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Experiment Data of ROSA-III Integral Test Run 512
{ 5% Split Break Test without HPCS Actuation )

Yoshinari ANODA, Kanji TASAKA, Yasuo KOIZUMI,
Hiroshige KUMAMARU, Hideo MURATA, Hideo NAKAMURA,
Makoto AKINAGA, Mitsuhiro SUZUKI and Masayoshi SHIBA

Division of Reactor Safety,

Tokai Reseach Establishment, JAERI

(Received January 30, 1982)

This report presents the test data of Run 912, one of the tests in
the small break LOCA/ECC test series of the ROSA-III program to conduct
the system effect test concerning the response of a BWR with the ECC
injection. Run 912 is the 5% split break test at the recirculation
pump inlet using the ROSA-III test facility, the volumetrically scaled
primary system of the BWR/6 with an electrically heated core and the
scaled ECCS. The test is initiated with the steam dome pressure of
7.30 MPa, the lower plenum.subcooling of 10.8 K, the core inlet flow
rate of 16.4 kg/s, and the core heat generation rate of 3.9 MW and
proceeded as previously planned. All the core is quenched after the
ECCS actuation and the maximum fuel cladding temperature is 839 K at
the mid-plane of the highest power rod. Run 912 is utilized as the
international standard problem #12 under the auspice of the OECD/NEA-
CSNI.

Keywords : BWR, LOCA, ECCS, Integral Test, ROSA-II1 Program,
5% Split Break, Small Break, International Standard

Problem - 12, Data Report
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1. Introducticn

The ROSA-III program is to study thermal hydraulic response of a
BWR (boiling water reactor) during a postulated LOCA (loss-of-coolant
accident) with the ECC (emergency core cooling) injection and to
provide base data to evaluate the predictability of computer codes
developed for LOCA/ECC analysis. The program has been carried out
since 1978 at Japan Atomic Energy Research Institute to conduct the
system effect tests using the ROSA-III test facility. The ROSA-III
test facility consists of the volumetrically scaled primary system of a
1100MW electric BWR/6-251 with an electrically heated core and the scaled
ECCS (emergency core cooling system). _

Various series of tests such as the large break test series and
the series of tests with the single component failure condition have
been conducted in the program. A series of the test with the various
break size has been conducted in the past few months since need for
detailed understanding of the small break LOCA/ECC has been emphasized
after the TMI-2 accident. Run 912 is the one of the small break series
tests and is the 5% split break test at the pump inlet in the recircu-
lation line with the condition that the off-site power and the HPCS
{(high pressure core spray system) are lost. The test was initiated from
fluid condition of the elevated pressure and temperature simulating the
operating condition of the BWR and all tﬁe ECCS except the HPCS provided
the cooling water with the scaled flow rates.

Run 912 was conducted May 19, 1981, and proceeded successfully
as previously planned without any trouble. This test is utilized
as the standard problem number 12 of the international standard

problem program on LOCA/ECC under the auspice of the OECD/NEA-CSNI.
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2. ROSA-III Test Facility

The ROSA-IIL 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 during the postulated LOCA. The
facility is instrumented such that various thermal-hydraulic parameters
are measured and recorded during the test. Details of the instrumenta-
tions are described in Sec. 3.

The test facility consists of four subsystems. These subsystems
are : (a) the pfessure vessel, (b) the steam line and the feedwater
line, (c) the recirculation loops, and (d) the ECCS. Figures 2 and 3
illustrate configuration of the facility and the pressure vessel internals,
respectively. Table 2.1 compares the major dimensions of the ROSA-TII
facility to the corresponding dimensions of the large BWR system.

The ROSA-III pressure vessel includes various componments in it
simulating the internal, structures of the reactor 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 is
consisted of four model fuel assemblies of half length and a control
rod simulator. Each fuel assembly contains 62 heater rods (Fig. 2.5)
and 2 supporting rods spaced in a 8 x 8 square array and supported by
spacers and upper and lower tie plates. IThe 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 electric power supplied
to 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 géneration
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 0.86 respectively, The ovxifice
plates are inserted at the 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 pressure in steady state before the initiation of the tests.
The steam line has a branch in which the automatic depressurization
system is installed. The operation of the control valve in the steaﬁ

line is described in Sec. 4. The feedwater is supplied from the

_2‘._
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feedwater tank (FWT) through the feedwater line and the feedwater sparger
in the downcomer annulus.

Figure 2.8 shows the recirculation lines consisted of two loops.
Fach 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 are installed in one of these loops to simulate the
various break conditions. Each break simulator consists of a nozzle
to determine the break size and a quick openning blowdown valve (QOBV)
to initiare the test. The break mode (the double-ended or the split),
the break size, and the break location can be changed. The diameter
of the largest nozzle available is 26.2 mm. Fiéure 2.8 shows two
quick openning blowdown valves,a quick shut-off wvalve, and flow nozzles
installed upstream of the quick openning blowdown valves. Several flow
nozzles of different size are prepared to vary the break size.

The ROSA -TII 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 (ADS) systems. The HPCS and
the LPCS provide the cooling water from the top of the core. The LPCI
injects the cooling water into the core shroud. Each ECCS consists of
a pump, a tank, piping, and a control sys tem.

More detailed information of the facility design is available in

Reference (1).
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3, Instrumentation

The instrumentation of the ROSA-III is designed to obtain thermo-
hydraulic data during the simulated BWR LOCE. The data obtained from
the experiments will contribute to the assessment of the analytical
computer code. Table 3.1 summerizes instrumentations used in Run 912,

Instrumentation locations are shown in Fig. 3.1 through Fig. 3.8.

