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Experiment Data of ROSA-III Integral Test Run 913

(15% Split Break without HPCS Actuation)
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This repeort presents the experimental data of RUN 913, a 15% split
break test at the recirculation pump suction line. The ROSA-III test
facility is a volumetrically scaled (1/424) model for the BWR/6. The
facility has the electrically heated core, the break simulator and the
scaled ECCS (Emergency Core Cooling System). The MSIV closure and the
ECCS actuation are tripped by the liquid level in the upper downcomer as
well as the BWR. The test was conducted successfully and important data

base was obtained to assess the predictability of the LOCA analysis code.

Keywords: BWR, LOCA, ECCS, Integral Test, ROSA-III Program, 15% split
Break, PCT, Fuel Assembly No. 4, Data Report
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ABBREVIATIONS
ADS Automatic Depressurization System
AT Air Tank
AV Alr Actuation Valwve
(2)B (2) inches pipe of Schedule 80
BN Boron Nitride
BWR Beiling Water Reactor
CA Chromel-Alumel
CCFL Counter Current Flow Limiting
CHvV Check Valve
CP Conductivity Prove
cv _ Control Valve
CWT Cooling Water Tank
D Differential Pressure
d Diameter
DF Density of Fluid
DL(+100) Elevation (+100 mm) from the bottom of PV
ECCS Emergency Core Cooling System
ESF Engineered Safety Features
EX Heat Exchanger
F Flow Rate
Fig. Figure
FS Full Scale
FW Feedwater
FWLF Feedwater Line Flashing
FWP Feedwater Pump
FWT Feedwater Tank
HPCS High Pressure Core Spray
HPCS?P High Pressure Core Spray Pump
HPCST High Pressure Core Spray Tank
HPWP High Pressure Water Pump
ID Inner diameter
INC 600 Inconel 600
JP Jet Pump
K Kelvin
kg Kilogram
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kPa Kilopascal
kW Kilowatt
L ) Liter
LB Liquid Level in Channel Box
LBWR Large Boiling Water Reactor
LL Liquid Level
LOCA Loss-of-Coolant Accident
LOCE Loss-of~Coolant Experiment
LP Lower Plenum
LPCT Low Pressure Coolant Injection
LPCIP Low Pressure Coolant Injection Pump
LPCIT Low Pressure Coclant Injection Tank
LPCS Low Pressure Core Spray
LPCSP Low Pressure Core Spray Pump
LPCST Low Pressure Core Spray Tank
LPF Lower Plenum Flashing
LTP Lower Tie Plate
M Momentum ¥lux
m : Meter
mm Milimeter
MLHR Maximum Linear Heat Rate
MPa Megapascal
MRP Main Recirculation Pump
MSIV Main Steam Isolation Valve
MSL Main Steam Line
MW Megawatt
N Rotation Speed
OR Orifice
P Pressure

Power
PCT Peak Cladding Temperature
PV Pressure Vessel
PWT Pure Water Tank
QOBV Quick Opening Blowdown Valve
Qsv Quick Shut-off Valve
RCN Rapid Condencer
ROSA Rig of Safety Assessment
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rpm Revolution per Minute
S Signal

s _ Second

Sch Schedule

sSus Stainless Steel

T . Temperature

T/C Thermocoup le

TC Temperature of Fluid
TF Temperature of Fuel
TS Temperature of Structure Material
ure Upper Tie Plate

v Valve

VF Void Fraction

W Watt

WL Water Level

WSP Water Supply Pump
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1. Introduction

The Rig of Safety Assessment (ROSA)-III program was initiated in 1978
to study the thermsal-hydraulic behavior of & Beiling Water Reactor (BWR)
during & posturated Less of Coolant Accident (LOCA) with the Emergency
Core Cooling System (ECCS) actuation and to preovide the data base to eval-
uate the predictability of computer codes developed for reactor safety
analysis. The ROSA-III test facility was fabricated in 1978 and consisted
of the volumetrically scaled (1/424) primary system of a 3800 MW
BWR/6-251 with the electrically heated core, the break simulator and the
scaled ECCS(1).

Special emphasis is made on the following objectives in the ROSA-I]I

program

(1) To cbtaine the system data required to improve and evaluste the
analytical methods currently used to predict the LOCA response of
targe BWRs. The performance of the Engineered Safety Features
(ESFs), with particular emphasis on ECCSs, and the quantitative mar—
gins bf salety inherent in performance of the ESFs are of primary
interest.

{(2) To identify and investigate any unexpected event{s) or threshold{(s) in
the response of either the plant or the ESFs and develop analytical
techniques that adeguately describe and account for such unexpected

behavior.

The information acquired from Loss of Coolant Experiments (LOCEs) is
thus used for evaluation and development of LOCA analytical methods and
assessment for the qualitative margins of safety of ESIFs in response to a
LOCA .

RUN 913, conducted on May 28, 1981, simulated a 15% split break at the
recirculation pump suction line with the assumption of a single failure of
HPCS. The break configuration was a sharp-edged orifice.

The specific objectives of RUN 813 are as follows

{1} To obtain test data of a 10% split break test at the recirculation
pump sucticn line without HPCS actuation.
{2y To investigate effects of break flow area.

{3) To investipgate effects of a break geometry difference between the two
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extream cases, a sharp-edged orifice and a long throat nozzle.

In this report, all the data obtained in RUN 813 ere presented. The
processed data like mass inventory in the pressure vessel are also given.
Deiailed descussions about test results including effects of the break

geometry difference are available in the reference(s)_
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2. ROSA-I11 Test -Facility

The ROSA-III test facility is a velumetrieally scaled (1/424) BWR
system with an electrically heated core designed to study the response of
the primary system, the core and the ECCS during the postulated LOCA. The
test facility is instrumented such that variocus thermal-hydraulic para-—
meters are measured and recorded during the test. Details of the instru—
mentation are described in Section 3.

The test facility consists of four subsystems. These subsystems are
(a) the pressure vessel, {b) the steam line and the feedwater line, (¢} the
recirculation leops and {d) the ECCS. Figures 2.1 through 2.3 illusirate
configuration of the test facility, the pressure vessel internals and the
piping schemetics, respectively., Table 2.1 compares the major dimensions
of the ROSA-III test facility to the corresponding dimensions of the refe—
rence BWR system.

The ROSA-III pressure vessel includes varicus components in it simula-
ting the internal structures of the reacter vessel in the BWR system as
shown in Fig. 2.4. The interior of the vessel is divided intec the core,
the lower plenum, the upper plenum, the downcomer annulus, the steam
separator, the steam dome and the steam dryer. The core is consisted of
four model fuel assemblies of half length and a control red 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 a&s shown in Fig. 2.6. The effective
heated length is 1880 mm, one hailf of the active length of & BWR fuel
rod. The electric power supplied te the model fuel assembly "A" is 1.4
times larger than the power supplied to each of the other assemblies. The
heater rods in each assembly are divided into three groups in terms of heat
generation rate as shown in Fig. 2.7. The relative power generation rate
of a heater rod in each group is 1.1, 1.0, and 0.875 respectively. The
orifice plates are inserted at the core inlet to control the core inlet
frow(l).

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
pressure in steady state beforse the initiation of the tests. The steam

line has a branch in which the Automatic Depressurization System (ADS) is
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installed. The operation of valves.in the steam line is described in
Sec. 4. The feedwater is supplied from the feedwater tank (FWT) through
the feedwater line and the feedwater sparger below the steam separator.

