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This report presents the ROSA-III experimental results of RUN 955,
which simulates a 100% steam line break (SLB) LOCA outside the BWR reactor
containment vessel (RCV) with an assumption of high pressure core spray
(HPCS) system failure. The ROSA-IIT test facility simulates a BWR system
with volumetric scale of 1/424 and has the principal systems, i.e., four
half-length electrically heated fuel bundles, two active recirculation
loops, four types of ECCSs, and steam and feedwater systems.

The report clarifies that the 100% SLB LOCA outside the RCV becomes
similar to a small SLB LOCA with the safety/relief valve (SRV) operation
after the main steam isolation valve (MSIV) closure and that it is
analogous to a small recirculation line break (RLB) LOCA with break

area less than 2% of the scaled pipe flow area.
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1. Introduction

The rig of safety assessment (ROSAY-ITI program<1><2> was .initiated in
1976 to study the thermal hydraulic behavier of a boiling water reactor (37
(BWR ) during a postulated loss-of-coolant. accident (LOCA) with the emergency
core cooling system (FECCS) actuation and to provide the data base to eval-
uate the predictability of computer codes developed for reactor safety
analysis. To meet these objectives various kinds of ROSA-III tests have
been performed and those results have been published- (4)-(34) The ROSA-III
test facility consists of a volumetrically scaled (1/424) primary system of
a 3800 MW BWR/B(251-848) with the electrically heated core, the break
simulator, steam and feedwater systems, instrumentations including water
level measurements and the scaled ECCS.

Up to the present time, similar experimental studies on the BWR LOCA
phencmena have been performed with respect to scme test parameters in the
integral test programs of TLTA(3®), FIST(30) and TBL. (37} Thus, the
characteristic features of BWR LOCA caused by a recirculation line break
(RLB) have been clarified both experimentally and analytically. However,
the steam line break (SIB) LOCA phenomena in a BWR system have been studied
little in the integral test programs,<38>(39) especially for a large SLB
LOCA in the reactor containment vessel (RCV).

In the ROSA-III program, six SLB LOCA tests have been performed with
test objectives to study (1) the characteristic features of the BWR SLB
LOCA, (2) the effects of ECCSs on core cooling capability, (3) the effects
of steam line break area. (4) the effects of break location at upstream-side
and downstream-side of MSIV (inside and outside of the RCV) and (B) the
effects of ADS and relief valve actuation on the small SIB LCCA. The
results of five SLB LOCA tests with break location in the RCV are already
published. (40)- {42} Moreover, the effects of system inherent features on a
large SLB 1LOCA phenomena have been clarified experimentally(43) and
analytically‘(44> It was also clarified in these studies that a large SLB
LOCA was apparently distinguished from a large RLB LOCA by the pressure and
and water level respopnses.

The report presents the experimental results of RUN 955, which simulates
a 100% SLB 1.OCA outside the RCV (downstream-side of MSIV) with an assumption
of high pressure core spray (HPCS) system failure. By closing the MSIV in
the case of this SIB LOCA, the core decay heat should be released by dis-
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charging the generated steam through the safety/relief valves (SRVs) in the
main steam line (MSL) and thereafter, the 100% SLB LOCA becomes a small SLB
LOCA followed by the steam discharge through the SRV and actuation of the
automatic depressurization system (ADS).

The primary objectives of this report are to clarify (1) the characte-
ristic features of the 100% SLB LOCA outside the RCV and (2) an analogy of
small break LOCA phenomena between the SLB and RIB in the BWR system. The
water mass inventory in the pressure vessel (PV) is estimated in two diffe-
rent methods (remaining PV mass and net discharged steam mass subtracted
from the initial mass) and is related with transient core thermal responses.
Two small RLB LOCA tests with similar initial test conditions are compared
with RUN 9506 to clarify an analogy between their transient phenomena. They
are 2% and 0% RLB LOCA tests, RUN 920 and RUN 923, respectively. The 0% RLB
[OCA test simulates an extreme condition of small LOCA and is the same as a
loss—of -feedwater transient test with scram and pump trip at the same time
of feedwater loss initiation.

Details of the ROSA-III test facility and instrumentations are described
in Sections 2 and 3, respectively. Test conditions and test procedures are
described in Section 4. Section 5 shows experiment data of RUN 955. The
characteristic features of the 100% SLB LOCA outside the RCV and the analogy
of small break LOCA phenomena between the SLB and RLB are shown in Section
6.
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2. ROSA-11I1 Test Facility

The ROSA-III test facility is a volumetrically scaled (1/424) BWR system
with an electrically heated core designed to study the response of the
primary system, the core and the ECCS du-ing the postulated LOCA. The test
facility is instrumented such that various thermal-hydraulic parameters are
measured and recorded during the test. Details of the test facility can be
refered to the reference ).

The test facility consists of four subsystems. These subsystems are :
(a) the pressure vessel, (b) the steam line and the feedwater line, (c) the
recirculation loops and (d) the ECCS. Figures 2.1, 2.2 and 2.3 illustrate
configuration of the test facility, the pressure vessel internals and the
piping schematics, respectively. Table 2.1 compares the major dimensions of
the ROSA-III test facility to the corresponding dimensions of the reference
BWR system.

The ROSA-III pressure vessel includes various components in it simulat-
ing the internal structures of the reactof vessel in the BWR system as shown
in Fig. 2.4. The interior of the vessel is divided into the core, the lower
plenum, the upper plenum, the downcomer annulus, the steam separator, the
steam dome and the steam dryer. The core consists of four simulated fuel
assemblies of half length and a control rod simulator. Each fuel assembly
contains 62 heater rods (Fig. 2.5) and 2 water rods spaced in a 8 x 8 square
array and supported by spacers and upper and lower tie plates. The heater
rod is heated electrically with chopped cosine power distribution along the
axis as shown in Fig. 2.6, The effective heated length is 1880 mm, one half
of the active length of a BWR fuel rod. The high power with radial peaking
factor of 1.4 was supplied to the fuel assembly "A" and average power was
supplied to the other three bundles "B”, "C" and 'D” with radial peaking
factor of 1.0. The heater rods in each assembly are divided into three
groups with respect to heat generation rate as shown in Fig. 2.7. The total
electric power is limitted as 4.24 MW by limitation of the power supply
system. The relative power generation rate of a heater rod in each group is
1.1, 1.0 and 0.875 respectively. The orifice plate with 44 mm I1.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 is installed in the steam line to control the steam dome



JAERI-M 87-044

pressure 1n steady state before the initiation of the tests. The steam line
has a branch in which the automatic depressurization system {ADS) 1is
installed. The operation of valves in the steam line including the MSIV is
described in Section 4. The feedwater 1s supplied from the feedwater tank
(FWI) through the feedwater line {Iig. 2.8) and the feedwater sparger
(Fig.2.9) below the steam separator.

The break unit in the steam line and the recirculation loop are des-
cribed below. Figure 2.10 shows the main steam line and the two equal
recirculation loops. The break is initiated by quickly opening the break
valve (break unit B) and the air valve AV-165 in the transient steam line
{see Fig. 2.3). The steam break flow 1s lead to the break unit B (break
orifice T.D. = 31.0 mm) and discharged outside the system. The break unit A
is isolated both from the steam line and the recirculation loop.

The ROSA-TIT test facility is furnished with all kinds of the FOCS's
available in the BWR system, i.e., the high pressure core spray (HPCS), the
low pressure core spray (LPCS), the low pressure coolant injection (LPCI}, .
and the ADS. The HPCS and the LPCS spray the cooling water on the top of
the core., The LPCI injects the cooling water into the core bypass. Each
ECCS consists of a pump, a tank, piping, and a control system. In RUN 955,
a single failure of HPCS diesel generator is assumed.

The water level in the upper downcomer was measured by a differential
pressure transducer and used for the actuations of ECCS's. The LPCS and
LPCI are designed to actuate by the low downcomer level signal (LL1) and to
inject the water at their design pressure, P=2.16 MPa and 1.57 MPa, respec-
tively.

The downcomer related trip logics in the present tests are summarized
below. The MSIV closure was assumed to actuated at 3 seconds after the
break. The ADS trip signal of the low downcomer water level (12) is diffe-
rent from the BWR/6 trip level of [.1. The earlier ADS actuation in the test
RUN 955 is discussed in Section 6.