Typical measured parameters in the ROSA-III are pressure, differen-
tial pressure, folw rate, electric power, pump speed, fluid and metal
temperatures, liquid level, coolant fluid density, on—-off type signals
and the like.

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 thus allowing for the circulation of cooling
water to prevent flashing of the fluid,

Flow rate is measured by either orifice or venturi type flow meters
depending on the fluid condition and measurement location.

The temperatures of the fluid, structural materials and fuel rod
cladding are measured with Chromel-Alumel thermocouples {CA T/C) of 1.6
mm ¢, or G.5 mm ¢.

Liquid levels are measured by either'differential pressure trans-
ducers, of the type described above, or needle type electrical conduc-
tivity probes developed in the ROSA-III program. The probe is dis-
tributed along the vessel hight to detect the existence of water or
vapor at each level.

Electric power for the simulated fuel rods is controlled as a pre-
determined function of time and is measured by a fast response
electric power meter.

Pump speed is measured by a pulse-generator integral to the pump.
On-off signals such as selected valve positions, decay heat and pump
coastdown simulation initiations and the like are detected in order to
record the exact signal actuation time. |

Fluid density in the pipe is measured by means of gamma-ray
densitometers. Preliminary studies indicate three-beam densitometers
should be used to determine the flow regime. The gamma source is ‘

13705 and the detector is a water cooled Nal (Tl) scintillation type.

— 4 -
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Momentum flux is measured by a drag disk. The combination of signals
from a drag disk and a gamma densitometer is used to determine the
two-phase flow rate.

The data acquisition system ( DATAC 2000 B, Iwasaki Tsushinki Co. )
scans all the 700 channel signals with the frequency up to 30 kHz.

The data recorded onm magnetic tape is processed by the FACOM M200 system
at JAFRI. 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 instrumentation and the data

processing procedure are available in Reference'(Z).
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4, Test Conditions and Procedure

Run 912 is a 5% split break test at the recirculation pump inlet
in the recirculation line. The break area is determined by inserting
an orifice upstream of the QOUBV as shown in Fig. 4.1. The initial
conditions of the test are as follows : The steam dome pressure is 7,30
MPa, the steam dome temperature is 562 K at saturation conditiom, the
core inlet flow rate is 16.4 kg/s, the reciculation flow rate in each
of the two reciculation loops is 0.0155 m3/s, the core heat generating
rate is 3.97 MW. The estimated quality at the core outlet is 13.5%.
The detailed conditions are summerized in Table 4.1.

To conduct the test, make-up water is pumpéd into the primary
system of the test facility and electric power is supplied to the core
to heat the water in the system and to achieve the saturation condition
in the upper portion of the pressure vessel. The core power is 3.97 MW
before the initiation af the test and is 44% of the core power based on
the power to volume ratio which is taken the same in the BWR and in the
test facility, The core power is chaﬁged during the transient after
the break initiation as shown in Fig.4.2. The power is kept constant
for the first 8.8 seconds and reduced along the curve shown in the figure
which simulated the delayed neutron fission power, the decay power of
fission products and actinides and stored heat in the fuel pin. There
are high power rods in the core as introduced in the preceding section.
The maximum heat generation rate is 16,6 kW/m before the initiation of
the test. A

The details of the steam line and the feedwater line are shown in
Figs. 4.3 and 4.4, The control valves (V-1 and CV-Z are opened before
the initiation of the break to provide steam to heat feedwater. CV-130
controls the steam flow to maintain the steam dome pressure constant
before the break initiation. At the break initiation, CV-1 and 2 are
closed and CV-130 is fully opened limiting the steam flow by an orifice
of 18 mm ID (Inside Diameter) at the upstream of CV-130, AV-112 is
opened before the break initiation and is closed at 2s after the break
to block the feedwater flow. The cocolant recirculation pumps are tripped
to start coasting down at the break,

The low liquid level signal in the downcomer is used to actuate the
ECCS and to close the steam line simulating the MSIV (Main Steam line

Isclation Valve) closure. The downcomer level in the steady state

_6_
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operation is 5.00 meters above the bottom of the pressure vessel and L1
and L2 levels are set 4.25 meters and 4.76 meters respectively. The
L2 signal is used to close MSIV with time delay of 3 s and CV-130 is
closed at 24.0 s after the break . The L1 signal is used to the ADS
with time delay of 120 s. The LPCI, the LPCS could inject cooling
water after the primary system pressure is reduced to 2,16 MPa and 1.57MPa,
respectively, The test is terminated after all the core is quenched at
800 seconds after the break initiation.

Tables 4.2 and 4.3 show the valve characteristics and the wvalve

control sequence in the present test, respectively.



JAERI— M 82—-1010

5. Data Presentation

Run 912 is proceeded as previously planned, started by opening the
QOBV (Quick Opening Blowdown Valve) "B" at the pump inlet in the
recirculation line. The sequence of major events in the test is shown
in Table 5.1.

The feedwater valve, AV-112, begins to close at 2.0 s and is
completely closed at 3.1 s. The core power is reduced after 8.8 s to
simulate decay heat and the stored heat of a nuclear fuel rod as
specified in Fig.4.2. The steam discharge valve, CV-130, begins to
close at 19.5 s and completely cleose at 24,0 s, (CV-130 is opended
again from 83.6 s to 109 s to simulate the SRV (Safety Relief Valve)
actuation. The jet pump suction line is uncovered at 98.8 s in the
¢owncomer and the recirculation pump suction line is uncovered at 150 s
after the break initiation. The ADS valve LAV 169, is'opened at 158 s
(120 s after L1 signal is generated). The lower plenum fluid is satu-
rated and initiated flashing at 159 s. The whole core is uncovered at
275 s. The peak cladding temperature (PCT) is-839 K, at position 4 (
midplane of the core) of the AB8 rod at the cuter corner in the peak power
channel. The LPCS and LPCI are started to provide water at 318 s (2.38
MPa) and 406 s (1.81 MPa), respectively. All heater rods are quenched
at 444 s,

The test is completed at 680 s after‘the break initiation, termi-
nating the core power, closing the LPCS and LPCI valves, and closing
the QOBV. '

The data acquisition is terminated at approximately 800 s.

