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In order to investigate the thermo~hyvdrodynamic dehavior in core
under simultaneous ECC water injection into the upper plenum and the
intacs cold leg during the refill and reflood phases cf a PWR-LOCA, Tests
$1=8H] and S1-SH4 were performed by using Slab Core Test Facility (SCTF)
with the injection of saturated and 57K subcooied water into the upper
plenum, respectively, under the same cold leg injection condition.

The following major findings were obtained by examining these test

results.

(1) Although the core was cooled by the fall back water from the upper
plenum into the core during the period of high injection rate into the
upper plenum, the core was cooled mainly by the bottom flooding
after cthe BOCREC (Bottom of core recovery).

(1) The possidle fall back flow rate estimated with a CCFL correlation
rapidly decreased after the BOCREC because of the increase of steam
generation rate in core.

(3) Continuous fall bSack of subcooled water was not observed even under
the condition with large upper plenum injection rate of subcooled
water and with steam outflow through the lower plenum intc the
downcomer. The fall back was intermitctently limited by the rapid
increase of upward steam flow which was generated in the core due
to the evaporation of the fall back water.

(4) The rising of liquid level in the lower plenum was suppressed dv

The work was performed under contract with the Atomic Energy Bureau
of Science and Technology Agency of Japan
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the pressurization in core due to the evaporation of fall back
water befcre the BOCREC and therefore the degianing of bottom
reflood was delaved.

Some selected data from Tests 3'-SH) and S$!-SHS are alsc included

in this report.

Keywords: Reflood, Refill, LOCA, ECCS, PWR, Combined Injection, Water
Fall Back, Heat Transfer, Quench, Carryover, Two-phase Flow,
SCTF, Thermo~hydrodynamic 3ehavior, Reactor Safety
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1. Introduction

The thermal-hvdraulic behavior during the refill and reflood
phases of a postulated loss of coolant accident (LOCA) im a pressurized
water reactor (PWR) has been investigated by using the Slab Core Test
Facility (SCTF) which has an electrically heated core with a full heignt,
full radial width and azimuthal single-bundle depth. The SCTF program

is a part of the large scale reflood test program under contract with

the Atomic Energy Bureau of Science and Technology Agency of Japan together

with the Cvlindrical Core Test Facility (CCTF) program.

As an alternative Emergency Core Cooling System (ECCS), the combined

injection mode in which the ECC water is simultaneously injected into
both the hot leg and the cold leg is proposed in order to improve the
core cooling by a large amount of fall back water into the core.

The thermal-hydraulic behavior during the initial period of the
combined injection mode was investigated in the present two preliminary
tests: Tests S1=-SH3 and S1-SH4, by irnjecting the ECC water into the
upper plenum instead of the hot legs and into the cold leg in che SCIF
Core=-I test serics. These two tests were performed with saturated and
subcooled water injection into the upper plenum and ctherefore the
effects of injection water temperature can be investigated by comparing
the results of these two tests.

Siance included in the purposes of these two tests were to confirm
the performance of the upper plenum injection and extraction system
and to establish the technical method of the combined injection tests
planned in the SCTF Core-III test series, the test conditions were not
necessarily appropriate for the simulaticn of the typical combined

injecrion mode for a PWR. However, qualitatively useful information

was obtained on the initial thermal-hydraulic behavior in core particular

to the combined injection mode.

The present report describes the fall back behavior from the upper
plenum into the core, the water accumulation behavior in the core, the
lower plenum and the downcomer, the fluid behavior in the primary lcops
and the core cooling behavior.

Presented in Appendix A are the brief description of SCTF aud
measurement locations.

The s¢'ected data obtained in Tests S1-SH3 and Si-SH4 are presented

in Appendixes B and C, respectively.
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2. Experiment
2.1 Test Facility

The schematic diagram of SCTIF and the comparison of dimensicas
between che SCIF and a 1,100 MWe PWR are shown in Fig. 2-! and Table
2-1, respectively.

The primary coolant loops comsist of a hot leg equivalent to the
four actual hot legs, a steam/water separator corresponding ro the
four actual steam generators, an intact cold leg equivalent to the
taree actual iatact 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 different containment tanks.

The flow area scaling ratio is !/21 co a 1,100 MWe PWR, whereas
the height of each component simulaces the actual PWR.

The emergency core cooling system (2CCS) cemsists of an accumulator
(Acc) system, a low pressure coolant injection (LPCI) syscem, and an
upper core supcrt plate (UCSP) water injecczion sysctem. All of cthese
three injecticn systems were used for the combined injection pre=tests.
The injection port for the Acc and L2CI systeas is located on cthe intact
cold leg and that for the UCSP water injection system is che eight injec-
tion nozzles located just above the UCSP for each bundle. The schematic
of the UCSP water injection system is shown ian Fig. 2-2. As adjacent
swo nozzles are ccnnected into one at the ocutside of the pressure vessel,
four lines in cotal are provided for giving the specified flow and fluid
temperature transients independently.

Figure -3 shows the vertical cross section of the pressure vessel.
The pressure vessel includes a simulaced core, an upper plenum with
internals, a lower plenum, a core baffle and a downcomer.

The simulated core consists of 8 bundles arranged in a row with
full radial width. Each bundle consists of 234 heater rods and 22
aon-heatad rods arranged in 16<16 array. The outer diameter and the
heated lengsh of the heater rod are 10.7 mm and J660 =m, respectively.
The dimensions of rod bundle, such as the rod picch, the spacers, the
end box tie plate etc., are based on those for a 15%15 fuel rod dundle
of a PWR.

The core and the upper plenum are enveloped by noneycomb thermal
insulators to minimize the wal. effaects.

More detailed information on the SCIF is available in reference (1)
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and brief description is presented in Appendix A.

2.2 Test Conditions

In the combined injection mode of an actual reactor, the subcooled
water injected into the hot leg flows into the upper plenum and then
falls on to the UCSP after hitting the upper plenum internals.
present combined injection pre-tests: Test 5i-5H3 (Run 328) and Tes:
S1=SH4 (Run 529), the fluid characteristics ia the upper plenum was
simulated by horizontally injecting the ECC watar through the side
nozzles and extracting from the other side nozzles located just above
the UCSP as shown in Fig. 2-2.

The water subcooling in the upper plenum is estimated to be in the
range of 20 to 40 K according to the calculated results for a reference
PWR. Since the water subccoling in the upper plenum is considered to
affect the fall back characteristics, the temperature of upper plenum
injection water was selected as a test parameter. That was almost
saturated in Test S1-SH3 and subcocled of about 67 K with respect to
the saturation temperature at 0.25 MPa in Test S1-35H4 so as to include
the calculated range of a reference PWR.

ill and reflood simulacion

L2l

These two tests were performed under re
condicion. The refill simulation cest: Test S!-19 (Run 523), is
referred as a counterpart test with cold leg injection mode. Major
test conditions for Tests S!-SH3, S1-SH4 and 51-19 and the calculated
results for a reference PWR are listed in Table 2-2. Chronolugies of
events for these three tests are listed in Table 2-3. The BOCREC in
Tables 2-2 and 2-) represents the time at the bottom of core vecovery
when the ECC water reaches the bottom of heated part. -

Tests S1-SH3 and $1-SH4 were performed under almost the same
conditions except the water temperature of UCSP injection system. The
test conditions for Test S1-19 were almost the same as those for Tests
S1=3H3 and S$1-5H4 except that no UCSP injection system was used and the
vent line conmnecting the upper plenum and the downcomsr was cpen in
Test S1-19 while it was closed in Tests S1-SH3 and S1-SHé4.

As indicated in Table 2-2, the scaled upper plerum inject-.on rate
and cold leg injection rate are larger in the present tests than in the
calculated results during the Acc period. However, the Acc injection
time is much shorter and the LPCI flow rate is much lower in these two



JAER[-M 84 -22]

tests as compared with the calculated results because one of the
objectives of the present tests is to confirm the flow rate concrol
function of the UCSP injection system under the lower flow rate condi-
tion. Therefore it should be noted that the thermal-aydraulic behavior
after 28 s from the initiacion of upper plenum injection does not well
simulate the thermal-hvdraulic behavior under the tvpical combined

injection mode.

2.3 Test Procedure

The test procedure for the combined injection pre-taests is as
follows.

After setting the initial conditions, core heating was initiated.
At 100 s after the core power omn, the break valves were opened and the
core power decay simulation started with the initiaticn of UCSP water
injection and extraction system. The maxizum cladding temperature ac
this time was intended to be 393 K. The decay curve is simulated from
21 s afcer the shutdown of a Westinghouse type PWR. The decay curve is

ect for

rn
LAl

based on ctne "ANS Standard + Actinides + Delayed Neutron E
voided Core”.

At 105 s (Test S1=-5H3) or 103 s (Test S1-SH4) after the core power
on, Acc injection was. initiated inco the intact cold leg. Afzer 23 s
(Test S1-SH3) or 21 s (Test S1-SH4) from Acc injection, the Acc injec~
cion was switched to LPCI. The maximum Acc and LPCI Ilow rate were about
84 «g/s aand 8 kg/s, respectively.

The total UCSP watar injection rate was intended to be about 100
kg/s during che first 28 s and about !! kg/s thersafter with equal flow
rate for sach of eight UCSP injection nozzles. However, the UCSP injec-
tion line connmecting to the upper plenum above 3undles ! and 2 did not
open during the first 50 s for Test S1-SH3 accidently.