MSIV Closure 3 s

[PCS Actuation (L1 + 40 s ) + (P less than 2,16 MPa)
LPCI Actuation = (L1 + 40 s > + (P less than 1.57 MPa)
ADS Actuation = L2 + 120 s

i1
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3. Instrumentation

The instrumentation of the ROSA-III is designed to obtain thermal-
hydraulic 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 1.OCA. Table 3.1 summarizes the No.4 instrumentation list used
in the steam line break test RUN 955. Tables 3.2 and 3.3 show the measure-
ment list and the core instrumentation list, respectively. The figure
numbers in Table 3.2 are described in the section 5. Instrumentation loca-
tions are shown in Fig. 3.1 through Fig. 3.6.

Typical measured parameters in the ROSA-III are pressure, differential
pressure, flow rate, electric power, pump speed, fluid and metal itempera-
tures, collapsed liquid level, two-phase mixture level, fluid density, trip
signals and so on.

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

The flow rate is measured by four itypes of instrumentations, i.e.,
turbine flow meter, orifice type flow meter., Venturi type flow meter and
momentum flux measurement equipment depending on the fluid condition and
measuring location. The turbine flow meter is used for subcooled water flow
such as ECCS injection flow and feedwater flow. The orifice type flow meter
1s used for both flows, one is steam line flow including ADS flow and
another one is jet pump discharge flow in the blowdown loop. The Venturi
flow meters used for recirculation flows in both loops and jet pump dis-
charge flow in the intact lcop. The momentum flux measurement using drag-
disk is shown later.

The temperatures of the fluid, structural material and fuel red cladding
are measured with chromel-alumel thermocouples (CA T/C) of 1.6 or 1.0 mmp.
The thermocouples for fuel rod cladding temperatures are imbedded at the
surface of the cladding as shown in Fig. 2.5. There are seven (maximum)
thermocouples for one fuel rod aleong the axial direction.

Liquid levels are measured by either differential pressure transducers,
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described above or needle type electrical conductivity probes (CP) developed
in the ROSA-II1 program. The probes are distributed along the vessel height
to detect the existence of water or vapor at different levels,

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

Pump speed is measured by a pulse generator integral of the pump. Trip
signals such as selected valve positions and pump coastdown simulation
initiations and so on are detected in order to record the exact actuation
times of trip signals.

Fluid density in the pipe is measured by means of gamma densitometers,
Preliminary studies indicate that two-beam and three-beam densitometers
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) scin-
tillation counter,

Momentum flux is measured by a drag disk as shown in Fig. 3.9. The
combination of signals from 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 Z2000B, Iwasaki Tsushinki Co. ) scans
all of signals with the frequency up to 30 Hz. The data recorded on mag-
netic tape are processed by the FACOM M?200 system computer at JAERI by
off-line control. After evaluation, for example by comparing the initial
and final pressure values with standard values, the data is reprocessed
using the correct conversion factors as determined from the consistency
examination. More detailed information on the data processing procedure are

available in reference (45).
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4. Test Conditions and Procedure

The test RUN 955 is a 100% main steam line break LOCA test with an
assumption of HPCS failure. The break location simulates the steam line
outside the BWR RCV so that the steam discharge can be terminated by the
actuation of MSIV closure. The test conditions are shown in Table 4.1. The
break area was simulated by an orifice with 31.0 mm I.D. (OR-5) in the first
steam line branch. The measured initial test conditions were; steam dome
pressure of 7.35 MPa, total core power of 3.982 MW. core inlet mass flow of
16.8 kg/s, core inlet subcooling of 10.7 K, main steam flow and feedwater
flow of 2.06 kg /s, and pressure vessel water level of 5.04 m. The initial
average fluid quality in the upper plenum was estimated as 12.8%. The
initial enthalpy distribution of the primary fluid system simulated that of
the BWR rated conditions.

RUN 955 was performed by the following procedures as shown in Table 4.2.
Break was initiated by quickly opening the break valve (QOBV) and the air
valve AV-165 in the first steam line. At the same time, the power supply to
both recirculation pumps was terminated 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, 4.2,
which simulated the heat transfer rate to cooclant during a hypothetical
BWR/LOCA. 46) The steam flow to heat up the feedwater from the third steam
line was manually stopped immediately after the break by closing the valves
CV-1 and CV-2. The feedwater line was closed at 2 s after the break.

The MSIV was assumed to close at 3 seconds by quickly closing the air
valve AV-165 and thereafter the steam discharged through the pressure
control valve CV-130, which simulated the SRV operation. The ADS was
actuated by L2 trip level with time delay of 120 s. The ECCS actuation
signal was tripped by L1 level (4.25 m from PV bottom) signal with a time
delay of 40 seconds. The LPCS was actuated at 516 s after the break (at 2.2
‘MPa of the system pressure) and LPCI was actuated at 581 s after the break
{at 1.7 MPa of the system pressure). Most of the instruments functioned

successfully,
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5. Data Processing for RUN 9b5

In RUN @55, the data acquisition frequency was D Hz. The test data was
processed and reduced to 1000 data points in a time period of 1000 s for
computer plotting. The test data of RUN 99b are shown in Figs. b.1 throﬁgh
5.108. In these figures, the measured quantity is identified by the channel
number and the alphabetic characters (ref. Table 3.2).

Figure 5.1 shows the representative pressure data in the pressure vessel
(PV) and main steam line (MSL). Figures 5.2 through 5.2b show differential
pressure data between various positions in the pressure vessel and the
recirculation loop. Figures 5.26 and 5.27 show the liquid levels in the
ECCS tanks and downcomer. Figures 5.28 and 5.23 show injection flow rates
of LPCS and LPCI, and feedwater flow rate, respectively. Figures 5.30
through 5.33 show the flow rates through the jet pumps and main recircula-
tion line. Figure 5.34 shows the electric power supplied to the core with
the maximum capacities of 2100 and 3150 kW. The pump speed of the main
recirculation pump is shown in Fig. ©.3b5. The trip signals such as the
break initiation signal and the valve positioning signals are shown in Figs.
5.36 through 5.38. Figures 5.39 through 5.44 show the fluid densities
measured by the gamma densitometer. Figures 5.45 and 5.46 show momentum

fluxes measured by the drag disks.

Figures 5.47 through 5.51 show the fluid temperatures at various posi-
tions in the system. The fuel rod cladding temperature and the surface
temperatures of the water rods and the channel boxes measured at positions 1
through 7 are given in Figs. 5.52 through 5.58, Metal temperatures on the
outer surface of channel box A are shown in Fig. 5.80. Figures 5.61 through
5.74 show the fuel rod cladding temperatures in a different manner., Figures
5.75 through 5.78 show the fluid temperatures at the inlet and outlet of the
channel boxes. The liquid level signals in the core, the upper and lower
plena, the guide tube and the downcomer are shown in Figs. 5.79 through
5.90. The peak cladding temperature {(PCT) distribution in RUN 5% is given
in Table 5.1.

Quantities obtained from reduction of above test data are shown in Figs.
5.91 through 5.108 as follows.



JAERI-M B87-044

Figures 5.81 and 5.92 show the average fluid density calculated from the
data shown in Figs. 5.39 through 5.44. The average density is calculated as
an arithmetic mean of the densities in multi-directions with the weight of

each cord length.
For the three-beam densitometer at the jet pump outlet spool,

Pav = 0.3221p4 + 0.43pp + 0.2479p¢ B.1)

where,
Paw: average density obtained from the three-beam gamma densitometer,
ps - density measured by beam A (bottom),
pp . density measured by beam B (middle).
pe - density measured by beam C {(top).

Figures 5.83 through 5.99 show the fluid flow rates at the steam line,
the channel inlet orifices, the bypass hole and the total core inlet flow
rate. The fluid flow rates are calculated from the test data which are the
pressure drop across the orifices and the liquid density obtained from the
temperature and the pressure condition. The equation used for the calcula-

tion is as follows :

G=0C-A- /29 -p- 4P B.2)

where,
G . flow rate,
AP ! pressure drop across the orifice,
Cp © discharge coefficient,
= 0.8552 ( the orifice to measure the steam discharge flow rate )
= 0.4761 { the channel inlet orifice )
= 0.8032 { the bypass hole )

A © flow area ( m® )
= 2.875 x 10? ( the orifice to measure the steam discharge flow
rate )
=1.521 x 107 ( the channel inlet orifice )
= 1.758 x 10* ( the bypass hole b
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2 : gravitational acceleration ( = 9.807 m/s? ),

p1 : density of the single-phase liquid ( kg/m® ),

This calculation method 1s not applicable for two-phase flow condition
after the LPF initiation at the channel inlet orifices and the bypass hole.
The calculated value shows only a trend in two-phase flow condition., Total
channel inlet flow rate presents the sum of four channel inlet flow rates.

