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The ROSA-IIT program, of which principal results are summarized in
a report of JAERI 1307, conducted small and largejbreak loss-of-coolant
experiments (RUNs 940 and 941) with high water temperature of the
emergency core cooling system (ECCS) as one of the parametric study with
respect to the ECCS effect on core cooling.

This report presents all the experiment results of these two tests
and describes additional finding with respect to the hot ECC effects on
core cooling phenomena. By comparing these two tests (water temperature
of 393 K) with the standard ECC tests of RUNs 922 and 926 (water
temperature of 313 K), it was found that the ECC subcooling variation had
a small influence on the core cooling phenomena in 5% small break tests
but had larger influence on them in 200% break tests. The ECC subcooling
effects described in the previous report are reviewed and the temperature

distribution in the pressure vessel is investigated for these four tests.

Keywords: ROSA-TIII, BWR, LOCA, ECCS, Simulation Test, Experiment Data,
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1. Introduction

The Rig-of-Safety Assessment (ROSA)-1I1 program(1)(2) was initiated
in 1976 tc study the thermal-hydraulic behavior of a boiling water reactor
G%NR)(3) during a postulated loss—of-coolant accident (LOCA) with the
emergency core coaling system (ECC8) actuation, and to provide the data
bese to evaluate the predictability of computer codes developed for reactor
safety analysis. To mewt these objectives, various kinds of LOCA.tesis
have been perfermed with test parameters of (1) break area, (2) break
location, (3) breek configuration, (4) core heat generation rate, {5)
failure mode of ECCSs including the automatic depressurization system
(ADS), (6) different initial fluid conditions and (7) different ECC
tempsratures. Also the tests were conducted for transients and natural
circulation. Most of these test results have been studied and
published. {4~ (87)

This report presents the experimental results of small and large bhreak
LOCA tests, RUNs 940 and 941, with an objective to clarify the effects of
the parameter (7) of ECC temperature on core cooling phenomena. These
two tests were coﬁducted with assumptions of hot ECC temperature (393 K)
and frilure on the high pressure core spray (HPCS). The break location was
at the recirculation pump suction line in one of the two recirculation
loops and their break areas were 3§ and 200% of the.1/424 scaled BWR recir-
culation line pipe [low area. These two tests are compared with the stan—
dard LOCA tests of RUNs 922 and 926 (ECC temperature of 313 K) to study
the effects of ECC temperature. The effects of hot ECC injection on LOCA
phenomena described in ‘the previous study(57) are reviewed and temperature
distribution in the pressure vessel is precisely studied for these four
tests in this report.

The characteristic features of RUNs 940 and 941 are briefly described
in Chapters 4 and 5. The effects of hot ECC is shown in Chapter 6. All
of the measurements and calculated data of these two tests are listed in
Appendix I. Most of the experimental results and data processing methods
are shown in Appendix Il. Distributions of the maximum heater rod sur-—
face temperature at each thermocouple in RUNs 540 and 941 are shown in

Appendix TII.
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2. ROBA-11I Test Facility

The ROSA-III test facility with an electrically heated core is a 1/424
volumetrically-scaled BWR system and is designed to study the
thermal-hydraulic responses of the primary system the core during the
postulated LOCA. Details of the test facility can he refered to the refe—
rence {2).

The test facility consists of four subsystems of (a) pressure vessel
{(PV), (b) steam line and‘,the_ feedwater line, (¢} recirculation locps and
{d) ECCS. Tigures 2.1, 2.2 and 2.3 illustrate configuration of the test
facility, PV internals and the piping schematics, respectively. Table 2.1
compares the major dimensions of the ROSA-TIT test facility-to the
corresponding dimensions of the reference BWR (3800 MWt). The ROSA-III
PV includes various components éimu]ating the internal structures of the
BWR vessel as shown in Fig.2.4. The interier of the vessel s divided
into the core, core bypass, lower‘plen;urn, upper plenum, downcomer
annulus, steam separator, steam dome and the steam dryer simulator.

The caore consists of four simulated fuel assemblies of half length and
a control rod simulator. Each fuel assemhly contains 62 heater rods (¥Fig.
2.5) and 2 water rods spaced in a 8 X 8 square array and it is supported by
spacers and upper and lower tie plates. The heater rod is heated electri-
cally with chepped cosine power distribution along tﬁe effeciive heated
length is 1880 mm (Fig.2.6). Twc kinds ol power systems are supplied to
the core . The high power supply system with maximum power of 1.26 MWt
was used for the fuel sssembly "A” with a radial peaking factor of 1.4 and
the average power supply system with the maximum power of 3.158 MWi{ was
used for other three bundles "B”, "C” and "D” with radial peaking factor of
1.0. The heater rods in ecach assembly are divided into three groups with
respect to the local heat generation rates as shown in Fig.2.7. The lccal
peaking factor of the heater rods in each bundle are 1.1, 1;0 and 0.875.
The total electric-power is controlled along the predetermined power curve
{see Fig.3.1) and is limitted as 4.24 MW by limitation of the power sup-—
ply system. The orifice plate with 44 mm 1.D. in one assembly is
inserted at each core inlet to control the core inlet flow.

The steam line is connected to the steam dome of the pressure vessel,
A control valve (CV-180) i1s installed in the steam line to control the |
steam dome pressure in the steady state before the initiation of the tests,

and in the transient state to simulate both the pressure control system

_zw
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(PCS) and the safety/relief valve (SRV) operation. The main stieam isola-
tion valve (MSIV) is simulated by quickly closing the CV-130 valve. The
steam line has a branch of the automatic depressurization system (ADS),
of which [low area is simulated by the orifice of OR-4. The operation of
valves in the steam line is described imn Chapter 3. ‘Thé feedwater is sup-—
plied from the feedwater tank (FWT) through the feedwater line (Fig.2.8)
and feedwater sparger (Fig.2.9).

Figure 2.10 shows .the recirculation lines consisted of two loops. Each
line has a recirculatio’n'pump and two jet pumps. The jet pumps are
installed outside the pressure vessel to simulate their relative volume and
relative height to the core in addition to simulate their performances.
Two break simulators and a gquick shut—cff valve (QSV) are installed in one
of these locps to simulate the various break conditions. FEach break simu-—
lator consisis of nozzle or orilice to determine the break size and a quick
opening blowdown valve (QOBV) to initiate the test. The breek mode
{double—ended or spl?t), the bresk size and the bresk location can be
changed as test parameters. The diameter of the largest nozzle and orif-
ice is 25.2 mm [or 190% break area in one break unit. Several [low
nozzles and orifices of different size are prepared to vary the break size.

The ROSA-I11T test facility is furnished with all kinds cf the ECCS’ s
available in the BWR system, i.e., the high pressure core spray (I{PCS},'
the low pressure core spray (LPCS), the low pressure coolant injection
(LPCI), and the ADS. The HPCS and the LPCS spray the cooling water in
the upper plenum. The LPCI injects the cooling water into the core
bypass. Rach ECCS except for the ADS consists of a pump, & tank, piping,
and a control system.

The water level in the upper downcomer was measured by a differential
pressure transducer and used for actuations of MSIV and RCCS's. The LPCS
and LPCI in the BWR/B system are simulated by the low low downcomer
level signal (L1) accompanied with the pressure of 2.16 MPa and 1.57 MPa,
respectively. The standard ADS and the MSIV were actuated as follows.
The low downcomer level (L2) fer the MSIV clesure is 4.76 m above PV
bottom.

LPCS Actuation = (L1 + 40 s ) + (P less than 2.16 MPa)
[LPCI Actuation = (L1 + 40 s ) + (P less than 1.57 MPa}
ADS Actuation = LI + 120 s

MSIV Closure = L2 + 3 s
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3. Instrumentation

The instrumentetion of the ROSA-IIT is designed to obtain thermal-
nydraulic data during the simulated BWR LOCA. The data obtained from the
experiments will contribute to assess the analytical computer codes for
LOCA analyses and to investigate the transient fluid and fuel responses
during the simulated LOCA. Table 3.1 summarizes instrumentation list for
the No.4 simulated fuel assembly used in the present tests. The measure-—
ment list including the core instrumentation and calculated data list are
shown in Appendix Il (Table A.1l through A.3). Instrumentation locations
are shown in Fig.3.1 through Fig.3.6. Typical measured parameters in the
ROSA-111 are pressure, differential pressure, [low rate, electric power,
pump speed, fluid and metal temperatures, collapsed liquid level,
two—phase mixture level, fluid density and trip signals.

Pressure and differential pressure transducers are two-wire, direct-
current type which convert diaphragm displacement to electric capacitance.
The pressure lead pipesiare either the standard single, cylindrical pipes
used in conjunction with condensate pots, or dual cencentric cylinders
capeble of the circulation of coeling water to prevent flashing of the
fluid.

The flow rate is measured by four types of instrwgnentations, i.e.,
turbine flow meter, orifice type flow meter, Venturi type flow meter and
momentum flux measurement equipment depending on the fluid conditions and
measuring locations. The turbine flow meter is used for subconied water
flow such as ECCS injection flow and feedwater flow. The orifice type
flow meter is used for both flows i.e, one is steam line [low including
ADS flow and ancther one is jet pump discharge flow in the broken loop.
The Venturi flow meters are used for recirculation flows in both loops and
jet pump discharge flow in the intact loop. The mementum [lux measure—
ment using drag-disk is used for the break flow (sse Appendix IT).

The tenumraturés of the fluid, structural material and heater rod
cladding are measured with chromel-alumel thermocouples {(CA T/CYy of 1.5
or 1.0 mme. The thermocouples lor heater rod cladding temperatures are
imbedded at the surface of the cladding as shown in Fig.2.5. There are
seven (maximum) thermocouples for one heater rod along the axial direc—
tion. |

Liquid levels are measured by either differential pressure transducers,

described abeve or needle type electrical conductivity probes (CP) deve-—
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loped in the ROSA-III program. The probes are distributed along the ves—
sel height to detect existence of the water or vapor at different levels.

The electric power supplied to the simuiated fuel rods is controlled to
follow the predetermined power curve with function of time and measured
by a fast response electric power meter. 7

Pump speed is mesasured by & pulse generator integral of the pump.

Trip signals such as selected valve pesitions and pump coastdown initiation
are detected in order to record the exact actuation times of irip signals.

Fluid density in the pipe is measured by means of gamma densitome—
ters. Preliminary studies indicate that two-beam and three—beam densito-
meters should be used to determine the flow regime. Figures 3.7 and 3.8
show the beam directions of the three—beam and two—beam gamma
densitometers. The gamma-ray source is 137Cs and the detector is a water
cooled Nal(Tl) scintililation counter.

Momentum flux is measured by a drag disk as shown in Fig.3.9. The
combination of signals frem a drag disk and a gamma densitometer is used
to determine the two-phase flow rate as shown in Fig.3.10.

The data acquisition system ( DATAC 2000B, Iwasaki Tsushinki Co. )
SCANS afl of signais with the frequency up te 30 Hz. The data recorded con
magnetic tape are processed into 1000 points for data plotting by the
FACOM M780 system computer al JAERI by off-lire control. After evalu-
ation, for example by comparing the initial and final pressure values with
standard values, the data is reprocessed using the correct conversion fac—
tors as determined from the consistency examination.

More detailed information on the data processing procedures are shown

in Appendix Il and are available in reference (55).
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4., Test Conditiens and Procedure

The test conditions of RUNs 940 and 941 are the same except for the
break areas as snown in Table 4.1. The valve characteristics,and control
sequences for the steam line valves are shown in Tables 4.2 and 4.3,

respectively.

4.1 5% Break Test with Hot ECC Injection (RUN 840)

The break orifice of 5.9 mm I.D. was used at the break uniit B for RUN
940 . The measured initial test conditions were; steam domw-pressure of
7.36 MPa, ltotal core power of 3.97 MW, core inlet mass [low of 16.5 kg/s,
core inlet subcooling of 10.2 K, main steam [low of 2.04 kg/s, feedwater
flow of 2.04 kg/s, and corrected PV water level of 5.11 m.. The initial
average [luid guality in the upper pleﬁunu was estimated as 12.5%. The
initial core power corresponds to 44% of the 1/424 scaled BWR/B rated
power. The initial core flow was lowered to establish the similar
enthalpy djstributjon.across the core as in the BWR rated condition.

RUN 440 was perflormed by the following procedures (refer Table 5.1).
Break was initiated by guickly opening the QOBV in the bresk unit B. At
the same time, the power supply to both recirculatioﬁ pumps was termi-—
nated and the pump speed coasted down rapidly. After the break, the
steady state core power was maintained for 9.0 seconds and then decreased
along the power curve shown in Fig.4.1, which simulated the heat transfer
rate to coolant during a hypothetical BWR/LOCA. (56} The steam flow to
heat up the feedwater from the third steam line was manually stopped
immerdiately after the break by closing the valves CV-1 and CV-2. The
pressure control valve (CV-130) in the same line was [ully opened immedi-
ately after the break to simulate the 1/424 scaled steam fiow by using the
orifice {OR-3). The feedwater supply was terminated during 2 and 4 s
alter the brealk.

The MSIV was Lripped to close a2t 23 s alter the break by L2 trip level
with time delay of 4 s. ADS was acluated at 162 s alter the break by LI
level trip with a time delay of 123 s. The LPCS was actuated at 330 s
after the break (at 2.2 MPa of the system pressure) and LPCI was ectuated

41 443 s after the break (at 1.7 MPa of the system pressure).
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4. Test Conditions and Procedure

The test conditions of RUNs 940 and 941 are the same except for the
break areas as shown in Table 4.1. The valve characteristics and control
sequences for the steam line valves are shown in Tables 4.2 and 4.3,

respectively.

4.1 5% Break Test with Hot ECC Injection (RUN 540}

The break orifice of 5.9 mm I.D. was used at the break unit B for RUN
840, The measured initial test condilions were; steam dome Vpressure of
7.36 MPa, total core pewer of 3.97 MW, core inlet mass flow of 16.5 kg/s,
core inlet subcooling cof 10.2 K, main steam flow of 2.04 kg/s, feedwater
flow of 2.04 kg/s, and corrected PV water level ol 5.11 m.. The initial
average fluid quality in the upper pleﬁum was estimated as 12.5%. The
initial cors power corresponds to 44% cof the 1/424 scaled BWR/6 rated
power. The initial core flow was lowered to establish the similar
enthalpy distributicn across the core as in the BWR rated condition.