The test was finished after 900 s from LPCI initiation.
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3, Test Results and Discussions
3.1 Boundary Conditions

Figure 3-1 shows the comparison of EICC water injection rates into
the cold leg between Tests S1-SH3, S1-SH4 and S1-19. The Acc flow rate
and injection period and the LPCI flow rate are almost identical for
these three tests.

Figure 3-2 shows the UCSP water injectilon rates iato the upper
plenum in Tests S1-SH3 and S1-5H4. As shown in Iig. 3=2(1), the UCSP
water injection system above bundles ! and 2 in Test S$1-SH3 did not
work well., Through the nozzles above bundles | and 2 in Test S1-SH3,
no water was injected until 60 s after the bDreak valves open and then
the UCSP injection started at very high flow rate up to 0.044 n’/s.
About 20 s later, the UCSP injection rate chrough these nozzles
approached the nominal injection rate. In Test S1-SH4, on the other
hand, the same amount of water was injected into the upper plenum
through all nozzles as shown in Fig. 3-2(2).

The upper plenum water was extracted through the UCSP extractiom
nozzles above 2ach bundle at the opposite side of the injection nozzles.
In these two tests, however, the UCSP water extraction system did not
work well and the accuracy of the extracted water flow rate is doubtful.
The UCSP extraction svstem will be improved in the later parc of SCIF
Core-1I test series.

Figure 3-3 shows the temperatures of water injected into the upper
plenum in Tests S1-SH3 and S1-SH4. The saturation temperatures
corresponding to the pressure at the top of upper plenum are also shown
in Fig. 3-3 for these two tasts. The UCSP injection water temperature
in Test S1-SH3 is about 405 K which is almost in agreement with the
saturation temperature at the pressure in the upper plenum. The UCSP
injection water temperature in Test $1-SH4 is about 333 K above
bundles 1, 2, 5 and 6, and about 344 K above bundles 3, 4, 7 and 8.

The average subcocolings with respect to the saturation temperature
at the pressure in the upper plenum are about 67 K and 56 ".
respectively.

The temperature of cold leg injection water is about 333 K in
Tests S$1-SH3, 51=-SH4 and 51-19.

The comparisons of pressure rransients at the center of core and
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at the top of containment tank I are shown in Figs. 3-4 and 3-3,
respectively.

Although both of Tests Sl-SH3 and S1-SH4 are cthe refill simulation
tests with the same inictial pressure of Q.34 MPa, the praessure at the
center of core is higher in Test S1-SH3 than in Test S.-SH4 after the
break valves open, indicating the condensation of sceam in Test Sl-SHé
due to the higher subcocling of UCSP injection water in this test.

Core heating power transients are identical for these three tests
as shown in Fig. 3-6.

3.2 Fall Back Characteristics
3.2.1 Occurrence cf Fall Back at End Box Tie Plate

Figure 3-7 shows the differential pressure across che end box tie
plate, the fluid temperature just below the end box zie plate and the
saturation temperature above bundle 4 in Test S1-3H4. The sacuration
temperature was cbtained from the average of two pressures measured at
the top of uypper planum and at the center of core. As shown in this
figure, subcooled water is intermictencly observed just below the end
box tie plate before the BOCREC, indicating that the subccoled water
injected into the upper plenum intermittently penetrates into the core
through the end box tie plate before the BOCREC. The intermittent and
rapid decreases in fluid cemperature are in many cases accompanied by
the significant decreases of differential pressure across the end box
tie plate.

As shown in Fig. 3-8, the water in the upper plenum is subcooled
during the high flow rate period of vese injection and afcer that
period the water temperature becomes almost saturated for Test Sil-SH4.
The maximum subcoeling cn UCSP is 39 K at 15 s aftar the break valves
open. As listed in Table 2-2, during the initial 28 s, the upper plenum
injection rate is higher than the calculated hot leg injection rate in
the typical combined injection mode for a reference PWR. 1In additionm,
the lower plenum water level is below the bottom of core barrel during
this period as shown in Fig. 3-18. Therefore it is noted that even
when the upper plenum injection rate and subcooling are large enough
and the steam generatad in core can flow inco the downcomer through the
lower plenum, the fall back of sudccoled water does not continue for
more than 5 s and the saturated CCFL condition is established again.
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The reason why the continuous fall back does not occur is com=
sidered that a part of fall back water is evaporated in core and the
generated steam up-flow supports the weight of subcooled water. When
the fall back is stopped, the steam generation rate in the core cecreases
a~d therefore the steam up-flow rate becomes lower than that corresponding
to the CCFL break condition. The intermittent fall bdack benavior shown
in Fig. 3-7 is probably attributed to the time lag between the fall back

and the steam generation.

3.2.2 Two-Dimensional Fall Back Behavior

Figures 3-9 and 3-10 show the comparisons of the fluid temperatures
just below the end box tie plate, the saturation temperature, and che
differential pressures across the end box tie plate above Bundles |
through 8 in Tests S1-SH3 and S1-SH4, respectively.

As shown in Fig. 3-9, cthe differencial pressures across the end
box =ie plate in Test §$1-SH] intermittently show negative values during
the initial 30 s except above Bundles ', 2 and 3, while the differential
pressures in Test S1-SH4 almost always show the positive values, suggesting
that the amount of fall back water during this period is larger in Test
$1-SH3 than in Test S1-SH4. The fall back water during this period
promotas the cooling of upper core as will be discussed in Section 3.7.1.
The relatively larger possitive differential pressur: across the end
box tie plate above Bundle ! side in Test S1-SH3 is due to cthe 80 s
delay of the UCSP injection above Bundles ! and 2 as described in
section 2.3.

It is suggested from Fig. 3-10 that the intermittent fall back of
subcooled water through the end box tie plate during the initial 40 s
occurs nonuniformly over the eight bundles and simultaneous CCFL break
all over the eight bundles is not observed.

Figure 3-11 shows the comparisons of void fractions in Bundles 2,

4 and 8 at the upper part of core in these two tests. These void
fractions are calculated from the measured vertical differential
pressures between core spacers by neglecting che effects of fricticnal
and accelerational pressure drops. During the period from about 20 to
30 s, the void fraction is the lowest in Bundle 8 in Test S1-SHJ and
the void fraction is the highest in Bundle 8 in Test S1-SH4. These
radial distributions ia the veid fractions are corresponding to those
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in the differential pressures across the and box tie plate shown in
Figs. 3-% and 3-10 and then to the radial discribution in the fall
back flow rates.

Figures 3-12 and 3-1] show the compariscas of norizontal differen-
tial pressures between Bundles 5 and 8 and between Bundles ! and 8,
respectively, at the elevations of 1.905 m, 3.235 m and 3.821 m (just
below the end box tie plate) from che bottom of heatad length in these
two tests. The positive differencial pressure in these figures means
that the pressure in Bundle 5 or Bundle ! is higher than the pressure
in Bundle 8.

Before the BOCREC, the pressure in Bundle 8 is much higher than the
pressures in Bundles ! and 5 at the elevations of 3.233 and 3.82! m and
the differential pressures between Bundles 5 and 8 and between 3undles
! and 8 are relatively small at the elevation of 1.905 m in Test S1-SH3.
In Test S1-SH4, on the octher hand, during the initial %0 s from the
break valves open, the pressure in Bundle 8 is much lower than the
sressures in 3undles ! and 5 at the elevations of 1.9035 and 3.235 =.

The above-mencioned characteristics of horizontal differential
pressures before the 30CREC indicate that the amcunt of fall back water
is larger in Bundle 8 side in Test S1-SH3 and is larger in Bundle !
side in Test S1-SH4. This is consistent wich the radial distribution
of the subcool time indicacion in fluid temperatures below the end box
tie plate and the differential pressures across the end box tie plate
shown in Figs. 3-9 and 3~-10 and also with the void fractions ia cthe
upper part of core shown in Fig. 3-11. The negative differential
pressures detwcen Bundles ! and 8 and bSetween Bundles 3 and 3 below the
end box tie plate in Test S1-SH4 indicace that the direction of steam
norizontal flow is from Bundle 8 to Bundle ! even when the amount of

fall back water is larger in Bundle | side.

3.2.3 Estimation of Fall Back Flow Rate

The fall back water from the upper plenum intc the cove is
considered to enhance the core cooling especially for the combined
injection tests. In the present combined injection pre-tests, however,
the fall back flow race was not measured directly and was not estimaced
by the mass balance mechod because the extraction flow rate from the

upper plenum could not be measured correctly. Therefore, an empirical
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CCFL correlation is used for the estimation of possible fall back flow
rate.

The CCFL correlation is derived from the experimental data based
on the end box tie plate which has the same vertical configuration as
that in the SCTF-1 with 1/72 scaled to the SCTF-I.

The CCFL correlation for the SCIF-I tie plate is given dy

b + j, "= 1,25 (1)
where
i, * 2% [;3/30(:f - :g)]
2
'“' .
«;' = —E- o 4 > - =) "4:
i - (.ngD(.f 'g']

W = Steam up flow rate

W. = Water down flow rate (Fall bdack flow rate)
Z_ = Steam density

= WJater density

D = Tie plate hole diameter (0.012 m)

A = Total flow area in the plate (0.2036 =°)

7

g = Acceleration due to gravity (9.80665 n/s?)

-

The steam up flow rate, Rg. is assumed to be the summation of the
steam generation :ate calculated by the heat balance method and the
flashing rate in the lower plenum. The steam generatiom rate and the
lower plenum flashing rate are shown in Figs. 3-28 and 3-22, respectively
and the total steam generation rate is shown in Fig. 3-29.