Figure 2.8 shows the recirculation lines consisted of two locops. Each
line is furnished with a pump and two jet pumps. The jet pumps are
installed outside the pressure vessel to simulte the relative volume and
the relative height to the core. Two break simulators and a Quick
Shut—off Valve (QSV) are installed in one of these loops to simulate the
various break conditions. FEach break simulator consists of a nozzle or a
orifice to determine the break size and a Quick Opening Blowdown Valve
(QOBV) to initiate the test. The break mode (double—ended or split), the
break size and the break location can be changed. The diameter of the
largest nozzle and orifice available is 26.2 mm. Figure 2.8 shows iwe
QOBVs, a QSV and flow nozzles installed upstream of the QOBVs. Several
flow nozzles and orifices of different size are prepared to vary the break
size.

The ROSA—ITI test facility is furnished with all kinds of the ECCS
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 Automatic Depressurization System (ADS). The HPCS and
the LPCS provide the cooling water from the top of the core. The LPCI
injects the cooling water into the core bypass. Each ECCS consists of a
pump, & tank, piping, and & control system.

Reference (1) serves more detailed information on the facility.
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3. Instrumentation

The instrumentation of the ROSA-IIl is designed to obtain thermal-
hydraulic data during the simulated BWR LOCA. The data obtained from the
experiments will contribute to the assessment of the analytical computer
caode. Table 3.1 summarizes instrumentaticn used in RUN 913,

Tables 3.2 and 3.3 show the measurement list of RUN 913 and the core
instrumentaticen list, respectively. Instrumentation locations are shown
in Fig. 3.1 through Fig. 3.7,

Typical measured parameters in the ROSA-TII are pressure, differential
pressure, flow rate, electric power, pump speed, fluid and metal
temperatures, collapsed liquid level, two—phase mixture level, coolant
fluid density, on—off type signals and soc on.

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

The flow rate is measured either by an orifice or a venturi type flow
meter depending on the [luid condition and measurement location.

The temperatures cf the fluid, structural material and fuel rod clad-
ding are measured with chromel-alumel thermocouples (CA T/C) of 1.6 or
0.5 mme.

Liquid levels are measured by either differential pressure transducers,
described above or needle type electrical conductivity probes (CF)
developed in the ROSA-III program. 'The probes are distributed along the
vessel hipght 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 functicn of time and measured by a fast response
electric power meter,

Pump speed is measured by a pulse generator integral of the pump.
On—off signals such as selected valve positions, decay heat and pump coast-
down simulation initiations and so on are detected in order to record the
exact actuation time.

Fluid density in the pipe is measured by means of gamma
densitameters. Preliminary studies indicate that a three—beam densito—

meter should be used to determine the flow regime. Figures 3.7 and 3.8
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show the beam directions of the three—beam and the two—beam gamma
densitometers, respectively. The gamma-ray source is 137Cs and the detec—
tor is a water cooled Nal(Tl) scintillation 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 2000B, Iwasaki Tsushinki Co. )
scans all the 700 channels of signals with the frequency up to 30 Hz. The
data recorded on magnetic tape are processed by the FACOM M200 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 examinaticn.

More detailed information on the instrumentation and the dats process—

ing procedure are available in reference (2)}.
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4., Test Conditions and Procedure

RUN 913 was a 15% split break test at the recirculation pump suction
in the recirculation line. The break area was determined by inserting a
sharp—edged orifice upstream of the QOBV as shown in Figs. 4.1 and 3.89.
Blowdown was Initiated by opening the QOBV. The initial conditions of the
test were as follows: the steam dome pressure was 7.39 MPa, the lower
plenum temperature was 351 K giving the subcooling of 11 K, the core
inlet flow rate was 16.1 kg/s, the core heat generating rate was 3.978 MW.
The estimated gquality at the core outlet was 12.2%. The detailed condi-
tions are summerized In Table 4.1.

To conduct the test, makeup water (pure water) was pumped into the
primary svstem cf the test facility and electric power was supplied to the
core to heat the water in the system and to achieve the saturation condi—
tion in the upper portion of the pressure vessel. The core power was 3.978
MW before the break initiation and was 44% of the steady state power 9 MW
based on the conservation of the power to volume ratic in the reference
BWR. The care power was changed during the transient after the break ini-
tiation as shown in Fig. 4.2. The power was kept constant for the first
9.0 seconds and reduced along the curve shown in the figure which simu-
lated the total heat transfer rate in the core of the reference BWHR (the
delayed neutron fission power, the decay power of fission products and
actinides and the stored heat in the nuclear fuel) neglecting the stored
heat of ROSA-III heater rod(3)., The maximum linear heat rate of the peak
power rod was 16.5 kw/m before the break initiation.

The schematics of the main steam line and the feedwater line are
shown in Figs. 4.3 and 4.4. The main steam line of the ROSA-III has
three branches: (1) steady flow branch, (2} ADS branch and {3) transient
branch. Before the break initiation CV-130 in the steady flow branch con—
troled the steam f[low to maintain the steam dome pressure constant and
CV-1 and CV—-2 were opened to provide steam to the heat exchanger to heat
the feedwater. At the bregk initiation, the steam flow was switched tc
the transient branch by closing AV-168, CV-1 and CV-2 and opening AV-1635
for RUN 813. Then the MSIV was simulated by AV-165 in the iransient
hranch. The steam flow before MSIV closure was limited by an orifice
OR-5 of 16.8 mm ID {(inner diameter) installed upstream of AV-165.

Tables 4.2 and 4.3 show the characteristics and the control sequence of

steam discharge line valves in the present test, respectively.
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The details of the feedwater line is shown in Fig. 4.5. The feedwa—
ter was terminated at 2 s after the break by closing AV-112 in the feedwa-
ter line. However, the feedwater remained in the piping between the valve
AV-112 and the feedwater sparger below the steam separator in the pressure
vessel.

The coolant recirculation pumps were tripped to start cecasting down at
the break initiation.

The liquid level signal in the downcomer was used to actuate the ECCS
end to close the MSIV. The downcomer level in the steady state operation
was set at the scram level L3 (5.00 meters above the bottom of the pres~
sure vessel) and L1 and L2 levels are 4.25 meters and 4.76 meters,
respectively. The L2 level signal was used to close the MSIV with a time
delay of 3 s and to actuate HPCS with time delay of 27 s. The L1 level
signal was used to actuaie LPCS, LPCI and ADS with time delay of 40 s, 40
s and 120 s, respectively. The above lag times of 3 s, 27 s, 40 s and 120
s were used in a safety analysis of the reference BWR(4) ., LPCS and LPCI
could inject cooling water after the primary system pressure was reduced
below 2.16 MPa and 1.57 MPa, respectively. Specified system pressures for
actuating LPCS and LPCI were decided from the pump characteristics used in
the safety analysis of the reference BWR(S). The test was terminated

after all the core was gquenched.
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5. Data Processing

The data acquisition by DATAC 2000B was started before the break ini—
tiation and terminated after the break initiation. The data acquisition
frequency was 10 Hz. The test data was processed and reduced to 1000 data
points for computer plotting. The time span and interval of the reduced
data far plotting were 700 ¢ and 0.7 s, respectively.

The test date are shown in Figs. 5.1 through 5.201. In these figures,
the measured quantity is identified by the channel number and the alpha—
betic characters (ref. Table 3.2).

The major test sequences and events observed in RUN 913 are sum-
marized in Table 5.1.