RUN 940 was performed by the following procedures (refer Table 5.1).
Break was initiated by quickly opening the QOBV in the break unit B. At
the same time, the power supply to both recirculation.pumps wag termi—
nated and the purmp speed coasted down rapidly. After the break, the
steady state core power was maintained fer 9.0 seconds and then decreased
along the power curve shown in Fig.4.1, which simulated the heat transfer
rate to coclant during & hypotheticeal BWR/LOCA.(58) The steam [low to
heat up the {eedwater from the third steam line was manually stopped
immerdiately after the break by closing the valves CV-1 and CV-2. The
pressure control valve (CV-130) in the same line was fully opened immedi—
ately after the break to simulate the 1/424 scaled steam fiow by using the
orilice (OR-3). The feedwater supply was terminated during 2 and 4 s
alter the bresk.

The MSIV was tripped to close at 23 s alter the break by L2 trip level
with time delay of 4 . ADS was sctuated at 162 s aftler the break by LI
level trip with a time delay of 123 s. The LPCS was actuated at 330 s
after the break (at 2.2 MPa of the system pressure) and LPCI was actuated

at 443 s after the break (st 1.7 MPa of the system pressure).
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The test was performed cn September 11, 1981. The experiment data
acquisit'ion system started 120 s prior to the break initiation and termi-
nated after completion of core reflooding {(at 933 s after the break). Most

of the instruments functioned successfully. .

4.2 200% Break LOCA Test with Hot ECC Injection (RUN 941)

The break nozzles (Fig.4.2) of 26.2 mm [.D. were used at the break
units of A and B. The measured initial test conditions were almost the
same as in RUN 9849, i.e., the steam dome pressure of 7.35 MPa, total core
power of 3.96 MW, core inlet mass f{low of 16.5 kg/s, core inlet subcool-
ing of 10.2 K, main steam flow of 2.02 kg/s, feedwater [low of 2.04 keg/s,
and corrected PV water level of 5.11 m. The initial average fluid quality
in the upper plenum was estimated as 12.5% and the initial enthalpy
distribution in the system in RUN 941 was the same as in RUN $40.

RUN 941 was performed as follows (ref. Table 5.2). The break was
initiated by quickly opening two QOBVs in the break units A and B. At the
same time, the quiék shut valve (QSV) between the two break units was
quickly closed and the recirculation pumps began to coast down was guickly
¢losed and the recirculation pumps began to coast down rapidliy. The same
core power curve (Fig.4.1) was used. The steam liﬁe valves, CV-1 and
CV-2 were closed guickly after the break. The MSIV was tripped at 5.4 s
after the break. The LPCS was actuated at 70 s after break (at 2.3 MPa of
the system pressure) and the LPCI was actuated at 95 s after the break (at
1.7 MPa of the system pressure).

The test was performed on July 8, 1981. The experimental_ data acquis—
ition system was started 111 s prior to the break initiation and continued
up to 854 s after the break. Most of the instrumentation functioned

successfully.
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5. Test Results of RUNs 940 and 941

5.1 Test Results of RUN 940

Characteristic phenomena of ithe 5% recirculaticon purﬁp suction line
break test (RUN 940) are described in this section with respect to (1) the
pressure responses and related major events, (2) [luid the flow rates and
densities, (3) the water ‘levels and mass inventory in PV, and (4) the hea-
ter rod (simulated fuel rod) femperature responses related to the core
mixture level. Typical experiment data of RUN 940 are shown in Figs.5.1
through 5.20 and = chronology ¢f major events and test procedﬁres are shown
in Table 3.1 {Most of .the experiment data of RUN 94C are presented in
Appendix I1).

{1) Pressure Responses and Major Events

Shown in Fig.5.1 is the steam dome pressure responses which is repre—
sentative of all the pfimary system in RUN 940. Timings of the following
events are alsc shown in the figure, i.e., closure of the main steam
isclation valve (MSIV, 23 s), actuation of the automatic depressurization
system (ADS, 162 s), and actuations of the LPCS (33015) and LPCI (443 s3}.
The core dryout occcurred twice in the test period of RUN 940, i.e., a tem-
porary dryout at the top of core between 137 s and 166 s (4 s after the ADS
gctuation) and an overall dryout due to level decrease between 213 s and
474 g {31 s after the LPCI actuation). The core dryout and quench pheno-—
mena are described later in detail.

The system pressure responses are related to these major events as
shown belew. The break was initiated by guickly opening the break valve
{ROBV) in the break urnit B at time zerc and the primary fl-uid flewed into
the break area. frurﬁ the two paths, i.e., cne is {rom the downcomer
through the main recirculation pump (MRP) suction line, and another one is
from the lower plenum through the jet pumps.and MRP discharge line. In
spite of this water discharge through the break area and an additional
increas of the steam discharge thrcough the main steam line (MSL), the
system pressure was kept at 7.3 MPa due tc the continuing heat generation
in the core until 9 s after the break. The system pressure began to

decrease at this time due to the core power decay (see Fig. 5.2).

_8_
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At the same time of break initiation, the two MRPS began to coast
down resultig in the rapid core flow decrease (see mnext section). The
feedwater supply was stopped between 1.7 and 3.1 s after the break.

The system pressure decreased to 6.7 MPa at 21 s after the break and
was kept to the level by the pressure control system (PCS) for a short
time. The MSIV closure, which was tripped by the L2‘ level signal with &
time delay of 4 s, causaed the repid pressure increase until the relief
valve (RV) began to operate at the system pressure of 8.18 MPa.
Thereafter, the system ‘prressure was maintained higher then 8 MPa until the
ADS actuation. During this high-pressure period, the RV operation was
terminated (at 126 s) according to the lowered steam generaticn in the
core and thereafter, the system pressure began to decrease gradually (by L1
level signal with a time delay of 123 s).

The ADS opening at 1682 s after the break caused rapid depressurization
as shown in Fig. 5.1. Two-phase [low began to discharge through the break
area immediately after the ADS actuation. As the ADS orifice (15..5 mm
1.D.) flow area was 6.9 times of the bresk area, the steam flow rate
through the ADS (see Fig. 5.4) had controlling effect on the depressuriza—
tion rate after the.ADS opening. The lower plenum flashing (LPF} began to
initiate between 170 and 180 after the hreak and thereaftsr lowered the
depressurization rate. The LPCS and L.PCI were tripped to actuate by the l
L1 level signal with & time delay of 40 s and actuéted at their designed
pressures of 2.3 and 1.7 MPa, respectively. Their actuaticn timings were

168 s and 281 s after the ADS actuation timing, respectively.
{2) Fluid Flows and Fluid Densities

Shown in Figs. 5.3 and 5.4 are the total break flow rate and steam
discharge {low rate, respectively. The break flow was almost constant for
the initizl 162 s and abruptly decreased after ADS actuation. The nagative
break flow rate after the ADS actuation is incorrect and this reason may
be ascribable to an error of the rapidly changed momentum {lux data after
flashing initiation in the break {low (see upstream-side f{luid density in
Fig. 5.11). The steam flow was slightly increased immediately after the
break due to fully opened pressure control valve (CV—130) and decreased
after the MSIV closure operation. A small steam flow was discharged dur-
ing the RV cpeation period (from 69 to 126 s). The ADS steam flow is

shown after 162 s.
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The injected flow rates for the feedwater &nd ECCSé are shown in Figs.
5.5 and 5.8, respectively. Although the feedwater {low was completely
stepped at 3.1 s after the break, some amount of two-phase fluid flowed
into the downcomer after initiation of the [eedwater f{lashing (see some
spikes between 357 and 464 s). The initial [eedwater temperature was 489
K. The injection flows of the LPCS and LPCI systems (Fig. 5.6) were
measured by the turbine flow meters. The LPCI flow rate was approxi-
mately 3 times of the LPCS flow rate. The total ECC flow rate is also
shown in Fig. 5.6. ‘

The core inlet flow rates are shown in Figs. 5.7 and 5.8. These mass
flew data are valuable for a single—phase water flow condition (before the
LPF initiation at 170 s and after the LPCI actuation at 443 é). The total
core inlet flow rate rapidly decreased after the MRP coastdown initi-
atien. As the forced circulation flow almost stopped within 10 s after.
the break, the positive flow after this shows a natural circulaticn flow
through the core. The core inlet'flow became almost zero for the RV oper-
ation peried {from 69 td 126 s}. After the LPCS initiation, a large cohe—
rent flow oscillation was observed among the four bundles and guide tube
region. Similar flow oscillation was observed after the LPCS actuation.
The net core inlet flow rate bacame negative after the LPCS gctu— ation.

It is shown that the channel A inlet flow rate was slightly higher than
the others for all the test period and especially highér after the LPCI
actuation.

Shown in Figs. 5.9 through 5.11 are fluid densities at the JP1, 2
outlet region, MRP side of the break and PV side of the break. These
filuid densities showed almost constant before the ADS opening correspond-
ing to each water condition. The break flow shown in Fig. §.3 is mainly
contrelled by the PV-side discharge flow with the densiiy shown in
Fig. 5.11. The PV-side discharge {low became almost steam flow after the
ADS actuétion {the downcomer water level already reached fhe recirculation
line nozzle elevation &t 155 s after the break). The significant density
recovery was observed after the LPF initiation. On the other hand, the
JP1, 2 outlet fluid density showed that signfficant water mass remained in
the jetpumps even after the LPIF initiation. The break density increase

was observed at 417 s (87 s after the LPCS actuation) at the PV side of the

break.

(3) Water Level and Mass Inventory in PV
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Collapsed water level was measured in the upper and lower downcomer
regions as shown in Fig. 5.12. The upper downcomer leve! (between 3.9 and
6.0 m ahove the PV bottom) became zero at 46 s after the break and at the
same time, the lower downcomer level (between 0.94 and 3.5m) began to
decrease. The L2 level (4.78 m above PV bottom) tripped at 19 s and the
Ll level {4.25 m above PV bottom) tripped at 3% s after the break. The
lower downcomer level decreased below the jet pump suction line (2.8 m
above PV hottom) at 114 s after the break and thereafter it decreased
faster than the previouge,t.ime period. The downcomer mass recovery is
shoewn at 444 s after the break.

Shown in Fig. 5.13 are the differential pressures (DPs) between the
lower plenum and upper plenum (0.1 and 4.25m, PD21), and between the
upper plenum and steam dome (4.25 and 6.04 m, PD22), respectively. A
sum of these two DPs is equivallent to a collapsed level inside the
core—shroud {see ILM728 in Fig. 5.14). Trom these DP responses, it is
shown that the mixture level inside the core shroud became lower than 4.25
m at 58 s after the break. It is alsc shown from the heater rod tempera-
ture resposes that the core top part (Pos. 1, 3.42 m abve PV bottom)
became uncovered at 137 s. Thus, the mixture level passed through the
upper plenum during 68 and 137 s. As the collapsed water level inside
core—shroud (LM 728) was 3.28 m &t 137 s after the break, it is shown that
the mixuture level was close to the collapsed level. inside the core—shroud
before the ADS actuatlion timing.

A large upward steam {or high quality two-phase) flow passed through
the steem separator toward the MSL after the ADS sctuation and increased
the P22 value. As the fluid mass decreased. PD 21 and PD 22 became
lower. The downcomer collapsed level (LM 727 in Fig. 5.14) is a sum of
IM 68 and LM 69 shown in Fig. 5.12. These are used for estimation of the
mass inventory in the downcomer and inside the core-shroud shown in Fig.
5.15.

Mass inventory in the downcomer region is correct in the blowdown
phase, whereas that inside the core—shroud is incorrect through the test
period because of void distributions through and above the core. However,
these data can be used for rough estimation of the PV mass inventory. The
PV mass inventory was approximately 300 kg at the temporary core dryout
initiation time of 137 s (at the constant system pressure of 8 MPa) and

was approximately 44% of the total initial mass inventory of 678 kg
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(raf. 1 excluding the feedwater line volume). In the depressurization pro-—
cessg after the ADS actuation, the core top part showed the second dryout
(213 s) at the PV mass inventory of approximately 230 kg (34% of the total
initial mass inventory). And the PV mass inventory at the fipal core
quench (474 s) was approximately 250 kg (37% of the total initial mass
inventory). It is shown that both of the overall core dryout initiation
and quench completion were observed at a mass inventary ratio (compared to
the initial total mass) between 30 and 40% in the depressurization process
after the ADS actuation, ;nd,that there may be no core dryout in a case of

larger mass inventory ratio than 40%.
(4) Heater Rod Temperature Responses and Core Mixture Level

Shown in Fig. 5.16 through 5.18 are the surface tMﬁperﬁtures of heater
rods, All, A22 and C22. All rod is a high power rod {lcecal peaking factor
of 1.1) and A22 rod is an average power rod (1bca1 peaking factor of 1.0).
Both of these are in the high power bundle A (radial peaking factor of
1.4). €22 rod hes local and radial peaking factors of 1.0 and 1.0,
respectively. Shown ih Fig. 5.19 are the water rod surface temperatures
of A45 rod. Shown in Fig. 5.20 are the liquid level (mixture level) data
measured by the conduction probes 4t seven elevations corresonding to the
surface temperature measurements for All, A22, C22 and A45 rods.

It is shown [rom these figures that (1) the dryout and guench timings
of the heater rods for both temporary and overall core dryout periods are
closely related to the mixture level trajectories given by the conduction
probe data, (2) the LPCS water contributed to partial ccoling of heater
rods, especially in the upper core region, (3) the middle and lower core
regions were quenched later than the upper core region, and (4) all the
heater rods were quenched within 31 s after the LPCI actuation. The peak
cladding temperature (PCT) was observed as 842 K at 415 SI{BS s after the
LPCS actuation) at-A71 rod position 4 (the highest power region, see Table

5.2).
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5.2 Test Results of RUN 941

Characteristic phencmena of the 200% recirculation pump suction line
break test (RUN 941) are similarly described in this section as of RUN
840 in the previous section. Typical eperi‘ment data of "RUN 941 are shown
in Figs. 5.21 thrugh 5.40 and & chreniology of major events and test proce—
dures is shown in Table 5.3 (Most of the experiment data of RUN 941 are

presented in Appendix I11).
(1) Pressure Responses and Major Events

Shown in Fig. 5.21 is the steam dome pressure, which is representative
of all the system except for the broken recirculation leop in RUN 941.
Timings of major svents such as the MSIV closure (5.4 s), recir-
culation—-pump suction line uncevery {RLU, 13.5 s), lower plenum flashing
{LPF, 17 s}, feedwater line flashing (68 s), LPCS actuation (70 s), LPCI
actuation (95 s) and 'ADS opening (131 s), are shown in Fig. 5.21. Time
periods for the temporary core dryout (from 3.2 to 30 s) and the overall
core dryout (from 35 to 179 s) are also shown in Fig. 5.21.