Figure 3-14 shows the estimated fall back flow rates in Tests $1-SH3
and S1-SH4. As shown in this figure, the maximum calculated fall back
flow rate is seen before the BOCREC and after that time the fall back
flow rate is significantly reduced due to the increase of steam genera-
tion rate in the core.

1t should be noted here that the following assumptions are made

for the estimation of fall back flow rates shown in Fig. 3-14.

(1) Saturated CCFL is assumed even for Test S1=-SH4 in which subcooled

- § -
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water is observed below the end box tie plate as shown in Fig. 3-7.

(2) The fall back is assumed to occur uniformly over all bundles though
there exists radial discribucion in the fall back distribution as
indicated in Figs. 3-9 and 3-10.

(3) The steam bypass flow from the core iacc the downcomer through the
lower plenum is neglected though the steam bdypass flow is observed
before the water level in lower plenum reaches the bottom of core
barrel as will be discussed in section 3.4.1.

(4) The fall back flow rate is estimated regardless of the existence of

water in the upper plenum.

The assumptions (1) through (3) may result in underestimaction of
the fall back flow rate. As shown ian Fig. 3-1!3, on the ocher hand, the
collapsed ligquid level in the upper plenum is reduced o very low level
from 40 to 120 s, indicating that the amounz of water in the upper
plenum is not enough to fall back ianto the core during this period.
Therefore, the fall back flow rate is considerably overestimated after
about 40 s in Fig. 3-14,

Although the estimated fall back flow rate in Fig. 3=14 is not
gquantitacively reliable due to the abcve-menticned reasons, it is
qualitatively concluded that the fall back flow rate is negliegibly

small afcer the iniciation of botzom reflood.

3.3 Water Accumulation 3ehavior in Core

Figure J-16 shows the comparison of vertical differencial pressure
across the core full height between Tests S1=-3H3 and Si-SH4. Th
differential pressures in these tests increase tamporarily just after
the intiation of ECC injection and then increase again aftcer the 30CREC.
The comparison between these two tests indicates that the higher subcool-
ing of the UCSP injection water resulcs in the higher water accumulation
rate in the core after the BOCREC.

Figure 3-17 shows the comparison of void fractions at six eleva-

tions in the core. In general, the void fractions in Test Si-SHJ are

Ll

higher than those in Test S$1-SH4 except during the periocd from 40 o

30 s above the elavation of 1.363 m. 3elow the 2levation of '.24 m,

no watar accumulation is observed before the 30CREC. After che BOCREC,
11

the void fraction is higher in Test S1-SH3 than ian Test S1-SH4 at all

elevacions.
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The occurrence of fall back during the period from about 10 =0
40 s is also indicated in Fig. 3-17 by the rapid decrease of wvoid
fraction at the upper part of core.

Although the amount of fall dack water is negligibly small in
-hese two tests during the period between 120 and 200 s as shown in
Fig. 3-14, the void fraction in the core is lower in Test S!=SH4 than
in Test S1=-SH3 during chis period especially at the upper half of core
as shown in Fig. 3=17. In addition, the generated steam is condensed
in the upper plenum at almost constant rate of about 1.4 kg/s during
this period as shown in Fig. 3-29. Therefore, it is suggested that the
higher water accumulaction rate in the core in Test S!=-SH4 is not caused
by the fall back water but caused Dy the following reason: Since the
steam out flow rate is much lower in Test S!1-SH4 than in Test S1-SH3
due to the steam condensation in the upper plenum as shown ia Fig. 3-26,
the steam binding effect is also weaker in Test Si1-SH&. The weaker
steam binding effect results in the higher water accumulation rate in
the core in Test S1-3H4.

n the core in Test Sl1-SHé

=

The higher water accumulatiocn rate
resulcs in the higher heat transfer coefficient and the lower cladding
surface temperature at the upper half of core as will be discussed in

Section 3.7.

3.4 Fluid Behavior in Lower Plenum and Downcomer
3.4.1 Water Accumulation Behavior in Lower Plenum

Figure 3-18 shows the liquid levels in the lower plenum in Tests
§1=-SH3, $'-SH4 and S1-19,

The liquid levels in the lower plenum in these three tests
decrease just after the break valves open due to the water flashing
caused by the rapid depressurization. The amount of flashing mass is
estimated in the next section.

The lquid level in the lower pleaum reaches the bottom of core
heating part at 80 s in Tests S1-SH3 and $1-SH4 and at 19 s in Test
§1=19. It is estimated that the deginning of bottom reflood is promoted
by at most 2.5 s by the effect of open vent line for Test §1-19 and
therefore the trend of earlier reflood for this test is not much

affected by this difference in condition.
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The water accumulation behavior in the lower plenum in Tests
S1-SH3 and S1-SH4 is different with each other. The liquid level in the
lower plenum in Test S1-SH3 increases gradually even after the liquid
level reaches the bottom of core barrel at 350 s, suggesting that che
driviag force for the bottom flooding given Dy the downcomer water
head is reduced by the pressurization in core due to the evaporation of
fall back water. On the other hand, the liquid level in the lower
plenum for Test S1-SH4 remains at 0.1 m below the bottom of core barrel
until about 76 s and then increases rapidly.

As shown in Fig. 3-19, the fluid velocity data cbtained from drag
disk flow meter located below the core barrel indicace that the direc-
tion of fluid flow is from the lower plenum to the downcomer hefore the
water level reaches the bottom of core barrel and after that time che
direction is reversed. The other evidences which indicate the outflow
of water and steam from the lower plenum into the downcomer are

prasentad delow.

-

A part of the fall back water is expected to penetrata through
the core and reach the lower pleaum. The penetration water mass flow
rate is obtained by subtracting the steam generation race in the core
from the fall back flow rate. Figure 3-20 shows the estimated fall

back flow rate, the steam generation rate and the penecration rate in
Tast S1-SH4. It is found from Figs. 3-18 and 3-20 chat most of the

£all back water penetrates into the lower plenum while the water lavel
in the lower plenum graduallv increases until the water level reaches
the bottom of core barrel, indicatiag that the penetrated water flows
out into the dewncomer during this period.

A part of the steam generated in the core and the lower plenum is
also expected to flow through the bottom of core barrel into the down-
comer bdefore the water level reaches the boczom of core darrel. Aas
shown in Fig. 3-21, the void fraction in the pressure vessel side broken
cold leg indicates that the ECC water bypass occurs only bdbefore the di-
ginning of bottom reflood. ince the ECC water bvpass is caused 2y th
steam up flow in the downcomer, it is evident that the stean also flows
from the core into the downcomer before the beginniang of bottom reflood.

The steam generation rate in the core is reduced after about 15 s
as shown in Fig. 3-27 and tche average water head in downcomer incraases
as shown in Fig. 3-23. At 76 s in Test S1-SH4, the pressure balance

between the core and zhe downcomer bdreaks and the liquid level in the
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lower plenum rapidly increases up

to the bottom of core level.

From the view point of reactor safety, it is supposed that the upper

plenum injecticn induces the fall

BOCREC and the generated steam tends to prevent

back of water into the core before

the reflooding from the

bottom, though the initial cooling is promoted by the upper plenum

injection as will be discussed in

plenum injection nas two opposite

3.4.2 Estimation of Lower Plenum

Since the combined injection

S 3

ection 3.7.1. Therefcre, the upper

effects on the core cooling.

Flashing Rate

pre-tests were performed under the

refill simulation condition, the rapid decrease of system pressure

induced the flashing
water temperature in

the initial pressure of 0.534 MPa.

of water in the lower plenum because the initial

the lower plenum was the saturation temperature at

The lower plenum flashing rate is calculated from the existing

water and steam mass in the lower plenum and the depressurization rate
by using the assumption of constant eatropy process as follows:
T 1ds_ 'ds, M. |
-8 / sat \ / sat ‘8 sac -
dM.
The flashing rate, -Efi , is obtained by cthe following equation.
M. ; F /ds 'ds. 1i g
_—i--—-'—-— M —1 o!_'—‘. -~ (2)
dt (Si ) g\ dP o i1idP | sat de )
g sar -
where (Szg) = Specific entropy change due to evaporation,
sat
S‘ = Specific entropy of saturated steam,
S.g = Specific entropy of saturated water,
P = Pressure,
Ms = Mass of steam in lower plenum,
H; = Mags of water in lower plenum,
4P «D 2 U ;
-3 epressurization rate.
_13-

the
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The lower plenum flashing rates obtained by equation (2) for
Tests S1-SH3 and S1-SH4 are shown in Fig. 3-22. The flashing rate is
the highest just after the break bdalves cpen and then decreases. After
the BOCREC, the average flashing rate is less than C.! kg/s and
negligibly small as compared with the steam generation rate shown in
Fig. 3=27.

The lower plenum flashing rare is larger in Test S1-3H4 than in
Test S1-5H3 just after che break valves open because the depressurization
rate is larger in Tast Si-SH4 as shown in Fig. 3-4. During about 30 s
before the BOCREC, however, the flashing rate is larger in Test S1-SH3
because the water inventory in the lower plenum is larger in Test S1-SH3
as shown in Fig. 3-18 and the depressurization rate is also larger in

Test S1-SH3 during this period as shown in Fig. 3=4.

3.4.3 Wacer Accumulacion 3ehavior in Downcomer

As shown in Fig. 3-23, che collapsed water lavels in the downcome
in Tasts S1-SH3 and S1-SH4 increase gradually up to the final level of
about 3.7 m and then remain at the same elevation during the tests.

