temperatures at the same elevation in each bundle. As
shown in this figure, the initial temperature distribution in Test S52-21
agrees well with that in Test S2-12 and the temperature difference among
bundles in Test $52-21 decreases rapidly with time, becoming the flat radial
distribution as in Test S2-14 due to the flat radial power distribution.
On the other hand, the temperature difference among bundles in Test S52-15
is much smaller than in Test $2-12 but still larger than in Test S2-14. The
radial temperature distribution in Test 52-15 becomes similar to that in
Test 52-12 at the later period due to the steep radial power distribution.

The above-mentioned transients of radial temperature distribution in
Tests S2-15 and S2-21 are clearly indicated in Figs. 3.26 and 3.27,
respectively, by comparing with those in Tests S2-12 and S2-14.

- Figure 3.28 compares the quench envelope profiles among Bundles 2, 4,
6 and 8 in each of the present four tests. The quench propagation speed is
higher in Bundle 8 and lower in Bundle 4 in Test $2-12 and the quench
propagates at almost the same speed in all bundles in Test $2-14
corresponding to the radial power distributions in these two tests,
respectively. In Test 52-15, the distribution of quench froant is similar
to that in Test S2-12, whereas the difference in the quench front elevation
between Bundles 4 and 8 is smaller than that in Test $2-12. In Test 52-21,
the quench front elevation is higher in Bundle 8 and lower in Bundle 4
during the initial period in accordance with the radial temperature
distribution. The difference in the quench front elevation in Test S52-21

becomes smaller with time due to the flat radial power distributicn.

3.3.2 Heat Transfer Characteristics
The heat transfer coefficients and heat fluxes at 2.33 m in Bundle &
are compared in Figs. 3.29 and 3.30, respectively, among Tests $2-12, §2-

14, S2-15 and 52-21. These heat transfer coefficients and heat fluxes

were .obtained from the average temperature transients using the heat
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transfer calculation code "HEATT"(13),

As shown in these figures, the heat transfer coefficient and the heat
flux in Test $2-15 is significantly lower than those in the other three
tests during the initial 100 s. This is explained in terms of the
different fluid condition due to the different preconditioning procedure
used only in this test. The surface temperatures on the non-heated rods
and the core side walls remained at higher temperature and for longer time
in Test S2~15 than in the other three tests as shown in Figs. 3.31 and 3.32.
Resultantly, the superheated steam was generated for longer time in Test §2-15
than in the other three tests due to the longer heating time before the BOCREC
in Test 52-15 as mentioned before. Therefore, the additional heat release
from the non-heated rods and the side walls and the resultant superheated
steam generation resulted in the lower heat flux and the lower heat
transfer coefficient in Test $2-15. On the other hand, since the time from
the end of initial core heating to the initiation of reflood was reduced to
approximately 0 s in Test $2-21, the transients of surface temperatures on
the non—heated rods and the side walls in this test were similar to those
in Tests 52-12 and S2-14. Therefore, the unfavorable effect of superheated
steam on the heat transfer characteristics was not observed in Test S§2-21.

As shown in Figs. 3.29 and 3.30, the heat transfer coefficient and the
heat flux in Test 52-21 agree well with those in Test $2-12 during the
initial 40 s and in the later period those in Test 52-21 appreoaches those
in Test S52-14. This is corresponding to the fact that the radial
temperature distribution in Test S52-21 agrees well with that in Test S§2~12
at the BOCREC and then approaches that in Test 52-14 with time as discussed
in Section 3.3.1 .

In order to clarify the two-dimensional heat transfer characteristics,
the average heat transfer coefficients in Bundles 4 and 8 at elevation of
2.33 m are plotted against the time and the distance from the bottom quench
front. in Figs.3.34 and 3.35, respectively. The difference of heat transfer
coefficients between Bundles 4 and 8 is the largest in Test $2-12 and the
smallest in Test 52-14 and the band of Heat transfer coefficients in Test
§2-14 is included in the band in Test S2-12. 1In Test $2-15, the difference
of heat transfer coefficients between Bundles 4 and 8 is initially small
but becomes large as the quench front approaches the elevation of 2.33 m
according to the development of radial temperature distribution. On the
other hand, the difference of heat transfer coefficients between Bundles 4

and 8 in Test S52-21 is relatively large when the distance from the bottom
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gquench front is Jarger than 1.8 m and then decreases as the quench front
approaches this elevation. These heat transfer behaviors in Tests S2-15
and $2-21 indicate that the effect of radial temperature distribution is
more dominant on the difference of heat transfer coefflicients between
bundles than the effect of radial power distribution itself.