The system pressure responses are related to these major events as
shown below. The break was initiated by quickly opening two break valves
{Q0OBVs) at time zero and quickly closing the quick shut valve (QSV)
located between the two break units. Thereafter, the primary fluid flowed
put through the two break areas (26.%2 mm I.ID. [lor one break). The MRP
side discharge flow was limitted by the critical flow choking at the nar—
row flow area of the jet pump drive nozzles, of which total area was 21 %
of the 100 % hreak area. As the PV side discharge flow was limitted at
the 100 % hreak area, the effective choking flow areal ) for this 200 %
guilltone break LOCA was reduced to 121 %. The broken loop pressure was,
therefore, slightly lower in the PV side break flow path and significantly
lower in another break flow passed through the jet pump drive nozzles.

After break initiation, the steam dome (system) pressure began to
decrease until initiation of the MSIV closure, whichk changed the pressure
to increase. The system pressure began to rapidly decrease after the
recirculation line uncovery (RLU) at 13.5 s. After the LPF initiation at
17 s, the depressurization rate temporary decreased.

At the same time of break initiatien, the two MRPs began to coastdown

resulting in the rapid core flow decrease. The feedwater supply was
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stopped similarly as in RUN 94¢. The core power was controlled as shown
in Fig. 5.22.

The system depressurization was temporarily stopped at 68 s due to
initiatioen of feedwater line flashing {(at the system pressure of 2.15 MPa)
and the LPCS actuation was slightly delayed from this. The sr‘nall amount
of remained feedwater (30.kg) had a little affect on the depressurization
rate at the significantly-degraded mass inventory condition for the primary
system. (At 68 s, there was no water mass in the downcomer and almost
all the core was uncovered‘f ‘The roughly estimated mass inside core—shroud
(ref. Fig. 5.35) was approximately 100 kg at this time and the estimated
mass of LM 728 in the figure was significantly over estimated during the
time period before the feedwater flashing initiation}. '

The system pressure decreased slightly after the LPCI actuation due to
condensation in the core bypass region. After a while, the system pfesf
sure was kept almost constant under the continuing core power supply and

mass recovery in PV.
{2) TFluid Flows and Fluid Densities

Shown in Figs. 5.23 and 5.24 are the total break flow rate and steam
discharge flow rate, respectively. The total break flow rate was mainly
controlled at the PV side discharge flow rate, which showed rapid decrease
after the RLU {see fluid density cf DE 704 in Fig. 5.31). The MSL steam
flow was stopped by the MSIV closure until the ADS actuation at 131 s.

As the ADS [low area was 29 % of the total effective choking flow area in
RUN 941 and the system pressure already decreased to lower value (0.9
MPa) at 131 s, the ADS effect was very small on the pressure responses.

The injected flow rates for the feedwater and ECCSs are shown in
Figs. 5.25 and 5.26, respectively. The violent flashing in the feedwater
line was 'shown at 88 s in Fig. 5.25. However, the mass flow rate after
the flashing 1is not correct because the flow rate was measured by a tur-
bine flow meter for a single—phase water {low. The LPCS and LPCl injec~
tion flows were measured also by turbine flow meters. A total ECC injec-
tion flow rate is also shown in Fig. 5.26.
~ The core inlet flow rates are shown in Figs. 5.27 and 5.28. These data
are valuable for ths water [low condition before the LPT initiation and can
be used for qualitative or relative fluid behaviors fer two—phase flows

after the LPF -initistien. After the MRP coast down at time zera, the



JAERI—-M 90—051

total core flow rate (Fig. 5.28) rapidly decreased and became almost zero
after the MSIV closure. After the LPF initiation, a large upward flow
was induced at the core inlets. Each channel inlet flew after 30 s (after
the LPF effect being moderated) was, however, was very different as shown
in Fig. 5.27, i.e., the highest ccre flow i-n channe A, & slightly leower
core flow in channel C, nearly zero flow in channel D and a downward f{low
in channel B. This indicate different flow patterns among the four paral-
lel channels under thekcondition of lower total core inlet flow rate.
During this time period, the overall core dryout was initiated in each
heater red bundie.

The feedwater flashing, which caused steam—generation in the upper
downcomer, contributed to suppress steam generation in the lower plenum
region and consequently caused the CCFL bresk at all the channel inlets).
This mass discharge {rom the cors into the lower plenum resulted in addi-
tional dryout initiation at the lower core region. After a short time
from the LPCS actuation at 70 s, upward core inlet f.low was induced in &ail
the channels. After the LPCI actuation at 95 s, contrary flow directions
wre observed between the high-power channel A and other three channels as
shown in Fig. 5.27.. The totsl core inlet flow direction was downward
aflter the LPCI actuation (Fig. 5.28).

Shown in Figs. 5.29, 5.30 and 5.31 are the fluid density data measured
at the intact loop jet pump outlet, upstream of tﬁe MRP side bhreak, and
upsteam of the PV side break, respectively. It is shown in Fig. 5.28 that
there was a significant fluid mass remaining in the intact loop jet pump
cutlet for all the test pericd. On the other hand, there was little water
mass in the broken loop after the steam discharge at RLU initiation {see
Figs. 5.30 and 5.31). The MRP side discharge [low was almost steam flow,
whereas the PV side discharge flow showed density increase at 50 s after

the LPCI actuation.
(3) Water Level and Mass Inventory in PV

Collapsed water level was measured in upper and lower downcomer 4as
shown in Fig. 5.32. In the first 8 s after the break, the upper downcomer
level became zero and the L2 and L1 trip signals were sent at 3.0 and 7.7
s, respectively. The lower downcomer level reached the recirculation line
nozzle elevetion (0.%4 m abcve the PV bottom) at 13.5 s after the break.

Due to large downcomer flow toward the break units, these cellapsed water
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levels include some frictional pressure loss and therefore shifted slightly
from the cotrrect level data {(if there were no frictional pressure loss, the
level changes should be consistent at the boundary of upper and lower down-—
camer level megsurements as shown in the 5 % break test of Rlﬁﬁ 940). The
downcomer water mass was almost zero even 100 s after the LPCI

actuation. Mass recovery [in the lower dewncomer was observed at 200 s
after the break.

Differential pressures between the lower plenum and upper plenum (PD
21), and between the upper‘plenuni and steam dome (PD 22) are shown in
Fig..5.33. A sum of these two differential pressures is consistent to the
collapsed level the imnside core—shroud (LM 728) in Fig. 5.34. The col-
lapsed level in the downcomer (LM 727) is reduced from the water levels
(LM 68 and LM &9) shown in Fig. 5.32. Thus, LM 727 also include frie—
tional pressure loss effect. The pressure loss through the core regibn is
found in the collapsed water level of LM 728. Namely, the collapsed level
inside core shroud abruptly incredsed by 085 m after the LPF initiation (17
gy and abruptl? decreased by 0.75 m after the feedwater flashing initiation
(68 s) despite of small mass change during & short time. Therefore, the
ectual collapsed level inside core shroud may be lower than the LM 728
data by 0.7 — 0.9 m.

Shown in Fig. 5.35 are the estimated mass inventories in the down—
comer and core—shroud regions. The mass inside the core-shroud (EV 730}
is over—estimated during a time period between 17 and 68 s due to a reason
shown above. Actual mass inside core shroud can be roughly corrected as a
broken line in Fig. 5.35.

It can be shown that the mass inventory inside core shroud was apprex-
imately 190 kg at the timing of overall core dryout initiation (35 s) and
it corresponded to approximately 28 % of the total initial mass inventory
for the primary system. This mass inventory ratioc is slightly lower than
that in the 5 % breek LOCA test of RUN 940 (approimately 34 %). And the
mass inventory inside core shroud in RUN 941 was approximaiely 300 kg
(44 % of the initial value) at the time of [inal core quench at 175 s.

This mass inventory ratic at the final core quench in RUN 941 was sitightly
higher than in RUN 940 (37 % of the initial value). Thus, the differences
between the mass inventories of two tests are within 10 % of the total
initial mass inventory for initiation or completion of the overall core

dryout.
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(4 Heater Rod Temperature Responses and Core Mixture Level

Shown in Figs. 5.36, 5.37 and 5.38 are the surface temperatures of hea—
ter rods of All, A22 and C22, respectively. Shown in Fig. 5.39 are the
surface temperatures of the water rod A45.7 Shown in Fig. 5.40 are the
liquid leyvel (mixture level) data measured by the conduction probes at the
same elevations as the heater rod surface temperatures shown above.

1t is shown from these figures that (1) the dryocut and gquench timings
of heater rods are clos‘ely related to the mixture level trajectory, (2)
temporary ccre dryout was cbserved soon after the core flow coast down in
the upper core region (positions 1 through 3) and completely diminished by
swelled mixture level in the core at 13 s after the LPF initiation, {3)
the whole core was uncovered just after the feedwater flashing initiaticn
(during 35 s from the core top dryoui initiation), (4) the core guench was
partially conducted in the upper core by the LPCS injection and completely
conducted by the LPCI injection {(within 84 s from the LPCI injection
time}. The peak cladding temperature (PCT) was observed as 790 K at 116 s
(21 s after the LPCI actuation) at A7l rod position 4 {(the highest power

region) as shown in Table 5.4.
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6. Effects of Hot ECC Injection on LOCA Phencmena

Effects of hot ECC water injection on both small and large break LOCA
phencmena were previously studied in the report(57) and are reviewed at
first in this chapter. THe experiment results of hot ECC tests of RUNs
940 and %41 are compared with those of the standard (cold ECC) tests of
RUNs 922 and 826, in WhiqhﬁRUN'922 is & b% small break test and RUN 926
is a 200% break test. The.test conditions of these four tests are the same
exceplt [or the ECC water temperatures and break areas as shown in Tables
4.1 and 6.1. Secondly, subcoeling temperature distribution in the pressure

vessel are studied for these four tests in Section 6.2.

6.1 Review of Previous Study on Hot ECC Injection Tests

In the previous report, the hot ECC injection effectis were studied
especially on the condensation—depressurizaticn phenomena and on the core

cooling capability of fhe ECCSs deriving the following conclusions.

(A} The ECC temperature had no direct influence on the core cooling, since
ECC became nearly saturated before reaching the cdre, because of vapor
condensation on, and stored heat release te ECC. However, the LCC
temperature affected indirectly the BCCS core cooling performance by
changing the vessel pressure responses.

(B) A high RCC temperature resulted in delayed core level recovery in the
upper core region, because it caused a slower depressurization, and
thus resulted in smaller ECC flow rate, delayed LPCI initiation and
earlier CCFL break down at the core inlet.

(Cy The PCT occurred at the core mid-plane where the thning of rod surface
quenching was éssentially unaffected by the ECC temperature. The mea-—
sured peak cladding temperature was not affected by the ECC tempera-

ture for both large and small break experirnents.

Reviewing the conclusions (A) and (B), scme different results are
obtained with respect to the ECC subcooling effects on the pressure

responses, core cocling behaviors and ECC injection flow rates as shown

below.
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(1) Effect of ECC Subcooling on Pressure Responsesr

Effect of high temperature ECC injection on the system pressure
responses was observed approximately 60 s after the LPCS actuation in the
5% break tests (see Fig.6.1) and approximately 20 s after the LPCI actua-
tion in the 20C% break tests (see Fig.6.2), respectivély. As these pres—
sure deviations did not changé the actuation timing of each effective ECCS
(the LPCS for the 5% break tests, and three LPCIs for the 200% break tests
under the assumption Sf HPCS single-failure) in these tests, there were
very small influences on the peak cladding temperature {(PCT) and its tim-
ing (see Table 6.2) by changing the ECC temperature as shown previously.

However, twce different results from the previous conclusions can be
derived for the 200% break LOCA tests. One is a difference of core cooling
process, which was observed in the upper core region after initiation of
the LLPCS injection hetween the two tests of RUN 941 and 526. This diffe-
rence was observed not only in the later reflonding phase (after their sys-—
tem pressures largely deviated) but also in the earlier refill/reflood
phase (before their system pressures largely deviated) due to the different
condensation effect on the CCFL break at the upper tie plate (UTP) between
them. Thus, the ECC subcooling directly affected the core coecling bhehav-—
iors in the 200 % break tests (see next section}.

The second is the estimation of large stored~heet release on the ECC
heat—up, which was pointed ocut as one of the reasons of "no direct
influence of the ECC water subcocling on core cooling”, in the previous
study. Shown in Fig.6.8 is the previous result on depressurization rate
components aftér LPCS actuation for 200% break tests. The calculated
stored—-heat rclease rates for two large—break tests (Fig.6.4) were 3 to 5
times as large as the total core power even in a test period beiween the
LPCS and LPCI actuation timings. These stored-heat release rates are sig—
nificantly larger than the actual value. In the ROBA-III facility, there
are three kinds of metal heat sources, i.e., thick PV wall, thin internal
structures and heater rods including the heater leading parts. The mixture
level Lransients in the core, downcomer and lower plenum in RUN 926 ars
shown in Figs.68.5 and 6.6 and can be compared. with those of RUN 541 in
Figs.B.156 and B.157 in Appendix.I]. The amount of metal fluid contact
area [or each metal compenent is directly related to the mixture levels

shown in these figures.
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[t should be noted that the ECC mainly cantacted thin structual
materials, such as the core—-shroud (4 or 6 mm t; thickness), channel boxes
(3 mm t), stand pipe and steam separator (6 and 3 mm t}. A possible
stored-heat rcleased from these thin materials, which form boundaries of
upper plenum, core bypass and steam separaior, is roughly estimated from
their heat capacity between the LPCS and LPCI actuation %imings by assum-—
ing the surface temperatures as.the saturated temperature, as,

Q@ = oCIV; X 4T .
= 5.4 x 108 (k).

where pC is the material specific heat per unit velume (4.2 X 103 kJ/m3K
for the stzinless steel at 473 K), V; is each metal volume (nﬁ, see Table
6.3), and 4T is saturated temperature change {(K), respectivefy. For the
time pericd between the LPCS and LPCI actuation timings {25 s), 4T is 15
K. Thus, an averaged heat releﬁse rate from these thin materials is
cbtained as,

d@/dt = 0.216 MW.

On the other hand, the stored-heat release from the thick PV wall was
analytically estimated(58) by the RELAPS code for the main steam line
(MSL) break test {RIH¢ 952), which showed the similar pressure response as
that af RUN 926. The PV wall heat release in this analysis increased as
the system pressure decreased and became equal to the core heat release
rate of 0.6 MW at 75 s after the break (at the systenf pressure of approxi-—
mately 2 MPa). The PV wall heat release in RUN 926 is much smaller than
this value {(except for the feedwater [lashing effect shown later) because
the downcomer water level already decreased to bottom, whereas the PV
wall was covered by swelled mixture level in RUN §b52.

The stored—heat release rate from the core during a period before the
LPCI actuation was not large because most of the heater rods were uncov—
ered in the middle height core region with higher heat generation rate.