Figures 5.1 through 5.6 show the pressure data in the pressure vessel
and in the recirculation loop. Figures 5.7 through 5.36 show differential
pressure data between various positions in the pressure vessel and the
recirculation loop. Figures 5.37 and 5.38 show the liquid fevels in the
pressure vessel and in the tanks. Figures 5.39 threough 5.45 show the fiow
rates. Differential pressures across orifices and venturies shown in Figs.
5.46 through 5.56 are useful to check out the flow rate instrumentation.
Figure 5.57 shows the power supplies to the core with the maximum capaci-
ties of 2100 and 3150 kW, The revolution speeds of the recirculation
pumps are shown in Fig. 5.58. On—-off signals such as the break initiation
signal and the valve positioning signals are shown in Figs. 5.59, 5.60 and
5.61. Figures 5.62 through 5.71 show the fluid densities measured by the
gamma densitometer. Figures 5.72 through 5.75 show momentum fluxes
measured by drag disks. Figures 5.76 through 5.84 show the fluid tempera-
tures at various positions Iin the loops. The fuel rod c¢ladding temperature
and the surface temperatures of the water rods and the channel boxes meas—
ured at positions 1 through 7 are given in Figs. 5.85 through 5.112.
Figures 5.113 through 5.159 show the fuel rod cladding temperatures in a
different manner. Figures 5.160 through 5.162 show the fluid temperatures
at the inlet and outlet of the channel box. Figures 5.163 through 171 show
the fluid temperatures at the uppertie plate. The surface temperatures of
the channel box are shown in Figs. 5.172 through 5.178, comparing the data
at the same elevation. The fluid temperatures in the lower plenum are
shown in Figs. 5.179 and 5.180. The liquid level signals in the core, the
upper and lower plens, the guide tube and the downcomer are shown in

Fig. 5.181 through 5.201. 7The Peak Cladding Temperature (PCT) distribu-—
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tion in the core is given in Table 5.2

Quantities obtained from reduction of the test data are shown in
Fig. 5.202 through 5.228,

Figures 5.202 and 5.203 show the average density calculated from the
data measured by the two-beam gamma densitometers. The beam configura-—
tions of gamma densitometers installed in the ROSA-III facility are shown
in Figs. 3.7 and 3.8. The average density is claculated as an arithmetic
mean of the densities in multi directions with the weight of the cord

length.
For the three beam densitometer at the jet pump outlet spool piece,

Poyw = 0.3221p4 + 0.43pp + 0.24790¢ (5.1}
where,
P.,: average density obtained from the three-beam gamma densitometer,
o4 density measured by beam A (bottom},
ep : density measured by beam B (middle),

gc : density measured by beam C (top).
For the two—beam densitometer at the break spool piece,

Poy = 0.5863p4 + 0.4137p3 (5.2)
where,
p.,: average density obtained from the two—beam gamma densitometer,
o4 : density measured by beam A (bottom),

pp : density measured by beam B (top).

Figures 5.204 through 5.207 show the flow rates upstream of the break
in the recirculation loop. The flow rate is computed from the drag disk

data and the gamma densitometer data using the fellowing equation,

G = Cp-A- Pau'PUz . (53)

where,
G : mass {low rate,
Cp : drag coefficient { = 1.13 ),
A : flow areaz ( = 1.923 X 107° m* ),

8., average density from gamma densitometer,
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pv’: momentum flux from drag disk.

The break flow is derived from the flow rate in the recirculation loop

as follows,

Gg = Gp — Gv (5.4)
where,
Gg 1 break flow,
Gp : flow rate at the pump side of the break,

Gv : flow rate st the vessel side of the hbreak,

The break flow rates based on the low range and the high range drag
disk data are shown in Figs. 5.208 and 5.209.

Figures 5.210 through 5.220 show the fiuid flow rates at the main
stearm line, the channel inlet orifices, the bypass hole and the jet pump
cutlets. The fluid flow rates are calculated from the test data of the
pressure drop across the orifices or venturi flow meters and the liquid
density obtained from the measured temperature and the pressure

condition. The egquation used for the calculation is as follows

G =Cp-A- /28 p,- 47 - (5.5)
where,
G : flow rate,
AP . pressure drop across the orifice,
Cp : discharge coefficient,

= 0.6352 { the orifice to measure the steam discharge flow rate )

= 0.4761 { the chanriel inlet orifice }
= 0.8032 { the bypass hole )
= 0.7383 ( the orifice to mesnsure the jet pump outlet flow rate )}
= 1.1260‘( the venturi tube to measure the jet pump outlet flow
rate )
A . flow area ( m® )

2.875 X 107% ( the orifice to measure the steam discharge [low

f

rate )

1.521 x 107* ( the channel inlet orifice )

It

1.758 X 107" ( the bypass hole )
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il

1.183 X 107 ( the orifice to measure the jet pump outlet flow

rate )

9.095 x 107 ( the venturi tube to measure the jet pump outlet
flow rate )
g : gravitational acceleration ( = 9.807 m/s® ),

p; : density of the single—phase liquid ( kg/m® ),

This calculation method is not applicable for two—phase flow condition
after the LPF initiation at the channel inlet orifice, the bypass hole and
the jet pump outlet. The calculated value shows only a trend in twofphase.
flow condition. Tatal channel inlet flow rate presents the sum of four
channel inlet flow rates.

Figure 5.221 and 5.222 show the collapsed water levels outside and
inside the shrond. The collapped water level is obtained from the diffe—
rential pressure in the pressure vessel. The differential pressure may
include the flow resistance effect, however, the flow resistance beccmes
negligible after completion of the recirculation pump cosstdown.

Figures 5.223, 5.224 and 5.225 show the fluid mass inventories in the
pressure vessel. The fluid mass inveniory is determined from the density

and the volumes of liquid outside and inside the shroud,

M= p;-Q (5.6)
where,
M ¢ fluid inventry,
o; : liquid density estimated from the satulation temperature and/or
pressure,

¢ : liquid velume calculated from the liquid level.

The volume § ( m® ) outside the shroud is given below as a function of

height.

Q = 0.0 ( L = 0.494 )
© = 0.0225L — 0.0111. ( 0.494 < L = 1.384 )
Q = 0.0697L — 0.0769 ( 1.384 < L = 1.519 )
G = 0.0225L — 0.0048 ( 1.519 < L s 3.355 )
@ = 0.0801L — 0.1980 ( 3.355 < L S 4.250 )
© = 0.2443L — 0.8959 ( 4.250 < L = 4.413 )
Q = 0.2611L — 0.9700 ( 4.413 < L = 4.578 )
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Q = 0.2504L — 0.9211 ( 4.578 < L = 4.654 ) (5.7)
§ = 0.2375L ~ 0.8610 ( 4.654 < L = 4.815 )
Q = 0.2886L — 1.0974 ( 4.815 < L = 4.915 )
Q@ = 0.3396L — 1.3580 ( 4.915 < L = 5.143 )
Q = 0.3807L — 1.4665 { 5.143 < L = 5.365 )
@ = 0.3848L — 1.5960 ( 5.365 < L s 5.955 )
g = 0.7111 ( 5.955 < L )

The volume § ( m® ) inside the shroud is given below as a function of

height.