Although the radial distribution of the initial temperature in Test
S2-21 is in good agreement with that in Test 52-12 as shown in Fig 3.27,
the difference of heat transfer coefficient between Bundles 4 and 8 during
the initial period in Test S2-21 is slightly smaller than that in Test $2-
12 as shown in Fig. 3.35 . This fact suggests that the effect of radial
power distribution itself on the two-dimensional heat transfer
charateristics may remain though this effect is much smal ler than the
effect of radial temperature distribution.

It is shown by comparing Fig. 3.34 with Fig. 3.2 that the difference
of heat transfer coefficients between Bundles 4 and 8 is temporarily
reduced when the core inlet flow rate is reduced to the LPCI flow rate as
well as the magnitude of the heat transfer coefficient. This 1is
corresponding to the fact that the horizontal difference of liquid fraction
also diminishes at the time of the reduction of core inlet flow rate as
discussed in Section 3.2.2. It is therefore indicated that the liquid
fraction has dominant effect on the heat transfer coefficient in the early
stage of the translent.

Below the quench front, the heater rod temperature is approximately
equal to the saturation temperature and therefore the radial temperature
distribution is flat even under the steep radial power distribution. The
radial power distribution results in the radial distribution of steam
generation rate and the resultant two-dimensional flow below the quench
front. However, during the initial period, the difference of steam
generation rate below the quench front is relatively small because the
quench front is at the lower part of the core where the core heating power
is relatively small due to the axial power distribution. Therefore, the
radial power distribution below the quench front has little effect on the

two-dimensional heat transfer behavior above the quench front.

3.3.3 Radial Distribution of Steam Generation Rate

Figures 3.36 (a) through (d) show the comparisons of steam generation

rates in Bundles 2, 4, 6 and 8 obtained by the heat balance method with
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heated powers divided by the latent heat of evaporation in each bundle for
Tests S2-12, 82-14, 82-15 and $2-21, respectively. It is noted by
comparing Fig. 3.36 with Fig. 3.25 that the radial distribution of stean
generation rate corresponds to the radial distribution of cladding
temperature. For example in Test 52-21, as shown in Fig. 3.36 (d), the
steam generation rate in Bundle 4 is the highest and that in Bundle 8 is
the lowest during the initial 140 s and thereafter the difference among
bundles is relatively small. This treund is also observed in the radial
distribution of cladding temperatures in Test S2~21 as shown in Fig. 3.25
(d). After the quench of the whole core, the steam generation rate in each
bundle agrees well with the corresponding heated power divided by the
latent heat of evaporation.

The higher steam generation rate results in the higher steam up-flow
rate. However, the steam up—flow rate tends to be flattened over all
bundles due to the cross flow from the high power bundles to the low power
bundies above the quench front. Therefore, the quantitative estimation of
the two-dimensional flow distribution above the quench front is neccesary

for the evaluation of the two~dimensiocnal heat transfer characteristics.
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Table 3.1 <Chronologies of major events for Tests

§2-12, 82-14, S2-15 and §2-21

(1) Test 52-12
Time after

: o BOCREC
Core Power "ON" -121 s
Ecc Injection Initiation -2.5
Core Power Decay Initiation -2.5
BOCREC 0
Maximum Core Temperature (1064 K) _ 15.5
Maximum Containment-IT Pressure . 29