Figures 5.100 and 5.101 show the collapsed water levels in downcomer and
inside the core-shroud, respectively. Fach level is obtained from
corresponding differential pressure data. The differential pressure may
include the flow resistance effect, however, the flow resistance becomes
negligible after completion of the recirculation pump coastdown.

Figure 5.102 shows the {luid mass inventory in downcomer. The fluid
mass inventory is determined from the density and configurational data

inside and outside the core shroud,

M=p-Q ®.3)

where,

M : fluid inventory,

pr ¢ liquid density estimated from the satulation temperature and/or-
pressure,
& ! liguid volume calculated from the liquid level.

The volume Q ¢ m> ) inside the shroud is also given as a function of

collapsed water level in downcomer (L},

€ =0.0 ( L =0.484 )
Q = 0.0225L — 0.0111 (0.494 < L = 1.384 )
Q = 0.0697L — 0.0788 (1.384 <L = 1.519 )
= 0.0226L — 0.0048 (1.5189 < L = 3.355 )
Q - 0.0801L - 0.1980 (8.3 < L = 4.250 )
Q = 0.2443L — 0.8928 (4.260 < L = 4.413 6.4)
§ = 0.2611L — 0.9700 (4.413 <L = 4,518 )
Q = 0.2004L — 0.9211 (4.5 <L = 4654 )
Q = 0.2375L — 0.85610 (4.804 < L = 4.815 )
Q= 0.2866L — 1.0974 (4.815 <L £ 4.915 )
= 0.33%L — 1.3580 (4.915 <L = 5.143
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Q = 0.3607L — 1.466D (5.143 <L = 5.3 )
Q = 0.3848[. ~ 1.59680 (5,35 <L =< 5,996 )
Q= 0.7111 ( 5.986 < L )

Figure 5.103 shows the fluid mass inventory inside core shroud. The
fluid mass inventory is determined from the density and configurational data

inside and outside the core shroud,

M= pr-Q (5.5)

where,

M . fluid inventory,

o1 0 liquid density estimated from the satulation temperature and/or
pressure,
& : liquid volume calculated from the liquid level.

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

collapsed water level inside core shroud (L),

Q = 0.0 { L = 0.0 )
Q@ = 0.2350L (0.0 <L = 0.497)
Q@ = 0.1245L + 0.0549 (0.497 < L = 1,354 )
= 0.0808L + 0.1290 {1,354 < L = 3.B89 )
= 0.1648L — 0.2120 (3.588 < L £ 3.744 )
= 0.1963L — 0.3299 (3,744 << L = 4.243 ) (b.6)
§ = 0.0186] + 0.4199 (4,243 << L = 4.578 )
§ = 0.0183L + 0.4244 (4578 < L = 46854 )
& = 0.04101. + 0.3201 (4.854 < L = 5.099 )
Q = 0.0198L + 0.4292 ( 5.09g9 < L = 5,365 )
Q = 0.5344 { 5.365 < L )

Figures 5.105 and 5.106 compare.the collapsed water levels in PV and the
mixture levels, which are obtained by reducing the conductivity prove
signals previously shown in Figs. 5.79 through 5.90. Figures 5.107 and
5.108 show the dryout and quench times of fuel rods in the high power bundle

{channel A) and among the four bundles.
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6. Test Results

The test results of RUN 985 are shown in Section 6.1. The 100% SLB LOCA
outside the reactor containment vessel (RCV) becomes a small SLB LOCA due to
the safety/relief valve (SRV) operation after the MSIV closure and there-
fore, it is very different from a 100% SLB LOCA(40). {(41) jnside the RCV, in
wvhich a rapid depressurization continues in spite of the MSIV closure after
the break. An analogy of small break LOCA phenomena between the SILB and the

main recirculation line break (RLB) is presented in Section 6.2,

B.1 Major Events of 100% SIB outside RCV, RUN 955
(1) Pressure Response and Major Events

The break was initiated by quickly opening both the break valve (QOBV)
in the break unit B and the air valve AV-16D in the transient steam line
(see Figs. 2.10 and 4.1). The system pressure began to decrease rapidly
af'ter the break as shown in Fig. 5.1. Three seconds after the break, the
MSIV closure was simulated by quickly closing the AV-165 and thereafter the
system pressure turned to increase rapidly. After the system pressure
reached the SRV trip point of 8.0 MPa, it was automatically controlled to
keep constantly at the pressure of 8.0 MPa by operating the pressure control
valve CV-130 in the steady steam line. Thus, the 100% SLB LOCA outside the
RCV changed into a small SLB LOCA after the MSIV closure,

As the MSIV closure 1s tripped on the pressure of 6.6 MPa, which was
higher than the saturation pressure of the lower plenum fluid (6.4 MPa), no
flashing occurred in the water regions before the ADS actuation,

On the other hand, the core flow began to decrease by the pump trip at
the break time {(see Figs. 5.94 through 5.99) and thereafter the core flow
became nearly stagnant. The feedwater supply was stopped during 1.6 and 4.0
g after the break. The fluid density data shown in Figs. 5.39 through 5.44
indicate that phase separation was observed in the horizontal line at the
Jet pump outlet after the initiation of lower plenum flashing. The density
data of beam C, which passes through the top part of the horizontal pipe
{see Fig. 3.7), shows siteam density after the flashing initiation, whereas

that of beam A, which passes through the bottom part of the pipe, shows
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water density at the same time.

The ADS was tripped at 150 s after the break by the low downcomer water
level (I2) signal with a time delay of 120 s and it caused rapid depressuri-
zation in the system. The effect of different ADS actuation trip level (L1}
compared with the ADS actuation by [2 trip level is shown in the next
section. The LPCS and LPCI were actuated at 518 s (2.2 MPa) and 591 s (1.8
MPa}. respectively (see Fig, 5.28).

The flashing of fluid initiated 28 s after the ADS actuation and
resulted in rapid void formation in the water regions such as lower plenum
and downcomer. The void formation was observed in the decrease of water
head {(differential pressure data in Figs. 5.2 through 5.25). The water
level swell was observed in the downcomer after the fluid flashing initia-
tion as in the similar SLB LOCA tests. (42)

The core dryout initiated at 330 s after the break (180 s after the ADS
actuation) due to the water level decrease inside the core shroud. The
upper half core was dried out above the mixture level and quenched finally
at 546 s after the break by the water level recovery caused by the LPCS
actuation. It should be noted that the core was completely quenched only by
the LPCS actuation in RUN 955,

(2} Steam Discharge Flow Rate and Mass Inventory

In RUN 955, the steam mass discharged through the MSL can be directly
related with the PV remaining mass inventory since there is no fluid dis-

charge path except for the MSL.

Figure 5.93 shows steam discharge flow rate, which were measured by the
orifice-type flow meter located at the main steam line. The orifice-type
flow meter can correctly measure a single-phase steam flow but has large
umbiguity on the accuracy for the two-phase flow, which may be cbserved
af'ter the lower plenum flashing initiation.

After the break, the total steam flow area was increased from the steady
state flow area of CV-130 (estimated as 29.3%)“2) to a sum of the transient
{100%) and steady steam flow areas, i.e.,129.3%. And the steam discharge
flow rate increased from the steady steam flow rate of 2.06 kg/s to a
maximum flow rate of 6.2 kg/s after the break. By the MSIV closure at 3 s

after the break, the large steam discharge was terminated. Thereafter steam
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discharged through the SRV (CV-130). By actuation of ADS at 150 s after the
break, the steam discharge flow increased rapidly. The total steam flow
area after the ADS opening became a sum of the SRV area (estimated nearly as
7% of the 1/424 scaled BWR MSL flow area) and the ADS flow area of 35%,
i.e., 42%,

The transient fluid mass remaining in the system was estimated by
different two wave. One 1s obtained by the collapsed water levels in PV as
shown in Section D (see Figs. ©.100, through 5.104). Another one is calcu-
lated by using an initial fluid mass (Mp) and a net discharged fluid mass

from the system, as follows,
M=My + Mg - Mp + My

where Mp @ Injected feedwater mass 6 kg in the first 4 g and
inflow after the feedwater flashing.
Mp  Discharged steam mass through the break (OR-5),
relief valve {({CV-130) and ADS line (CR-4).
M1 : Injected water mass by LPCS and LPCI.

The discharged steam mass was obtained as shown in Table 6.1. The steam
mass 1s correct except for a short time period after the ADS actuation, when
some content of water entrainment may not be negligible as shown in Section
5 (see Fig. 5.93). The ECC water flow is correctly measured by the turbine
flow meters under the water single phase condition (see Fig. 5.28).