It is evident that the wal! heat release from the PV wﬁll, thin
materials and heatér rods was significantly small at the timing of LPCS
actuation beceuse these metals were uncovered by mixture levels at this
timing except for the [eedwater flashing effect shown later. By account—
ing these facts, it can be concluded that the wall heat release rates in

the previous report were over—estimated.

In the previcus study, the wall heat release term (dP/dt)yg)11 was

obtained as a residual of the actual depressurization rate cf dP/dt and
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other three terms of (dP/dt)egre. (dP/di)pcesg and (dP/di)ppegk-

Therefore, the term of (dP/dt)yg1y in the previous study includes not only
the wall heat effect but alsc the effects of feedwater flashing and other
factor which produces discrepancy between the previous calculation and the
actual system conditicns. -

There are two possible reasons for this large stored-heat effect as
shown below. One is a feedwater {lashing effect on the system pressure
responses, which was not accounted both in the 100%¥ MSL break analysis and
the previous study. Tﬂe feedwater flashing, which was initiated 2 s prior
to the LPCS actustion in the 200% break test, largely changed the depres—
surization rate as shown in Section 5.2 because it added steam not only by
the evaporation of the feedwater but also by receiving stcred heat energy
from the uncovered hot PV wall. However, both of the mass increase and
the steam generation due to the feedwater flashing were not separately
accounted in the depressurization analysis. Thus, the feedwater fiashing
should be correctly accounted for this analysis.

The second remson on the large stored-heat effect is an over*esfhnation
of average enthalpy in the previous study due to the assumption of sat-
urated fluid condition. In fact, large subcooling temperatures were
observed in the core bypass region alter the LPCI actuation in RUNs 94!
and 926 as shown in Figs.6.7 and 6.8, respectively (see Section $.2). When
the saturated fluid condition is assumed for the sﬁbcooling fiuid, the
average fluid enthalpy should be calculated higher than the actual value in
the conditicn of the same mass inventories and the same pressure responses
hetween the two cases. Thus, the higher average enthalpy resulted in an
increase of the residual component of (dP/dt)yg)) in the previous study.

Concludingly, the stored-heat release to the injected ECC water is not
so prominent as the previous conclusion. The feedwater flashing effect
sheuld be correctly accounted in the depressurization analysis. And the
discrepancy from the assumed saturated condition should be corrected for

the analysis.
{2y Different Core Cooling Behaviors Affected by ECC Subcacling

As shown previously, it was concluded that there was no direct
influence of FECC subcooling on the core cooling phenomena in both smali
and large-break LOCA tests except for an indirect influence after initia-

tion of the pressure respense deviation between the two tests with diffe—
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rent ECC subccolings. This is cerrect for the 5% break tests (RUNs §40
and 922). "Moreover, a perfect repeatability was confirmed not only on the
dryout and guench timings of the heater rods, but also on most of the hea-
ter rod surface temperatures during a time pericd between the timings of
LPCS and LPCI actuations for these tests. However, obviously different
core c¢ooling hehaviors were observed between the two 200% break tests
(RUNs 941 and 926) even in a time period of the same pressure responses
between ithem.

The heater rod surf&cé temperatures of AZ22, B22, C22 and D22 rods in
RUN 841 are compared with those in RUN 926 as shown in Figs.6.9 through
6.12. The following can be derived through these comparisons.

{a) In a time period prior to the LPCI actuastion (between 70.and 85 s in
RUN 841, and between 71 and 96 s in RUN §26), the het ECC injection
resulted in improved core cooling in the upper hal{ cere region of
three channels (D, C and A) and slightly deteriorated cooling in the
channel B comparing with those in-the cold ECC test. This may be
ascribable to a result of different CCFL bhreak at the upper tie plate
(UTP) caused by the hot FECC. These heater rod temperature behaviors
indicate larger amount of FCC flowed intoc the core in the hot ECC test
than in the cold ECC test.

{(bY The CCFL break at the UTP was also influenced by the feedwater {lash—
ing initiated 2 s prior to the LPCS actuation. This effect to increase
the ECC downflow due to decreasing the upward core {low is common for
the two tests of ceold and hot INCC injection.

{(¢) In & time period alter the LPCIl actuation, improved core cooling was
observed in all the channel D and both upper and lower regions of the
channel A (the middle core region was remained unimporoved) in the
hot ECC test. As the PCT was observed at the middle core region
(position 4) of channe! A in both tests, there was nc important diffe-
rence between their PCTs. On the other hand, the core .cooling in chan-
nel C was Vpartl‘y improved and partly deteriorated by the hot ECC
injecticn and almost detericrated in channel B in RUN 941 (heater rods
in channel B in RUN 926 were cooled best among the four channels).
Thus, the hot LPCI injection resulted in core cooling improvement in
channels A and D, in which the heater rods were not well cooled in
RUN 926, and ccre cocling detericoration in channels B and C, in which
the heater rods were cooled well relatively in RUN 9Z6.

(d) Consequently, larger difference of the heater rod tempsraturs responses



JAERI- M 90-051

observed among the four channels in RUN 926 was changed intc a
smaller difference among them (i.e., moderated or averaged responses)
by the hot ECC injection in the 200% break test.

Shown in Figs.6.13 and 6.14 are the liduid level signels measured at
the innor surface of channel boxes A and C in RUN 826 {ref. Figs.6.5 and
§.6). These liquid signals are similar between the two channels in RUN
926. However, the heatgwr rod temperatures in these channels were not
similar as shown above due to the different heat generation rates between
them. By comparing these data with those in RUN 941 (Figs.6.15 and
§.16), the following are derived. Namely, slightly much signals of liquid
were observed at the upper core region of channel A in RUN 841, whereas
much less liguid signais were observed at the upper core region of channel
C in RUN 941 comparing with those in RUN 92&. These are consistent to
the improved core cooling at the upper region of channel A and the deterio—
rated cooling at the upper region of channel € in RUN %41. And these
liquid level signals in two test indicate different fluid distribution in

the channel hoxes due to the difference of ECC subcoolings between them.

{(3) ECC Injection Flow Rate and Mass Inventory in Two

200% Break Tests

Shown in Figs.6.17 and 6.18 are the total ECC injection (volumetric)
flow rates of 5 and 200% break tests, respectively. By mssuming average
system pressures during the core reflooding phase as 2 MPa for the 5%
break tests and 1 MPa for the 200% bresk tests, the ECC density for each
test is obtained as,

p = 943.8 kg/m? for RUN 940,
p = 993.1 kg/m? for RUN 922,
p = 943.2 kg/m3 for RUN 941,
p = §92.7 kg/m3 for RUN 926.
Shown in Figs.6.19 and 6.20 are the injected ECC mass for 5 and 200%

break tests, respectively. 1t is clear from these figures that the
injected ECC mass was slightly smaller in the cold ECC tests than in the
hot ECC tests despite of the loewer system pressures in the formers. The
reason of smaller BCC mass flow rate in the cold ECC test may be ascriba-
ble to the ECCS pumps performances, i.e., the larger water density and

larger viscesity of the cold water resulted in smaller pumping mass flow
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rate under the same pump powers comparing with the hot ECC injection.
Thus, the previous concliusion of "smaller ECC injection flow rate caused
by the slower depressurization in the hot ECC test” is not correct in these
tests. On the contrary, the hot ECC water resulted in slightly larger
injection flow rate than the cold ECC.

Shown in Fig.6.21 are-the collapsed water levels in the downcomer and
inside the core—shroud in RUN 326 (ref. Fig.5.34 for RUN 941). . It is
shown that the collapsed water level inside the core-shroud in RUN 941 was
slightly lewer than in RUN 926 in the rellooding phase (especially from
120 s after the break). The e-stimated mass inventories in the dewncomer
and inside the core—shroud in RUN %41 (Fig.5.35) are-also slightly smaller
than those in RUN 926 shown in Fig.6.22. This is a result of more larger
discharging mass flow in RUN §41 than in RUN 826 despite of the conditicn
of slightly larger ECC injectioﬁ mass flow in RUN %41 than in RUN §26.
The larger disgharging mass flow rate is caused by the higher system pres-
sure in RUN 941 than RUN 926 (see Fig,6.2). Therefore, it is shown that
the relatively improved core cocling was accomplished in RUN 941 rather
than in RUN 926 under the condition of slightly smaller mass inventory for

the former.
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5.2 Temperature Distribution in PV

Subcooling temperature distribution in PV after the LPCS actuation is
experimentally studied for the four tests (RUNs 940, 922, 941 and 926) in
this section. The cold ECC (313 K) had a subcooling>of 176 K at the LPCS
actuation pressure cf 2.16 MPa and a subcooling of 161 K at the LPCI actu-
ation pressure of 1.57 MPa, respectively. On the other hand, the hot ECC
{393 K} had a subcocling of 86 K at the LPCS actuation and had a subcool-
ing of 81 K at the LPCI actuation, respectively. Non—homogeneous tempera-—

ture conditions. in PV and measured maximum subcooling are shown below.

(1) Temperature Distribution in 5% Small Bresk Tests

After description of experiment results of RUNs 840 and 922, summary
of Findings is described.

Shown in Figs.6.23 and 6.24 are the fluid temperatures along two ECC
discharging paths izl RUN 940, i.e., one is from the upper plenum to the
downcomer and another one is from the upper plenum and cors bypass to jet
pumps {(JPs) through the lower plenum. It 'is found that the temperatures.
in the lower downcomer (TE 142), lower plenum iniet from the JPs (TE
1383, and breken loocp JP cutlet (TE 149) were neafly equal to a saturated
temperature for all test period. On the other hand, super—heat tempera—
tures were found in the top ol upper plenum (TE 139) and steam dome (TE
.140)7 even alter the LPCI actuation at 443 s after the break. Slight sub-
coolings (18 K in maximum)} were found in the lower plenum (in the heater
rod lead bundles: TE 545, 54%, 550) after the completion of finel core
quench at 474 s after the break.

Shown in Figs.6.25 and 6.26 are the outer surface temperatures meas-
ured sit the channel boxes A and C in RUN 840, respectively. These surface
temperatures showed super—heat corresponding to the core heat—up shown in
Section 5.1 and became saturated value after the LPCS actuation. Large
subcooling were shown in these [igures after the LPCI actuation. The
measured lowest temperature (the largest subcooling) was close to the ECC
st the top of channel box C and the highest temperature was detected at the
lowest region of chennel boxes A and C. It is shewn that the subccoling

was slightly larger on the channel box € than on the channel box A. At the
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final core quench time, the largest subcooling was 71 K and the smallest
one waes 6 K in RUN 940,

Shewn in Figs.6.27 and 6.28 are fluid temperatures at the top surface
of the upper tie plate (UTP) in channels A and C, respectively. Reason cof
larger super heat in channel A before the LPCS sctuation and smalier sub—
cooling after the LPCI actuation can be ascribable to largar upward flow in
the high-power bundle A comparing with those in the average-power bundle
C. The subcooling was detected in these region after completion of the
finel core guench.

Shown in Figs.6.29 and 6.30 are the temperature disiribution on both
inner and outer surfacas at the channel boxes A and C; respectively. The
higher temperatures on the outer surface were cbserved than oﬁ the inner
surface before the LPCS actuation because of different water distribution
in each channel. Namely, the outer surface temperatures were measured at
the middle of channel box wal! width, whereas the inner surface tempera-
tures were measured at the corner for Vboth channels A and C. These
results indicate thzt there was relatively larger water mass in the chan—
nel box cerner than on the [lat channel box wall before the LPCS actuation.
After actuation of LPC.I, larger subcooling was observed on the outer sur—

face than on the inner surface.

Shown in Figs.6.31 through 8.38 are the similar teﬁperature responses
of RUN 922 as in RUN 940.

The szaturated temperature in RUN 922 was [lound at the lower downcomer
(TE 142 in Fig.6.31) and broken loap JP outlet (TE 148 in Fig.6.32). The
super—heat temperature was found for all test period at the top of steam
deme {TE 140) and for 400 s at the top of upper plenum (TE 139). These
are similar to the results of RUN %40. However, larger subcooling was
observed at the upper plenum top in the last 150 s of test in RUN 822.
Slight subcoolings were chbserved in the upper downcomer (TE 141) and lower
plenum (TE 138, 545, 549 550). These results are different from those in
RUN §40.

Shown in Figs.6.33 and 6.34 are the outer surface temperatures Imeas—
ured .at the channel boxes A and C in RUN 822, respectively. The
super-heat temperatures before the LPCS actuation and the subccoling after
the LPCI actuation are similar in both tests of RUNs 922 and 940.
However, the subcooling detection at the outer surfaces was slightly

earlier and the subcooling was larger in RUN 922 than in RUN 940. The
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largest and the smallest subcoolings at the final core quench time were
the same in both tests. Thereafter the subcooling in RUN 822 became
larger time ta time than in RUN 9540,

Shown in Figs.6.35 and 6.36 are fluid temperatures at.the top surface
of the upper tie plate (UTP) in channels A and C, respectively. Similar
rends for the super~heat temperatures before the LPCS actuaticn and the
subccoling after the LPCI actuation were found in RUN 922 as in RUN 940.
The subcoolings in RUN 922 were, however, obviously targe in RUN 922 due
to the cold ECC tempersture than in RUN 940.

Shown. in Figs.6.37 and 6.38 are the temperature distribution on both
inner and outer surfaces &t the chennel boxes A and C. Similar trends are
found for these temperatures as those in RUN 940 except for the larger

subcooling in RUN 822,

Following conclusions can be derived through these data comparisons
between the two 5% break tests.

(a) Fluid and metalitemperatures in PV were quite similar during a time
period before the completion of final core guench in these two tests.
Therelors, the ECC subcooling effect on these temperaturée responses
was very small during the core reflocding phase af this 5% small hreak
test. _

(b)y The evident subcooling was detected in the core bypass region and on
the UTP in both tests. The subcooling and super—heat temperature
distributions in PV are shown in Figs.6.39 and 6.40 for RUN 940 and
RUN 922, respectively. The lower downcomer andJP outlet region were
kept in a saturated condition and the steam dome top was Xep! in a

" super—heated condition for all test period in both tests. Thus, there
are larger temperature disribution on the PV wall and PV internals
after the core guench time than those in the earlier time period.

(¢) The lowest surface temperaiure at the top of the channel box C was
close to the ECC tempertature in the hot ECC test and it was kept
almost constant (the subcooling was larger than 60 K) alter 470 s. On
the other hand, the largest subcocling in the cold ECC tes: was more
than 90 K after 480 s. The cold ECC was significantly heated up before

it reached top of the channel box.
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(2) Temperature Distribution in 200% Break Tesis

After description of experiment results of RUNs 941 and 926, summary
of findings is described. .