The final level is considered to be corresponding to the overflow lewvel
because the liquid level in containment sank-I continues to increase
during the test. The higher liquid level in Test S1-SH3 afcer about

50 s is attributed to the stronger steam binding effect as suggestead
from the higher steam outflow rate shown in Fig. 3-25.

On the octher hand, the collapsed water level in the dcowncomer in
Test S1=-19 increases rapidlv and after reaching the peak of about 5.5 m
the water level decreases and remains at 3.3 = for about 230 s, chough
the ECC water injection rates iatc the iatact c¢cld leg are alamost the

same for these chree tests.

3.5 Fluid Behavior in Hot Lag

Figures 3-24 and 3-25 show the comparisons of zmass flow rates and
void fractions, respectively, at four vertical regions in the hot leg
gpool piece. Region I comprises the upper 3! % of the pipe cross-

- »
/

sectional area, Region 2 comprises the next lower 17 5, Region 3
comprises the next lower 26 I, and Region 4 comprises the bottom 16 2.
These mass flow rates are calculaced from the measured densiries and

drag forces ac each region >y using the homogeneous model.
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The flow direction through the hot leg in Test S1~SH3 is
positive and no flow reversal is observed. On the other hand, the flow
reversal at Regions 3 and 4 is clearly observed in Test S1-SH4 just
before the BOCREC and at the later pericd of the test. The times when
the void fractions in regions 3 and 4 decrease to almost 0.0 in Test
S1=SH4 are in good agreement with the times when the flow reversal is
observed in Fig. 3-24.

The occurrence of hot leg flow reversal is confirmed by the flow
observation through the view window at the lower part of hot leg. No
flow reversal in Test S1-SH3 is due to the higher steam flow rate as

shown in Fig. 3-26.

3.6 Evaluation of Steam Outflow Rate, Steam Generation Rate in Core

and Steam Condensation Rate in Upper Plenum

The steam outflow rate through the hot leg is obtained by subtract-
ing the flashing rate in the steam/water separator Irom the summation of
the steam mass flow rate from the steam/water separatcr to the contain=
ment tank=-II and the steam mass flow rate from the steam/water separator
to the downcomer through the intact cold leg. The £flashing rate in the
steam/water separator obtained by the same method as described in sec~
tion 3.4.2 is negliegibly small as compared with the total steam oucflow

As shown in Fig. 3-26, the steam outflow rate through the hot leg
is significantly higher in Test S!-SH3 than in Test Si-SH4, suggesting
that considerable amount of steam is condensed in the upper plenum in
Test S1-SH4 due to the subcooled water injection into the upper plenum.

Figure 3-27 shows the steam generation rates in the core in these
two tests. The steam generation rate was obtained from the heat balance
calculation in the whole core. Additional steam is generated by the
lower plenum flashing during the depressurization period as shown in
Fig. 3-22. Figure 3-18 shows the total steam generation rates obtained
by the summation of these twc steam generation rates. As shown in this
figure, the total steam generation rate after the BOCREC is slightly
lavger in Test S!-SH4 than in Test S1-SH3, whereas the total steam mass
outflow rate is much larger in Test S1-SH3 than in Test Si-SH4 as shown
in Fig. 3-26 because a part of the generated steam is condensed in the
upper plenum in Test S1-SH4 due to the higher subcooling of UCSP injec-
tion water. In addition, during the first 50 s in Test S1-SH3 and
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the first 80 s in Test Sl-SH4, some amount of the generated steam
flows directly into the downcomer through the bottom of core barrel as
indicated in Fig. 3-18.

Figure 3-29 compares the two steam condensaticn rate in the upper
plenum in Test S1-SH4 estimated by the difference between the total
steam generation rate in the core and the scteam outflow racte through

the hot leg and estimated by the following equaticn:

w, .. _C_4AaT
w‘c - _20] 95 D ~ sub (3)
g

where, HSC = Steam condensation rate,

winj'up. Cpper plenum injection rate,

Cp = Specific heat of water,

;rsub = Subcoocling of the injected water,

ﬂ=3 = Latent neat o>f avaporation.

Equation (3) is derived from the assumption that the whole amount
of injected water into the upper plenum becomes saturated due to the
condensation of steam. Since the fluid temperatures in the upper plenum
are almost saturated except during the first 28 s as shown in Fig. 3-8,
the calculated scteam condensation rate is plausible after about 30 s
from the break valves open.

As shown in Fig. 3-29, the difference between the total steam
generation rate and the steam outflow rate agrees well with the
caleulated steam condensation rate with Eq. (3) after 120 s. The
condensation rate in the upper pleanum is about '.4 k3/s after the
30CREC.

The steam condensation in the upper plenum results in the higher
water accumulation rate in the core for Test S1-SH4 as discussed in

section 3.3.

3.7 Core rhctaal Behavior
3.7.! Heater Rod Surface Temperature

Figure 3-30 shows the comparisons of heater rod surface temperatures
at che elevaticas of 3.19, 1.905 and 0.93 = from the bottom of heated

-16-
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langth between Tests S!1-SH] and S1-SH4. These temperatures are
measured at the center rods of Bundle 4 which are not adjacent to non-
heated rods.

During the first 30 s, the heater rod is cooled especially at the
upper part of core in these two tests dv the fall back water during
this period. The initial cooling of heater rod is slightly larger in
Test $1-SH3, indicating that the initial fall back flow rate is larger
in this test during the first 30 s. However, the core cooling is more
enhanced in Test $'-SH4 than in Test 51-3H3 except the imitial period.
Consequently, the turnaround temperatures are lower and the quench times
are shorter in Test S1-SH4. The cooling enhancement in this test is
attributed to the higher water accumulation rate in the core as
discussed in section 3.3.

It is observed in Fig. 3-30 that the heater rod at 3.19 = in Test
$1-SH4 is quenched at about 20 s and then increases again. The same
temperature behavior is observed in '! rods out of 37 instrumented
heater rods as shown in Fig. 3-36.

Figure 3-30 also indicates that alchough the upper part of core
is cooled by the fall back water during the first 3C s, the core is
mainly cooled by the bottom reflood afzer the BOCREC.

In orde- to investigate the two-dimensional effects on core thermal
behavior, the horizontal distributions of turnaround temperatures at the
elevations of 2.76, 1.735 and 0.52 m are compared in Fig. 3=3! for these
two tests. Ar the lowest power bundles, Bundle 7 and 8, the turnaround
temperatures are lower in comparison to those at the other bdundles for
these two tests in accordance with the radial power profile. The
relatively higher turnaround temperatures in Bundles ! and 2 in Test
S1-SH3 are due to the delayed injection into the upper plenum above
these bundles as mentioned in section 3.!. In Bundles 6, 7 and 8, cthe
turnaround temperatures in Test S1-SH3 are lower than those in Test
S$1-SH4, while those in Test S1-SH3 are higher than those in Test
§1-SH4 in the other bundles, indicating that the amount of initial fall
back water into the core is relatively large at the Bundle 8 side in
Test $1-SH3 due to the nom-uniform UCSP injection during the first 80 s.

The maximum turnaround temperature is 1158 K at 1.735 m in Bundle
1 in Test S1-SH3 and 1119K at 1,735 m in Bundle 6 in Test S1-SH4.
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3.7.2 Quench Characteristics

The quench anvelopes at the central rods in Bundle 4 are compared
in Fig. 3-32 among Tests S1-SH3, S1-SH4 and S1-19 with respect to time
after che BOCREC.

At the upper half of core, the quench occurs earlier in Test
S1=-SH4 than ia Test S1-SH3 while no difference is observed in the quench
times at the lower half of core between these two tests. The quench
times after the BOCREC in Test S1-19 at the lower half of core are in
good agreement with those in the combined injection pre-tests. At the
upper half of core, on the other hand, the quench times in Test S1-19
are later than those in Tests S1-SH3 and SL-SHS.

Figure 3-33 shows the compariscns of gquench envelopes at the
central rods in all bundles in these three tests. As shown in this
figure, the quench front proceeds npward from the doctom of core up €O

the elevation of 3.19 m and the downward propagacion of quench fron

m

from the top of core is limitted above this elevation in most bundles
in these tests. The upward gquench propagation is approximately one-
dimensional in spite of the radial power discribution, whereas the
downward quench proceeds often nonuniformly.

Figure 3-34 and }-35 show the comparisons of radial and azimuthal
distribut _.ns of the quench times after the break valves open, respec-
tively. As shown in these figures, early quenches at the elevation of
2.76 @ are more often observed in Bundles ! and 8, or at the locations
adjacent to the side walls.

In addition, the effect of radial power profile on the quench
cimes is slightly observed in Fig. 3-34 except ac the elevation of
2.76 = in Test S51-SH4. Therefore, it is suggested that the distribucion
of water fall back is much affected by the existance of side walls than
by the radial power profile itself.

Figure 3-36 shows the horizontal distributions of earlier quenched
rods at the elevation of 3.19 @ in Tests S1-5H3 and S1-3H4. The earlier
quenched rod is defined as the rod which experienced the quench before
the BOCREC. Some thermocouples at this elevation indicate the earlier
quench and dry out. Those rods are also shown in Fig. 3-36. As shown
in this figure, the earlier quench tends to cccur at the locations
adjacent to the side walls and the earlier quench alsc tends to
occur more easily at the UCSP injection side than at the UCSP
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extraction side. However, the effect of radial power profile is not
recognized in the distribution of earlier quenched rods.

It is concluded from the above-mentioned quench characteristics
that the upper plenum injection promotes the quench at the upper part
of core and especially at the locations adjacent to the walls. And
furcthermore, the higher subcoocling of the UCSP injection water promotes

the earlier quench at the upper half of core.