In order to compare the remaining fluid mass in PV, the fluid mass
remaining in the jet pumps (JPs) and the main recirculation lines (MRLs) was
obtained by estimating an average void fraction {(a) in the regions (see
Table B.2) and was subtracted from. the total system mass inventory. The
initial fluid mass in JPs and MRLs (M ) was estimated as 123 kg by using
the fluid volume of 0.172 m3. The transient fluid mass in JPs and MRPs M

was calculated by using the following relation,
M. = Mo x po)x (1 - «),
where p and pg are the saturation water density and the initial water

density, respectively.

Table 6.3 compares the PV mass inventories estimated by the two ways. It
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is shown that both inventories agreed well within a discrepancy of 13%
before the LPCS actuation. The comparatively large discrepancy of 8% in the
initial state may be a result of over-estimation of fluid mass in the two
phase regions.

The ADS actuation enlarged the discrepancy by the followiﬁg reason. The
vater mass in the upper downcomer above 4 .25 m was under-estimated or
neglected in the fluid mass calculation by using the PV collabsed vater
levels. Namely the calculated collapsed water level in the whole downcomer
became lower than the level of 4.25 m after the ADS actuation time, whereas
the collapsed water level in the upper downcomer was higher than the level
of 4.25 m as shown in Fig. 6.1. As the upper downcomer above 4.25 m has
flow area more than three times wider than that of lower downcomer, location
of the collapsed water level in the whole downcomer affects significantly
the mass estimation in relation to the boundary elevation of 4.25 m.

By a rough correction, water mass above 4.25 m was estimated from the
upper downcomer colappsed water level as shown by the braketted value in
Table 6.3, which showed good agreement between the two fluid mass calcula-—
tions. It is shown that the discrepancy between the two PVfluid mass
calculations can be reduced within 5% by correcting the upper downcomer
water mass in a time period after the break until the LPCS actuation time.

The agreement of the two mass inventories means that these estimations are
consistent and reliable.

The water mass in PV decreased to the lowest value of 46% of the
initial water mass before the LPCS actuation. The discrepancy between the
two mass inventories became larger after the LPCS actuation due to the

transient local mass distribution along the ECCS flow paths.

(3) Core Thermal Responses Related with Mixture Levels

The fuel rods in the core showed a temporary temperature increase due to
dryout above the mixture levels and a quench caused by water level rcovery
af'ter the LPCS actuation at 516 s. The dryout and quench phencmena was
strongly related with the core mixture level responses as shown in Figs.
5.105 through 5.108, '

The core dryout initiated at 330 s after the break (180 g after the ADS
actuation) at a total system mass inventory of 80% of the initial mass (see

Table 6.3). The lowest mixture level was observed at the middle height of
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the core (at a total mass inventory of 46%). After actuation of LPCS, the
water levels in PV recovered rapidly and the fuel rods were quenched.
Distributions of dryout and quench times in one bundle and among the four
bundles were observed as shown in Figs. 5.107 and 5.108, The distribution
depended mainly on the location of fuel rod in the bundle. And there was
minor difference of core thermal respons~s between the four bundles in
comparison with the distribution in one bundle,

The highest fuel surface temperature (PCT) was observed at 240 s after
the break as 646 K at position 2 of the A88 rod in the high-power bundle. It
wvas observed 24 s after the LPCS actuation. The final core guench was
completed 30 s after the LPCS actuation.

6.2 Analogy of LOCA Phenomena between RUN 955 and
Two Small RLB Tests, RUNs 920 and 923

In this section, major test results of RUN 955 are compared with those
of small RLBR LOCA tesits with break areas of 2% and 0% of the 1/424 scaled

BWR MRL flow area in order to clarify an analogy between them.

(1) Test Conditions of RUNs 955, 920 and 923

Table 6.4 compares the test conditions of the three tests. In RUNs 9955
and 923, the primary fluid was discharged only through the main steam line
(MSL) whereas the primary fluid in RUN 920 discharged through twe lines,
i.e., the MSL and the main recirculation line (MRL}.

The initial test conditions of the three tests were the same. Their
transient conditions were the same except for the MSIV closure and ADS
opening logics. In RUN 955, a larger steam flow rate in the MSL after the
break could sent an MSIV closure signal with a time delay of 3 s. On the
other hand, the MSIV was tripped by the low downcomer water level of L2 with
time delay of 120 s in RUNs €20 and 923 at 29 s and 35 s, respectively.

The LPCS and LPCI were actuated by the same trip logics ambng the three
tests. However, the ADS actuation trip level of RUN 955 was different from
the two RLB tests., Namely, the ADS actuation in RUN 955 was tripped by the

low downcomer water level of 12 with time delay of 120 s, whereas those in
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RUNs 820 and 923 were tripped at 188 s and 355 s after the break by the low-
low downcomer trip level of L1 with time delay of 120 s, which simulated the
BWR/6 trip logic. Thus, the ADS in RUN 955 was actuated earlier than a
reference BWR LOCA condition.
However, the ADS actuation time of RUN 920 was close to that time of RUN

955 because of faster mass discharge from the downcomer in the former. On
the other hand, as the mass discharge conditions of RUNs 955 and 923 were
the same, the effects of ADS actuation trip level on the transient system
responses can be shown by comparing the test results of RUNs 955 and 923,
Therefore, the effect of ADS actuation time on the small SLB LOCA or the
100% SLB LOCA outside the RCV can be estimated by comparing the test results
of RUN 955 with those of RUNs 920 and ©23.

(2% Compariscon of RUN @55 with 2% RLB Test, RUN 920

Major events of RlUNs 920 and 955 are compared in Table 8.5. Figures 6.2
through 6.15 compare the major results of the two tests. Figure 8.16 shovs
the collapsed water levels in the whole downcomer, upper downcomer and
inside core-shroud of RUN 920 and is compared with those of RUN 955 (see

Fig. 6.1). Followings are reduced through these comparisons.

(A) The pressure response of RUN 955 became close to that of RUN 820 due to
the similar ADS actuation times between them (see Fig. 8.2). Actually,
the time differences of the major events between the two tests were 26 s
of MSIV closure, 83 s of SRV initiation, 38 s of ADS actuation and 81 s
of LPCS actuation (see Table B.4). As there was larger remaining water
mass in RUN €95 than in RUN 920, the depressurization rate after the ADS
actuat:ion became slower in the former.

(B) The water levels in downcomer and inside core-shroud of RUN 955 were
higher than those of RUN 920 because of no mass discharge from the
downcomer in the former (see Figs. 6.1 and 6.18). The PV mass inventory
in RUN 955 was approximately 100 kg larger than that of RUN 920 before
the LPCS actuation time as shown in Fig. 6,15,

(C) A common relation between the collapsed water levels in downcomer and
inside core-shroud was observed in the transient phase of the two tests
(Figs. 6.1 and 6.16). Namely, the collapsed water level inside the

core-shroud was 0.9 - 0.8 m higher than that in the whole downcomer
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before the ADS actuation in both tests. On the contrary, the water
level in the whole downcomer became higher by 0.5 m in RUN 920 and by
0.5 - 1.0m in RUN 925 than the collapsed water level inside the core-
shroud after the ADS actuation because the pressure balance in PV was
changed clearly by the ADS actuation. As a large pressure loss of the
uprizing two phase flow shown in Fig. 5.3 was induced at the steam
separator after the ADS actuation, the water head inside core-shroud was
lowered corresponding to increase of the pressure loss through the steam
separator. The collapsed water levels inside core-shroud of RUNs 955
and 920 were lower than each downcomer water level by less than 2m and
Im, respectively, before the LPCS actuation time. Thus, a reversal of
the relation between the collapsed water levels across the core-shroud
was commonly observed in both tests after the ADS actuation.

The core dryout initiation time was 50 s earlier and the final core
quench time was 8 s later in RUN 920 than in RUN 895 (Table 6.4). As
the core dryout time period of RUN S20 was 58 s longer than RUN 955, the
PCT of the former became 155 K higher than the latter. This is a result
of smaller PV mass inventory in RUN 920. The dryout and quench behav-
iors of fuel rods were strongly related with the mixture level responses
in the core in both tests.

It was concluded that 100% SLB cutside the RCV became a small SLB 1.0CA
after the MSIV closure and that it was similar to a 2% RLB LOCA test,
RUN 820, by a similar pressure transient. However, the core cooling
conditions in RUN 955 was better than RUN 920 because of larger PV mass

inventory and lower PCT.