Shown in Figs.6.41 and 6.42 are the fluid temperatures dlong two ECC
discharging paths in RUN §41. It is found that the lower' downcomer tem-—
perature (TE 142) was kept saturated for mll test period excep! for a short
time between 105 and 125 s. The t‘emperatures at the lower plenum (TE
138) eand broken loop JP outlet (TE 149) were the same as this. Large
super—heat temperatures were found in the steam dome (TE 140) for most of
test period, and partly in the upper plenum top (TE 139) and upper down-
comer (TE 141). Slight subcoolings wers observed in the lower plenum (TE
545, 549, 550) after the completion of final core quench at 179 s after the
break. -

Shown in Figs.6.43 and 6.44 are the outer surface temperatures meas-
ured at the channel boxes A and C in RUN 941, respectively. It is found
that larger subcooling was observed at the top of channel box C than the
channel box A. The largest subcocling measured in the core bypass region
during the core refllooding phase of RUN 941 was 43 K at 150 s after the
break (the lowest temperature was 7 K higher than the ECC temperature}.
It is clear that all the core bypass region was kept in a subcooling condi-
tion for all test period alter the LPCI actuation. .

Shown in Figs.5.45 and 6.45 are fluid temperatures at the top surface
of the upper tie plate (UTP) in channels A and C, respectively. The fluid
temperature was kepl in almost saturated condition unti! 17¢ s after the
break. The measured subcooling above the UTP of channel box C was larger
than that of channel A after 170 s.

Shown in Figs.6.47 and 6.48 are the temperﬁture distribution on both
inner and outer surfaces at the channel boxes A and C. The inner surface
temperatures were higher than the outer surface ternperaturés at both
channels. The. temperature differences across the channel box wall was
larger in the upper region than in the lower region. The measured maxi-
mum temperature difference was approximatelf 40 K at the top of channel

box €.
Shown in Figs.6.49 through €.56 are the similar temperature responses

of RUN 926 as in RUN 941.

The saturated temperature in RUN 926 was found at the lower downcomer
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(TE 142 in Fig.6.49) and broken loop JP outlet (TE 149 in Fig.6.50).
Observed super—heat temperature in the steam dome {TE 140) was higher than
the saturated temperature by 58 K at 250 s in RUN 826. The upper plenum
fluid (TE 139) showed saturated temperatures in iwo tirnes‘(before 152 s
and hetween 178 and 253 s) and subcooling in the later period. The sub-
coclings in the lower plenum (TE 545, 549, 580) were observed after the
final core quench at 188 s after the break and were larger than those in
RUN 841 due to the 1arger ECC subcooling in the former.

Shown in Figs.6.51 and 6.52 are the outer surface temperatures meas—
ured at the channel boxes A and C in RUN $§26, respectively. Slightly
super—heated temperstures were ocbserved befcre the LPCS actuation. Large
subcoolings were chserved alter the LPCI actuation at 96 s in both
channels. The subcooling was larger on the channel box C than the channel
hox A as in RUN 941. However, these subcoolings were significantly
larger in RUN 926 than in RUN 941. The largest subcooling during the cere
reflooding phase was found as 100 K at 137 s after the break at the channel
box €. The smallest subcooling was similar at the botiom cf both channel
boxes.

Shown in Figs.6 53 and 6.54 are fluid temperatures at the top surface
of the upper tie plate (UTP) in channels A and C, respectively. Super—heat
temperatures before the LPCS actuatioen, which were observed in RUN 541,
were not observed in RUN 9268. The subcooling Was.observed at 133 s and it
became large after 160 s. The subcoolings were similar at both channels A
and G. These subcoolings above the UTPs became larger than those at the
bottom of core bypass region after completion of final core quench at 188 s
indicating the ECC water {low-down through both core bypass and core iop
region. At the chammel box A, the subecooling ebove the UTP were rather
larger than all of the channel box outer surface temperatures (Fig.6.51)
alter 210 s.

Shown in Figs.6.55 and 6.56 are ithe temperature distribution on both
inner and outer surfaces of channel box A and C, respectively. Larger tem—
perature difference wes observed across the channe! box C than across the
channel box A. The measured maximum subcooling was 90 K at 137 s after
the break. The inner surface temperatures were higher than the outer sur—

face temperatures for most of test period after the LPCI actuation at both

channels.

Following conclusions can be derived through these data comparisons
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beiween the two 200% break tests.

(a)

(b)

(el

Fluid temperatures in PV (except for the upper plenum, core bypass and
core) were slightly changed by the ECC subcooling variation except for
the different saturation temperatures after 120 s in the two 200% break
tests.

The metal temperaturés of channel box outer surface 'Were gignificantly
changed by the ECC subcooling &s shown in Figs.6.57 and 6.58. Thse
largest subcecoling of the channel box wall was 43 K in the hot ECC
test of RUN 941 during the core reflooding phase, whereas it was 100 K
in RUN 826. The smallest subcoolings were slightiy changed between
the two tests. The largest subcooling was kept almost constant
through the test period in each test.

The temperature distribution in PV was contracted in the hot ECC test
than in the celd ECC test as shown in Figs.6.57 and 6.58. The
super—heat temperature and the core bypass subcooling became small in
RUN 541 compared with those in RUN 926. The maximum temperature
difference between the steam dome and the core bypass regions in RUN

941 was approximately a half of RUN 926.

By comparing the results of 200% break tests with those of 5% break

tests, the following results can be derived.

(d)

(e)

Similar subcoolings {approximately 100K) were observed at the core
bypass region in 5 and 200% break tests with the cold ECC injection
despite of the significantly different pressure responses between them.
Similar subcoolings were also chserved in. the lower plenum after the
final core quench in these two tests.

For the hot ECC injection tests, on the other hand, larger subcooling
was observed at the core bypass and lower plenum regior_ls in 5% break
test than those In 200% break test because of the higher system pres-—
sure in the for-mer. The lowest surface temperatures of channel box in
these two tests were very close to the hot ECC temperature for a time
period after the [inal cere guench. Thesé are different from the sub-

cooling conditicns in the cold ECC testis.
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7, Conclusions

Effects of ECC subcooling on small and large break LOCA phenomena

were experimentally studied by comparing the test results of RUNs 940 and
941 with hot ECC (393 K) with those of RUNs 922 and 926 with cold ECC

(313 Ky. From the préevious study(57) and present work, following conclu—

sions were derived.

(1) The ECC subccooling variation had a small impact on the peak cladding

(2)

(3)

temperature (PCT) and its timing in both 5 and 200% break tests.
However, a larger influence of the ECC subcooling was found on the
core cooling behaviors in the four bundles in the 200% break test. The
hot ECC injection considerably improved the core cooling and averaged
the quite different core cooling patterns among the four bundles, which
was observed in the 200% break cold ECC test.

The measured largest subcocling during the core reflooding phase was 71
K in the two 5% break tests, 43 K in 200% break hot ECC test and 100 K
in 200% break cold ECC test. The maximum temperature difference
between the suﬁerfheat temperature in the steam dome top and the
lowest temperature, i.e., largest subcooling at the core bypass top
was approximately 80 K in the hot ECC 1ests, whereas it was more than
120 K in the cold ECC tests. Thus, the hot ECC injection reduced the
temperature distribution by more than 50% comparing with the cold ECC
testis,

The stored-heat release from the metal walls to the ECC water was
over—estimated in the previous siudy. The feedwater [lashing, which
began prior to the LPCS actuation, significantly affected the system
pressure responses in the 200% hreak tests. The ECC injection flow
rates in the hot ECC tests were slightly higher than in the cold ECC

tests.
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Table 2.1 Primary chracteristics of ROSA-I11 and BWR/6

Items Unit BWR ROSA-III B
ROSA-IIT
Number of Recirc. Loops - 2 2 1
Number of Jet Pumps - 24 4 6
Number of Separators - 212 L 212
Number of Fuel Assemblies - 848 4 212
Active Fuel Length m 3.76 1.88 2
Total Fluid Volume m 621 1.42 437
Maximum Core Power MW 3800 < 4.40 > 864
Steam Dome Pressure MPa 7.23 7.23 1
Total core Flow Rate kg/s 154090 < 36.4 > 424
Recirc. Flow Rate/Loop kg/s 2240 < 5.26 > 424
Total Steam Flow Rate kg/s 2060 < 4.86 > 424
Feedwater Temperature 4 489 489 1

* BWR/6 (251-848)




JAERI—M 90-051

Table 3.1 ROSA-IIIl instrumentation summary list

ITEM SENSCR NUMBER NOTE
Pressure Pressure Transducer 20
Differential DP Cell 60 PV and Loop 44
Pressure Level Measurement 5
Flow Meter 11
Fluid CA Thermocouple 129 Primary Loop 23
Temperature DTT 4
Tile Rod 28
Upper Plenunm 10
Lower Plenum 10
Tie Plate 40
Bypass 14
Fuel Rod CA Thermocouple 213
Temperature
Slab Surface CA Thermocouple 70 Core Barrel 24
Temperature Pressure Vessel 3
Channel Box 35
Shroud Support 8
5lab Inner CA Thermocouple 9 JP Diffuser 4
Temperature PV Wall 5
Volumetric Turbine Flow Meter 3 ECCS Loop
Flow Rate Venturl Flow Meter 4 Primary Loop
Orifice Flow Meter 6
Mass Turbine Flow Meter A Recirculation Loop 4
Flow Rate Orifice Flow Meter 3 Main Steam Line 3
Liquid Conductivity Probe 138
Level Capacitance Probe 2
Density Gamma Densitometer 10 2 Beam GD
3 Beam GD
Momentum Drag Disk 4 JP Spool Piece
Flux : Break Spocl Piece 4
Break Qrifice 1
Signal ON/OFF Switch 14
Pump Speed Revelution Counter 2
Electric VA Meter 2
Core Power
TOTAL 6593
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Table 4.1 Test conditions of RUNs 940 and 941
T
Test Parameters Unit RUN 940 RUN 941
Break Conditions
Break Location MRP Suction | MRP Suction
Break Diameter/Area mm/% 5.9/5 2x26.2/200
Initial Conditions
Steam Dome Pressure MPa 7.36 7.36
Lower Plenum Temperature K 5B3.7 5b3.6
Lower Plenum Subcooling K 10.2 10.2
Core Inlet Flow Rate kg/s 16.5 16.5
Total Core Power MW 3.97 3.96
Max. Linear Heat Rate kW/m 16.68 16.63
Upper Plenum Quality % 12.5 12.5
Downcomer Water Level” m 5.04 5.04
Steam Flow Rate kg/s 2.04 2.02
Feedwater Flow Rate kg/s 2.04 2.04
Feedwater Temperature K 489 489
Transient Corditiens
MRP Trip s 0.0 0.0
MSIV Closure Trip S L2+3 243
ECC Conditions
HPCS Actuation Failure Failure
LPCS Actuation Logic s L1+40 L1440
LPCS Actuation Pressure MPa 2.16 2.16
LPCI Actuation Logic 8 [1+40 12+40
LPCI Actuation Pressure MPa 1.57 1.57
ECC Water Temperature K 393 393
ADS Actuation Logic s L1+120 Li+120
ADS Orifice Diameter mm 156.5 15.5

Ll Level = 4.25 m, L2 Level = 4.76 m.

% Actual downcomer level is corrected to 5.1l m for both tests.
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Table 4.2 Characteristics of steam discharge line valves

Valve Close to Open Open to Close
AV165 0.1 s 1.5 s
AV1e8 (Steady Line) - 0.1 8
AV169 {ADS) 0.3 8 2.0 8

Table 4.3 Control sequence for steam line valves

in RUNs %40 and 941

Valves Simulation Before Bresk After Break
Cv-130 MSIV,PCS open Control
AV-168 open open
AV-165 Close Close
- AV-169 ADS Close Open by L1 + 120s
cv-1 Open Close
cv-2 Open Close
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Table 5.1 Major events and test procedures of RUN 940

Time (s) : Events
- 120 . Initiation of data recording
- 10 . Ipitiation of data plotting
0 . Initiation of break, MRP trip and closure
of valves (CV-1,2)
8 . Core power decay
19 + L2 level trip
21 . Pressure control (P 2 6.7 MPa)
23 - MSIV closure
39 + L1 level trip
69 . Relief valve operation (P £ 8.13 MPa)
137 . Temporary core dryout
1586 . DC level at recirculation line
152 - ADS actuation
170~180 . Lower plenum flashing
213 . Second core dryout initiation
330 - LPCS injection
415 . PCT recorded at A-71 rod Pos. 4 (841.5 K)
443 « LPCI injection
474 . Completion of core quench
(A77 tod, position 2)
690 . Completion of data plotting
933 . (ompletion of data recording
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No. 1
No. 2
No. 3
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No. 5
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No. 7
No. 8
No. 9
No.10
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Table 5.2

({RUN 940) x*x%

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

Pos. 4
Fos. &
Pos. &
Pos. 4
Pos. 4
Pos. &
Pos. &
Pos. &
Pos. 4
Pos. &

PCT in RUN 940

PCT = B41.6 (K}
PCT = B36.0 (K)
PCT = 833.2 (K)
PCT = 832.3 (K)
PCT = 832.3 (KD
PCT = 817.2 (K?
PCT = 810.7 (K)
PCT = B807.9 (K)
PCT = B06.9 (K)
PCT = 806.9 (K)

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

415.1

44405

395.5

425.6

445.,9

443.1

401.8

4£20.7

395.5

381.5

(s?

(s)

(s)

(s>

(s

(s)

(s

(s)

(s)

(s)
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Table 5.3 Major events and test procedures of RUN 8§41

Time (s) Events
- 111.0 Initiation of data recording
- 10.0 Initiation of data plotting
0.0 Initiation of break, MRP trip and
closure of valves (CV-1, 2)
1.7 Feedwater line closure (~3.1 s)
3.0 L2 level trip
3,2 First core dryout (~30 s)
5.4 MSIV closure
7.7 L1 level trip
13.5 Recirculation suction line uncovered
17 - Lower plenum flashing
35 + Second core dryout
68 . Feedwater line flashing
70 - LPCS injection
g5 « LPCI injection
116 . PCT at A-71 rod, Position 4 (790.0 K)
131 + ADS opening
179 . Completion of core quench
(B-22 rod Position 1)
590 . Completion of data plotting
854 . Completion of data recording
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No. 2
No. 3
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No. 5
No. 6
No., 7
No. 8
No. 9
No.10

of PCT

JAERI—M 90-051

Table 5.4 PCT in RUN 941

(RUN 941)
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.
rod Pos.