3.7.3 Heat Transfer Characteristics

Figure 3-37 shows the transients of heat transfer coefficients at
the elevation of 2.33 = in bundle 4 in Tests Si1-SH3, S51-SH4 and S1-19.
The heat transfer coefficients are calculated with a heat transfer
calculation code "HEATT"{z) developed for the SCTF test analysis. The
heat transfer coefficients in Tests S1-SH] and S'-SH4 temporally
increase during the higher upper plenum injection period due to the
initial fall back as already mentioned and then remain at low values
until the beginning of bottom reflood at 80 s. Adter that time, the
heat transfer coefficients increase again due to the water splahsed up
from the bottom gquench front.

In order to make clear the heat transfer characteristics, the heat
transfer coefficients at the elevation of 2.76, 2.33, 1.905 and 1.38 =
in bundie 4 are plotted against the distance from bottom juench front in
Fig. 3-38. At the upper half of core, the heat transfer coefficient is
higher in Test S!'-SH4 chan in Test 51-SH3 when the distance from bottom
quench front is more tham about 0.5 to 0.8 m while no difference is
observed within 0.5 m from the quench front. At the elevation of !.38
m, on the other hand, the heat transfer coefficient is higher in Test
§1-SH3 than in Test S1-SH4 within about 0.6 = from the bottom quench
front while it is higher in Test S1-SH4 above 0.6 m from the bottom
quench fromnt.

The heat transfer coefficient in Test S'-19 is lower than both
in Tests S!=SH3 and S1-SH4 except the initial peak caused by the
oscillation of water level. The initial peaks of heat transfer coefii-
cients observed in Tests S1-SH3 and S1-SH4 in Fig. 3-37 are not seen in
Fis. 3-38 because the bottom quench fronts are not established unctil 80 s.
The difgctcnco of heat transfer coefficient between the cold leg and

combined injection tests becomes smaller with approaching the quench

-19-
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front. At the elevation of 1.38 m, the heat transfer coefficient is
higher in Test Sl-l9 than in Tests Sl-SH3 and S1-SH4 when the distance
from bottom quench front is more than Q.4 m.

The local water fractions at the elavations of 2.76, 2.33, 1.905
and 1.38 2 in these three tests are plotted against the distance from
bottom quench front in Fig. 3-39. The local water fraccions are
obtained by the ianterpolation of the water fractions calculated from the
vertical differential pressures measursd between core spacaers. As shown
in this figure, the local water fraction is much higher in Test S1-SH4
than in bYoth Tests S1=-SH3 and S1-19 at each elevation with respect to
the distance from bottom quench front except the inital peak observed
in Test S1-19 which is caused by the inirial oscillacion of liquid level
in core. The local water fractions in Test $1-SH3 aloost agree with
those in Test S!-19 at the same distance from bottom quench front
especially at the lower half of core.

Figure J=4<0 shows the relacion between the heat transfer coeffi-
cient and the local water fraction at the elevations of 2.76, 2.33,
1.905 and 1.38 m ia these three tests. As shown in this figure, the
heat cransfer coefficient in Test S51-19 is rather close to that in
Test 51-3H3 if cthe local water fraction is the same especially at the
elevations of 2.76 and 2.33 m, though the heat transfer coefficient in
Test S1-SH3 is higher than that in Test S1-19 if che distance from
quench front is the same as shown in Fig. 3-38., On the ocher hand, the
heat transfer coefficient in Test S1-SH4 is lower than those in Tests
S1-3H3 and 51-19 at the higher water fraction. The water fractions at
the quench front are about 0.25 in Tests S1-SH3 and S1-19 and adout 0.3
in Test S1-3H4 ac the elevations of 2.33 and 2.76 m.

It is cherefore suggested that the heat transfer characteristics
for the combined injection pre-tests are similar to cthose for the cold
leg injection test with respect to the local water fraction when the
temperaturs of water injected into the upper plenum is nearly saturated.
when the upper plenum injecticn water has large subcooling, however,

tae heat transfer characteristics in the core are differeat from those

for the cold leg injection tasc.
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4. Conclusions

Test results obtained from the combined injection pre-tests:
S1-SH3 (saturated water injection into the upper plenum) and S1-SHé
(subcooled water injection into the upper plenum), were evaluated and

the following results wece obtained.

(1) Continuous fall back of subcooled water was not observed even under
the condition with large injection rate of subcooled water into the
upper plenum and with steam outflow through the lower plenum into
the downcomer. The fall back was intermittently limited by the
rapid increase of upward steam flow which was generated in the core
due to the evaporation of the fall back water.

(2) The fall back occurred nonuniformly over the eight bundles.

(3) The possible fall back flow rate astimated with a CCFL correlation
rapidly decreased afcer the BOCREC because of the increase of steam
generation rate in the core.

(4) The higher subcooling of cthe upper plenum injection water resulted
in the cooling enhancement especially at the upper part of core due
tc the following rewson: Since the steam out flow rate was much
lower due to the steam condensation in the upper plenum in the test
with higher subcooling of upper plenum injection water, the steam
binding effect was weaker and therefore the water accumulation rate
in the core was higher in this test.

(5) The rising of liquid level in the lower plenum was suppressed by the
pressurization in the core due to the evaporation of fall back water
before the BOCREC and therefcore the beginning of bottom reflood was
delaved.

(6) The mass outflow through the hot leg was larger in the test with
saturated upper plenum injection water and no flow reversal in the
hot leg was observed in this test, while sign.ficant hot leg flow
reversal was observed in the test with subcocled upper plenum
injection water.

(7) Although the core was cooled by the fall back water during the
period of high injection rate into the upper plenum, the core was
mainly coocled by the bottom reflood after the BOCREC.

(8) No significant effect of radial power profile was recognized on the
core cooling behavior Sefore the BOCREC, but the core cooling was
clearly promoted in the rods adjacent to walls.

-2 -
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Table 2-1 Comparison of dimensions becween SCIF and !,100 Mwe PWR

Ratiu
lcem SCTF i (SCTF/PWR
Quantity ot bunule L 193 1/36.,
Number of Heuatur Kuu 187 91372 V{21 8
Number of Rouus RS TN + 25 LERY 0
Effective Length ot 1 oy
Heater Red (mm) o 3660 P
Rod Pitch (mm) 14,30 14.30 1/1
Diamerer ot Heater Rod (mm) 10.70 10.72 1/1
Diameter of Unheated Rod (mm) 13.80 13.87 1/1
Flow Area of Core (m*) 0.259 “«.76 1/717.7
Effective Core Flow Area
Based on the Measured 0.35 4.76 1/13.8
Level-Volume Relationship(m*)
Fluid Volume of Core Enveloped 0 83 (7 6t .
by Honeycomb Insulators= el .33 1/19.3
Fluid Volume of Lower i 1/22.7
Plenum (m’) 1.305 0be a1
Fluid Volume of Upper i g
He:d (') u.806 19.8 1/23.0
Baffle Region Flow Area (m%) 0.10 y 1.76 1/17.6
Upper Plenum Fluid Volume (m?) 1.16 23.8 1/20.5
Downcomer Flow Area (m‘) 0.121 2.47 1/20.4
UCSP Thickness m) 76 76 171
Steam Generator Inlet Plenum ] 34 5 &
Simulator Volume (m’) 0.9 b 1/18.3
Height of Steam Generator 1.595 1.595 1/1

Inlet Plenum Simulator (m)

Flow Area at the Top Plate of
Steam Generator Inlet Plenum 0.19 4.0 1/21.2

Simulator (m®)

Major Axis Length of Hot Legz 737 736.6 11
Cross Section .

Flow Area of Hot Leg 50826 1,704 1/20.6
(& Loops) Tt : i
Flow Area of Intact Loop 0.0596 {149 1/16.5
(3 Loops) o o ey

1 -~

Flow Arcg of Brcken Cold 0.0179 0.383 1/21 .4
Leg (»°)

* Fluid Volume of Cere Including
Caps between Core Barrel .und 1,76

Pressure Vessel Wwal!



Table 2-2

Inicial pressure
Core center

Containment~-I

Upper plenum or hot

leg injection condi~
tion

Injection rate
(Ace)

Injection ctime
(Aee)

Injeczion rate

T 8CT)
—_—- .