(0.224 MPa)
- Maximﬁm‘cdre Pressure (0.273 MPa) 7 | 29
| UCSP Extraction Initiation 98
Whole Core Quenched o 387.5
UCSP Extraction Ena - ; | 398
{(2) Test 82-14
Time after
BOCREC
Core Power "ON" -114 s
Ecc Injection Initiation -3
Core Power Decay Initiation =3
BOCREC 0
Maximum Core Temperature (965 K) 10
Maximum containment-IT Pressure 23
(0.22 MPa)
Maximum Core Pressure {0.266 MPa) 28
UCSP Extractiom Initiation 77
Whole Core Quenched 368
UCSP Extraction End 377
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(3) Test S2-15

Time after

BOCREC
Core Power "ON" =17 s
Ecc Injection Initiation -1
Core Power Decay Initiation -1
BOCREC 0
Maximum Containment-II Pressure 20

(0.222 MPa)
Maximum Core Pressure (0.262 MPa) 26
Maximum Core Temperature (1005 K) 53.5
UCSP Extraction Initiation 79
UCSP Extraction End 379
Whole Core Quenched 385.5
(4) Test S2-21
Time after

BOCREC
Core Power "ON" -3 s
ECC Injection Imitiation -1
BOCREC 0
Core Power Deacy Initiation 3
Maximum Core Temperature (1058 K) 12
Maximim Containment-I1 Pressure 21

(G.22 MPa)

Maximum Core Pressure (0.27 MPa) 27
UCSP Extraction Initiation 99
Whole Core Quenched 365
UCSP Extraction End 399
Stop Time of ECC injection 409
Starting Time of Dryout of Core 647
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Fig. 3.10 Comparison of differential pressures across core full height

among Bundles 2, 4, 6 and 8 in Test $2-12
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Fig. 3.11 Comparison of differential pressures across core full Height in

Bundle 4 among Tests $52-12, $2-14, S52-15 and §2-21
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Fig. 3.12 Comparison of steam generation rates obtained by heat balance
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Fig. 3.13 Comparison of steam outflow rates from pressure vessel obtained

by mass balance
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Fig. 3.15 Comparison of differential pressures across hot leg
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Fig. 3.16 Comparison of differential pressures across intact cold legr
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Fig. 3.17 Comparison of differential pressures across broken cold leg

stean/water separator side
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Fig. 3.18 Comparison of differential pressures across broken cold leg

pressure vessel side
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4. Conclusions

The SCTF tests indicated that the radial core power distribution has
significant effect on the heat transfer enhancement in high power bundles.
In order to separately evaluate the effect of the radial power (Q) distri-
bution itself and the effect of the radial temperature (T} distribution
accompaning the raaial power distribution, four forced feed tests were
performed with four combinations of the radial power distribution (steep Q
or flat Q) and the radial temperature distribution at the beginning of
reflood (steep T or flat T). The major conclusions are as follows
(1) Two-dimensional thermal-hydraulic behavior was clearly observed in the
| test with steep Q and steep T, whereas the thermal-hydraulic behavior

in the teét with flat Q and flat T was almost uniform over all bundles

unless the distribution of upper plenum water level would have
developed.

(2) The horizontal flow behavior and two-dimensional heat transfer
characteristics in the core in the test with steep Q and flat T were
similar to those in the test with flat Q and flat T during the initial
period. As the radial temperature distribution hbecame steep with time
due to the steep power distribution, the two-dimensional thermal-
hydraulic characteristics in the test with steep Q and flat T became
similar to those in the test with steep Q and steep T.

(3) The horizontal flow behavior and the two—dimensional heat transfer
characteristics in the core in the test with flat Q and steep T were
initially similar to those in the test with steep Q and steep T and
then became flat as the radial temperature distribution became flat.

(4) The radial temperature distribution which accompanied the radial power
distribution was the dominant factor of the two-dimensional thermal-

hydraulic behavior in the core at least during the initial period.
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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

philosophy and design criteria:

a.

(D

(2)

b.
(1)

(2)

(3)

(4)

(5)

Design Philosophy
The fécility should provide the capability to study the two-
dimensional thermohydraulic 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
vegsel are the simulated core, downceomer, core baffle region, lower
plenum, upper plenum and upper head. On the other hand, simplified
primary coolant loops are also provided. Provided as the primary
coolant locp 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 UHL system.