The test data are shown in Figs. 5.1 through 5.217. 1In these
figures, the measured quantity is identified by the channel number
and the alphabetic characters (Ref. Table 3.3).

Figures 5.1 through 5.7 show the pressure data in the pressure vessel
and in the recirculation loop. Figures 5.8 through 5.45 show differential

pressure data between various positions in the pressure vessel and the

loop. Figures 5.46, 5.47 and 5.48 show the liquid levels in the pressure
vessel and in the tanks, Figures 5.49 through 5.54 show the flow

rates. Differential pressures across orifices and venturis shown in
Figs. 5.55 through 5.65, are usefull to check out the flow rate
instrumentations. TFigure 5.66 shows the power supplies to the core

with the maximum capacities of 2100 and 3150 kW. The revelution

_8_
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speeds of the recirculation pumps are shown in Fig. 5.67.

On-off signaiﬁ such as the break initiation signal and the valve
positioning signals are shown in Figs. 5.68, 5.69 and 5.70. Figures 5.71
through 5.80 show the fluid densities measured by the gamma densitometer,
Figures 5.81 through 5.84 show momentum flux measured by drag disks.
Figures 5.85 through 5.90 show the fluid temperatures at the wvarious
positions in the loops. The cladding temperature is shown in Figs. 5.91
through 5.171. Figures 5.172 through 5,183 show the fluid temperature

in the core. The wall temperatures of the primary system components

are shown in Figs. 5.184 through 5,195, The fluid temperature in the
lower plenum is shown in Fig. 5.196. The liquid level signals in the
core, the upper plenum, the lower plenum, the gﬁide tube and the down-
comer are shown in Fig. 5.197 through Fig. 5.217. Figure 5,218 shows

the estimated liquid level in the pressure vessel obtained by reducing
the conductivity probe signals in Figs. 5.197 through 5.217.

Figures 5.219 and 5.22Q show the dryout front and the quenching front.
Quantities obtained from reduction of the test data are shown in
Figs. 5.221 through 5.244. Figures 5.221 through 5.224 show the average

density. The average density is calculated from the data measured by
the three-beam or two-beam gamma densitometers. The beam configurations
of gamma densitometers installed in the ROSA-ITI facility are shown in
Figs 3.9 and 3.10. The average density is calculated as an arithmetic
mean of the densities in multi directioné with the weight of the cord

length.

For the three beam densitometer,

Py = O.SZleA + O.43pB + 0.2479pC (5.1)
where,
Pay * average density obtained from the three-beam gamma densitometer,
Py ¢ density measured by beam A (bottom),
Py ¢ density measured by beam B (middle),
Pe density measured by beam C (top).

Tor the two-beam densitometer,

=0. . 5.2
Py 0.5863p, + 0.41370, (5.2)

_9_



JAERI— M 82—010

where,
0,y ¢ average density obtained from the two-beam gamma densitometer,

Py ¢ density measured by beam A (bottom),

Pp ¢ density measured by beam B (top).
Figures 5.225 through 5.228 show the flow rates at upstreams of
the break in the recircularion loop. The flow rate is computed from

the drag disk data and the gamma densitometer data using the following

equation,
G = CD AY pav'pvz | (5.3)
where,
G : mass flow rate,
CD : drag coefficient ( =1.13),
A : flow area ( =1.923 x 1073 m),
p : average density from gamma densitometer,

av

ov¢ : momentum flux from drag disk.

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

loop as follows,

GB = GP + GV (5.4)
where,
GB : break flow,
GP : flow rate at the pump side of the break,
GV : flow rate at the vessel side of the break.

The break flow rate based on the low and the high range drag disk
data are shown in Fig, 5.229 and Fig. 5.230, respectively.
Figures 5.231 through 5.236 show the core inlet flow and the core

by-pass flow. The core inlet flow rate is obtained from the pressure
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drop across the core inlet orifice and the liquid density corressponding
to the 1iquié temperature in the lower plenum assuming the saturation
condition. This method is not applicable for two-phase flow condition
after the initiation of the lower plenum flashing (LPF) . The flow

rate through each of the four channel box and the guide tube are

calculated from Eq. (5.5},

G = cDAm (5.5)

where,
G : flow rate,
AP : pressure drop across the orifice,
CD : discharge coefficient,

= (0,4778 (for the channel inlet orifice)

= 0.8032 (for the guide tube inlet orifice)
A : flow area,

= 1,521 x 10_3 m? (for the channel inlet orifice)

= 0.175 x 10‘—3 m? (for the guide tube inlet orifice)
g : grévitational acceleration,
P density of the satulated liquid.

The core inlet flow rate is obtained as the summation of the inlet

flow rate to the four channels.

Figures 5.237 and 5.238 show the collapsed water level outside
and inside the shroud. The collapsed water level is obtained from the
differential pressure in the pressure vessel. The differential
pressure may include the flow resistance effect, however, the flow
resistance becomes negligible after completion of the recirculation
pump coastdown.

Figures 5.239, 5.240 and 5.241 show the fluid mass inventories
in the pressure vessel, The fluid mass inventory is determined from

the density and the volumes of liquid outside and inside the shroud,

M =0, Q (5.6)
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where,
M : fluid inventory,
Py ¢ liquid density estimated from the satulation

temperature and/or pressure,
Q : liquid volume calculated from the liquid level,

The wvolume Q (m?) outside the shroud is given below as a

function of height.