Comparison of RUN €95 with 0% RLB Test, RUN 923

Major events of RUNs 923 and 955 are compared in Table 6.B. Figures

6,17 through 6.32 compare the major results of the two itests as in the

previous section. Figures 6.18 through 6.25 compare the test results of RUN

955

with those of RUN 923 by assuming the same ADS actuation time as in RUN

955 (180 s after the break). The effects of ADS actuation in RUN 855 by the

L1 trip level instead of the L2 trip level can be estimated by comparing

these test results. Followings are reduced through these comparisons.

(&)

Figures 6.18 through 6.25 show that the principal phenomena in RUN 8bb
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after the ADS actuaticn were quite analogous to those of RUN 923 with
slight differences between them. The time difference of ADS actuations
between RUNs 955 and 923 was 205 s caused by their different ADS trip
levels.

The pressure response of RUN 955 after the ADS actuation was nearly
egual to that of RUN 923 because of the same ADS flow area and the
similar PV mass inventories at the ADS actuation time in both tests. The
ADS actuations of RUNs 855 and 923 were 150 s and 355 s after the bréék,
respectively, which were tripped by the .2 4.76 m) and L1 (4.25 m)
levels, respectively. It is shown from this comparison that if the ADS
were actuated by the L1 level in RUN ©bh, the pressure response would he
the same as that of RUN 923 because of the same mass inventery at the
ADS actuation time between them.

A small difference of PV mass inventories at the actual ADS actuation
times of RUNs €5b and €23 were estimated as follows, The collapsed
water levels in PV were 4,43 m in RUN 955 and 4.02 m in RUN 923 at each
ADS actuation time (see Fig. 6.23). As there was no void in the down-
comer region at thalt time, the level difference of 0.41 m corresponds to
47 kg of water mass. On the other hand, the difference of differential
pressure in PV (see Fig. 6.24) corresponds to 0.07 m in water head and 2
to 3 kg of water mass in the steam separator region. By summing these
masses, the PV mass at the ADS actuation time in RUN €55 was 45 kg
larger than that of RUN 923. However, this difference of water mass was
so small that the pressure response of RUN 955 after the ADS actuation
became slightly higher than that of RUN 823 (see Fig. 6.18).

The core thermal responses of the two tests were quite similar in spite
of the difference of ADS actuation times between the two tests. The PCT
of RUN 995 was observed as 646 K at position 2 of A88 rod and was 9 K
higher and 157 s earlier than in RUN 923.

It was concluded that 100% SLB outside the RCV was quite analogous to 0%
RLB in spite of the difference of ADS actuation time of 205 s.
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7. Conclusions

A 100% steam line breék (SLB) LOCA outside the reactor containment

vessel (RCV) was experimentally studied in the ROSA-III program.

Characteristic features of the LOCA test and an analogy of LOCA phenomena

between the SLB and recirculation line break (RLB) were clarified as follows
by comparing the test results with those of two small RLB tests, RUNs 920
and 923 with break areas of 2% and 0%, respectively., The 0% RLB means a

loss of feedwater transient with scram and pump trip at the time of break

signal and is considered as an extremely small RLB LOCA.

(1) A 100% SiB LOCA outside the RCV (downstream-side of MSIV) becomes a
small SLB LOCA with the safety,/relief valve (SRV) operation after the
MSIV closure. And the 100% 5LB [LOCA outside the RCV is quite analogous
to a small RILB LCCA with break area less than 2% because of the similar
actuations of MSIV trip., SRV operation, and ADS opening.

{A) The pressure response of RUN 955 was close to that of 2% RLB (RUN

B)

€

920 by the similar ADS actuation time. The principal phenomena
after the ADS actuation time of RUN @bb was quite analogous to those
of 0% RLB (RUN 923) because of the similar PV mass inventories at

the initiation of ADS opening and the same ADS flow area.

The effects of ADS actuation on the water level responses are
commonly cohserved in RUN 955 and small RLB LOCA tests. In a high
pressure phase during the SRV operation, the collapsed water level
inside core-shroud was rather higher than the upper downcomer water
level. However, the water level inside core-shroud becomes lower
than the downcomer water level after the ADS actuation. This
reversal of water levels relation across the core-shroud is a result
of large pressure loss across the steam separator, which is induced
by the uprising two-phase flow across after the ADS actuation. In
RUNs 955 and 920, the collapsed water levels inside the core-shroud
wvere 1.0 to 2.0 m lower than each upper downcomer water level after

the ADS actuation.

The ADS actuation times of RUNs @bbH and 923 were 150 s (2 + 120s)
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and 355 s (L1 + 120s), respectively. The 12 level trip of RUN 955
does not simulate the BWR ADS irip level. By considering the
analogy of transient system responses shown above, the test results
of RUN 923 can be considered approximately the same as test results
of 100% SLB LOCA outside the RCV with ADS trip level of L1 as in the
BWR system.

(2) The core dryout initiated by the water level decrease inside core-shroud
180 s after the ADS actuation in RUN 955. The PV mass inventory at the
core dryout initiation was estimated as 60% of the initial PV mass. The
lowest PV mass inventory was estimated as 46% at the LPCS actuation
time. The core water level recovered soon after the LPCS actuation and
quenched completely within 30 s only by the LPCS. The peak cladding
temperature (PCT) was observed as 646 K at position 2 {(upper core
region; of A88 rod in the high-power bundle. It was found that the LPCS
has sufficient capability of core cooling in the case of 100% SLB LOCA
outside the RCV.
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Table 2.1 Primary chracteristics of ROSA-1I1] and BWR/6

BWR-6 ROSA-III BwWR/RQOSA
No. of Recirc. Loops 2 2 1
No. «of Jet Pumps 24 4 6
No, of Separators 7 251 l 251
No. of Fuel Assemblies 8438 4 212
Active Fuel Length (m) 3.76 1.88" 2
Total Volume (m°) 621 1.42 437
Power (MW) 3800 4.40 864
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) 1.54x104 36.4 424
Recirculation Flow {(i/s) 2870 7.01 424
Feedwater Flow (kg/s) 2060 4.86 §24
Feedwater Temp { K) 489 4389 !
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DL 6205
| OL 6040 Steam Line PV Top DL 5995
Steam Dryer DL 5657
Steam Seperator DL 5365
L3 Level oL 5000
L2 Level DL 4760
DL 4293 Feedwater Line L1 Laval DL 4250
-
HPCS,LPCS Nezzle 0L 4080
DL 3300 HPCS, LPCS Line 4 e
h'é 9 Connector DL 3744
Li 2
DL 2060 LPCI Line 5 Upper Tiepiate DL 3550
Eg Spacer DL 3218
DL_2314 get PUJTIDL " Spacer bl 2742
uction Line "rram—
,f Spacar DL 2332
4
2 Spacer DL 1856
2
}ﬁ Lower Tieplate DL 1524
¢ Channel Inlet DL 1284
Orifice
DL 938 Recic. Pump
Suction Line
oL 513
OL 400 Jet Pump
Disch. Line
oL 0 DL g

Fig. 2.4 Pressure vessel internals arrangement
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[

to Feed water Pump

Unit in mm
Total Length 18.58 m
[nside Volume 3.5 x 10

-

8

Fig. 2.8 Feedwater line between PV and AV-112

pv
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Fig. 2.9 Feedwater sparger configuration
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Details of ROSA-III1 system piping

Fig. 2.10
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Table 3.1 ROSA-III instrumentation summary list

TYPE t SENSGR | NUMBER | NOTE

s S SzxSoxSEEMz | ZE R RR S ECCSIESSErERE:|oEaRESSS| ESZS®SSSsIrESTSSSESSITTssS=
PRESSURE I PRESSURE TRANSODUCER! 20 !