Q= 0.0 ( LS00 )
Q = 0.2350L (0.0 < L = 0.497 )
© = 0.1245L + 0.0549 ( 0.497 < L = 1.354 )
Q = 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 = 4.243 ) (5.8)
© = 0.0196L + 0.4199 ( 4.243 < L = 4.578 )
Q = 0.0186L + 0.4244 ( 4.578 < L = 4.654 )
Q = 0.0410L + 0.3201 ( 4.654 < L = 5.099 )
Q = 0.0196L + 0.4292 ( 5.099 < L = 5.365 )
@ = 0.5344 ( 5.365 < L )

The totml [luid mass inventory in the pressure vessel is cbtained as
the summation of the mass inventory. outside and inside the shround. The
initial mass inventory before the break initiation is estimated as 640 kg.

Figure 5.226 shows the mass decrease by the fluid discharge from the
break and the fluid mass recovery by the ECCS water and the f{eedwater
injections. The variation of [luid mass inventory with time is calculated

by the following equation,

£
M = f [ G+ p,- Wg+Wo+W;) + py-Wr tdt (6.9)
0 .
where,
M : mass accumulation,
G : steam discharge flow rate,

p: : density of satulated liquid at 315 K,
p; : density of satulated liguid at 489 K,
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Wy @ volumetric flow rate of the HPCS,

Wy : volumetric flow rate of the LPCS,

W; . volumetric flow rate of the LPCI,

Wr @ volumetric flow rate of the feedwater.

Figure 5.227 shows the [luid mass discharged {rom the break. The

fluid mass discharge Mp is calculated as [ollows neglecting the change of

the fluid mass inventory in the loops,

Mg = (Mp); — Mp + My (5.10)
where,
Mg : fluid mass discharged from the break,
(Mp);: fluid mass inventory inthe pressure vessel ( = 640 kg ),
Mp fluid mass inventory in the pressure vessel,
Mg . net fluid mass increase by the ECCS, the feedwater flow and the

steam discharge flow.

Figure 5.228 shows the break flow calculated from the fluid mass

inventory in the pressure vessel. The break flow is estimated from the

mass inventcry as fallows,

(5.11)

where,
Gp : break flow,
Mg : fluid mass discharged from the break.
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6. Conclusions

In this report, all the available test data obtained for the test RUN
913 were presented with information on the ROSA-JII test facility, instru-
mentation and the test procedure. RUN 913 was a 15% split break test at
the punp suction with the assumption of a single failure of HPCS. The
ROSA-ITI test facility and its instrumentation worked well through the
test. Important data base was obtained to assess the predictavitability of

the LOCA analysis code.
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Table 2.1 Primary Charecteristics of ROSA-III and BWR/6

BWR ROSA-III BWR/ROSA-TII
Number of Recirc. Loops 2 2 1
Number of Jet Pumps 24 4 6
Number of Separators 251 1 251
Number of Fuel Assemblies 848 4 212
Active Fuel Length (m) 3.76 1.88 2
Total Volume (m3) 621 1.42 437
Power (MW) 3,800 4,40 864
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) 1.54x10% 36.4 424
Recirculation Flow (1/s) 2,970 7.01 424
Feedwater Flow (kg/s) 2,060 4.86 424
Feedwater Temp. (K) 489 489 1

* BWR/6-251
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Table 3.1 ROSA-~III Instrumentation Summary List
ITEM SENSOR NUMBER NOTE
Pressure Pressure Transducer 20
Differential DP Cell 60 PV and Loop 44
Pressure Level Measurement J
Flow Meter 11
Fluid CA Thermocouple 129 Primary Loop 23
Temperature DIT 4
Tie Rod 28
Upper Plenum 10
Lower Plenun 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
Slab Inner CA Thermocoupile 9 JP Diffuser 4
Temperature PV Wall 5
Volumetric Turbine Flow Meter 3 ECCS Loop 3
Flow Rate Venturi Flow Meter 4 Primary Leop 10
Orifice Flow Meter 6 '
Mass Turbine Flow Meter 4 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 2
3 Beam GD 2
Momentum Drag Disk 4 JP Spool Piece 2
Tlux Break Spool Piece 4
Break QOrifice 1
Signal ON/OFF Switch 14
Pump Speed Reveolution Counter 2
Electric VA Meter 2
Core Power
TOTAL €93
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Table 3.3 Core Instrumentation Map

Ttem' P;S' ot |Pos.1 [Pos.2 |Pos.5 | Pos.4 | Pos.5 [Pos.6 |Pos.? Core
rod 3660 |3417 |3114.5|2879.5{ 2527 | 2174.5|1939.5|1637 | 1454
Surface| All ¢ 1 |TF 2 |TF 3|TF 4|TF s [TF 6 |TF 7
Temp- 1 a12 TF 8 |TF o |TF 20 |TF 11| TF 12 |TF 13 |TF 14
AL3 TF 15 |TF 16 |TF 17 | TF 18 { TF 19 |TF 20 ITF 21
Al4 TF 22 ITF 25 ! TF 24 | TF 25 ! TF 26 |TF 27 |TF 28
A1S TF 29 TE 30
A17 TF 31 TF 32
A22 TF 33 |TF 34 |TF 35 | TF 36 | TF 37 |TF 38 |TF 30
A23 TF 40 |TF 41 |TF 42 |TF 43 | TF 44 |TF 25 |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
A31 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
A35 TF 74 TF 75
A37 TF 76 TF 77
| A42 TF 78 TF 79
Find T TC 1 |TF180 |TF181 |TF182 |TF183 | TF184 |TF185 |TF186 | TC 2
Surfacel A4S TF 80 TF 81
Tem- [ a46 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS4 TF 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
A4 TF 95 TF 96
A66 TF 97 TF 98
A68 TF- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
AT7 TF107 TF108
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Table 3.3 Core Instrumentation Map (Continued)
Item 5. gﬁﬁet Pos.l |Pos.2 {Pos.3 |Pos.4 | Pos.5 |Pos.6 |Pes.7 (I:gigt
ng‘ U1 3660 | 3417 | 3114.5|2879.5] 2527 | 2174.5|1939.5 1637 | 1454
Surface| AS82 TF109 TF110
Tem- | a4 TF111 TF112
A86 Tr113 TFl14
AB8 TF115 TF1l16
Bl1l TF117
B13 TF118 |
B15 TF119 | TF120 | TF121 | TF122 | TF123 | TF124 | TF125
B31 TF126
B33 TF127
B35 TF128
F%:;g_ B44 TC 3 | TF187 | TF188 | TF189 | TF190 | TF191 | TF192 | TF183| TC 4
Surface| BS51 TF128
Temp. | pes TF130
B85 TEL13: | TF132 | TF133 | TF134 | TF135 | TF136 | TF137
Cll TF138
" C13 TF139
C15 TF140
C31 TF141
C33 TF142 | TF143 | TFl44 | TF145 | TF146 | TF147 | TF148
C35 TF148%
Fqmd T cas | TC 5 |TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC_ 6
Surface| 51 ' TF150
Temp. [ 53 TF151
| C77 TF152 | TF153 | TF154 | TF155 | TF156 | TF157 | TF158
D11 TF159 [
D13 TF160
D27 TF161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
D31 ' TF168
D33 TF165
‘D35 TF170
FrC | pas TC 7 |TF201 | TF202 | TF203 | TF204 | TF205 | TF206 | TF207[ TC 8
Surface| D51 TF171
Temp. D53 TF172
D88 TF173 | TF174 | TF175 lTEl76 TF177 {1 TF178 | TF17%
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Table 3.3 Core Instrumentation Map (Continued)
Item Pos. Sgﬁet Pos.l |Pos.2 |Pos.3 |Pos.4 | Pos.5 |Pos.6 |Pos.7 %gi-:t
ﬁg? L 13660 |3417 |3114.5]2879.5] 2527 | 2174.5]1939.5}1675 | 1454
Void | AS5 VE 1{VF 2 |VF 3|VF 4|VF 5 {VF 6 |VF .7
BSS VF 8 [VvF 9 |vF 10 |VF 11 | VF 12 |VF 13 |VF 14
€55 VF 15 {VF 16 [VF 17 [VF 18 | VF 19 |VF 20 |VF 21
D55 VE 22 |VF 23 |VF 24 |VE 25 | VF 26 |VF 27 |VF 28
Channel| Al* TB 1|TB 2 |TB 3|TB 4 |TB 5 |TB 6 |TB 7
gﬁifacu A2* TB 8 |TB S |[TB 10 |TB 11 |TB 12 |TB 13 |TB 14
Temp. | B~ TB 15 |TB 16 |TB 17 |TB 18 | TB 19 |TB 20 |{TB 21
c* TB 22 |TB 23 |TB 24 |TB 25 [ TB 26 |TB 27 |TB 28
D* TB 29 |TB 30 {TB 31 |TB 32 | TB 33 |TB 34 |TB 35
Liquid | Al* LB 1|1B 2 |uB 3|LB 4|LB 5 |LB 6 |LB 7
?ﬁviﬁe A2* L8 8 [1B 9 LB 10 |1B 11 |LB 12 |LB 13 |LB 14
Channel| B* LB 15 {LB 16 |LB 17 {LB 18 [LB 19 |LB 20 |LB 21
Box c* 18 22 {1B 23 1B 24 |18 25 | LB 26 |LB 27 |LB 28
D* LB 29 |LB 30 |LB 31 |LB 32 {LB 33 |LB 34 [LB 35
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" Table 4.1 Test Conditiecns of RUN 913