=0 | ( L < 0.494)

= 0.0225 L -0.0111 ©.494 < L < 1.384)

= 0.0697 L -0.0769 (1.384 <1 <1.519)
= 0.0225 L -0.0048 ( 1.519 < L < 3.355)
- 0.0801 L -0.1980 ( 3.355 < L < 4.250)
= 0.2443 1T -0.8959 ~  ( 4.250 < I < 4.413)
=0.2611 L -0.9700 ( 4.413 < L < 4.578)
.2504 L -0.9211 ( 4.578 < L < 4.654) (5.7)
- 0.2375 1 0.8610 ( 4.654 < L < 4.815)
= 0.2866 L -1.0974 ( 4.815 < L < 4.915)
= 0.3396 L -1.3580 (4.915 <L 5_5;143)
=0.3607 L ~1.4665 (5.143 <L < 5.365)

- 0.3848 L -1.5960  ( 5.365 <L < 5.955)

< < ~ < pe] e o L ~ o] L L0 ~ o
0
<

0.7111 (5.955 <L )

The volume Q(m3) inside the shroud is given below as a

function of the height.

=0 ( L < 0.0 )

0.2350 L (0.0 =< L <0.497)

]

0.1245 L +0.0549 ( 0.497 < L < 1,354)

0.0698 L +0.1290 ( 1.354 < L < 3.589)

0.1648 L -0.2120 ( 3.589 < L < 3.744)

[

0.1963 L -0.3299 ( 3.744 < L < 4.243)

e < ~ L ~ 2
il
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Q= 0.0196 L 40.4199 © (4.243 < L < 4.578) (5.8)
Q = 0.0186 L +0.4246  ( 4.578 < L < 4.654)
Q = 0.0410 L +0.3201  ( 4.654 < L < 5.099)
Q = 0.0196 L +0.4292  ( 5.099 < L < 5.365)
Q = 0.5344 L ( 5.365 < L )

The total fluid mass inventory in the pressure vessel is obtained
as the summation of the mass inventory outside and inside the shroud.
The mass decrease by the fluid discharge from the break and the
fluid mass recovery by the ECCS water and the feedwater injection is
shown in Fig.5.242, The variation of fluid mass inventory with time
is calculated by the following equation,

t .
M = fo {G + Py ( WA + W+ wc ) + o, wD }'dt {5.9)

B
Where,
M : mass accumulation,
G : steam discharge flow rate,
Py : density of éatulated liquid at 315 K,
Py : density of satulated liquid at 489.K’
WA ¢ volumetric flow rate of the HPCS,
WB : volumetric flow rate of the LPCS,
WC : volumetric flow rate of the LPCI,
wD : volumetric flow rate of the feedwater.

Figure 5.243 shows the fluid mass discharged from the break.
The fluid mass discharge MB is calculated as follows neglecting the

fluid mass inventory in the loops,

Mg = M) yrsesar "M T Y (5.10)
where,
MB : fluid mass discharged from the break,
MP : fluid mass inventory in the pressure vessel,
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MF : fluid mass increase by the ECCS and the feedwater flow and

the decrease by the steam discharge flow.

Figure 5.244 shows the break flow calculated from the fluid
mass inventory in the pressure vessel, The break flow 1is estimated

from the mass inventory as follows,

d

GB = It MB (5.11)
where,
GB : break flow,
MB : fluid mass discharge from the break.
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6. Concluding Remarks

The conduct of ROSA-III Run 912 and the experimental data
acquired concerning the integral systems phenomena during an LOCA
following a 5% split break at the recirculation pump suction with HPCS
failure are c-nsidered to have met the objectives as described in
Sectiocn 1.

The ROSA-ITIT facility and its instrumentation worked wall, and
the obtained experimental data are useful for assessing the computer

codes for BWR LOCA/ECCS analyses.
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Table 2.1 Primary Characteristics of BWR/6 and ROSA-ITI

BWR-6 . ROSA-TII BWR/ROSA
No. of Recirculation Loops 2z 2 1
No. of Jet Pumps 24 4 6
No. of Separators 251 1 251
No. of Fuel Assemblies 848 4 212
Active Fuel Length (m) 3.76 1.88 2
Total Volume (m3) 621 1.42 437
Power (MW) 3800 4.4 864
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) 1.54x10% 36.4 424
Recirculation Flow (&/s) 2970 7.01 424
Feedwater Flow .(kg/s) 2060 4,86 424
Feedwater Temperature (K) 489 489 1
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Table 3.2 Core Instrumentation List