PCT =
PCT =
PCT =
PCT =
pCT =
PCT =
PCT =
PCT =
PCT =

PCT =

790.0

783.5

778.3

776.9

768.5

767.5

767.5

7466.6

766.6

766.6

(K3

(x>

(K2

(K>

(K2

(K2

(K)

(K3

(KD

(K3

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

116.4

115.8

118.°2

155.4

115.8

116.4

120.0

115.2

116.4

19.2

(s)
(s)

(s

(s)
(52
(s}
(s)
(s>

(s)
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Table 6.1 Test ccnditions of small and large-break LOCA tests
(RUNs 822 and 926) with cold ECC water injection

Test Parameters Unit RUN 922 RUN926

Break Conditions

Break Location MRP Suction MRP Suction
Break Diameter/Area mm/% 5.9 /5.0 2x26.2 / 200.0

Initial Conditions

Steam Dome Pressure MPa 7.35 7.37
Lower Plenum Temperature K 552.4 553.0
Lower Plenum Subcooling K 9.8 1¢.0
Core Inlet Flow Rate kg/s 16.4 16.3
Total Core Power MW 3.96 3.917
Max. Linear Heat Rate kW/m 16.85 16.69
Upper Plenum Quality % 14.1 13.9
bowncomer Water Level™ m 5.04 5.04
Steam Flow Rate kg/s 2.086 2.08
Feedwater Flow Rate kg/s 2.05 2.03
Feedwater Temperature K 490.0 488.0

Transient Conditions
MRP Trip 8 0.0 0.0
MSIV Closure Trip s L2+ 3 L2 + 3

ECC Conditions

HPCS Actuation Failure Failure
LPCS Actuation Logic 5 L1 + 40 L1 + 40
LPCS Actuation Pressure MPa 2.27 2.13
LPCI Actuation Logic s L1 + 40 L1 + 40

LPCI Actuation Pressure MPa 1.72 1.45
ECC Water Temperature K 313 313

ADS Actuation Logic L1 + 120 L1 + 120
ADS Orifice Diameter mm 15.5 15.5

Li Level = 4.25 m, L2 Level = 4.76 m
Actual DC. Level was corrected to 5.11 m in two tests.
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Teble 6.2

and 922, and between RUNs 941 and 926

Comparison of major event timings between RUNs 940 and

Events (Time; s)

5% Break Tests

200% Brealk Tests

RUN 940 RUN 922 RUN 841 RUN 926
Break Initiation 0.0 s 0.0 s 0.0 s 0.0 s
MSIV Closure Completion 25 25 Q.O 8.6
ADS Actuation 162 162 131 130*
RLU (Recirculation Line Uncovery) 162 162 13.5* 13.0%
LPF (Lower Plenum Flashing) 170~180% | 171 17.0* 17.0*
1st Core Dryout Initiation 137 125 3.2 3.2
2nd Core Dryout Initiation 213 200 35 34
LPCS Actuation 330 330 70 71
LPCI Actuation 443* 426 95 96
PCT Time 415* 431 116 119
Completion of Quench 474 456 17¢* 188*
PCT (K) 841.6 830.3 790.0 783.5
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Table 8.3 Metal volumes of structures surrounding upper plenum

steam separatcr and core bypass in ROSA-III facility

Components Thickness Length Contact Metal Volume
{m) (m) Surface{m?2) (m3)
Core Shroud (total) 5.4 0.051
- Core Region 6 x 1073 2.24 2.8 0.017
- Upper Plenum 4 x 1073 0.75 1.2 0.020
- Lower Plenum 6 x 1073 1.36 1.4 0.014
Separator (total) 2.1 0.007
- Stand Pipe 6 x 1073 1.12 0.6 0.003
- Separator 3 x 1073 0.71 1.5 0.004
Channel Boxes 3 x 1073 2.38 5.3 0.016
Guide Tube 8 x 1073 1.07 1.5 0.012
Total - - 14.3 0.086
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DL 6205
DL 6040 Steam Line PV Top DL 5995
¥
/ Steam Drver DL 5657
tor DL 5365
L3 Level DL_5000
L2 Level DL 4760
DL 4293 Feedwater Line :.t 3 L1 tevel DL 4250
HPCS,LPCS Nozzle DL 4080
DL 3900 HPCS,LPCS Line £ I
ol f Connector DL 3744
DL 3660 LPCI Li e : : -
: Upper Tieplate DL 3550
Spacer DL 3218
DL 2814 Jet Pump
Suction Line Spacer DL 2742
Spacer DL 2332
Spacer DL 1856
Lower Tieplate DL 1524
Channel Inlet DL_1284
Oritice
DL 938 Recic. Pump
Suction Line
Tie Grid oL 513
DL 400 Jer Pump
Disch. Line
DL 0 DL 0

Fig. 2.4 Pressure vessel internals arrangement
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CHANNEL 80X “D"

CHANNEL BOX "A"
0° }/f
(— SR N | (T 1. )
HA S HA A Sl LA
" n I M
' . v | A v 13 |
SR ¥ |uc e o) tel v I
LM :78 u\u S LA
L : _ : v,
270* —= =N N 4 90*
— N N
1A 5 Lﬂ LA , LA
. w 5.3 Al e v 150 B
-" . \ e W .\. ' " o * ] Lc -: '.
LA |® % LA LR P LA

/ 180*
CHANNEL 20X “3" \ CHANNEL BOX "C”

Regioa _ HA HB HC LA L8 e W
Lemear Heat Race (KM /m) | 18.5 | 16.81} 14.41 [ 13.21} 12.01 10.29 | 0.0
Loecal peszking factor L.l 1.0  0.875} L.l 1.0 | 0.875 ] 0.0
No. of Rods 0 28 14 60 84 .42 8

& noce : Radial peaking faccor is 1.4

Fig. 2.7 Radial power distribution of core
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2B /"
\[\ Unit in mm
g (Total Length 18.58 m )
= -\ Inside Voilume 3.5 x 10 %n]

to Feed water Pump

Fig. 2.8 Feedwater line between PV and AV-112

PV
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180 ° 4048 SchiQ?

o el

[ O 4293

182

DL4258:

4500

#6500

Fig. 2.9 Feedwater sparger configuration
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To MRPZ Disch.

To MRF1 Disch.

Details of ROSA-III system piping

Fig. 2.10
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DL 6040
p3) DL 5910
DL 5510 o
®
&
DL 4220
—_—— T2 P ;<EE) DL 4158
DL 3900
750 _—
DL 3660 DL 3660
DL 3325
B G
! DL 2814
DL 2625 [
DL 2514
D,
D,
DL 1925
DL 1851 @E%Q
©
: DL 1454
DL 1225 1 (Dao~p43) DL 1314
DI, 1088 | F : ‘(F€)~ DL 1188
DL 938 TS x {INF | b=t DL 938
DL 525
4
DL 400 @ii) DL 400
oL loo
—_— @DL 160
+
ﬂ[ —DL 350 oL - 0
) __DL 210

Fig. 3.2 Instrumentation location in pressure vessel
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T Eoper L2 DY S L34S
U Ul
- 1! 1§l
P~ ] e ry v, 3
Sl ) e - w| o ~ -
o . v
Pl w w|l w v wl w ) et
5510 of © c| o| ol o o
Sl &l = al & al o O
138.58

130 132,58

CHANNEL BOX_'a°
-

2ros

e ~/
B

CHANNEL Box ‘8°

900600
A

Heater rod 0.D. is 12.27mm

AS4,BS4,C54 and D54 are water rod simulators with void probes,
0.D.= 15.01lmm

A45,B45,C45 and D45 are water rod simulators with thermocouples,
0.D.= 15.0Imm

Fig. 3.5 Core instrumentation
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\...___...4/
e ’

! I

6

¢30 N L1
$50 L
(a) High Range Drag Disc (b} Low Range Drag Disc
-l AL y A P
- ~ g >
to Recirculation Pump : = to Pressure Vessel
~ ~
L] "
Hige Range Drag Disc X Y High Range Drag Disc
o=
& -
»}
Low Range Drsg Disc 4 l.ow Range Drag Disc

Qsy

393.2\

., 393.2

1200

613
613

Bresk Orifice A ¥— —|— —|— Y Break orifice 8

Blowdown Valve A Blowdown Valve B

{c) location of Drag Discs

Fig. 3.8 Arrangement and location of drag disks
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Fig. 5.1 System pressure in steam dome in RUN 940
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Fig. 5.2 Core power for bundle A (WE 101) and
other three bundlies (WE 102) in RUN 840
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Fig. 5.4 Steam discharge flow rate through MSL
in RUN 9§40
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~Fig. 5.5 Teedwater flow rate in RUN 940
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Appendix 1 List of Measurements and Calculated Data

in RUNs 9540 and 941

All of the measurements (Channels 1 through 6598) in RUNs 8540 and 941
ere listed in Table A.1. The figure number of RUN 940 data {(see Appendix
[1: Figs.A.l through A.157)} is shown as A.XXX. As all the experiment
data of RUN 941 (see Appendix 11; Figs.B.1 through B.1587) are shown simi—
larly as those of RUN 940, the figure number of RUN 841 can be read by
changing the letter "A" to "B” in Table A.1. The signatures of NM, NU

n

and FL in the figure number column of Table A.l meéan "not measured”, "not
used” and “failure”, respectively. The blank data mean that the recorded
data were not shown in this repori because those data were similar and
could be represented by the other dats shown in this report. Shown in-
Table A.2 is a list of calculated data by using the experimental results

shown in Table A.1. The core instrumentations including the heater rod

surface temperstures and fluid mixture level are listed in Table A.3.

Table A.1 Mozsurement List for RUNs 940 and §41
Table A.2 Caleulated Data in RUNs 840 and 941

Table A.3 Cere Instrumentation List
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Table A.2 Calculated Data in RUNs 540 and 941
No. Item Symbol Location Fig. No. Unit
1 | Density DE 701 | JP1,2 Outlet, Average 5.9, 28 kg/m3
2 | Density DE 702 | JP3,4 Outlet, Average kg/m3
3 | Density DE 703 | MRP-Side Break, Average 5.10, 30 kg/m3
4 | Density DE 704 | PV-Side Break, Average 5.11, 31 kg/m?
5 | Flow Rate FM 705 | MRP-Side Break, (Low) A/B.144 kg/s
6 | Flow Rate FM 706 | PV-Side Break, (Low) A/B.145 kg/s
7 Flow Rate FM 707 MRP-Side Break, (High) A/B.146 kg/s
8 | Flow Rate FM 708 | PV-Side Break, (High) A/B.147 kg/s
g | Flow Rate FM 709 | Total Break Flow (Low) 5.3, 21 kg/s
10 ;| Flow Rate FM 710 | Total Break Flow (High) 4/B.148 kg/s
11 | Flow Rate FM 711 | Steam Flow (Low) : kg/s
12 | Flow Rate FM 712 | Steam Flow (High) 5.4, 24 kg/s
13 | Flow Rate FM 713 | Steam Flow (Middle) kg/s
14 | Flow Rate FM 714 | Channel & Inlet 5.7, 27 kg/s
15 | Flow Rate FM 715 | Channel B Inlet 6.7, 27 kg/s
16 | Flow Rate FM 716 | Channel C Inlet 5.7, 27 kg/s
17 | Flow Rate FM 717 | Channel D Inlet 5.7, 27 kg/s
18 | Flow Rate FM 718 | Bypass Hole Flow 5.7, 27 kg/s
19 | Flow Rate FM 719 | Total Core Flow 5.8, 28 kg/s
20 | Flow Rate FM 720 | JP1 Outlet (Pos. Flow) kg/s
21 | Flow Rate FM 721 | JP2 Outlet (Pos. Flow) kg/s
22 Flow Rate FM 722 JP3 Outlet {Pos. Flow) kg/s
23 | Flow Rate FM 723 | JP3 Outlet (Neg. Flow) kg/s
24 | Flow Rate FM 724 | JP4 Outlet (Pos. Flow) kg/s
25 | Flow Rate FM 725 | JP4 Outlet (Neg. FLow) kg/s
26 | Flow Rate FM 726 | Total JP Outlet Flow A/B.150 kg/s
27 | Water Level L¥ 727 | Collapsed DC Level 5.14, 34 i
98 | Water Level | LM 728 | Collapsed In-Shroud Level 5.14, 34 m
29 | Fluid Mass EV 729 | Downcomer Mass 5.16, 3b kg
ap | Fluid Mass EV 730 In-Shroud Mass 5.15, 35 kg
31 | Fluid Mass EV 731 | Total Mass in PV A/B.1565 kg
32 | Fluid Mass EV 732 | Mass Balance in PV kg
33 | Fluid Mass EV 733 | Discharged Mass kg
34 | Flow Rate FM 734 | Discharged Flow Rate kg/s
35 | Flow Rate FM 735 | Discharged Flow Rate kg/s