A full scale radial and axial secticen 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 15%15 rod array.

The flow area and fluid volume of components are scaled down based
onrthe 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)

(N

(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 separator,
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 coolant
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
cbjective 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
possibie. 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 receognition 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 SCTF to the maximum
extent.

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

comparison of dimensions between SCTF and the reference PWR 1is shown

in Fig. A-2.

A.1.1 Pressure Vessel and Internals

The pressure vessel 1s 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 aréa 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 1is
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 isoclated 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 cof 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 i{nternals. Those arrangement is shown in Fig. A-5.
The radius of each internal i{s scaled down based on the factor of 8/15
of an actuﬁl 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~IIl consists of B heater rod
bundles arranged in a row. Each bundle has 234 electrically heated
rods and 22 non-heated rods, rfhe 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 nicﬁrome heater element, boron nitride {BN)
or magnesium oxide (Mg0O) depending on elevation in the heated zone and
Nichrofer 7216 (eduivalent 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 installation. 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 1.4.

Non-heated rods are either pipes or solid rods of stainless steel
with 13.8 mm 0.D. The heater rods and non-heated rods are fixed at the
top of the core allowing downward expansion. 1In 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 generator 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 té 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 inlet 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 §f the intact cold leg is shown in Fig. A-12,
The pump simulatof consists of the casing and duct simulatofs and an
orifice plate as shown in Fig. A-13, The loop resistance is adjusted
with the orifice plates attached to the intact cold leg}.thé steam/
watef separator side and pressure vessel side broken cold legs and the
pump simulator. : '

~ ECCS consists of the Acc and an LPCI systems. Injeﬁtion ports are
located as already described in the désign criteria section. Besides,
the 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 stedm/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 pressurizer for injecting

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

A.2 Instrumentation

The instrumentation in SCTF has been provided both by JAERI and
USNRC. - The JAERI-provided instrumentation includes the measurement of
temperatures, pressures, differential pressures, liquid levels, flow
velocities, and heating powers. USNRC has previded film probes, imped-
ance probes, string probes, liquid level detectors (LLDs), 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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Table A-1  Principal Dimensions of Test Facility

1. Core Dimension

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

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 Rods

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

Diameter of Non-Heated Rod

2. Flow Area & Fluid Volume

(1}
(2)
(3)
()
(5)

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

(14)
(15}

(16)
(17)
(18)

Core Flow Area (Nominal)

Core Fluid Volume

Baffle Region Flow Area

Baffle Region Fluid Volume (Nominal)

Effective Core Flow Areaz 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 Generator Inlet Plenum Simulator Fluid
Volume

Steam Water Separator Fluid Volume

Flow Area at the Teop 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

16x%16

14,3 mm

234 rods

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

10.7 mm

13.8 mm

0.227 m?
0.92 m®
0.10 m?
0.36 m?
0.35 m?

0.121 m?

0.158 m?

0.525 m?
1.16 m®
0.86
1.38 w?
0.626 m?
0.931 m?

5.3 m?
0.195 m*

0.0826m?
0.9697m?
0.0179m?




3.
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Table A-1 {Continued)

(19) Containment Tank-1 Fluid Volume

(20) Containment Tank-I11 Fluid Volume

(21) Flow Area of Exhausted Steam Line from
Containment Tank~1l to the Atmospherc

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

Top of
Heater

Bottom

Bottom.

Bottom
Top of

Boettom
Plenum

Surface of UCSP

the Effective Heated length of
Rod

of the Skirt in the Lower Plenum
of Intact Cold Leg

of Hot Leg

Upper Plenum

of Steam Generator Inlet
Simulator

Centerline of Loop Seal Bottom

Bortom
Top of

Height
Plenum

Height

Surface of End Box

‘the Upper Annulus of Downcomer

of Steam Generator Inlet
Simulator

of loop Seal

Inner Height of Hot Leg Pipe

Bottom

Top of

of Lower Plenum

Upper Head

30
50

see Ref.