Subcooling

Cold leg injection
sondizion

Injection rate
(Ace)

Injection rate
(LPCID)

Acc Injection time

Wagar temperature
(Acc)

Water cemperature
(LPCI)

JAERI =M 84 - 221

Test conditions for Tests S1-3H3, S1-SH4 and
S1=-19 and calculated results for combined
injeccion mode for a reference PWR

Test S1=SH) Test S'=-SH4 Test S1=19 Calculated results
(Run 528) (Run 529) (Runm 523) for a reference

combined injection

0.56 ¥Pa 0.5 MPa 0.39 wPa -

0.21 MPa 0.2t MPa 0.22 WPa 0.4 MPa
81 kg/s 97 kg/s - 2000-1200 kg/s
28 s 28 s — about 150 s
11 kg/s 11 kg/s — -
about 7 X 57 K -_ 20=4Q K

8 xg/s 84.5 kg/s = B87.5 kg/s 1500-900 kg/s

8.2 kg/s 8.2 kg/s 7.8 kg/s _—

el s 2% 3 2+ s about 130 s
333 K 334 K 339 K 303 X
335 K 33T R 337 K —_

Equivalent value for a referesnce PWR

* Upper plenum injection rate during Acc period

2076 %g/s

#%x Cold leg injection rate during Acc period

18316 3/s
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Table 2-3 Chronologies of events for Tests S1-SH3,

S§1-SH4 and S51-19

(1) Test S1-SH2

Core power "ON"

Core power decay initiation
and break valves open

USCP iniection and extraction initiation

Acc injection initiacion

Maximum ECC injection rate (84 kg/s)

Switch Ace to LPCI

BOCREC

Maximum core temp. (1158 k)

Whole core quenched

Time after core

power "ON"

0 sec

101

101

Time after break

valves open

=101 sec

80

107

431
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{2) Test Sl-SH4

Time after core Time after break

power "ON" valves open
Core power "ON" 0 sec -100 sec
Core power decay initiation 100 0
and break valvcs_opcn
USCP injection and extraction initiation 100 0
Acc injection initiation 103 3
Maximum ECC injection rate (83 kg/s) 124 24
Switch Acc to LPCI 124 P4
B0CREC 181 81
Maximum core temp. (1119 k) 190.5 90.5

Whole core gquenched 489 389




JAERI =M 84 - 221

(3) Test S51-19

Time after core Time after break

power "ON" valves open
Core power "ON" 0 sec -138 sec
Core power decay initiation 138 0
and break wvalves open
Acc injection initiation la2 -
Maximum ECC injection rate (87.5 kg/s) 156 18
BOCREC 157 19
Maximum core temp. (1195 k) 160 22
Switch Acc to LPCI 163 25
wWhole core quenched 378 440
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Intact cold
leg iniection

[ntact cold leg
Hot leg .

Broken cold leg
. ¢ ~S/W separator side

| ®

UCSP injection

-

UCSP extraction

e e ————————

.Er‘Zl—r H | BN S
Q)

\
@ Equaling line
I s ‘
!

Lower plenum injection Brbken cold leg- PV side

(1) Pressure vesel (5) Break valves

@ Steam / water separator @ Flow resistance simulators

(@) Containment tanks
@ Pump simuiator

Fig. 2-1 Schematic diagram of Slab Core Test Facility
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Fig. J-1 ECC water injection rates into intact cold leg
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Test S1-SH3

above 3undles |
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£ {
.
-
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Fig. 3-2 ECC water injection rates into upper plenum
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:

o! 100 200 300 400 Saa0 €00
TIME (8)
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: \ © TEST S1-18

w -
T
B
e A

: U —————
-2_ #}
L “- BOCREC )
B t Break valves open ]
[ ;
C 100 200 300 400 SC00 800
TIME (S)

Fig. 3=4 Pressure transients in core center



JAERI =M 84 - 22!

0.4
PRESSURE IN CONTRINMENT TANK I ]
® TEST S1-SH3
- A TEST S1-SH4
i
< 0.
=
Wl
[+ 4
-
w
w
=0.
a.
- Break valves open
0'10 100 200 300 400 500 500
TIME (S)
0.4
PRESSURE IN CONTRINMENT TANK I |
® TEST S1-18
0.3 4
A
w | 1
R | | | <
e 0.2 o ﬂu\\~_—AD’J-—_e> mp—
- i BOCREC ’
Break valves open
ot 100 200 300 400  S00 600

TIME (S)

Fig. J-5 Pressure transients at top of containment tank-I
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Fig. 3-8 Fluid temperatures in upper pleaunm
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Fig. 3=11 Void fractions in Bundles 2, 4 and 8 at upper part of core
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Appendix A Slab Core Test Facility (SCTF) Core-I

Test Facilicy

The Slab Core Test Facility was designed under the fcllowing

design phylosophy and design criteria:

a.

(1)

(2)

(1)

(3)

(4)

(3)

(6)

Design Philosophy

The facility should provide the capability to study the two-
dimensional, thermohydraulic behavior and core flow within the
r;actOt vessel especially due to the radial power distribution
during the end of blowdown, refill and reflood phases of a simulated
LOCA for a pressurized water reactor.

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. As the components in the pressure vessels
are provided a simulated core, downcomer, core baffle region, lover
pleaum, upper plenum and upper head. On the other hand, simplified
primary coolant loops are provided. As the »rimary coclant loops
are provided a hot leg, an intact cold leg, broken cold legs and a
steam water separator. The object of the steam/water separator is
to measure the flow rate c¢f carryover water coming out of the upper

plenum.

Design Criceria
The reference reactor for simulation to cthe SCIF is the Trojan
reactor in the United States which is a four loop 3300 MWec PWR.
The QCoi reactor in Japan is alsoc referred which is of the siailar
type to the Trojan reactor.
A full scale radial and axial section of a pressurized water reactor
is provided as a simulated core of the SCTF with single bundle width.
The simulated core consists of 3 bundles arranged in a row. Each
bundle has electrically heated rods simulating fuel rods and nen-
heated rod with 16 x 16 array.
The flow ares and fluid volume of components are scaled down based
on the core flow area 3caling.
To properly simulate the flow behavior of carryover water and
entrainment, the elevations of hot leg and cold legs are designed

to be the same as the PWRs as much as possible.

The honeycomb structure is used as the side walls which accomodate
the slab core, upper plenum and the upper part of lower plenuam, so

—&-



(7)

(8)

(9)

(10)
(11)

(12)

(13)

(14)

(15)

(16}
(173
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as to minimize the effect of walls on the disturbance of the core
heat transfer and hydrodynamics.

To investigate the effect of flow resistance in the primary loops

are provided the orifices of which dimension is changeable.

The maximum allowable temperature of the simulated fuel rods is
1900°C and the maximum allowable pressure of the facility is 6 kg/cm2
absolute.

The facility i{s equipped with a hot leg equivalent to four actual hot
legs connecting the upper plenum and the steam water separator, an
intact cold leg equivalent to three actual intact cold legs connecting
the steam water separator and the downcomer and two broken cold legs,
one is for the steam water separator side and the other for the

pressure vessel side.
The ECCS consists of an Acc., a LPCI and a combined injection systems.

ECC water injection ports are the cold leg, hot leg, upper plenum,
downcomer, lower plenum and above the upper core support plate.
These portions are to be chosen according to the object 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 below the bottom of the core.

For measurements in the pressure vessel including core measurements,
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 important.
The locations are, the interface between the core and the upper
plenum, hot leg, pressure vessel side broken cold leg and the down-
comer.

The blocked bundle test is carried out in Core~I in order to investi-
gate the effect cf the ballsoned fuel rods and the unblocked normal
bundle test for the Core-II and -III.

Simulated types of break are ccld leg break and hot leg break.

The components and systems such as the containment tanks and ECC
warer supply system in the CCIF are shared with the SCTF to the
maximum exient.

The overall schematic diagram of the SCTF is shown in Fig.A-1l. The

principal dimensions of the facility is shown in Table A-l, and the

- /9 -
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comparison of dimensions between the SCTF and the referred PWR is shown
in Fig.A-2.

A.l.l 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.

The core consists of 8 bundles in a row and each bundles include
simulated fuel rods and non-heated rods with 16 x 16 array. The core
arrangement for the SCTF Core-I is shown in Fig.A-4, which includes 6
normal bundles and 2 blocked bundles. The core is enveloped by the
honeycomb thermal insulator which is attached on the darrel.

The downcomer is located at one end of the pressure vessel which
corresponds to the periphery of the actual reactor. The core baffle region
is, on the other hand, located between the core and the downcomer. For
bezter understanding, the cross section of the pressure vessel at the
elevation of midplane of the core is shown in Fig.A-5.

The design of upper plenum internals is based on that of the new
Westinghouse 17 x 17 array fuel assemblies. The internals consist of
contrel rod guide tubes, support columns, orifice plates and open holes
and those arrangements is shown in Fig.A-6. The radius of each internal
is scaled down by factor 8/15 from that of an actual reactor. Flow re-
sistance baffles are inserted into the guide tubes. The elevation and
the configuration of baffles plates are shown in Fig.A-7 and A-8.

The height of the hot leg and cold legs are designed as close to
the actual PWR as possible. However, ia order to avoid the interference
of the nozzles in the dewncomer, the height of nozzles for the 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.l.2 Heater Rod Assembly

The heater rod assembly for the SCTF Cove-l consists of 8 bundles
arranged in a row. These bundles are compased of 6 normal unblocked
Sundles which are located at the lst, 2nd and Sch to 8th bundles and
2 blocked bundles which are 3rd and 4cth bundles as showr in Fig.A-d4.
Each bundle has 234 electrically heated rcds and 22 non-heated rods.

The dimensions of the heater rods are based on a 15 » 15 fuel rod bundle,

e P -
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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, magnesium oxide (Mg0O) and Nichrofer-7216 sheath (equialent
to Inconel 600). The sheath wall thickness is about 1.0 mm and is thicker
than the actual fuel cladding because of the requirements {or thermocouple
installaction. The heating element is a helical coil and has a 17 step
chopped cosine axial power profile as shown in Fig.A-9. The peaking
factor is l.64.

Non-heated rods ar» either stainless steel pipes or solid rods of
13.8 sm 0.D. The heater rods and non-heated rods are fixed at the top of
the core alloving the rods to move downward when the thermal expansion
occurs. In Fig.A-10 the axial position where blockage sleeves for simulat-
ing the balooned fuel rod are equipped is shown. The blockage sleeves
consist of three types of sleeve, one is used for the rods at the corner
adjacent to the next blocked bundle, another for the rods adjacent to the
side walls and the third for the rods except for the periphery of the
blocked bundle. These are named A, B and C respectively in the Fig.A-ll
and these configurations for these are shown in Fig.A-121.