Ttem Pos. pos 1| Pos.2 | Pos.3 | Pos.4 | Pos.5 | Pos.6 |Pos.7 | 9T,
ﬁg. D 3417 | 3114.5| 2879.5| 2527 | 2174.5} 1939.5| 1637 | 1479
Surface | All TE 1|TF 2 |TF 3|{TF 4|TF 5 |TF 6 |[TF 7
Temp. Al2 ¢ 8|TF 9 |TF 10 {TF 11 | TF 12 |TF 13 |TF 14
Al3 TF 15 | TF 16 | TF 17 |TF 18 | TE 19 {TF 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 TF 32
A22 TF 33 | TF 34 | TF 35 |TF 36 | TF 37 | TF 38 |[TF 39
A24 TF 40 | TF 41 | TF 42 |TF 43 | TF 44 | TF 45 [TF 46
A26 TF 47 TF 48
A28 TF 49 TF 50
A31 TF 51 TF 52
A33 TF 53 | TF 54 [ TE 85 |TF 56 | TF 57 | TF 58 |TF 59
A34 TF 60 | TF 61 [ TE 62 |TF 63 | TF 64 | TF 65 |TF 66
A37 TE 67 TF 68
A42 TF 69 TF 70
A44 TF 71 | TF 72 | TF 73 {TF 74 | TF 75 | TF 76 |{TF 77
A48 TF 78 TF 79
AS1 TF 80 TF 81
A53 TF 82 TF 83
AS7 TF 84 TF 85
AG2 TF 86 TF 87
AG6 TF 88 TF 89
AGS TF 90 TF 91
A71 TF 92 TF 93
A73 TF 94 TF 95
A75 TF 96 TF 97
A77 TF 98 | TF 99 | TF100 |TF101 | TF102 | TF103 | TF104
A82 TF105 TF106
A84 TF107 TE108
A85 TF109 | TF110 | TF111 |[TF112 | TF113 | TF114 | TF115
A87 TF116 | TF117 | TF118 |TF119 | TF120 | TF121 | TF122
A88 TF123 | TF124 | TF125 |TF126 | TF127 | TF128 | TF129
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Table 3.2 (Continued)
Ttem Pos.| pos.1 | Pos.2 | Pos.3 [Pos.4 | Pos.5 | Pos.6 |Pos.7 %Q{St
58. : 3417 3114.5{ 2879.5] 2527 2174.5| 1839.5| 1637 1479
Surface Bl1 TF130 | TF131 | TF132Z | TF133 | TF134 | TF135 | TF136
Temp. B13 TF137
B22 TF138 ) TF139 | TF140 | TF141 | TF142 | TF143 | TF144
B31 TF145
B33 - TF146
B51 TF147
B53 TF148
B66 TF146
B77 TF150 | TF151 | TF152 | TF153 | TF154 | TF155 { TF156
B&6 TF157
Cl1 TF158 | TF159 | TF160 | TF161 | TF162 | TF163 | TF164
C1l3 TF165 | TF166 | TF167 [ TF168 | TF169 | TF170 | TF171
C15 TF172
Cc22 TF173 | TF174 | TF175 | TF176 | TF177 | TF178 | TF179
C31 TF180
C33 TF181 | TF182 | TF183 | TF184 | TFi85 | TF186 ; TF187
€35 TF188
C66 TF189
C68 TF190
C77 TF191 | TF192 | TF193 | TF194 | TF195 | TF196 | TF197
D11 TF198
D13 TF199
D22 TF200 | TF201 | TF202 | TF203 | TF204 t TF205 | TF206
D31 TF207
D33 TF208
D51 TF209
D53 TF210
D66 TF211
D77 TF212
D86 TFZ213
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Table 3.2 (Continued)

Item Pos| pos.1{ Pos.2 | Pos.3 |Pos.4 | Pos.5 | Pos.6 |Pos.7 | (oTe,
28. D 3417 | 3114.5 2879.5| 2527 | 2174.5(1939.5| 1637 | 1479
In-Core | A45 w 1| TW 2|TW 3|TW 4|TW S|TW 6|TW 7]TC 1
ié:;f B45 ™ 8| TWw S| Tw 10|TW 11| TWw 12| TW 13| TN 14| TC 2
C45 TW 15| TW 16 | TW 17 | Tw 18| TW 19| Tw 20 | TW 21| TC 3
D45 Tw 22| TW 23| TW 24 | Tw 25| T™W 26 | TW 27 | Tw 28| TC 4
In-Core | A54 VvE 1| VF 21VF 3|VF 4| VF S|VF 6]|VF 7
Void B54 VF_ 8| VF 9| VF 10| VF 11| VF 12| VF 13 | VF 14
C54 VE 15| VF 16| VF 17 | VF 18| VE 19| VF 20 | VF 21
D54 VF 22| VF 23| VF 24 | VF 25| VF 26| VF 27 | VF 28
Channel | Al* T8 1| TB 2|TB 3|TB 4| TB 5|TB 6|TB 7
?ﬁier AZ* TB 8| TB 9| TB 10 {TB 11| TB 12| TB 13| TB 14
Surface | B* TB 15| TB 16| TB 17 | TB 18| TB 19| TB 20 | TB 21
Temp. C* TB 22| TB 23| TB 24 | TB 25| TB 26| TB 27 | TB 28
D* T8 29! TB 30 | TB 31 | TB 32| TB 33| TB 34 | TB 35
ﬁ{g?gs E* TB 36| TB 37 | TB 38 | TB 39| TB 40| TB 41 | TB 42
Temp. F TB 43| TB 44 | TB 45 | TB 46{ TB 47 | TB 48 | TB 49
Channel | AL* L8 1| LB 2|LB 3|LB 4| LB 5|LB 6|LB 7
Eéﬂzid A2* 18 8| LB 9|LB 10 |LB 11} LB 12| LB 13 {LB 14
B LB 15| LB 16| LB 17 | LB 18| LB 19| LB 20 { LB 21
o 1B 22| LB 23| LB 24 | LB 25| LB 26| LB 27| LB 28
D* LB 29| LB 30 | LB 3! | LB 32| LB 33| LB 34 | LB 35
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Table 4.1 Test Conditions of Run 912
Parameter Specified Value Measured Value
Break Conditions
Location MRP Suction MRP Suction
Type Split Split
Break QOrifice Diameter (mm) 5.9 5.9
Initial System Conditions
Steam Dome Pressure (MPa) 7.35 7.35
Lower Plenum Temperature (K) 551.7 551.8
Lower Plenum Subcooling (K} 10:5 10.5
Core Inlet Flow Rate (kg/s) 16.0 16.0
Core Outlet Quality (%) 13.8** 13.5%*
Power Level (kW) 1260 + 2700 1262 + 2707
Maximum Liniar Heat Rate (kW/m)
Channel A P.F.=1.1 16.65 16.67
P.F.=1.0 15.13 15.16
P.F.=0,875 13.24 13.26
¢h. B,C,D P.F.=1.1 11.89 11.92
P.F.=1.0 10.81 10.84
P.F.=0.875 9.46 9.48
Water Level in PV* (m) 5.0 5.0
Feed Water Conditions
Temperature {K) 489 489
Flow Rate (kg/s) 2,39 Fig. 5.51
Initiation of Line Closure (s) 2.0 2.0
Steam Discharge Conditions
Steady State Flow Rate (kg/s) 2.39 2.04
Transient Flow Rate (kg/s) keep steady value Fig. 5.49
Orifice Diameter {mm) 18.0 18.0
Initiation of Line Closure (s) L2 +3(s) 24.0
SRV Setting Pressure (MPa) 8.24 < P < 8.34 8.40 < P < 8.47