Parameter Specified Value Measured Value

Break Conditions

Location MRP suction MRP suction
Type Split Split
Break Orifice Diameter (mm) 10.1 10.1

Initial System Conditions

Steam Dome Pressure (MPa) 7.35 7.39

Lower Plenum Temperature (X) 551.7 551

Lower Plenum Subcooling (K) 10.5 11.0

Core Inlet Flow Rate (kg/s) 16.0 16.4

Core Outlet Quality (%) 13.8™* 12.2

Power Level (kW) 1260 + 2700 1264 + 2714

Maximum Linear Heat Rate(kW/m)

Channel A P.F.=1.1 16.65 16.73
Channel P.F.=1.0 15.13 15.20
P.F.=0.875 13.24 13.30
Channel B-D P.F.=1.1 11.89 11.94
P.F.=1.0 10.81 10.86

P.F.=0.875 9.46 2.50

Water Level in PV* (m) 5.0 5.0

Feedwater Conditions

Temperature {K) 489 489
Flow Rate (kg/s) 2.39 2.03 (cf.Fig.5.41)
Initiation of Line Closure(s) 2.0 2.0

* note, L3 Level for Scram : 5.0 m from PV Bottom
* not include core bypass flow

core bypass flow is assumed to be 0.8 kg/s
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Table 4.1 Test Conditions of RUN 913 (continued)

Parameter

Specified Value

Measured Value

Steam Discharge Conditions

Steady State Flow Rate(kg/s)

Transient Flow Rate

Orifice Diameter

(kg/s)

(mm)

Initiation of Line Closure(s)

Safety Relief Valve

2.39
keep steady value
18.0

L2"43(s)or
P<6.67 (MPa)

2.05
Fig. 5.39
18.0

18.0 s

(by level trip signal)

Setting Pressure (MPa) P = 8.14 not operated
ECCS Conditions

HPCS not-used not-used

LPCS

Injection Location

Initiation Conditions

Coolant-Temperature (K)

Injection Flow Rate(m3/s)

LPCI

Injection Location

Initiation Conditions

Upper Plenum

11*+40(s) and
<2.16 (MPa)

313
1.13 x 10~3

Top of Core Bypass

L1*+40(s) and
£1.57 (MPa)

Upper Plenum

249 (s) at PV
Pressure 2.25 (MPa)

313
Fig. 5.40

Top of Core Bypass

326 (s) at PV
Pressure 1.68 (MPa)

Coolant Temperature (K) 313 313

Injection Flow Rate (m3/s) | 3.50 x 1073 Fig. 5.40
ADS Conditions

Initiation Time (s) L1*+120 (s) 143 (s)

Flow Rate Scaled Flow of BWR fig. 5.39

Orifice Diameter (mm) 15.5 15.5

*
note : Each trip level is as follows;

**

L3 Level for Seram : 5.0 m from PV Bottom

L2 Level for MSIV and HPCS : 4.76 from PV Bottom

Ll Level for LPCS, LPCI and ADS : 4.25 from PV Bottom

note : System pressure is controlled to maintain at 6.67 MPa

before MSIV closure by low level signal (L2 + 3s).
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Table 4.2 Characteristics of Steam Discharge Line Valves

Valve Close to Open (sec) Cpen to Close (sec)
AV165 Not Used Not Used

AV168 ) 0.1

AV169 0.3 2.0

Orifice Diameter (mm) Area (mm<)

OR3 18.¢0 254.5

OR4 15.5 188.7

ORS Not Used (Blind) Not Used (Blind)
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Table 5.1 Sequence of Events in RUN 913

Time after

Break (s) Events
0.0 Break
Initiate core power control
Terminate intact loop recirculation pump power (simple coastdown}
Terminate broken loop recirculation pump power (simple coastdown})
2.0 Initiation of feedwater line valve closure
3.0 Closure of feedwater line
9.0 Initiation of core power curve reduction
13.0 Liquid level in downcomer decreased to L2 level
18.0 Initiation of steam discharge line wvalve closure
23.0 Liquid level in downcomer decreased to Ll level
35.0 Liquid level in downcomer decreased to jet pump suction nozzle
49.0 Liquid level in downcomer decreased to recirculation pump suction line
115.0 Initiation of lower plenum flashing (LPF)
143.0 ADS initiation
249.0 LPCS initiation
326.0 LPCI initiation




JAERI-M 89-125

FAA
27498
9%7¢ 31

4°6%
2498
6¢¢ 3I1

7°9¢
1°49¢
822 3l

7708
1749¢
12¢ 31

77682
67598
12 34

L°99¢
9TeLS
40¢ 31

l°sod

€16 NNY 40 duao0n

ST1lg
2959
S%¢ 4l

1°%e¢
17449
g8re¢ 3l

7°60%
£7269
lee dl

gTvleE
67499
0¢e 3J1

91¢
1°6%9
g£1e 31

€ 5és
1189
90¢ dJ1

9-sod

1°vee
£ 0%L
ve 31

g vle
9708,
PN

67888
17194
92e 31

0°62%
L7082
612 31
ST81¢
671672
2l¢ 31
B T1¢%
67184
S0¢ 31

STsod

Y31 ui

§°46¢
5$°¢8¢
tve 31

B68¢
67164
9¢e 3L

£ 7le
L°%08
¢ 3l

171¢2
17564
o6gz 3l

£ ¢le
§°v8sL
§2zZ 3l

1" 96¢
£°964
812 31

S L6282
17664
Tt 31

B 1¢%
§74¢28
v02 3l

97s50d

UoOLINGLIISL(

7 hwie
8 ¢9L
eveg 3l

9 %99¢
17244
csg€e 31

0°08¢
67164
v2e 3l

$°¢9¢e
6694
12 3L

g ¢9¢
1°142
0te 31

£°69¢
§7498/.
£02 31

g sod

guyniedaduws | Buippe) whwixey

07 6s¢2
S"614
19¢ 31

B 192
4728l
7¢¢ 31

§£°85¢
7904
g2 41

£°8%¢
17412
91¢ 31

9 992
£°81/
602 31

9°.58¢
67424
20eg 13l

Z-sod

g 961
275859
cye 31

£°18¢

£°049
£¥2 31

c 9s¢
67649
122 31

1°861
£°d59
62 131

@481
1°159
¢ée¢ Il

77061
$°g59
siz 31

2981
£°999
802 131

£°181
STgs9
102 3L

1°sod

(s) @ui]
O 12d
pod %2Z-y

(s) duwi]