—137—




JAERI-M 90-0561

Tebie A.3 Core Instrumentation List
Item Pos.| Core Pos.l |Pos.2 jPos.3 | Pos.4 | Pos.5 Pos.6 |Pos.7 Core
Cutlet Inlet
:gf 1660 | 3417 |3114.5{2879.5{2527 | 2174.5(1939.5/1637 | 1454
Surface] All ¢ 1 |TF 2 [TF 3|TF 4|TF_S5 |TF 6 ITF 7
Tesp. ) 412 ¢ 8|t 9 [TF 10 |TF 11| TF 12 |TF 13 |TF 14
Al3 TF 15 |TF 16 [TF 17 | TF 18 | TF 19 |TF 20 |TF 21
Al4 TF 22 {TF 23 |TF 24 | TF 25 | TF 26 |TF 27 |TF 28
AlS TF 29 TF 30
Al7 TF 31 TF 32
A22 TF 33 |TF 34 |TF 35 | TF 36 | TF 37 |TF 38 |TF 39
A23 TF 40 |TF 41 |TF 42 | TF 43 [ TF 44 |TF 45 |TF 46
A24 TF 47 |TF 48 | TF 49 | TF 50 [ TF.51 |TF §2 |TF 53
A26 TF 54 TF 55
A28 TF 56 TF 57
A3l TF 58 TF 59
A33 TF 60 |TF 61 |TF 62 | TF 63 [ TF 64 |TF 65 |TF 66
A34 TF 67 |TF 68 |TF 69 | TF 70 | TF 71 |TF 72 |TF 73
A3S TF 74 TF 75
A37 TF 76 TE 77
A42 TF 78 TF 79
F%E%E, Ad4 Tc 1 |TF180 |TF181 |TF182 {TF183 [ TF184 |TF185 |TF186 | TC 2
Surface| A45 TF 80 TF 81
Tewp. | a4 TF 82 TF 83
A48 TF 84 TF 85
AS51 TF 86 TF 87
AS3 TF 88 TF- 89
AS4 TF 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
A64 TE 95 TF 96
AG6 TF 97 TF 98
A68 TF 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
A77 TF107 TF108
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Table A.3 Core Instrumentation list (Cont’'d)
Item s. | S0T_|Pos.1 |Pos.2 |Pos.3 |Pos.4 | Pos.5 |Pos.6 |Pos.7 Core,
Sg? N 1660 | 3417 13114.5[2879.5/2527 | 2174,5[1939.5/ 1637 | 1454
Surface| A82 TF109 TF110
Temp. | ag4 TF111 TF112
AB6 TF11l3 TFl1l4
A88 TF115 TFl16
B1ll TF117
Bl3 TF118
B15 TF119 | TF120 | TF121 | TF122 | TF123 | TF124 | TF125
B3l TF126
B33 TF127
B35 TF128
F%:;?_ B44 ¢ 3 |TrF187 | TF188 | TF189 | TF190 | TF191 | TF192 } TF193| TC 4
Surface| BS1 TF129
Temp- | pgs3 TF130
B85 TF131 | TF132 | TF133 | TF134 | TF135 TE136 | TF137
Cll TF138
Cl13 TF139
C1s TF140
c3l TF14]
C33 TF142 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
C35 TF149
F%g;g, ca4 TC 5 | TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC 6
Surface| c51 TF150
Temp. | 53 TF151
c77 TF152 | TF153 | TF154 | TF155! TF156 | TF157 | TF158
D11 TF159 |
D13 TF160
p27 TF161 | TF162 | TF163 | TF164 | TF165 TF166 | TF167
D31 TF168
D33 TE169
D35 TF170
F%:;g_ D44 Tc 7 |Tr201 | TF202 | TF203 | TF204} TF20S | TF206 | TF207| TC 8
Surface| D51 TF171
Temp. | ps3 TF172
D83 TF173 { TF174 | TF175 | TF176| TF177 | TF178 | TF179
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Table A.3 Core Instrumentation list (Cont'd)
Item Pos.| Core [pos.1 |Pos.2 |Pos.3 | Pos.4 | Pos.S |Pos.6 |Pos.7 | COF®
_ Qutlet ’ inlet
:gf L Ts660 [3417 |3114.5|2879.52527 |2174.5]1930.5| 1673 | 1454
Void | ASS VF 1|vF 21{vF 3|VF 4|VF 5 |VF 6 |VF .7
BSS VF_8 |VF 9 |VF 10 | VF 11 | VF 12 |VF 13 |VF 14
€55 VF 1S |VF 16 |VF 17 | VF 18 | VE 19 {VF 20 |VF 21
D55 VE 22 |vF 23 |vF 24 [vF 25 | VF 26 |VF 27 |VF 28
Channel| A1* TB TB TB 3|18 4|TB 5 |{TB 6 |TB 7
gz;fac A2* T8 8 |TB TB 10 |TB 11 | TB 12 |TB 13 |TB 14
Temp. | B* T8 15 |18 16 {TB 17 {TB 18 | T8 19 [T1B 20 |TB 21
c T8 22 |8 23 |18 24 |TB 25 | TB 26 [TB 27 [TB 28
D* TB 29 {18 30 {TB 31 {1B 32 [TB 33 {T8B 34 |TB 35
Liquid | A1* LB LB LB 3|(tB 4jLB 5 {LB 6 |LB 7
;:V:;e A2* 1B 8 |LB 9 (LB 10 {LB 11 |LB 12 {LB 13 {LB 14
Channel| B+ LB 15 |LB 16 JLB 17 |LB 18 | LB 19 |LB 20 {LB 21
Box c* 18 22 |LB 23 |LB 24 |1B 25 | LB 26 |LB 27 |LB 28
D* LB 29 (LB 30 [LB 31 | 1B 32 [LB 33 [LB 34 {LB 35
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Appendix 11 Data Processing and Experiment Data for RUNs 940 and $41

In Apperdix Il, most of the experiment data of RUNs 940 and 9.41 and
their data processing methods are shown. Some of the experiment data of
these two tests are shown in Chapters 5 and 6. The data acquisition fre—
gquency was 10 Hz for both tests. The test data were processéd and reduced
to 1000 data points in each data channel for computer plotting.

The test data of RUN 940 are shown in Figs. A.l through A.157. In
these figures, the measured quantity is identified by the channel number
and the alphabetic characters (ref. Table A.1). The test data of RUN 541
are described after the descriptioﬁ of RUN 940 datse, in Figs. B.l1 through

B.157.

(1) Experiment Data of RUN 940, A 5% Break LOCA Test

Figures A.l1 through A.5 show the pressure data in the pressure vessel
(PV), recirculation loops and main steam line (MSL). Figures A.6 through
A.98 show differential pressure data between various positions in the pres—
sure vessel and the recirculation loops. Figure A.29 shows the ligquid
tevels in the ECCS tanks. Figures A.30 through A.33 show the jet pump
discharge flows and recirculation line flows. The pump speed of the
recirculation pump is shoewn in Fig.A.34. The trip signals such as the
break initiation signal and the valve positioning signals are shown in
Figs. A.35 through A.37. Figures A.38 through A.47 show the fluid densi—
ties measured by the gamma densitometer at the jet pump outlets and break
units. The fluid density data are corrected at two kncwn peints, one is
the initial conditicn and another is a steam-—phase condition or a water
single phase condition. Figures A.48 through A.53 show momentum fluxes
measured by drag—disks at the jet pump cutlets and bresk units. The
drag-disk data are similarly corrected as the fluid density at two known
points, cne is the imitial condition, in which the volumetric flow rate
for the initial water flow is known, and ancther cne is the final test
conditicn, in which the recirculation {low was terminated by closing the

QSV after the end of test period. Figures A.54 through A.62 show the
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fluid temperatures at varicus positions in the system. The surface tem—
peratures of heater rods and water rods are measured at positions 1 through
7 as given in Figs. A.63 through A.82. Figures A.83 through A.103 show
the heater rod temperatures in the same vertical axis. Figures A. 104
through A.106 show the fluid temperatures at both outlet and inlet cof the
channel boxes. The fluid temperatures above and below the upper tieplate
(UTP) in both A and C channels are shown in Figs.A.107 through A.114
(thermocouple locations of these are shown in Fig.3.6). The channel box
surface temperatures both on inner and outer walls are compared sach other
51 the same elevation in Figs.A.115 through A.121. TFluid temperatures in
the lower plenum are compared in Fig.A.122. The liquid level signals in
the core, the upper and lower plena, the guide tube and the dolwncomer are
shown in Figs. A.123 through A.143.

Quantities reduced from the test data are shown in Figs. A.144 through
A.157. The average densities (see Figs.5.9 through 5.11 in Chapter 5} are
calculated ss an arithmetic mean of the densities in multi-directions with

the weight of each cord length (see Figs.A.38 through A 4T7).
For the three—heam dsnsitometer at the jet pump outlet spool,

Oupy = 0.3221p, + 0.4305 + 0.24790¢ (A.1)
where, _
fay: average density obtained from the three—beam gamma densitometer,
pa : density measured by beam A (bottom}),
ps : density measured by beam B {middle).

oo : density measured by beam C {tep).
For the two-beam densitometer at the break spool piece,

Pay = 0.5863p4 + 0.4137Tpp ' (A.2)
where, | |
Po,: average density obtained from the two—beam gamma densitometer,
fa - dens_ity measured by beam A (bottom);

op 1 density measured by beam B {tcp).
Figures A.144 through A.147 show flow retes measured by the lew and

high-range drag—disks. The [low rates are computed {rom the drag-disk

data and the gamma densitometer data by using the following equation,
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G = Cp A aPa - oV* (A.3)

where,
G : mass flow rate,
Cp : drag ccefficient ( = 1.13 ),
A flow area ( = 1.923 x 107% m* ),
fos @ average density {rom gamma densitomester,

¢V? . momentum flux from drag disk.

The tota] break [low rates shown in Figs.A 148 and A.14% are derived

from these flow rates as follows,

Gg = Gp — Gv (A.4)
where, .
(g : break flow,
Gp : flow rate at the pump side of the break,

Gy : flow rate at the vessel side of the break.

The fluid flow rates at the main steam line, channel inlet orifices,
bypass hole and jet pump outlets (see Figs.b.4, 5.7, 5.8 and Fig.A.150) are
calculated from the test data which are the pressure drep across the orif;
ices or venturi [low meters and the liquid density cbtained from the tem-
perature and the pressure condition. The equation used for the caleculation

is as follows

G =Cp-A-J2g -0, 4P (A.5)
where,
G : flow rete,
4P : pressure drop across the orifice,
Cp : discharge coefficient,
= (0.6552 ( the orifice to measure the steam discharge flow rate )
= (0.4761 ( the channel inlet orifice 3
= (0.8032 ( the bypass hole )
= 0.7383 (
= 1.1260 ¢

the orifice to measure jet pump outlet flow )

the venturi to measure jet pump outlet {low )}

A . flow area ( m® )
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= 2.875 x 107® ( the orifice to measure the steam discharge {low

rate )
= 1.521 X 10°% { the channel inlet orifice )
= 1.758 X 107" ( the bypass hole )
= 1.133 x 107® ( the jet pump outlet orifice )
- 9.005 x 10°* ( the jet pump outlet venturi )
g : gravitational acceleration ( = 9.807 m/s® ),

VTR densify of the single-phase liquid ( kg/m® ).

This calculation method is not applicable for two—phase flow conditien
after the LPF initiation at the channel inlet orifice and the bypass hole.
Those calculated values show only a trend in two-phase [low condition.
Tota! channel inlet flew rate presents the sum of four channal inlet f{low

rates and a bypass hele flow rate.

Figures A.151 and A.152 show the collepsed water levels in downcomer
and inside the core—shroud, respeciively. Each level is obtained from the
corresponding differential pressure. The differentiai pressure may include
the flow resistance effect, however, the flow resistance becomes negligi-
ble after slowdown of the recirculation pump speed and lower plenum '
flashing.

Figure A.153 shows the fluid mass inventory in downcomer. The fluid
mass inventory is determined from the density and configurational datse

outside the core shroud,

M= p;-Q (A.6)
where,
M : {luid inventory,
p, : liquid density estimated from the satulation {emperature and/or
pressure, -
@ : liguid volume calculated from the liguid level.

The volume @ { m® ) inside the shroud is also given as a function ef

collapsed water level in downcomer (L),

6.0 ( L = 0.454 )
0.0225L — 0.0111 ( 0.454 < L = 1.384 )

D
i

ItA

)
I
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g = 0.0697L — 0.0769 ( 1.384 < L s 1.519 )
Q — 0.0225L — 0.0048 ( 1.519 < L = 3.355 )
© = 0.0801L — 0.1980 ( 3.355 < L S 4.250 )
Q = 0.2443L — 0.8959 ( 4.250 < L S 4.413 ) (A.T)
Q = 0.2611L — 0.9700 ( 4.413 < L = 4.578 )
Q = 0.2504L — 0.9211 ( 4.578 < L = 4.654 )
© = 0.2375L — 0.8810 ( 4.654 < L s 4.815 )
O = 0.2866L — 1.0974 ( 4.815 < L = 4.915 )
© - 0.3396L — 1.3580 ( 4.915 < L S 5.143 )
Q = 0.3607L — 1.4665 ( 5.143 < L = 5.365 )
© = 0.3848L — 1.5860 ( 5.365 < L = 5.995 )
Q = 0.7111 ( 5.995 < L )

Figure A.154 shows the fluid mess inventory inside core gshroud. The
fluid mass inventory is determined from the density and configurational

data inside the core—shroud,

M= 0@ (A.8)
where,
M ¢ fluid inventory.
g0; : liquid density estimated from the saturation temperature and/or
pressure,
@ : liguid volume calculated from the liquid level.

The volume ¢ ( m® ) inside the shroud is also given as a function of

collapsed water level inside caore—shroud (L),

Q = 0.0 ( L =00 )
© = 0.2350L (0.0 < L = 0.497)
© — 0.1245L + 0.0549 ( 0.497 < L = 1.354 )
@ = 0.0698L #+ 0.1290 ( 1.354 < L = 3.589 )
Q = 0.1648L — 0.2120 ( 3.589 < L = 3.744 )
Q ~ 0.1963L — 0.3299 ( 3.744 < L S 4.243 ) (A.9)
Q = 0.0196L + 0.4199 ( 4.243 < L = 4.578 )
§ = 0.0186L + 0.4244 ( 4.578 < L = 4.654 )
§ = 0.0410L + 0.3201 ( 4.654 < L = 5.099 )
Q = 0.0186L + 0.4292 ( 5.099 < L s 5.365 )
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@ = 0.5344 ( 5.365 < L 3

Figure A.155 shows & total fluid inventiory in PV, which is a sum of
fluid mass in downcomer (sce Fig. A.153) and inside core—shroud {see

Fig. A.154).

Figures A.156 and A.157, which are shown in Chapter 13 of the previous
report(57}' show the dryout and guench fronts on the heater rods of A2Z,

B22, €22 and D22 and mixture level transients in four bundles,

respectively.