Note ; *

L3 Level for Scram

** not include core bypass flow

core bypass flow is assumed to be 0.8 kg/s



(Continued)

Table 4.1

JAERI— M 82-010

Parameter

SPecified Value

Measured Value

HPCS
LPCS

Injection Location

|
|
| ECCS Conditions

Initiation Condition

Coolant Temperature (K)
Injection Flow Rate (ms/s)
LPCI

Injection Location

Initiation Condition

not used

Upper Plenum
L1+40(s) and

< 2.16 (MPa)
313
-3

1.13 x 10

Top of Core Bypass
L1+40(s) and

not used

Upper Plenum

318(s) at PV
Pressure 2.38(MPa)

313

Fig. 5.50

Top of Core Bypass
406(s) at PV

< 1.57 (MPa) Pressure 1.81(MPa)
Coolant Temperature (K) 313 315
Injection Flow Rate (m>/s) 3.50 x 1075 Fig. 5.50
ADS Conditions
Initiation (s) L1+120 (s} 158
Flow Rate Scaled Flow of BWR Fig. 5.49
Orifice Diameter (mm) ' 15,5 15.5

Note ; Each trip level is as follows,

5.0 m from PV Bottom
: 4.76 m from PV Bottom
4.25 from PV Bottom

L3 Level for Scram :
L2 Level for MSIV and HPCS
L1 Level for LPCS, LPCI and ADS :

Table 4.2 Valve Chracteristics of Steam Discharge Line

Valve Close to Open Open to Close
(s} (s)
AV-168 --- 0.1
AV-169 . 0.3 2.0
Crifice Diameter Area
(mm) (mm")
OR-4 15.5 188.7
OR-3 18.0 324.0
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Table 5.1 sequence of Events in Run 912

Time after Break (s) Events
0.0 Break
Initiate Coer power control
Terminate recirculation pump power

2.0 Initiation of feed water line valve closure
3.1 Closure of feed water line .

8.8 Initiation of power curve reduction

19.0 L2 {4.76m) signal
24.0 Closure of Steam Discharge line

38.2 L1 (4.25m} signal

83.6 Safety relief valve actuation
98.8 Jet pump sucticn nozzle uncovery

117 Dryocut at the top of the core

150 Recirculation pump suction nozzle uncovery
158 ADS valve opens {at system pressure 8.03 MPa)
159 Initiation of lower plenum flashing

275 Whole core uncovery

318 LPCS initiation (at system pressure 2.38 MPa)
406 LPCI initiation (at system pressure 1.81 MPa)
440 Completion of core reflooding

444 All heater rods quenched
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_DL_6205
DL 6040 Steam Line tomt S PV Top DL 5995
_ 3 3 %
o2 52
‘ £ Steam Dryer DI,_5657
i
3
E: Steam Seperater DL 5365
EE:
: L3 Level DL 5000
E
% Ef L2 Level DL 4760
.f: 7
L 4293 i i
DL 4293 Feedwater Line ? T = L1 Level DL 4250
> HPCS,LPCS Nozzle DL 4080
DL 3900 HPCS,LPCS Line &t z
L A1 , "4 Connector DL 3744
DL_3660 LPCI Line T 2 .
W T S Upper Tieplate DL 3550
. % +
g i
Spacer DL 3218
DL_2814 Jet Pump
Suction Tine Spacer DL 2742
Spacer DL 2332
Spacer DL 1856
Lower Tieplate DL 1524
Channel Inlet DL 1284
Orifice
DL 938 Recic. Pump
Suction Line
Tie Grid DL 513
DL 400 Jet Pump :
Disch. Line
DL 0 PV Bottom DL Q

Fig.2.4 Pressure Vessel Internals Arrangement
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CHANNEL BOX "D"
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Fig. 2.7 Radial Power Distribution of Core
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 (0.875]| 1.1 1.0 | 0.875 | 0.0
No. of Rods 20 28 14 60 84 42 8

* note : Radial peaking factor is 1.4

30°



JAERI— M 82— 010

To MRP1 Disch.
(=
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Fig. 3.2 Instrumentation Location in Pressure Vessel
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Heater rod 0.D. is 12.27mm

A54,B54,C54 and D54 are water rod simulators with void probes,
0.D.= 15.01lmm

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

Fig. 3.6 Core Instrumentations (ef. Table 3.2)
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
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Fig. 5.1 Pressures in Pressure Vessel
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Fig. 5.2 Pressures in Broken Loop Jet Pump
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
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Fig. 5.4 Pressures near the Broken Loop Recirculation Pump
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RUN 912, 5% SPLiT BREAK TEST WITH HPCS FAILURE
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Fig. 5.7 Pressure in Steam Line
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Fig. 5.8 . Differential Pressure between Lower Plenum and Upper Plenum