D 19d
pos zz-y
(s) auyi]
G 12d
pou 21-¥
(sy swyi)
G 19d
pou G-V
(s) auwi]
¢ 19d
pos HT-y
(s) owi]
() 19d
poJ ¢T-y
(s) awij
() 19d
poud zZT-Yy
(s) amij
O 19d
poJ TT-¥
z*¢ a1qe]



JAERI-M 89-125

ST&Y
£ 99¢
L2 31

6°2%
€998
992 3l
7762
2 99s
6s¢ 31

L7sod

(PanuLIu0Y))

¥"882 g°%2¢
2829 8869
g42 391 s4¢ 3J1
8- 68¢ B 1gE
2 99 77904
692 3l ¥92 31
¢ 0Le L7992
97429 5489
gs¢ 31 i8¢ 31
9"sod g-sod

£16 NNY $0 8400 8yl ul

Z°80¢%
77884
¥ie 3L

1°96¢
S°864
042 31

2°95¢
17869
B89¢ 31

97662
€ 95L
£92 31

67442
L76%L
9cZ 3J1

§ 462
1°808
252 31

L722¢%
1°618
082 31
A3
87808
gr7e 31

#°sod

uoLingiJisLQ sJnzesoduwa] Bulppe)) WNULXER

1282 07652
9" 9¢s 17§69
€le 3L 222 31
$* 692 0-652
7 852 L"669
292 31 192 3l
£ 592 £°852
v 8gL 17004
§52 31 75 31
g sod 2 sod

£7e2s¢
57699
T4 3l

B 1¢¢
67228
692 131

974S8¢
B RB&Y
49¢ 31

17762
2959
0%z 31

7 70<
8°ev9
g€ce 31

?°10¢
2 1.9
TSs¢ 31

g 5s¢
L7669
6%¢ 31

1°%5¢
£7069
%2 31

1°sod

(s) auwy]
O 19d
pod 49—y
(s) suwy]
O 1od
pod Zy-y
(s) awt]
(%) 12d
pod 2§V
(s) auwy)
Iy 10d
pod 4¢-y
(s) awi]
() 12d
pod gg-y
(sy ouwy]
() Lod
pos Tg-y
(s) duwy]
O 19d
pod 8z-Y
(s) sut]
O 12d
poJ 9z-y
275 219el



JAERI-M 89-125

AR TAY 2°95¢
£T1em 2 604
¢6c 31 cée 3l
8°1%% L°99¢
6"128 2 60L
162 3L 062 31
£ 2%¢ 971428
8 26 €89
682 11 887 31
T°4T¢ 2 "9s¢e
2 418 €404
8¢ 31 98¢ 31
770%% g die
0"128 2104
s8¢ 3l 8¢ 31
$T%0¢g 2 9%¢
6°194 £°¢L9
¢8e Il cge 31
6°LEE 6°95¢
¢ "818 c 269
82 31 Q8¢ Il
2628 6°98¢
6208 e 269
6l¢ J1 BLZ 31
2 sod 9-sod g "sod B s50d g-so0d Z"so4 T°s504d
(panutiiuod) €Té6 NNY 40 2400 3Yyz UL uoLaIngLJU3sLg oJ4njeaadwa| BUulppe1) whwixey

(s) suwl}
(A Lod
pos4 T/-Y
(s) suwi]
(A 12d
pPoJ Bo-V
(s) auwt]
(A 10d
poJ 99-Yy
(s) suwip]
(33 12d
poJ 29-¥
(s) duwe]
(1> 123d
ped [fg-¥
(s) awp]
(1) 12d
poJ4 ¢6-Y
(s) awt]
O 12d
pod 15-Y
(s) Puwt]
(X 10d
poJ g%-y

'S 219el



JAERI-M 89-125

VA W4
17698
62¢ 31

27l
¢ 99¢
gee 3l
T 7%
1°89¢
stE 3l

L*sod

(penuiiuo))

0°cég B 1%%
77149 S 892
82¢ 3I1 L% 4l
£ 1e¢ @heY
£°E84L9 €044
12¢ 3L 02¢ 31
6°9¢2¢ [ 5B
9°999 B e9s
7ie 3l ¢£1x 31
1 %ct 6"%EE
97999 B €94
£0g 3L c0y 3Jd
9°sod gTsod

$T6 NAY 40 240D 2y) ut

L7S1E
L7608
géy 31

7°91%
9°118
61 31

L762¢
sT¢l8
¢ty dl

6°%¢¢
L7498
80¢ 3I1

£T5%E
9°1%8
20¢ 31

£T8eE
£ ¢is8
102 31

0°9¢%
¥°S18
62 31

0°9%¢
1 %¢8
62 3l

¥°s0d

uoLinglLJaisiq 2J4niedadwad ] BULPpe]) WNWiXe

72492
£7¢8.
s 31

L7992
2 88/
8l¢g 3L

STy0%
17684
11 31

4748¢
7°688BL
00g 31

g°sod

L7992
YTiEd
yZg 3l

4799¢
g 1%l
Z1¢ 31

L°/182
6°9YL
Olg 31

£°ede
0" %%e
66c 3l

2" sod

creE9ce
9"204
£c¢ 3l

£°69¢
£§°404
¢l¢ 3t

B°89¢
£7204
60¢ 31

8719¢
27604
0% 31

5°29¢
9°814
S0& Il

0°99¢
2804
B6cd 31

0°gle
S 0L
962 31

77092
0°¢T14
¥62 31

1°s0d

(s) auwlL]
(A 13d
poJ gY-VY
(s) =awL]
(A 134
poed [tB8-Y
() suwi}
(A 10d
poJd SB-Y
(s) awy]
oh 12d
poJd %g8-y
(s) swy)
(%) 10d
poJ ¢g-V
(s) suwij
(A 12d
podJd [f/-V¥
(s) 2wy )
A 10d
pod4 ¢/-Y
() 2uwli|
(A 12d
pod ¢£/-V¥

£°§ 9719e]



JAERI-M 89-125

(P2NULIUO0))  §T6 NNY 40 3400 dy3 uy

29s¢
7889
6¢% 3I1

1€ 31

2 sod

yuoLingiraistg odnjeaadws | BULpPPEYDY WNWEXe]

(s) suwi]

(1 12d
poJ 99-g8
(s) owi]
(%) 19d
poJ g5-g
(s) dwy]
(M) Ldd
poJ 15-g
(sy euwy]
() 12d
poJ £¢-§
(s) ouwL]
O 19d
pod Tg-4
(s) suwi]
SO 12d
poJ 22-9
(s) auwil
O 19d
poJ £T-g
(s)y aui)
1) 19d
pos 11-8
275 21qe]