--------------- T T gy gy gy g U
DIFFERENTIAL | DP CELL i 60 | PV AND LOOP ¥
PRESSURE [ : | LEVEL MEASUREMENT 5

I | [ FLOW METER 11

--------------- [ m o e e o e | emme .
FLULD I CA THERMOCOUPLE ! 129 i PRIMARY LOQP 23
TEMPERATURE I | I eTT 4

| ! I TIE RGO 28
i | ! UPPER PLENUM 10
[ | I LCWER PLENU™ 10
I ! I TIE PLATE 6«0
| I I 8Y PASS 14

——————————————— R ittt R e Bl Bt il el
FUEL RQD i CA THERMOCOUPLE | 213 {

TEMPERATURE | 1 [

--------------- I e Bl B it
SLAB SURFACE | CA THERMGCOUPLE i 70 | CORE BARREL 2¢
TEMPERATURE | [ i PRESSURE VESSEL 3

| i I CHANNEL 80X 35
| ! | SHROUO SUPPORT 8

--------------- I el B B e L L
SLAB INNER | €A THERMOCOUPLE f $ | JP DIFFUSER 4
TEMPERATURE ! | i PV WALL s

——————————————— I R e e R B e e B e e
VOLUMETRIC I TURBINE METER ! 3 i ECCS LOOP 3
FLOW RATE I VENTURI METER i L I PRIMARY LQOP 1Q
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——————————————— I el Bl B i R il bl el e
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RATE ! ORIFICE HMETER | 3 I STEAM LINE 3

--------------- R e B e e e
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——————————————— I R el B il B il e R
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| i I3 BEAM GD 2

——————————————— R el e e B e e R i
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——————————————— I e i B e e e e it e
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——————————————— [ i B e B it
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——————————————— [ i Bttt Tl B e e e
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Table 3.3 Core instrumentation map

Item P;s. gﬂziet Pos.l {Pos.2 [Pos.3 | Pos.4 | Pos.5 |Pos.6 |Pos.7 (I:rc:i:t
ng 3660° | 3417 |3114.3]2879.5/ 2527 1 2174.5/1959.5/ 1637 | 1454 |
surface] All TF_ 1 |TF 2 |TF 3'TF 4|TF s |t 6 |TF 7
Tem. | 410 TF 8 |TF 9 |TF .0 |TF 11{TF 12 |TF 13 |TF 14
AL3 TF 15 |TF 16 |TF 17 |TF 18 | TF 19 |T1% 20 |TF 21
Ald TF 22 [TF 23 |TF 24 | TF 25 | TF 26 |TF 27 |TF 28
AlS TF 29 TF 30
Al7 TF 31 TE 32
A22 TF 33 |TF 34 ITF 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 52 |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 | 1% 73
A3S TF 74 TF 75
A37 TF 76 TF 77
o A42 TF 78 TF 79
_Temp, | A44 TC 1 {TF180 {TF181 |TF182 | TF183 | TF184 |TF185 |TF186 | TC 2
Surface{ A45 TF 80 TF 81
Temp. | s TF 82 TF 83
A48 TF 84 TE 8%
AS1 TF 86 TE 87
AS3 TF 88 TF 89
AS4 TF 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
A64 TF 95 TF 96
A66 TF 97 TF 98
A68 TE- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
AT7S TF10S TF106
A77 TF107 TF108
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Table 3.3 Core instrumentation map {(Continued)

e

Item s, | Gore Pos.l | Pos.2 |Pos.3 TPos.4 Pos.5 |Pos.6 |Pos.7 Core |
Outlet Inlet
ﬁgé T 5660 | 3417 | 3114.5|2879.5 2527 | 2174.5/1939.5] 1637 | 1454 |
Surface| A82 TF109 TF110 R
Tenp. AB4 TFLLl TFll12 ]
AB6 TFL13 TF114 )
A88 TF115 TF116 T
B1l TF1l7 R
B13 TF118 ]
B1S TF11S | TF120 | TF121 | TF122 | TF123 | TF124 | TF125 o
B3l TF126
B33 TF127
B3S TR128
Fromo. | B4 TC 3 |TF187 | TF188 | TF189 | TF190 | TF1S1 | TF192 | TF193| TC 4
Surface| B51 TF129
Temp. B53 TF130
B85S TFL31 | TF132 | TF1533 | TF134 | TF135 | TF136 | TF137
Cll TF118
C13 TF138
C15 TF140
c31 TF141
c33 TFl42 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
C35 TF149
roms | cag TC 5 |TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC 6
Surface| 51 TF150
Temp. ey TF151
Cc77 TFIS2 | TFIS3 | TF154 | TF1S5 | TF156 { TF157 | TF158
D11 TF159 |
D13 TF160
D27 TF161 | TF162 | TF163 ! TF164 | TF165  TF166 | TF167
D31 TF168
D33 TF169
D35 TF170
F%:;S_ D44 TC 7 | TF20l | TF202 | TF203 | TF204 | TF20S | TF206 | TF207| TC 8
Surface| D51 TF171
Tem. 1 nss TF172
Das TF173 | TF174 | TF17S | TF176 | TF177 | TF178 | TF179
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Table 3.3 Core instrumentation map (Continued)

(Item ’ gﬁiﬁet Pos.l {Pos.2 |Pos.3 | Pos.4 | Pos.S {Pos.6 |Pos.7 §g§2t
gf 3660 | 3417 | 3114.5|2879.5|2527 |2174.5]1939.5|1675 | 1454
void | ASS VF L IVF 2 |VF 3|VF 4|{VF S IvF 6 |vF 7
BSS VE_8 |[VF_ 9 |VvF 10 |vF 11 | vF 12 |vF 13 |VvF 14
Ccss VF 15 IVF 16 |VF 17 {VF 18 | VF 19 |VF 20 |VvF 21
DS5 VF 22 |VF 23 |VF 24 | vF 25 | vF 26 |vE 27 |vE 28
Channel| Al* T3. 1|18 2 |T8 3|18 4|18 5|78 6 |18 7
gﬁifa AZ* TB 8 {TB 9 |TB 10 |[TB 11 |TB 12 |TB 13 |TB 14
Temp. | B+ T8 15 [TB 16 |18 17 |TB 18 | T8 19 |TB 20 |TB 21
c* T8 22 {TB 23 |TB 24 |18 25 | 78 26 {TB 27 |T® 28
o+ TB 29 |TB 30 (T8 31 {78 32 | T8 33 |8 =4 |18 1335
Liquid | Al* 13 1 LB 2|18 3|u8 4|LB S5 (L3 6 |LB 7
iﬁviie AZ* L8 8 LB 9 |3 10 |LB 11|18 12 (LB 13 |LB 14
Channel] g* LB 15 {LB 16 LB 17 |13 18 |LB 19 |LB 20 {LB 21
Box o L8 22 |LB 23 |18 24 {LB 25 | 1B 26 |13 27 |LB 28
D* LB 29 |LB 30 |1B 31 |18 32 | LB 33 |LB 34 |LB 15
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DL 6040
p3) OL 5910
oL 5510
®
&
DL 42 ‘
20 A f(gg) DL 4153
DL 33500
DL 3750
DL 3660 DL 3660
DL 3325
DL 2814
DL 2625
BL 2614
@P
DL 192s
DL 1851
= |
DL 1454
-F-_"_——- ————————
1088 DL 1188
DL 938 DL 338
DL 525
0L 4
00 DL 400
DL 100 DL 100
— ()
—DL 350 oL = 0
—DL 210
Fig. 3.2 Instrumentation location -in pressure vessel
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o= e~ e - W] o o~ I
P . G W
[ wvi vi 2] L4l %] Ly Vi ot —
ox| © ol o o ol © o oca
oo le| & o o. [V a. (ST
290.9
138.5 13.9 L38.5
3.0 132.5 I 6.0
9.7 10.019.7 16.16 {pitch]
CHAMMNEL BOX_"A° l‘ 7 H "
m
N

mm -
(ESISS ST
@@@@@@@ N

Tt

20°

W s i - ! v,
(NG .
180
CHRANMEL BOX ‘B CHANNEL BOX “c°

Heater rod 0.D. is 12.27mm

AS4 ,B54,C54 and DS54 are water rod simulators with void probes,
Q0.D.= 15.0lmm

A4S ,B45,C45 and D4S are water rod simulators with thermocouples,
0.D.= 15.01mm
Fig. 3.5 Core instrumentation (cf. Table 3.3)
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@)

@)
|

30 R 618
450 . | $46 X
{2) High Range Drag Disc (b) Low Range Drag Bisc
- - Nf S
to Recirculation Pump - - to Pressure Vessel
=~ Led
L} "
Hige Range Drag Disc :: :" High Range Drag Disc
<
2 -
»

Low Range Drag Disc w Range Drag Disc

rd
)
b Wl

asy

. 393.2
393.2

Y Wad

I

1200
(o] Lg]
o) o
Break Orifice A L= —{-— S . 4 Break Orifice B
Blowdown Valve A Blowdown Valve B

(c) Location of Drag Discs

Fig. 3.9 Arrangement and location of drag disks
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Table 4.2 Major events and test procedures of RUN 955