JAERI— M 82-010

[qo

RUN 912. S% SPLIT BREARK TEST WITH HPCS FAILURE
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RUN S812. 5% 5PLIT BRERK TEST WITH HPCS FRILURE
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FARILURE
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RUN 912, 5% SPLIT BREARK TEST WITH HPCS FRILURE

M1 PD 31 ©1 PD 33

=l
a8
2
o b
a
g
<5
(=]
wg
4
D
fo
wa
3=
o
Lo
=3
=S
o~
[FH)
L
=8
ag
o
p=1
[=1
=4
g
=100 0 100 200 300 400 S00 600 700 800 S00
TIME 5
5.15% Differential Pressure between Broken Loop Jet Pump Drive and
Suction
RUN 812, 5% SPLIT BRERK TEST WITH HPCS FAILURE
M1 PD 34
ém
2
3
ag
2
w2
oo
=
Ba
W
as
el
[usl
=g
=2
et
()
L
wo
—
=31
=4
\ - - 5 g ms e o L e ==
o
8
g
=100 1] 100 200 300 40T 500 60D 700 8ao soon
TIME S

Fig. 5.16 Differential Pressure between MRP-1 Delivery and Suction
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
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Fig. 5.17 Differential Pressure between MRP-2 Delivery and Suction
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
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5.19 Differential Pressure between MRP-1 Delivery and JP-1 Drive
RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
ot PD 38
=il
L
2
g
" o100 jal 10 20e 300 4939 ] B00 700 ﬁuu sao
TIME S
5.20 Differential Pressure between MRP-1 Delivery and JP-2 Drive
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RUN 912, 5% SPLIT BREAK TEST WITH HPCS FAILURE
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
Ol Po 41

&
s
P . W;MW
a® nﬁf{
5 b, i ull
‘;l“lﬂﬂ o 100 200 300 400 500 600 700 80D [06

Fig. 5.23 pDiffere

TIME S
ntial Pressure between JP-1 Discharge and Lower Plenum

RUN 812, 5% SPLIT BREAK TEST WITH HPLCS FAILURE
Ml PD 42

e
ES
ET
=
&5
Wo
-
zZ,
=8
we
o
<o

;-IUU o] ’ 100 240 300 4100 sS00 600 00 BOD 300

TIME &

Fig. 5.24% Differential Pressure between JP-2 Discharge and Lower Plenum
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RUN 812, 5% SPLIT BREAK TEST WITH HPCS FRILURE
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Fig. 5.27 Differential Pressure between Break A and MRP-2 Suction
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Fig. 5.28 Differential Pressure between MRP-2 Delivery and JP-3 Drive
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RUN 812, 5% SPLIT BRERX TEST WITH HPCS FRILURE
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Fig. 5.29 Differential Pressure between MRP-2 Delivery and JP-4 Drive
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FARILURE
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Fig. 5.151 Heater Rod Surface Temprature at Position 1 of Rods
A11,A12,413,A22,A33,A77, 488
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Fig. 5.152 Heater Rod Surface Temprature at Position 2 of Rods

A11,A12,A13,422,A33,A77,A88
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Fig. 5.153 Heater Rod Surface Temprature-at Position 3 of Rods
A11,412,A13,A22,A33,A77,488
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Fig. 5.154 Heater Rod Surface Temprature at Position 4 of Rods

A11,A812,A13,A22,A33,A77,AB8
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Fig. 5.155 Heater Rod Surface Temprature at Position 5 of Rods

A11,A12,A13,A422,A33,A77, A88
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Fig. 5.156 Heater Rod Surface Temprature at Position & of Rods
AV1,A12,A13,822,A33,A77,A88
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Fig. 5.157 Heater Rod Surface Temprature-.at Position 7 of Rods

A11,A12,413,A22,A33,A77,488

300

RUN 912, 5% SPLIT BREAK TEST WITH HPCS FRILURE

&

+

g ML TE 358 M1 TE 365 A1 TE 373 +1 TE 381 &1l TE 39]
mm .
E ﬁf/knk
2 vl [
2

)
m\/a‘
2 A4
2 —
™
2
3 ﬂ—“&“"xx
B
- .
rcf’rll:ll:l 1] 100 200 300 400 500 &00 700 BC0D 300
TIME S

Fig. 5.158 Heater Rod Surface Temprature at Position 1 cof Rods
¢11,C13,C22,C33,C77
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Fig. 5.159 Heater Rod Surface Temprature at Position 2 of Rods
€11,C13,C22,C33,C77
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Fig. 5.160 Heater Rod Surface Temprature at Position 3 of Rods
€11,C13,C22,C33,C77
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Fig. 5.161 Heater Rod Surface Temprature at Position & of Rods
c1%,C13,€22,€33,C17
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Fig. 5.162 Heater Rod Surface Temprature at Position 5 of Rods

c11,€13,€22,C33,CT7
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Fig. 5.163 Heater Rod Surface Te_mp'rature at Position & of Rods
c11,C€13,C22,C33,C77
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Fig. 5.164 Heater Rod Surface Temprature at Position 7 of Rods

¢11,c13,c22,C33,C77
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Fig. 5.165 Heater Rod Surface Temprature at Position 1 of Rods
A22,B22,C22,D22
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Fig. 5.166 Heater Rod Surface Temprature at Position 2 of Rods
A22,8B22,C22,D22

300

- 139 —



RUN S§12,

ot Te

235 01 JE

JAERI— M 82-010

340 41 TE

375 41 TE

402

5% SPLIT BREAX TEST WITH HPCS FAILURE

.

Qb+

1000

800

sod

co

) ?