JAERI-M 89-125

g 1g 0°ge2
£°69¢ 07265
28¢€ 31 98¢ 31
8°.¢ 8282
2°29¢ 27619
625 31 g/ 31
L°5% $*¢82
27495 67129
12§ 3L 0/€ 3L
0°s¢ 97562
27496 67029
79§ 31 $9¢ 31
95g 31 SSg 31
LTsod 9°sod

(panuiiuod) €16 NNY

YAA X4
0" 1v9
sg¢e Il

6°98¢
77049
LLE 3L

£ gBe
1449
69¢ 31

97662
L7€89
¢ge 31

YA EE NS

STsod

JO 2403 ayl ut

148 8 19

87089 17949

¥8% 3J1 £8¢ 31
27 LLe

17424

08¢ 311

1 94ie §Te9e

L7914 g 104

94% 31 Si¢ dL
6" 78

£70&4

2% Il

£Taie §°¢9¢

§T¢ed 101

g89¢ 31 49¢ 3l
2" 78e € eve

17422 77904

19¢ 31 0%z 31
e 92t

6194

8¢ 31

£6¢ Il ¢sg 31
¥°s0d §°sod

g 1sc
2649
¢8% 34

970s¢
9°589
¥ie 31l

¥°E5¢
2 e69
99¢ 31

1°2%1
0°849
6s¢ 31

15 31

2 sod

67641

07619
18¢ 31

2 6Ll
S°0%9
g% 3I1

L7841
§7629
Se¢ 31

£ %Ll
829
85% 11

uoLringLJ4isiQ e4niedaduwas] Bulppe ) wWnuwixey

(s) swyi]
(%)  12d
pod £¢-9
(s) auwiy
¢ Lod
pod Tg-9
(s) suwi]
O 12d
poJ 22-9
(s) aui]
() 12d
pod §T-9
(s) awy)
¢ 19d
pot ¢T-D
(s) awy]
() 192d
pod T1-9
(s) aut]
(1 12d
poJ 98-g
(s) owy)
() 19d
pod 2/-8§

2*s 21498}



JAERI-M 89-125

27 6%
2 L98
20% 31

g L
2994
26% Il

l"%0d

(PanNuLIL0))  §T6

9°842
TN AW
0% 31

- 16¢ 6°16¢ £°08¢ 8°19¢ 2 e9¢ gTred
B &9 97989 g ved 17014 974989 B ¢Y9
coY 31t 0% 31 0% 3L g0y 31 To% 31 00%7 31

§ "94¢
662
66% 31

17962
$°0%4
Bég 31

£°12¢ 77088 6°92¢ 0°62% 27 8%¢ 2°80¢%
0619 672469 B 4% 8 °9ys ¥ 8¢l 2 69
6% 3l S6% 34 76% 41 g6¢ dI1 g6% 31l T6% 3Ii

L762%
L799L
06% 31

£ 82¢
2 "80L
68% Il
1°eBe
8869
88% 31

Q"s0d §g°s0d #°s50d g°50d 2 "sod T°s0d

NMY +0 2403 84yl UL UDLINQLJISL( d4nledadWa| Bulppeld) wnwixep

(s) swi}
(%) 19d
pod Tg-q
(s) auwi]
o) 19d
poJ 22-q
(s) 2wty
() 12d
poud €1-@
(s) owij
(M) 12d
poJ T1-q
(s) owyj
b 1od
pod 24-9
(s) suwi)
() L1od
poJd g9-9
(s) euyt]
() 12d
pos 99-9

(s) 2uwt]

O 12d
poJ §§-2
2" 219ey



JAERI-M B89-125

l°s0d 9-sog G *sod

(panuiluocy)

$T6 NNY $0 2403 2y3 ut

9°42¢
7°¢82
g1y 31

1°%2¢
L7994
1y 31

Pk
FAA Y
11y 3l

2662
47004
0ty 31
¥°18¢
8 714
60% 31
1°89¢
67649
g0v 31

y°sog ¢-sod 2"sod 1°sod

uoLiINgLJ3lsi(g 24niedadwas)] BuLppel) wWRuWLxe

(s> suwL]
(> 13d
poeJs 98-
(s) 2wt}
(A 19d
pod LL-G
($) suwt]
(X>  12d
pod 99-(Q
(s) 2uwl}
) 10d
poJ ¢5-g
(8) 2uL]
(%) 10d
poJ 15-4
(s) awi]
(%> 19d
poJ ¢¢-d
¢"s 819qe]



JAERI-M 89-125

(panuLiuo))

(s)

(%)

(s>

(s)

(s

(s)

(s)

{s)

(=)

(s)

$16 NNY 40 2409 3yl uy

67%EE

L722¢

770%%

B 18E

8 1¢¢

6"EEE

B lee

AR YA

0°9¢¢

€888

w1
3L
au L
a
auy
X
3wl
sul
awy

aw)

O

oh

(D)

b

oD

O

O

(@ D)

()

(A

UoLINQLJISL(Q Pdnledadua] Bulppe)d wnuWLXe}

¢"818
1°618
0"1eg8
6128
6°2¢8
74728
£ 228
£T1¢R
ﬁ.wmm

9°1%8

13d

10d

15d

i2d

13d

12d

13d

13d

13d

12d

X X

504 poJ
*sod po.uJ
504 pouJ
"so0d poud
“sod pouJ
"so0d po.dJ
504 poJ
“so0dg pouJ
504 pouJ
"s0d pouJ
(£T6 NN

15-¥

ge-v

P

89-Y

AR

%8-V

11~V

T4~¥

P

28-v

13d

01-°

278 919®]

ON

oN

ON

ON

ON

ON

ON

ON

oN

ON

J0 JapJp %%



JAERI-M 89-125

111-VS0H JO T9SS2A 2anssoad JO 2an1dni3g Jruzajul

sapo11da (g

aury 1apIng dung aap

wAus 4 Iomo7

dooy uoriernaitosy 03 2yz2ON

xog tsuuey)

{(210)) satpung [ong pslE]nuUIg

sutl woryong dend 3ap

wAZRLAe #5813

T

L

I3wodumo(g

pPNoIYS 5107

CRTTRICnE

END

RIS

TEE

a1z20N roridafu] JUE[007 FINSSIIJ MOT

Jal8avdg Aeadg sx0) 2INSS3XY MO
xa8aedg Aeads o100 2ansseag ydiy
wnuag aeddp

aNT] 131eMpanyg

Jorcredss wesig

sweg wesls

L1111o84 3891 111-¥S0Y Jo weaSelq o7iRmayosg

dung ™ TN
UOTIBINIITISY R

17 *91a

dintrig
UOTIBINDITD2Y

N
LA =
5
‘m&E:m jar sdung 19(
- mﬂ&\ 57 — A9
OGS (1 ey [/
TA B
7 i
dooy 303Ul (] dooy uayoag

- BUTT a331BMPIa]

)

135597 3INSSaly

sUT] wealg -

&

i 50 J—



JAERI-M 89-125

soT3ewaydg Jurdrd III-vYSou £z '81d

00 ooyl doo ueyo!g

1 dYN ¢ dUN

700d

—-

I dMdH
p—y
Z dMdH

BSIA
1md

L

6% AHD BviA
&2} AKD

‘§|v¢|.b|

991AHD  EDIAD

i604 o
)