For better simulation for flow resistance in the lower plenum the
simulated rods do not penetrate through the bdottom plate of the lower

plenum as shown in Fig.A-10.

A.1l.3 Primary Loops and ECCS.
Primary loops consist of a hot leg equivalent to the four actual hot

legs, a steam/water separator for measuring the flow rate of carry over water,

an intact cold leg equivalent to the three actual 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 contain-
ment tanks through break valves, respectively. The arrangement of the
primary loops is shown in Fig.A-13. The flow area of each loop is scaled
down based on the core flow area scaling. It should be emphasized that
the cross seztion of the hot leg is a elongated circle to realize the
proper flow pattern in the her leg. The steam/water separator has a
steam generator inlet plenus simulator Lo realize the flow characteristics
of carryover water The cross section of the hot leg and the configuracion
of the steam generator inlet plenum simulator are shown in Fig.A-l4.

A oump simulator and a lcop seal part are provtded'for the intact

cold leg. The arrangement of the intact cold leg is shown in Fig.A-15.

-] -
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The pump simulator consists of the casing and duct simulators and an
orifice plate as snown in Fig.A-16. The loop resistance is adjusted
with the orifice place.

In principle, ECCS cocnsists of an accumulator and a low pressure

injection system. The injecticn port is located as already described in

the design criteria. Besides, the UCSP extraction system 1S provided and
the UCSP water injection and extraction systeams will be used for combined

injection Cescts.

A.l.4 Containment Tanks and Auxiliary System
Two containment tanks are provided to the SCIF. The containment

tank-1 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-l, carryover water from the downcomer
1s measured by phase separation. These containment tanks and auxiliarcy
system such as a pressurizer for injecting water from the Acc. tank, etc.

are shared with cthe CCTF.

A.2 Instrumencacion

The instrumencation in the SCTF has been provided both by JAERI and
USNRC. The JAERI-provided instrumentation includes the measurement of
temperatures, pressures, differential pressures, liguid levels, flow
velocities, and heating powers. USNRC has provided fila probdes, impedance
probes, string probes, ligquid level detectors (LLUs), fluid distribution
grids (FDGs), turbine zecers, drag disks, v-densitometers, spool pileces
and video optical probes. The measurement items of the JAERI- and USNRC-

provided instruments are listed in Tables A-1 and A-3, respectively.

Location of each iastrumemt is shown in Figs. A-l7 through A-J4.
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(1) Quantity of Bundle 8 Bundles
(2) Bundle Array 1x8
(3) Bundle Pitch 230 om
(4) Rod Array in a Bundle 16 x 16
(5) Rod Pitch in a Bundle 14.3 am
(6) Quantity of Heater Rod in a Bundle 234 rods
(7) Quantity of Non-Heated Rod in a Bundle 22 rods
(8) Total Quantity of Heater Rods 234 x8=1872 rods
(9) Total Quantity of Non-Heated Rods 22x8=176 rods
(10) Effective Heated Length of Heater Rod 3660 =
(11) Diameter of Heater Rod 10.7 mm
(12) Diameter of Non-Heateed Rod 13.8 =
2. Flow Area & Fluid Volume
(1) Core Flow Area* (nominal) 0.227 w?
(2) Core Fluid Volume 0.92 o’
(3) Baffle Region Flow Area 0.10 '2
(4) Baffle Region Fluid Volume 0.36 o°
(5) Downcomer Flow Area 0.121 =
(6) Upper Annulus Flow Area 0.158 az
(7) Upper Plenum Horizontal Flow Area 0.525 .2
(8) Upper Plenum Fluid Volume 1.16 ‘2
(9) Upper Head Fluid Volume 0.86 13
(10) Lower Plenum Fluid Volume 1.38 33
(11) Steam Generator Inlet Plenum Simulator Flow Area 0.626 m?
(12) Stesm Generator Inlec Plenum Simulatcr Fluid Volume 0.931 @
(13) Steam Water Separator Fluid Volume 5.3 -3
(14) Flow Area at the Top Plate of Steam Generator 3
Inlet Plenum Simulator 0.195 o
{(15) Hot Leg Flow Area 0.0826 -2
(16) Intact Cold Leg Flow Area (Diameter = 297.9 mm) 0.0¢97 -2
(17) 3rcken Cold Leg Flow Area (Diamecer = 151.0 =m=) 0.2179 -2

Table A-1 Principal Dimensions of Test Facilicy

Core Dimension

* Flow arez in the core is 0.35 nz. including the excess flow area of gaps

petween the bundle and the surface of thermal insulator and between the core

barrel and the pressure vessel wall.




(18)
(19)
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Table A-l Principal Dimensions of Test Facilicy

Containment Tank I Fluid Volume

Containment Tank II Fluid Voluxme

Elevation & Height

(1)
(2)
(3)
(4)
(5)
(6)
mn
(8)
(9)
(10)
(1)
(12)
(13)
(14)
(15)
(16)

Top Surface of Upper Core Support Place (UCSP)
Sottom Surface of UCSP

Top of the Effective Heated Length of Heater Rod
Bottom of the Skirt in the Lower B enum

Bottom of Intact Cold Lleg

Bottom of Hot Leg

Top of Upper Plenum

Botzom of Steam Cenerator Inlet Plenum Simulator
Centerline of Loop Seal Bottom

Bottom Surface of Eand Box

Top of the Upper Annulus

Height of Steam Cenerator Inlet Plenum Simulator
dHeight of Loop Seal

Inner Height of Hot Leg Pipe

Bottom of Lower Plenum

Top of Upper Head

30
50

-76
-393
-5270
+724
+1050
+2200
+1933

- 185.

+2234
1595
3140
737
-5770
+2887

a
w

g8 BB AE 0B BB BB BB
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Table A-2 Measurement Items of SCTF
(JAERI-provided instruments)

{ LOCATION z ITEM T' PROBE | QUANTITY
i 1. COPE | | |
center | pressure | OF cel. |

short cange J: core | eatt. press. iOP cel. 2P
half length of ccre idxtf. press. OP cell le |

full length of core diff. press. OP cell | 8
across spacers diff. press. DP cell E L
across end box diff. press. DP cell } 8 f
across 4 assembl.es diff. press. DF cell |
across 8 assemblies diff. press. DP cell i 3 }

below and abcve end box steam velocity Pitot-tube i 3
sub channel steam velocity Pitot-tube 5 =3 |
below end box hole fluid temp. T/C \ 16 |
above end box hole fluid temp. T/C 5 16 |
core baffle fluid temp. T/C ? & f
non-heating rods fluid temp. T/C ' % |
steam temp. sSSP i6 |
clad temp. T/C 1 108 |
heater rods ichd cemp. T/C i 640 :
side walls wall temp. T/C i 3& :
core baffls wall temp, T/C ‘ 6
core baffle liquid level DP cell i 1|
short range of core baffle | liquid level DP cell | 6 |
heated rod power . 8 i
|sun(1039)!
2. UPPER PLENUM l '
centre pressure DP cell ! i ?
across end box tie piate | di1ff. press. OP cell i 8 f
cor? outlet-hot leg inlet gdxf!. press. | OP cell | a |

| periphery of UCSP hole fluid cemp. | T/7 é -

centre of UCSP nole tluid temp. ' T/C s
250mm & 100Umm aoove UCSFH fluid zemp :T/C % of

surface of UCSP fluad rtemp. T/C ! ~
above UCSP hole steam temp. i’ssv ; "

7% -
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Table A-2 Measurement ltems of SCTF (JAERI-provided instruments)
(Continued)
LOCATION ITEM PROBE QUANTITY
i :
surface of structure wall temp T/C 15
! side wall }uall temp. | T/C -
abcve end box tie plate !lxqu;d level | OP cell s |
; above UCS? liquid level | OP cell ; o |
i above UCSP (v.) steam velocity Pitot-tube ; 2 \
inter-structures (h.) steam velocity Pitot-tube ! 2
sum( 97)
LOWER PLENUM 3
below bottom spacer pressure DP cell St
lower plenum diff. press. OP cell |
- upper plenum :
core inlet £fluid temp. T/C i C
inlet from dewncomer £fluid temp. T/C i 2
side § bottom walls | wall =emp. T/C ! C
below bottom space£ iliquid level OP cell i 1l %
g ! sum ( lilj
DOWNCOMER ' | :
; upper position ;pressu:n oP col% g 1 |
i nor:izontal direction | diff. press. OP cell 5 1
: four levels Efluxd temp. | T/C 3
side wall ;wall cemp. | T/C 2
inner wall §uall temp. T/C . 2
below cold leg level {lxquid level OP cell i i
above cold leg level | liquid level oP cell | 1|
below core inlet level iliquid level OP cell 1 |
bottom imon‘ntun flux Drag disk ; 2
{ fsum( 19!
HOT LEG | ‘
¢yll length ;dxtf. press. !DP cell | i
multiple points éflu;d cemp . | T/C ]
é | steam temp. ;SSP 3
: ' wall temp. L rsc 1
; liquid level .DP cell ; 2
L | | 10)

L sumi
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Table A-2 Measurement ltems of SCTF (JAERI-provided instruments)

(Continued)

LOCATION PROBE | QUANTITY

5. S/W SEPARATOR SIDE
BROKEN COLD LEG

across resistance
simulator

diff. press. OP cell

S/W separator to contain- flow rate venturl

ment tank Il
multiple points fluid temp.
steam temp.

wall temp.