/

TEMPERRTURE
600

)

400G

Ao

800

300

300 400 500 600 100 9a0

TIME S
Fig. 5.167 Heater Rod Surface Temprature at Position 3 of Rods
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Fig. 5.168 Heater Rod Surface Temprature at Position ¥ of Rods

A2z,B22,C22,D22
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Fig. 5.169 Heater Rod Surface Temprature at Position 5 of Rods
A22,B22,C22,D22
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Fig. 5.170 Heater Rod Surface Temprature at Position 6 of Rods
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Fig. 5.171 Heater Rod Surface Temprature at Position 7 of Rods
A22,B22,€22,D22
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Fig. 5.172 Surface Temperture of Water Rod Simulator A45
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Fig. 5.173 Surface Temperture of Water Rod Simulator (45
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Fig. 5,174 Fluid Temperature at Channel Box Inlet
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&

+ .

g @1 TE 446 01 TE 447 41 TE 448 +1 TE 449 &1 TE 450
(=]
b3
2
2
2 |i.
§-!DG 1] 160 200 0o 400 500 600 100 80O 300

TINE 5 )
Fig. 5.17% Fluid Temperature at Channel Box A Qutlet
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Fig. 5.176 Fluid Temperature at Channel Box C Qutlet
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Fig. 5.177 Fluid Temperature above the Upper Tieplate A
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Fig. 5.178 Fluid Temperature below the Upper Tieplate A
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Fig. 5.179 Fluid Temperature in the Upper Tieplate A, Opening 1
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Fig. 5.180 Fluid Temperature in the Upper Tieplate A, Opening U4
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Fig. 5.181 Fluid Temperature in the Upper Tieplate A, Opening 5
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RUN 912, 5% SPLIT BRERK TEST WITH HPCOS FQIILURE
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Fig. 5.183 Fluid Temperature in the Upper Tieplate A, Oﬁening 10
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Fig. 5.184% [Inner Surface Temperature of Channel Box A at A1 Location
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Fig. 5.185 Inner Surface Temperature of Channel Box A at A2 Location

)
g RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
+
A ML TE 517 O1 TE 518 41 TE 519 +1 TE S20 @1 TE 521
{G,?] #]1 TE 522 X1 TE 523
3 ’ W
ha
i.n_lD A
s
Zw
2
T
i
ot
o
=2
L)~
L
g
E—IOU 1] 100 200 300 400 500 &00 709 BO0Q 9[!;!

TIME S
Fig. 5.186 Inner Surface Temperature of Channel Box C
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RUN 912, 5% SPLIT BREAK TEST WITH HPCS FRILURE
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Fig. 5.187 Cuter Surface Temperature of Channel Box A
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Fig. 5.188 OQuter Surface Temperature of Channel Box C
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FRILURE
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Fig. 5.189 Inner and Outer Surface Tempratures of Channel Box at
Position 1
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Fig. 5.190 Inner and Outer Surface Tempratures of Channel Box at
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Fig. 5.191 Inner and Quter Surface Tempratures of Channel Box at

Position 3
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Fig. 5.192 1Inner and Quter Surface Tempratures of Channel Box at

Position 4

— 152 —



. JAERI— M 82—-010
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Fig. 5.193 Inner and OQuter Surface Tempratures of Channel Box at

Position 5
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RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILURE
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Fig. 5.195 Inner and Outer Surface Tempratures of Channel Box at

Position 7
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Fig. 5.196 Fluid Temperatures at Center of Lower Plenum
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Fig. 5.197 Liquid Level Signal at Location Al in Channel Box A
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Fig. 5.198 Liguid Level Signal at Location A2 in Channel Box A
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RUN 912, 5% SPLIT BREAK TEST WITH HPCS FARILURE
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Fig. 5.199 Liquid Level Signal in Channel Box B
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Fig. 5.200 ULiquid Level Signal in Channel Box C
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Fig. 5.201 Liquid Level 3ignal in 6hannel Box D
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Fig. 5.202 Liquid Level Signal in Channel Box A Qutlet, A1 Location
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Fig. 5.203 Liquid Level Signal in Channel ‘Box A Outlet, A2 Location
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Fig. 5.204 Liquid Level Signal in Channel Box A Outlet, Center
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Fig. 5.205 Liquid Level Signal in Channel Box C Outlet, C1 Locaticn
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Fig. 5.207 Liquid Level Signal in Chann;el Box C Outlet, Center
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Fig. 5.208 Liquid Level Signal in Channel Box A Inlet
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Fig. 5.210 Liquid Level Signal in Channel Box C Inlet
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Fig. §.212 Liguid Level Signal in Lower Plenum, North
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Fig. 5.213 Liquid Level Signal in Lower Plenum, South
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Fig. 5.217 Liquid Level Signal in Downcomer
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RUN §12. 57 SPLIT BREAK TEST WITH HPCS FAILURE

TIME S
Fig. 5.222 Average Density at Broken Loop Jet Pump Qutlet
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Fig. 5.221 Average Density at Intact Loop Jet Pump Outlet
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Fig. 5.224 Average Density at Vessel Side of the Break
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Fig. 5.230 Discharge Flow Rate from the Break (Based on High Range Drag
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Fig. 5.232 Flow Rate at Channel B Inlet
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Fig. 5.239 Fluid Inventcry Qutside Shroud

RUN 912, 5% SPLIT BRERK TEST WITH HPCS FAILUKE

M eV 720

00

(4]

500

£00

TOTAL MASS KG

300

20

N

100

o100

0 100 200 300 400 500 600 700 BOO EL:]
TIME 5

Fig. 5.240 Fluid Inventory Inside Shroud
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Fig. 5.241 Total Fluid Mass in Fressure Vessel
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Fig. 5.242 Fluid Mass Increase by the ECCS and the Feedwater Flow and
Decrease by the Steam Discharge Flow
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Fig. 5.244 Discharged Flow Rate from the Break
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