() au AHD  SwiAY 201
— i e e
m m M
» » -4
r - —
-
N_u__V_Mﬂ n:._)IQ A . ~|\ BilAHY olyo
/_.\ WU iejDmpeey
T - .
1AD 2
! m'.m <
OEIAD €HO  991AY 3 m
a1, 8 a1 g 5
iy gaY_ FHO  GOIAY b m
dy o
B i e Ta =T
(AISHicolaw 82 gyo 82 8z

ap
eseydsowy o0}
PUTTH —

\nuc_._ woe}s - g §203




JAERI-M 89-125

CL 6205
DL 6040 Steam Line PV Top nL 5235
Steam Drver 0L 36357
Steam Seperater DL 5365
L3 Level oL 3000
L2 level OL 4760
DL 42593 Feedwater Line ~~-; L1 Level OL 4250
" UpCS,19CS Nozzle DL 4080
DL 3900 HPCS,LPCS Line
. Connector DL 3744
DL_3660 LPCT Li
2 1l Line Upper Tieolate DL 3530
Spacer DL 3213
DL 2814 Jet Pump & cracer DL 2742
Suction Line
Spacer DL 2332
Spacer DL 1856
Lower Tieplate DL 1524
: Channel Inlet DL 1284
5; Orifice
DL 938 Recic. Pump Nomd] | T
Suction Line = | ~d
% { ! Tie Grid oL 513
DL 400 Jet Pump 2 | =
Disch. Line
DL 0 PV Bottom DL 0
Fig. 2.4 Pressure Vessel Internals Arrangement



ITI-VS0Y 3O poy Ton] paleinulg

HOIVINSNT

oW ]
IN-RD TYNIWYIL 6
91€ SNS N1V 3iis 8
009'INI/VD 31dNOJ0OWY3HL ]
iN- 1D HOIONONOD |9
IN HOONANOD |G
NE HOLVINSNI v
NO HOIVINSNT | €
IWOYHIIN H3LVIH 2
009 TENODNI INERLS 1
WALTHIIVW S1Hvd ON |

JAERI-M 85-125

Aivid wolioa

0
TINNYHD

HIAWIZY 300 0WHIL
il _ My
5L ~\ 273u1
.q
d_:
“TEOH. \,m €
F=on
d-8°NOIId3S™

¢*z 814

J-0NOIIDIE

q3ddn

@mw DE @w
\ Q- P » f/
ik ) | cf E2E (g g P g I 14 L4 £33 3/ A B
1 | i
. Q\ln\\ a- o = [ had 4 ;mL 3 H\ 5y
77 3 b LR 5 2R3
2 : 8 b R PR R A
Algs-
~— 4
1311
(31511 7
T1IES "o |
141 T
T g T TRIGHIT VI AAII53433) 557 0001 A { R
OF2 G 95T [ 1313 L
o immael 1| pnm——

15FiT




poy JI9383J JO UOTLINQTIISTY J2MOJ TEBINY

Jo30e Juryeay [rivy

"3atdnodowsayy jo vojiysod sajedpuy ry

JAERI-M 89-125

5te 5te 5t2 562 stz 562
¢ 1 0 "oy
%ﬁL

— (o] 28] =t uwy S [+ 9
& 5 & g " & 5" 25E
ved e o o d [}
(=] [ 5] (W3 (5 [a 9%
=] e Rt -t
(1] (%3] 741 T4
[a] [s] o [ -

- 5 b6el

- § 1251
S .VW\.
$Bb "0 7 810
060 bt _ T
1z - = 1
or° 1 0b "1

Core Bottom



JAERI-M 88-12Z5

CEANNEL 20X "a" CZANWEL 30X "D"
\ - /
O : NS a N
s 1 E | HA LA [ i l | LA
| | r N
| ] | | 1
oI [ I N )
w |EC - | w i
|
NN ]

QH_-\, HA_J)/ QLA LAJ)
270° 4 - - - - 3 9g°
((‘r__\ LA\\\ @L.—k LA.?\

| | | 1
| R
) w 3 | : v L3
| W ' W |Lc
| |1
| U | |
La , LA LA La
N\ 72N =/

’ 180°
CHANNEL BOX "B'/ \ CHANNEL 30X "¢”

Region Ha HB HC LA LB Lc W
Lenear Heat Rate (kW /m) [ 18.5 | 16.81| 14.41 13,21} 12.01 | 10.29 | 0.0
Local peaking factor 1.1 | 1.0 |Jo.87s| 1.2 | 1.0 |o0.875 | 0.0
No. of Rods 20 28 14 60 84 42 8

* note : Radial peaking factor is 1.4

Fig. 2.7 Radial Power Distribution of Core
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Fig. 2.8 Piping Layout of Recirculation Loops and Jet Pumps
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DL 6040
) p3y DL 5910
DL 5510 T3
©)
®
DL 4320 @ L L/p5) DL 4158
DL 3900
DL _3750 3
DL 3660 = DL 3660
DL 3325 @ .
—_——— L1
DL 3165 ETSZ% %9
TS31
. DL 2814
DL 2625 @@
DL_2614
‘ D
DL 1925
DL 1851 @39
&
DL 1454
Dy, 1088 DL 1188
DL 938 DL 938
DL 525 C) _
DL 400 235 DL 400
DL 10C = DL 100
+
:'-—-DL 350 oL = 0
—DL 210
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A45,B45,C45 and D45 are water rod simulators with thermocouples,
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Fig. 3.5 Core Instrumentation (cf. Table 3.3)
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Fig. 3.9 Arrangement and Location of Drag Disks



JAERI-M 89-125

AT IO IS U] ewmney) medq ¢

§309Td T00dS JUDWDINSEIN MOTJ ISLYJ-OML JO UOTIED0T

dun g thurg
foraetoaton UOTIB[NDATIDDY

YiTm PojuaumIlsuy

11

aoo1d {oods sayoul ¢ s), "\
mﬂ _! - \OM.
)
0
sdun
&R
| ] ._I_.- ‘}
@
)

dooi 30v3Ul

doo1 uayoxg
SUIT ID1eMpaay]

19552 2INSSal

QUIT wWe?d1g \@

Il.ll!rr’n

™~

01°¢

*81a

systqg deag pue

13318W03T1SUS( BUWWRY) weaq 7
Y1TIM P23UdUNIISUT
sostd 1oods sayour 7 (¢

sysi@ 8eva(q pue

1539W03TSUS( BUMEY WA 7
Y1IM POIUDUNIISUL
aao1d 1oods sayour 7 (¢

I1319WOITSUD( pWWeR) weaq ¢
YiiMm pelusuniisul
ao01d 1oods sayour ¢ (g



JAERI-M 88-125

\

- o
o> © - ) ©
31 A 7 )

A% A o

. %/
Breck Ling % T /// /
. ) 30 310
Piping \ Nozzle
¢\
e (o sy
_ __ﬁ%]/ B V| 539{;1,/ Area  d{mm) D (mm)
] 9l /// -
o _ X ¥ _ 100 % 26.2 50.0
By __ ] ADNE= RS T NS 50% 18.5  50.0
%) \/’ 7
| m/’ 7 {5 % 10.1  30.0
7507 507/
i A , 7 ,
100% , 50 % 15 %
Orifice
Fig. 4.1 Break configuration details
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Fig. 4.5 Feedwater Line between Valve AV-112 and Pressure Vessel
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