Time (s) Events
~-118 Initiation of data recording
- 12 Initiation of data plotting
0.0 Initiation of break line valves opening (AV-165, QOBV)
Initiation of valve closure (CV-1, 2)
+ Primary pump coast down (MRP1, 2)
1.6 + Initiation of feedwater line closure (Completed at 4.0 s)
3.2 Initiation of MSIV cleosure
8.0 SRV operation at 8.0 MPa
9.0 Initiation of core power decrease
28 L2 level trip in downcomer
150 * ADS actuation
178 Initiation of lower plenum flashing
330 Initiation of core dryout
440 11 level trip in downcomer
516 LPCS actuation
540 PCT at position 2 of A88 rod (646 K)
546 - Completion of core quenching
591 * LPCI actuation
788 Termination of data plotting
liSO Termination of data recording
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Table 4.3 Characteristics of steam discharge line valves

Valve Close to Open Open to Close
AV165 (Transient Line) 0.1 s 1.5 s
AV168 (Steady Line) - 0.1 s
AV169 {ADS) 0.3 s 2.0 s
Table 4.4 Control sequence for steam line
valves in RUN 955
Valves Simulation Before Break After Break
CvV-130 SRV Open Control
AV-168 Cpen Open
AV-165 Break Close Open by break signal
and close at 3s
AV-169 ADS Close Open by L2 + 120s
cv-1 Open Close
Ccv-2 Open Close




NORMALIZED POWER
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ORS

(MW)

POWER

5
F1,F2 (blind) AV16
¥ I N S
11 SR8 -
' AV169 15.5 mm ID
&{ORL:
l .
& 1 > ADS Line
18.0 mm ID
PV AV168 & OR3 CV130
J(‘f : Steady and
Transient Steam Line
Cvl
1 fan
—{)i(} > to heat exch
Fig. 4.1 Main steam line schematic
[ ! i i
1.0 =4 9.0 s d4.0
Electric Power Curve
( Plni = 3,97 MW )

94 3.0

12.0

-1 1.0

0 ' : ' 0.0

0 100 200 300 400 500 600
TIME (s)
Fig. 4.2 Normalized power transient for RCSA-III test
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Table 5.1 Maximum Cladding Temperature Distribution in the Core of RUN 955

Fos.1 Pos.2 Pos.3 Pos .4 Pos.5 Pos.6 Pos.?
A~-11 rod TE 201 TE 202 TE 203 TE 204 TE 205 TE 206 TE 207
PCT  (K) 573.1 621.1 643.9 580.3 577.9 574.3 576.7
Time (52 7.6 522.4 529.6 F.5 3.8 2.6 g.6
A-12 rod TE 208 TE 209 TE 210 TE 211 TE 212 TE 213 TE 214
PCT (K> 571.9 5%3.5 615.1 579.1 575.5 575.5 571.¢9
Time {s5) 10.4 519.2 524.8 9.6 B.8 8.8 9.6
A-13 rod TE 215 TE 214 TE 217 TE 218 TE 219 TE 220 TE 221
PCT (K> S74.3 606.7 617.5 579.1 576.7 576.7 574.3
Time (s} 2.6 520.8 5264 8.8 B.8 8.8 9.6
A-14 rod TE 222 TE 223 TE 224 TE 225 TE 226 TE 227 TE 228
PCT (K>  —===-=  —m--e— mmmme e kmcii mmiee mmmmaa
Time (s) = ~-———-  —~c-oon mmea o mmmeen mmmmme mmmdeemmmm
A-15 rod TE 229 TE 230
PCT (K  ~eeee e e
Time (5) = ——me-- e
A-17 rod TE 231 TE 232
PCT  (KY  memm—- 575.5
Time {5)  —=—-=-ww 8.8
A-22 rod TE 233 TE 234 TE 235 TE 236 TE 237 TE 238 TE 239
PCT (K} 588.7 645.1 634.3 S77 .6 376.8 575.8 574.1
Time (s) . 519.2 528.0 536.0 ?.6 g.8 10.4 8.8
A-24 reod TE 240 TE 241 TE 242 TE 243 TE 244 TE 245 TE 246
PCT (XK}  =~----m mmmmem ememee mmmee e cmmmim e
Time (s)  -=----  —mwmee oo oo o eeeeen
Table S5.] Maximum Cladding Temperature Distribution in the Core of RUN 955 (Continued)
Pes.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.6 Pcs.7
A-258 rod TE 247 TE 248
PCT (K} —mmmee eeeme
Time (3) = —=——=—— e
A-28 rod TE 249 TE 250
PCT (K) = —====—- 577.6
Time (s} = ~=---- 8.8
A-31 rod TE 251 TE 252
PCT (XY  ————-- 577.56
Time {(s) = -~-—-- 9.6
A-33 rod TE 253 TE 254 TE 255 TE 256 TE 257 TE 258 TE 259
PCT (K 575.2 576.4 590.5 572.9 572.0 573.9 571.0
Time (s8) 16.4 8.8 527.2 2.8 8.0 8.8 8.8
A-34 rod TE 260 TE 261 TE 262 TE 263 TE 264 TE 265 TE 266
PCT (K)  —==w—v mmmmw —mmmmme ememee s e mmmme e mmme e
Time (8)  ———=-—-=  —ceeceee mmemuc—e mmmmee mmmmet | mmmmmm mmmmme
A=37 rod TE 267 TE 248
PCT (XY === mm————
Time (8) = w~weeee 0 mmmeee
A-42 rod TE 269 TE 270
PCT  ({KY ——==——  eeeeaa
Time (8)  —==-==—= e
A-4h rod fE 271 TE 272 TE 273 TE 274 TE 275 TE 276 TE 277
PCT  (KY  ——m—-- L ettt Ty ——
Time (s}  ------  =—--=->  ——————  ecmeeas mmaeoo oo oo
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Table 3.1 Maximum Claddimg Temperature Distribution in the Core of RUN 955 {Continued)
Pes.1 Pos.2 Pos.3 Pos.4& Pos.5 Pos .4 Pos.7
A-48 rod TE 278 TE 279
PCT  (K)  —mmmme e
Time {5)  ~-—=————  eama-=
A-51 reod TE 280 TE 281
PCT (XY = ——=————
Time {8  —————-  emman
A-53 reod TE 282 ' TE 283
PCT {K) = ——==== e
Time (s)  ———eeco  emcaaa
A-57 rod TE 284 TE 285
PCT (K} = -—=-=—--- 575.8
Time (5} = —w=w——a- 8.8
A-62 rod TE 286 TE 287
PLT (K) ——me——— mmmee
Time €5) W =—mmwewee= e
A-66 rod TE 288 TE 289
PCT (K}  —=—=-—— mm———
Time (8}  =———m——=—  ceee—-
A-68 red TE 290 TE 291
PCT  (K)  —mee—e 574.9
Time (s> = r~w===- 2.8
£-71 rod TE 292 TE 2%3
PCT (K} == 571.0
Time (s) =  <~=we—- 5.8
Table 5.1 Maximum Cladding Temperature Distributiom in the Core of RUN %55 (Continued}
Pos.1 Pos,2 Pos.3 Pos.4& Pos.5 Pos.,& Pes.7
A-73 reod TE 294 TE 295
PCT  (KY  mamem- 574.9
Time (s8)  —-—-———- 5.8
A-75 rod TE 296 TE 297
PCT (XY mwmme—- mmme e
Time {8  —-———-- ===
A-77 rod TE 298 TE 299 TE 300 TE 301 TE 302 TE 303 TE 304
PCT (K2 599.9 642.9 &6Z28.6 567.1 572.0 573.0 @ ——==e-
Time (82 531.2 536.0 536.8 B.8 156.0 8.8  ---—-—-
A~82 rod TE 305 TE 306
PCT (K)  ——=——— mmmm——
Time (8)  -—=—-—=—-  =m=——-
A-84 rod TE 307 TE 308
PCT (KD 572.0 5746.8
Time (s} 8.8 8.8
A-85 rod ‘TE 309 TE 310 TE 311 TE 312 TE 313 TE 314 TE 315
PCT (K2 —————- ————— —-—————— —————— —_—————- ——mre= —ee—--
Time (s  =——w—mmm  ———se=w | mmm——— | me———— —————w | m————— mSoe—es
A-87 rod TE 316 TE 317 TE 318 TE 319 TE 320 TE 321 TE 322
PCT (K} 373.9 541.9 £41.0 572.C 574.9 5%4.9 571.¢0
Time {35} 5.8 534 .4 536.0 8.8 8.8 5.8 5.0
A-B8 rod TE 323 TE 324 TE 325 TE 3286 TE 327 TE 328 TE 329
PCLT (K2 573.0 645.7 661.9 576.8 575.9 5Y6.9 574.9
Time (s> 8.0 540.0 £356.8 g.8 5.8 8.8 8.8




Table 5.7
B-11 rod
PET (K
Time (s}
B-13 rod
PCT  (K)
Time (s)
B-22 rod
PCT (K>
Time (3)
B-31 ‘rod
PCT  (K)
Time (s)
B-33 rod
PCT (KD
Time (s>
B«51 red
PCT (KD
Time (s)
B-53 rod
PCT (K>
Time (s)
B-66 rod
PCT  (K?
Time {s5)
Table 5.7
B~77 rad
PCT  (K)
Time (s)
8-86 rod
PCT  (K)
Time (s
C~11 rod
PCT (KD
Time (52
C-13 rod
PCT (KD
Time (s
C-15 rod
PCT (K>
Time (s
t-22 rod
PCT (K>
Time (s
C-31 rod
PCT (K)
Time (s)
C~33 rod
PCT (K)
Time (s)

Maximum Cladding Temperature Distributiom in the Core of RUN ©55

Pos.,1

TE 330
572.0
8.8

TE 338
573.0
8.8

Maximum Cladding Temperature Distribution

Pos.?