INTACT COLD LEG
full length

daift. OP cell

aife.

press.

across resistance
simulator

press. DP cell

dife.

across pump simulator

near resistance
simulator

pump simulator

press.
flow rate

fluid temp.

fluid ctemp.

wall temp.

:DP cell

venturi

PV SIDE BROKEN COLD-
LEG
full length

aCross resistance
simylator

multiple points

pressure
diff. press.

di1ff. press.

fluid temp.

| wall temp.

ligquid level

OP cell
DP cell
OP cell

[ T/C
| v/c
|

| OP cell

. VENT LINE

across the length

diff. pres.

OP cell

|
|
|
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Table A-2 Measurement ltems of SCTF (JAERI-provided instruments)

(Continued)
LOCATION 1TEM | PROBE t QUANTITYJ
| 10. $/% SEPARATOR | ;
| | pressure | OP cell | 1
| |
petween inlet and outlet |diff. press. \DP cell [ 1
SG plenum simulator diff. press. .DP cell g l
5G plenum simulator fluid temp. ‘T/C i 2
top and bottom fluid temp. i?/c 1 |
wall wall temp. iT/C 2
full height liquid level | OP cell | 1
I liguid extraction | flow rate 13? cell ! 1 |
| | 11) |
l ! ] 1sum( i |
| e | | !
11. CONTAINMENT TANK-I . ‘ |
, { pressure '. OP cell ! L
' downcomer-CT-1 l diff. press. { OP cell ' :
‘ |
i ¢T-1-CT-11I | d1ff. press. | oP cell 1
| | | \
'i | £low rate | oP cell | 1 |
] ! | |
i £full height llxquxd level }DP cell ; 1 i
E : i!loat : X
| .
' top, middle & bottom fluid temp. I'.‘/C ' ] ‘
. [ . |
“al. | wall temp. | T/C t S
: ‘ L sum( 100 |
| | i
| 12. CONTAINMENT TANK-II l |
W }
I  pressure DP cell | l
upper plenum - CT-I1I idztt. press. OP cell i 1
H
separator - CT-1I |d1ff. press. OP cell ‘ l
| |
: steam blow line | low rate oP cell | 1
| full height | liguid level DP cell { 3
top, middle & bottom fluid temp. | T/¢ i 3
| | gumi 3)
| ]
1
| 13. ECC INJECTION SYSTEM ? : ,
ACC tank  pressure EOP cell { 1|
! total and LPC! | flow rate | =M flow meter | 2 t
. | ' {
| ! ,' l l
ACC tamk | fluid temp. !1-/c | n
| i
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Table A-2 Measurement ltems of SCTF (JAERI-provided instruments)

(Continued)

LOCATION ITEM ' PROBE | QUANTITY |

-
s

ECC INJECTION SYSTEM
header | fluid temp. | T/C | P

ACC tankx lagquid level | OP cell ‘ 1

i UCSP WATER EXTRACTION | i |
| SYSTEM |
|
|

=
s

extraction line !flou rate l E-M flow meter i B ;
! steam line i!lov rate i OP cell 4
; extraction line ;fluxd temp. | T/C | s |
} steam line %fluxd temp. f?/c 1 1 '
| extraction line ilxquxd level QDP cell , 4
| | sum( 18)

15. SATURATED WATER TANK i !
| fluid temp T/C i 1 :

liquid level | OP cell 1
| | sumi 2)
A - VL .
i |
| 16. NITROGEN GAS SYSTEM '
! |
| flow rate OP cell :
injection port !fluzd temp. T/C 1
| 1mm 2)[
{ J

Total 1267
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Table A-3 Measurement Jtems of SCTF
(USNRC-provicded instruments)
! LOCATION | ITEM PRCBE l QUANTITY
l 1. CORE |
! non-heated rods | laguid level | LLD | 20x4 =80
non-heated rods £11m chickness | £1lm probe o |
‘ iand velocity , |
{ non-heated rods ivoxd fraction and itLaq probe sé
; | droplet velocity | |
| |
side walls | £ilm thickness | £alm probe 4
| and velocity ‘
|
l sub-channel !fluxd density | Y-densitometer 10
end box ! luid density |Y-dcnsx:en¢tc: S|
end box !tlov pattern video optical 1'
3 probe
| 2. UPPER PLENUM | |
| ' . : {
i full height i liquid level { FOG 8x8 =584 i
{ !
| struczure surface | £ilm thickness | £ilm probe )
l | and velocitzy ‘
' side walls !!xlm thickness | £2lm probe 6
| | and velocity : '
‘ inter strocture | vord fraction }pronq probe Bg
| above UCSP nole 'vclocxty | curbine 8 |
inter structure | velocity | Tursine 4
inter structure | €luid density | y=densitcmeter 3
| hot leg inlet ;flou pattern | video optical L;
k . probe |
, ’ J
2 3. LOWER PLENUM !
‘ core inle* ‘vtlocx:y turbine 4
i i )
| botzom | reference reference probe| 1
? | conductivity | ?
I ! !
| 4. DOWNCOMER ! |
| full height L liguid level | Froc IxIx7 = 42
two levels velecity | drag disk ]

two Levels

void frac:zion

|

string probe |
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Table A-3 Measurement Items of SCTF
(USNRC-provided instruments)
(Continued)
Lr LOCATION ‘ ITEM I PROBE QUANTITY
‘ {
| S. MOT LEG
; mass flow rate spoe! piece .
| f
fluid density |
void fraction j
|
6. PV SIDE BSROKEN COLD- !
: LEG mass flow rate spool piece
fluid den:ity
void fraction
7. VENT LI
mass flow rate spool piece l
void fraction
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Appendix B
Tig. No.
3- 1 ~ B-16
B=17 ~ B=20
8-21 ~ 8-22
B-23 ~ B-24
B-25 ~ B-28
B-29 ~ B-30
B-31 ~ B-32
B-33 ~ B-34

B-35

3-36

B-37

3-38

3-39

3-40

3-41 v B=42
B=4] v 3=44
B=453

3=45h

3=-47 3-48
3-<3 * 3-30
8-31 ~ B-32
B-53

3-34

B-33

3-36

3-37

3-33

B-Z3

3=-60

3-61, 3-62
B-63

B-h4

B8=-65 ~ 3=70

JAERI =M 84 - 221

Selected Data of Test S1-SHJ (Run 528)

Measurement item

Heater rod temperature

Fluid
Steam
Fluid
Fluid
Fluid
Fluid
Fluid
Fluid
Fluid
Fluid
Fluid

temperature
temperature
temperature
temperature
temperature
temperature
temperature
temperature
temperature
temperature

temperature

in core

in core

just above end box tie plate
in UCS? holes

on UCSP surface

above UCSP

at core inlet

in downcomer

in hot leg

in intact cold leg

in broken cold leg

(steam/water separator side)

Fluid temperature in broken cold leg (PV side)

Liquid
Liquid
Liquid
Liquid
Liquid
Differ

Differ

lavel in downcomer

level above 2nd box tie plate

level above UCSP

level in hot leg

level in broken cold leg (PV side)

ential pressure of core full height

ential pressure across end box the plate

Horizontal differencial pressure in core

LAl

Differential pressure of hot leg

Differential pressure across steam/water separator

Differential pressure of intact cold leg

Differential pressurs between sfeam/water separator and

containment tank-II

Differential oressure bdetween top of upper plenum and

containment tank-II

Diffarencial pressure between containment tanks I and II

Differential pressure of broken cold leg (?V side)

Pressures

Bundle

powers

in pressure vessel

ECC injection rate into intact cold leg

ECC injection rate into upper plenum
Yoid fractions in core

= 158 =
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Appendix C  Selected Data of Test S1-SH4 (Run 529)
Fig. Ne. Measurement item

c- 1 ~ C-16 Heater rod temperature
C-17 ~ C=20 Fluid temperature in core
C=21 =~ Ce22 Steam temperature in core
C=-23 ~ C=24 Tluid temperature just above end box tie plate
c-25 ~ C-28 Fluid temperature in UCSP holes
-

C=-29 ~ C=30 Fluid temperature on UCSP surface

C-31 ~ C=32 Fluid temperature above UCSP

C-33 ~ C-34 luid temperature at core inlet

C=35 Fluid temperature in downcomer

Cc-36 Fluid temperature in hot leg

c=-37 Fluid temperature in intact cold leg

c-38 Fluid temperature in broken cold leg
(steam/water separator side)

c-39 Fluid temperature in broken cold leg (PV side

C=40 Liquid level in downcomer

C=41 ~ C=42 Ligquid level above end box tie plate

C=43 ~ C=as Liquid level above UCS?
C=43 Liquid level in hot leg
C-46 Liquid level in broken cold leg (PV side)

C=47 ~ C-48 Differential pressure of core full height
C=49 ~ C-30 Differential pressure across end box the plate

€=51 ~ C=-32 Horizontal differential pressure in core

C-53 Differential pressure of hot leg

C=54 Differential pressure across steam/water separator

C=-53 Differential pressure of intact cold leg

Cc-56 Differential pressure between steam/water separator and

containment tank-II
Cc=-57 Differential pressure between top of upper plenum and

-

containment tank~I1

Cc-58 Differential pressure between containment tanks I and II
Cc-59 Differential oressure of broken cold leg (PV side)

Cc-60 Pressures in pressure vessel

Cc-61, C-62 Bundle powers

Cc-63 ECC injection raze inte intact cold leg

C=64 ECC injection rate into upper plenum

C-65 ~ C=-70 Void fractions in core

..1&-
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