0

- 393

-5270
+ 724
+1050
+2200

+1633

~2281
- 185.1
+2234

11595

3140
737
-5770
+2887

3
m

¥

E

8

3343
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Fig. A-14 Thermocouple Locations of Heater Rod Surface
Temperature Measurements
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Fig. A-17 Thermocouple Locations of Steam Temperature Measurements
in Core
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Fig. A-19 Thermocouple Locations of Fluid Temperature Measurements
at Center and Periphery of UCSP Holes
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Fig. A-21 Thermocouple Locations of Fluid Temperature Measurements
at Core Inlet
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Fig. A-24 Locations of Differential Pressure Measurements across
End Box Tie Plate and Liquid Level Measurements above
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Appendix B Selected Data of Test §2-12

Fig. B-1 ~ B-8 Heater rod temperature

Fig. B-9 ~ B-12 Non-heated rod temperatures

Fig. B-13 ~ B-16 Steam Temperatures

Fig. B-17 ~ B-18 Fluid temperatures just above end box tie plate
Fig. B-19 ~ B-20 Fluid temperatures at core inlet.

Fig.:BQZI v B-24 Fluid temperatures in core

Fig. B-25 ~ B-26 Liquid levels above end box tie plate

Fig. B-27 ~ B-28 Liquid levels above UCSP

Fig. B-29 Liquid lewvels in hot leg

Fig. B-30 ~ B-31 Differential pressures across core full height
Fig. B-32 v B-33 Differential pressures across end box tie plate
Fig. B-34 ~ B-37 Horizontal differential pressures in core

Fig. B-38 n B-42 Differential pressures in primary loops

Fig. B-43 ~ B-44 Pressures in pressure vessel and containment tanks
Fig. B-45 v B-46 Bundle powers

Fig. B-47 ECC flow rates

— 100 —
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Fig.
Fig.
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C-1 ~ C-8
C-9 ~n C-12
C-13 ~ C-16
C-17 ~ C-18
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c-32
C-34
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u

C-20
C-24
C-26
C-28

c-31
C-33
C-37
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C-46
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Appendix C Selected Data of Test $2-14

Heater rod temperatures

Hon-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 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 D Selected Data of Test S52-15

Fig. D-1 ~ D-8 Heater rod temperatures

Fig. D-9 ~ D-12 Non-heated rod temperatures

Fig. D-13 ~ D-16 Steam Temperatures

Fig. D-17 ~ D-18 Fluid temperatures just above end box tie plate
Fig. D-19 ~ D-20 Fluid temperatures at core inlet

Fig. D-21 ~ D024 Fluid temperatures in core

Fig. D-25 ~ D-26 Liguid levels above end box tie plate

¥ig. D-27 ~ D-28 Liquid levels abowve UCSP

Fig. D-29 Liquid levels in hot leg

Fig. D-30 »~ D-31 Differential pressures across core full height
Fig. D-32 ~ D=33 Differential pressures across end box tie plate
Fig. D-34 ~ D-39 Horizontal differential pressures in core

Fig. D-40 ~ D-44 Differential pressures in primary loops

Fig., D-45 n D-46 Pregsures in pressure vessel and containment tanks

Fig. D-47 ~ D-48 Bundle powers
Fig. D-49 ECC flow rates
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Fig.
Fig.
Fig,
Fig.
Fig.,
Fig.
Fig.
Fig,
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

E-1 ~ E-8
E-9 ~ E-12
E-13 ~ E-16
E-17 ~ E-18
E-19 ~ E-20
E-21 ~ E-24
“E-25 ~ E-28
E-29

E-30 ~ E-31
E-32 ~ E-33
E-34 ~ E-39
E~40 ~ E-44
E-45 ~ E-46
E-47 ~ E~48
E-49

JAERI-M 86-195

Appendix E Selected Data of Test §2-21

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 lewvels above end box tie plate

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
Bﬁndle powers

ECC flow rates
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Appendix F Comparison between TRAC Post—test Analysis and Test Data
of Test S2-12