TE 350
571.0
8.8

TE 358
574.9
8.8

TE 345
568.1
8.3

TE 373
571.0
8.8

TE 381
571.0
8.8

Pos.2

TE 331
572.0
8.8

TE 339
574.9
8.8

Pos.2

TE 351
608.5
524.8

TE 359
-572.0
8.8

TE 346
572.0
8.8

TE 374
598.0
520.8

TE 382
573.0
8.8

JAERI-M 87-044

Pos.3 Pos.4

TE 332 TE 333
589.3 572.0

524.8 8.8

TE 337

574.9

8.8

TE 340 TE 341
597.0 . 574.9

526.4 8.8

TE 345

TE 346

TE 347

TE 348

TE 34%

Pos.3 Pos.4

TE 352 TE 353
6C2.8 57%.9

526.4 B.8

TE 357

TE 340 TE 351
597.0 572.0

525.6 8.8

TE 367 TE 3468
600.8 573.0

529.6 8.8

TE 372

TE 375 TE 376
599.9 575.9

528.0 9.6

TE 280

TE 383 TE 384
572.0 573.0

8.8 8.8

Pos.5

TE 334
572.0
8.0

TE 342
574.9
8.8

in the Cere of RUN 955

Pos.5

TE 354
573.9
5.8

TE 362
570.1
9.6

TE 369
574.9
.8

TE 377
574.9
8.8

TE 385
573.0
8.0

Pos.&

TE 335
574 .9
8.8

TE 343
5735.0
8.8

Pos.&

TE 355
574.9
8.8

TE 363
573.9
8.8

TE 370
573.9
8.8

TE 378
575.9
8.8

TE 38é&
571.0
8.8

{(Continued)

Pos.7

TE 344
574.9
8.8

{(Centinued)

Pes.?

TE 356
573.0
2.6

TE 364
567.2
8.8

TE 371
572.0
8.8

TE 379
571.0
10.4

TE 387
568.1
9.6



Table 5.1
C-35 rod
PLT (KD

Time (s

C-66 rod
FCT (KD
Time (52

C-468 rod
PCT (K) -
Time (s)

C-77 rod
PCT (K3
Time (s

b~11 rod
PCT (K3
Time (s

D-13 rod
PCT (K2
Time (s

D~22 rod
PCT (K2
Time (53

0-31 rod
PCT (K3
Time (s

Table 5.7

D-33 red
PCT (K>
Time (s)

0-51 reod
FCT (KD
Time (s)

b-53 red
PCT (KD
Time (s)

D-66 rod
PCT (KD
Time (s)

B-77 rod
PCT (KD
Time (s)

D-86 rod
PCT (K>
Time (s)

Maximum [ladding Temperature Distribution

Pos.1

TE 391
575.9
524.8

TE 400
571.0
8.8

Meximum Cladding Temperature Distribution

Pos.1

Pos.2

TE 392
614.3
537.6

TE 401
602.8
525.6

Pos.2

JAERI-M 87-044

Pos.3

TE 393
605.6
53404

TE 402
599.9
525.6

Pos.3

Pos.4

in the Core of RUN ©55

Pos.3

TE 395
574.9
8.8

TE 404
574.%
8.8

in the Core of RUN 955

Pos.5

Pos .6

TE 396
572.0
8.8

TE 403
573.9
8.8

Pos.é&

(Continued?

Pos.7

TE 397
571.0
9.6

TE 406
570.1
8.8

(Continued)

Pes.7



Table 5.1

Maximum Cladding Temperature Distributioﬁ in the Core of RUN 955

*x DOrder of P(CT

No. 1
No. 2
Noe. 3
No. 4
Ne. S
No. &
No. 7
No. 8
Ne. @
Ne.16

(RUN 955)
rod Fos.
rod Pos.
rod Pos.,
rod Pos.
rod Pos.
rod FPos
rod Pos.
rod Pos
rod Pos.
rod Pos

JAERI-M 87-044

PCT
PCT
PCT

PCT

PCT

PCT

PCT

645.7
645.1
643.9
642.9
641.9
641.9
641.0
634.3
628.6

621.1

(K2

(K3

(K

(K2

4.9}

(K

(K)

(K)

Time
Time
Time
Time
fgme
Time
Time
Time
Time

Time

540.0

528.0

529.6

5346.0

534.4

536.8

536.0

536.0

536.8

522.4

(s)

(s)

{(8)

(s

(s5)
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Table 6.1 Steam mass discharged through main

steam lines in RUN 955

Discharged Steam Mass after Break (kg)

Time Break Line Steady Line ADS Line Total
(s) (OR-5) (CV-130) (OR-4) Mp
0 0 Q 0 0
50 15% 42% 0 57
100 " 60 0 75
150 " 76 0, 91

v—

200 " 137 152
250 " 184 199
300 " 223 238
400 " 288 303
500 " 342 357
600 " 389 404
700 " 425 440

* Total steam mass of 20 kg discharged in the first 4 s before

MSIV closure completion was divided into two parts according to

their flow areas. Steam mass discharged through CV-~-130 during

4 and 50s was 37 kg.

Table 6.2 Average void fraction and water mass in main

recirculation line and jet pumps in RUN 955

Time Saturated Water Voild Fraction (@) in Water Mass

(s) Density o (kg/m3) MRP cutlet Line M (kg)*

0 (752) ¢.0 129
200 766 0.17 109
250 786 0.32 92
300 802 0.33 92
400 822 0.33 94
500 839 0.36 92
600 860 0.48 76
700 887 0.81 29

Fluid volume in main recirculation loops and jet pumps is 0.172 m
The water mass M in the transient phase was calculated by a follow-
ing relation with suffix O for the initial state,

M=M, x (p/pg) * (L - o).
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Table 6.4 Test conditions of RUNs 955, 920 and 923

JAERI-M 87-044

ILtems Unit RUN 955 RUN 920 RUN 923
Break Conditions
Location MSL outside | MRL Suction |MRL Suction
RCV Line Line
Break Diameter mm 31.0 3.7 0.0
Area Ratio to 1/424 % 140 2 0
Scaled BWR MRL Area
Initial Conditions
Steam Dome Pressure MPa 7.36 7.35 7.35
Lower Plenum Subcooling K 10.7 10.3 10.3
Core Inlet Flow Rate kg/s 16.8 16.5 16 .4
Core Power MW 3.98 3.96 3.96
Upper Plenum Quality A 12.6 12.5 12.6
Water Level m 5.0 5.0 5.0
Transient Conditions
MSIV Closure s 3. L2+3 LZ2+3
Relief Valve Operation MPa 8.0 8.2 8.1
Feedwater Stop s 2-4 2-4 2-4
MRP Coast Down s 0.0 0.0 0.0
ECCS Conditions
HPCS Failure Failure Failure
LPCS Actuation MPa 2.2 2.3 2.2
LPCI Actuation MPa 1.7 1.7 1.7
ADS Actuation s L.2+120 L1+120 L1+120

L2 level
11 level

4,76 m from PV bottom
4,25 m from PV bottom
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Table 6.5 Comparison of major events among the three tests

Fvent s Time after Break (s)
RUN 955 RUN 920 RUN 923
MSIV Closure 3 29 35
SRV Operation 8 71 85
L2 Level Trip 28 28 30
ADS Actuation 150 188 355
Core Dryout Initiation _ 330 280 535
L1 Level Trip 440 68 235
LPCS Actuation 516 435 683
PCT 540 530 697
Final Core Quench 546 554 725
LPCI Actuation 591 531 773
PCT Value (K} 646 801 637
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