(2) Experiment Data of RUN 841, A 200% Break LOCA Test

The experiment data and reduced data for RUN 941 are similarly shown
in Figs.B.1 through B.157 as for RUN 940 in the previcus section. As the
data processing methods are common for these two tests, the description of

the experiment data for RUN 541 are cmitted.
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List of Figures of Experiment Data fdrﬁRUN'940 {Appendix II)

Fig.A.1l Pressure in PV (pressure 'vessel)

Fig A.2 - Pressure in broken loop JP (dJet Pump)

Fig.A.3 Pressure near MRP (Main Recirculation Loop)

Fig.A. 4 Pressure at MRP side of break

Fig-A.5 Pressure at PV side of break

Fig.A.6 (DC) Downcomer Head

Fig. A7 Differential pressure between PV bottom and top

Fig.A.8 Differential pressure between JP-1,2 discharge and
suction

Fig.A.© Differential pressure betwesen JP-1,2 drive and suction

Fig.A.10 Differential pressure between JP-3,4 discharge and
suction

Fig.A. 11 Differential pressure between JP-3,4 drive and suction

Fig . A.12 Differential pressure beetween MRP delivery and suction

Fig.A.13 Differential pressure between downcomer bottom and
MRP1 suction

Fig.A.14 Differential pressure between MRPI delivery and
JP-1,2 drive

Fig.A.15 Differential pressure between downcomer middle and
JP-1,2 suction

Fig. . A.16 Differential pressure between JP-1,2 discharge and LP

Fig A.17 Differential pressure between downcomer bottom and
break B

Fig.A.18 Differential pressure between breaks A and B

Fig. A.19 Differential pressure hetween break A and
MRP2 suction

Fig.A.20 Differential pressure between MRP2 dilivery and JP-3,4
drive

Fig.A.21 Differential pressure between downcomer middle and
JP-3,4 suction

Fig.A.22 Differential pressures beiween JP-3,4 discharge and
confluence

Fig.A.23 Differential pressure between JP-3,4 confluence in
hroken locp and LP

Fig.A.24 Differential pressure between lower plenum and
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.26

.27
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.31
.32
.33
.34
.35
.36
.37
.38
.39
40
41
49
.43
44
45
.45
AT
.48
.49
.50
51
.52
.53
.04
.55
.56
.57
.58

downcomer middle
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Differential pressure between lower plenum and

downcomer bottom

Differential pressure between downcomer bottom and

downcomer middle

Differential pressure between downcomer middle and

steam dome

Differential pressure between LP bottom and LP middie

Liguid levels in ECCS tanks

JP-1,2 discharge flow rates (pos. flow)

JP-3,4 discharge flow rates (pos. [low)

JP-3.,4 discharge [low rates (neg. [low)

MRP discharge flow rate

MRP pump speeds

Valve operation signals

ECCS operation signals

MRP operation signals

Fluid density
Fluid density
Fluid density
Fluid density
Fluid density
Fluid density
Fluid density
Fluid density
Fluid densiity
Fluid density

at JP-1,2 outlet, beam

at

at JP-1.2 outlet, beam
at JP—3,4 outlet, beam

at JP-3,4 outlet, beam

JP-1.2 outlet, beam

o O W >

at JP-3,4 outlet, beam C
at MRP-side ol break, beam A
at MRP-side of break, beam B

at PV side of bresk, beam A

at PV side of hreak, beam B

Momentum flux at JP {,2 outiet spool

"Momentum flux at

Momentum flux at

Momentum flux =&t

Momentum {lux at

Momentum f{lux at

JP 3,4 cutlet sbool

break A spool piece (low range)
break B spool piece {low rénge)
break A spool piece (high range)
break B spool piece {high range)

TFluid temperatures in lower plenum and upper plenum

Fluid temperatures in steam dome and MSL

Fluid tempersatures in downcomer

Fluid temperatures in intact recirculation loop

Fluid temperatures in broken recirculation loop
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Fig.A.59 Fluid temperatures at JP 1,2 outlet
Fig.A.60 Fluid temperatures at JP 3,4 cutlet
Fig.A.61 Fluid temperatures near breaks A and B
Fig . A.62 Feedwater temperature
Fig.A.63 Surface temperatures of fuel rod All
Fig.A.64 Surface temperatures of fuel rod Al2
Fig.A.65 Surface temperatures of fuel rod Al3
Fig.A .66 Surface temperatures of fuel rod Al4
Fig. A 67 Surface temperatures of fuel rod A22
IFig. . A.68 Surface temperatures of fuel rod A24
Fig.A.69 Surface temperatures of fusl rod A33
Fig.A.70 Surface temperatures of fuel rod A34
Fig.A.71  Surface temperatures of fuel rod A44
Fig.A. 72 Surface temperatures of fuel rod ATT7
Fig . A.73 Surface temperatures of fuel rod AB8
Fig.A.74 Surface temperatures of fuel rod Bz22
FPig A.T3 Surface temperatures of [uel rod Ci1
Fig . A.76 Surface temperatures of fuel rod C13
Fig . A.77 Surlace temperatures of fuel rod Cc22
Fig . A.78 Surface temperatures of fuel rod C33
Fig.A.79 Surface temperatures of fuel rod C17
Fig.A.80 Qurface temperatures of fuel red D22
Fig.A.81 Surface temperatures ol water rod simulator A4b
IFig.A.82 Surface temperatures of water rod simulator C45
A

Fig.A .83 Surface temperatures of fuel rods Ali, Al2, Al3,
A87 and AB8 at position 1

Fig.A 84 Surface temperatures ol fuel rods All, Al2, Al3,
AB7 and AB8 at position 2

Fig A.85 Surface temperatures of fuel rods All, Al2, Al3,
A87 and A88 st position 3

Fig.A.88 Surface temperatures of fuel rods All, Al2, Al3,
AB87 and ABR at position 4

Fig.A.87 Surface temperatures of fuel rods All, A2, Ald,
ART and ARS8 at position B

-Fig.A.88 Surface temperatures of fuel rods All, Al2, Al3,
A87 and A88 at position 8

Fig.A.88 Surface temperatures of fue! rods All, AlZ, Al3d,

AB7 and ABSB at position 7
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Fig.A.90 Surface temperatures of fuel rods
B22, C22 and D22 at position 1
Fig.A.81 Surface temperatures of fuel rods
A22, B22, C22 and D22 at position 2
Fig.A.82 Surlface temperatures of fuel rods
A22, B22, C22 and D22 at position 3
Fig.A .83 Surface temperatures of fuel rods
A22. B22, €22 and D22 at position 4
Fig. A 94 Surface temperatures of fuel rods
A22, B22, €22 and D22 at pesition &
Fig A.95 Surface temperatures of fuel rods
A22, B22, €22 and D22 at position 6
Fig.A.96 Surface temperatures of fuel rods
A22, B22, €22 and D22 at positicn 7
Fig. . A.97 Surface temperatures of fuel rods
A77, B77 and €77 at position 1
Fig.A_G8 Surface temperatures of fuel rods
AT7, B77 and C77 at position 2
Fig.A.93 Surface temperatures ol fuel rodé
A77, B17 and C77 at position 3
Fig.A.100 Surface temperatures of fuel rods
A77, B77 and C77 at position 4
Fig.A.10% Surface temperatures of fuel rods
A77, B77 and C77 at pesition 3
Fig.A.102 Surface temperatures of fuel rods
A77, B77 and C77 at position 6
Fig.A.103 Surface temperature of fuél rod
A77, B77 and C77 at position 7

Fig.A.104 Fluid temperatures at channel inlet
Fig.A.106 TFluid temperatures at channel A outlet
Fig.A.106 ¥Fluid temperatures &t channel C outlet
Fig.A.107 Fluid temperatures above UTP of channel A,

openings 1 to 5

Tig.A.108 TFluid temperatures above UTP of channel A,
openings 6 to 10

Fig.A.109 I'luid temperatures below UTP of channel A,
openings | to B

Fig.A.110 Fluid temperatures below UTP of channel A,
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L1112

.113

L1158

L1168

.120

L1121

.122
.123
124
.125
L1286
127
128
128
.130
L1381
.132
L1383
.134
2138
.1386
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openings § to 10
Fluid temperatures
openings 1 to 5
Fluid temperatures
openings 6 to 10
Fluid temperatures
openings 1 to &
Fluid temperaiures
openings 6 to 10
Inner and outer surface
box at pes. 1

Inner and outer surface
box at pos. 2

Inner and outer surface
box at pos. 3

Inner and outer surface
box at pos. 4

Inner and outer surface
box at pos. B

Inner and cuter surface
box at pos. 6

surface

Inner and outer

box at pos. 7

Fluid temperatures in lower plonum,

Liguid level
Liquid

Liquid

signals in

level signals

level signals

Liguid level signals

Liquid level signals

Liguid
Liquid
Liquid
Ligquid
Ligquid
Liquid
Liquid
Liguid

Ligquid level

level
level
level
level
level
level
level

level

signals
signals
signals
signals
signals
signals
signels
sipgnals

signals

above UTP of

asbove UTP of

beltow UTP of

below UTP of

temperatures

temperatures

temperatures

temperatures

temperatures

temperatures

temperatures

channel
channel
channel
channe}
channel
channel
channel
channel
channel
channel
channel
channel
channel

channel
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

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

Fig.

Fig.

oS T o

137
.138
.138
.140
.141
.142
.143
144

145
.146
147
.148
L1149
.150
151
1152
.153
154
L1856

.156

L1567
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Liquid level signals in channel D inlet

Liquid level signals in lower plenum, north
Liquid tevel signals in lower plenum, south
Ligquid level signais in guide tube, north

Liquid level signals in guide tube, south

Liquid level signals in downcomer, D side

Liquid level signals in dewncomer, B side

Tlow rate at MRP side of break (based on low range
drag disk data)

Flow rate at PV side of break {based on low range
drag disk data)

Flow rate at MRP side of break (based cn high range
drag disk data)

Tlow rate at PV side of break (based on high range
drag disk data) ‘

Total discharge flow rate from break {(based on
low range drag disk data)

Total discharge flow rate from break (based on
high range drag disk data)

Total JP outlet flow rate {pos. flow)

Collapsed liquid level in downcemer

Collapsed liquid level inside core—shroud

Fluid inventory in downcomer

Fluid inventory inside core shroud

Total fluid inventory in pressure vessel

Dryout and guench fronts on A22., B22, C22 and

D22 rods in RUN 940

Core mixture level transients inVRLHG 940
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List of Figures of Experiment Data for RUN 941 (Appendix I1)

Fig.B.1 Pressure in PV (pressure vessel)

Fig.B.2 Pressure in broken loop JP (Jet Pump)

Fig . B.3 Pressure near MRP (Main Recirculation Loop)

Fig.B.4 Pressure at MRP side of break

Fig.B.5 Prescure at PV side of hreak

Fig.B.6 (DC) Downcomer Heand

Fig.B.7 Differential pressure hetween PV bottom and taop

Fig.B.8 Differential pressure between JP-1.2 discharge and
suction

rig.B.9 Differential pressuré between JP-1,2 drive and suction

Fig.B.10 Differential pressure between JP-3,4 discharge and
suction

Fig B.11 Differential pressure between JP-3.4 drive and suction

Fig.B.12 Differentinl pressure beetween MRP delivery and suction

Fig.B.13 Differential pressure between downcomer bottom and
MRP1 suction

Fig.B.14 Differential pressure between MRPL delivery and
Jr—1,2 drive

Fig.B.15 Differential pressure between downcomer middle and
JP-1,2 suction

Fig.B.16 Differential pressure between JP-1,2 discharge and LP

rjj

ig . B.17 Differential pressure between downcemer bottem and
hreak B

Fig.B.18 Differential pressure between breaks A and B

Fig.B.1¢ Differential pressure between break A and
MRPZ suction

Fig.B.20 Differential pressure between MRP2 diiivery and JP-3.,4
drive

Fig.B.21 Differential pressure between downcomer middle and
JP-3,4 suctien

Fig.B.22 Differential pressures between JP—3,4 discharge and
confluence

Fig . B.23 Differential pressure between JP-3,4 conf luence in

broken loop and LP
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Fig.B.24 Differential pressure between lower pleaum and
downcemer middle

Fig.B.25 Differential pressure between lower plenum and
downcomer bottom

Fig.B.26 Differential pressure between downcomer bottem and
downcomer middle

Fig.B.27 Differential pressure between downcomer middle and
steam dome

Fig.B.28 Differential pressure between LP bottom and LP middle

Fig.B.29 Liquid levels in ECCS tanks

Fig.3.30 JP—1,2 discharge flow rates {(pos. flow)

Fig.B.31 JP-3.4 discharge flow rates {pos. [low)

Fig.B.32 JP-3,4 discharge flow rates (neg. flow)

Fig.B.34 MRF pump speeds

.35 Valve operation signals

B
B
JFig.B.33 MRP dischargs flow rate
B
Fig.B
B

Fig.B.36 ECCS operation signals
Fig.B.37 MRP operation signals
Fig.B.38 Fiuid density at JP-1,2 outlet, beam
Fig.B.3¢ Fluid density at JP-1.2 outlet, beam

Fig.B.40 Fluid density at JP-1.2 outlet, bDeam

W O W >

Fig.

B
B
B

Fig.B.41 Fluid density at JP-3,4 outlet, beam
B.42 Fiuid density at JP-3,4 outlet, beam
B

Fig.B.43 Filuid density at JP-3,4 outlet, beam C
Fig . B.44 Fluid density at MRP-side of break, beam A
Fig.B.45 Fluid density at MRP-side of break, beam B

TFig.B.46 Fluid density at PV side of break, beam A
Fig.B.47 Fluid density at PV side of break, beam B
Fig.I3.48 Momentum flux at JP 1,2 outlet spool

Fig.B.49 Momentum flux at JP 3,4 outlet spool

Fig.3.50 Mome-ntum flux at break A spoel piece (low range)
Fig.B.51 Mementum flux at bresk B spool piece (low range)

Fig.B3.52 Momentum flux at break A spool' piece (high range)
Fig.B.53 Momentum flux at break B spool piece (high range)
IFig.B.54 Fluid temperatures in lower plenum and upper plenum

Fig.

B
B
Fig.B.55 Fluid temperatures in sieam dome and MSL
5.56 Fluid temperatures in dowicomer

B

.07 Fluid temperatures in intact recirculation loop

Fig.
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A87 and A88 at position 7
Fig.B.90 Surface temperatures of fuel rods
B22, €22 and D22 at position 1
Fig.B.81 Surface temperatures of fuel rods
A292, B22, €22 and D22 at position 2
Fig.B.92 Surface temperatures of fuel rods .
A292. B22, C22 and D22 at position 3
Fig.B.93 Surface temperatures of fuel rods
A2%, B22, C22 and D22 at position 4
Fig.B.94 Surface tenqmratﬁres of fuel rods
A292, B22, C22 and D22 at position &
Fig.B.95 Surface temperatures of fuel rods
A22, B22, C22 and D22 at position 6
IFig.B.96 Surface temperatures of fuel rods
A22, B22, C22 and D22 at position 7
TFig.B.87 Surface temperatures of fuel rods
A77, B77 and C77 at position 1
Fig.B.98 Surface temperatures of fuel rods
A77. BT7 and CT7 at position 2
Fig.B.9% Surface temperatures of fuel rods
A77, B77 and C77 at position 3
Fig.B.100 Surface temperatures of fuel rods
AT7, B77 and C77 at position 4
Fig.B.101 Surface temperatures of fuel rods
AT7, B77 and C77 at position B
Fig.B.102 Surface temperatures of fuel reods
AT7, B77 and C77 at positfon 6
Fig.B.103 Surface temperature of fuel rod
A77, B77 and C77 at position 7

104 TFluid temperatures at channel inlet

Fig.B

Fig.B.105 F]uid‘tenumratures at channel A outlet
Fig.B.106 Fluid temperatures atl channel C outlet
Fig.B.107 Fluid temperatures above UTP of channel A,

openings 1 to B

Fig.B.108 Fluid temperatures above UTP of channel A,
openings & to 10

Fig.B.109 Fluid temperatures below UTP of channel A,

gpenings 1 to B
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Liguid level signals in channel C inlet

Liquid level signals in channel D inlet

Liquid level signals in lower plenum, nortﬁ
Liquid level signals in lower plenum, south
Liquid level signals in guide tube, north

Liguid level signals in guide tube, scuth

Liquid level signals in downcomer, D side

Liquid level signals'in downcomer, B side

Flow rate at MRP side of break (based on low range
drag disk data)

Flow rate at PV side of break (based on low range
drag disk data)
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drag disk data)
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