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
half

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

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

Fig. F-103 Liquid level in core baffle

Fig. F-104 - F-111 Liquid levels in upper plenum

Fig. F-112 Liquid level in lower plenum

Fig. F=113 — F-116 Pressures in pressure vessel

Fig. F-117 - F=120 Differentlal pressures in primary loops

Fig. F=121 - F-124 Mass flow rates in primary loops

Fig. F-125 - F-126 Pressures in contaiument taunks

Fig. F-127 Liquid level in S/W separator

Fig. ¥F-128 - F-132 Horizontal differential pressures in core

TRAC-PF1 post—test analysis results obtained by the Los Alamos
National Laboratory (LANL) based on the 2D/3D Agreement are compared with
the test results of Test S$2=-12. For the comparison plots in this
Appendix, the TRAC results are identified by eircle symbols and the SCTF
results by triangular symbdls. Comments on the comparison results are
presented as follows : '

(1) Heater rod temperature (Figs. F-1 — F=40)

The heater rod temperatures predicted by TRAC qualitatively agree
with the SCTF results except at the upper part of the core. TRAC tends to
overpredict the turnaround temperature except at the upper part of the

core in all bundles. The calculated quench time is also in good
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agreement with the test data at almost all elevations except at the upper
part of the core.
(2). Water temperatures in core (Figs. F-41 — F-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 except at the bottom of heated part.
At the later period, the measured water temperatures agree with the
calculated temperatures.

(3) Steam temperatures in core (Fig. F-65 ~ F-=72)

The measured steam temperature sometimes shows much lower
temperature than the calculated temperature as shown in Figs. E-66 and E-
68 and the measured temperature decreases to the saturation temperature
at much earlier time than the calculated temperature. These are due to
the 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
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 differential 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 height agree well with the test data except during the initial 40 s
after the beginning of bottom reflood. During 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 fractioms in core (Figs. F-85 =~ F-102)

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

(6) Liquid level in core baffle (Fig. F-103)

The initial increasing of the liquid level in the core baffle is
well predicted by TRAC. Thereafter, TRAC slightly overpredicts the
liquid level.

(7) Liquid levels in upper plenum (Figs. F-104 — F-111)

TRAC underpredicts the liquid level in the upper plenum above all

bundles. The measured liquid levels in the upper plenum begin to

increase just after the beginning of reflood, while the predicted values
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indicate no increases until about 300 s after the beginning of reflood.
{8) Liquid level in lower plenum (Fig. F-112)

The initial liquid level in the TRAC caleculation is slightly lower
than the measured initial wvalue.

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

TRAC slightly underestimates the pressures in the core, the upper
plenum, the lower plenum and the downcomer during the initial 40 s after
the beginning of reflood. At the later period, TRAC tends to overpredict
the pressures.

(10) Differential pressures in primary loop (Fig. F~117 - F-120)

The differential pressure between the upper plenum and the
steam/water separator predicted by TRAC is 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
containment tank-I are overpredicted by TRAC except during the initial 30
s. The calculated differential pressure between the steam/water separator
and the containment tank-II is much lower than the test result.

(11) Mass flow rate in primary loops (Fig. F-121 - F-124)

TRAC underpredicts the mass flow rate in the hot leg. ' The mass flow
rates.in the intact cold leg and in the broken cold legs are
overpredicted by TRAC except during the initial 30 s.

(12) Pressures in containment tanks (Figs. F-125 and F-126)

Since the measured pressure transients in the containment tank-1
were used in the TRAC analysis as the boundary condition, the TRAC and
SCTF results agree well with each other.

(13) Liquid level in steam/water separator (Fig. F-127)

The increasing rate of the liquid level in the steam/water separator
is underpredicted by TRAC.

(14) Horizental differential pressures in core (Figs. F-128 - F-132)

Both the measured and calculated horizontal differential pressures
between bundles 4 and 6 and between bundles 4 and 8 at elevation of 1.905
m show positive value. However, the TRAC results indicate negative
differential pressure between bundles 1 and 4 at 1.905 m and between
bundles 2 and 4 at 2.57 m, while the correspoding test results show

approximately zero differential pressures.
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