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EXPERIMENT DATA OF 200% RECIRCULATION PUMP DISCHARGE LINE BREAK
INTEGRAL. TEST RUN 951 WITH HPCS FAILURE AT ROSA-III AND
COMPARISON WITH RESULTS OF SUCTION LINE BREAK TESTS
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Yoshinari ANODA, Hiroshige KUMAMARU, Hideo MURATA,
Taisuke YONOMOTO and Masayoshi SHIBA

Department of Nuclear Safety Research,
Tokai Research Establishment, JAERI
( received January 31, 1984)

This report presents the experimental data of RUN 961, a 200% double-~

ended break test at the recirculation pump discharge line in the ROSA-II]
The ROSA-III test facility is a volumetrically scaled

test facility.
The facility has the electrically heated core,

{1/424) system of the BWR/G.
‘he break simulator and the scaled FCCS (Emergency Core Cooling System).

"he MSIV (Main Steam Isolation Valve) closure and the ECCS actuation were

tripped by the liquid level in the upper downcomer. The PCT (Peak Cladding

Temperature) was 8394 K, which was 107 K higher than a 200% pump suction line

. break test (RUN 926) due to the smaller depressurization rate. The effect

i of break location on transient LOCA phenomena was clarified by comparing the

discharge and suction break tests. The whole core vas quenched 71 s after

LPCI actuation and the effectiveness of ECCS has been confirmed.

BWR, LOCA, ECCS, Integral Test, ROSA-III Program,
200% Double—ended Break, Pump Discharge Line, PCT,
Fuel Assembly No. 4, Data Report
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at position 1
Fig. 5.148 Surface temperatures of fuel rods Al1,A12,A13,A87,A88
at positioﬁ 2
Fig. 5.149 Surface temperatures of fuel rods A11,A12,A13,A87,A88
at position 3
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ig. 5.154 Surface temperatures of fuel rods AZZ2 B22,C22,D22 at
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Fig. 5.155 Surface temperatures of fuel rods A22,B22,C22,D22 at
position 2

Fig. B.1986 Surface temperatures of fuel rods AZZ2,B22,C22,D22 at
position 3

Fig. B.157 Surface temperatures of fuel rods AZZ2,B22,C22,D22 at
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Fig. 5.1958 Surface temperatures of fuel rods AZ22,B22,C22,0P2 at
position 5

Fig. 5.159 Surface temperatures of fuel rods AZP2,B22,C22,D22 at
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Fig. 5.160 Surface temperatures of fuel rods AZ2,BZ22,.C22,D22 at
position 7

Fig. b.161 Surface temperatures of fuel rods AT77,B77,.C77 at
position -1

Fig., 5.162 Surface temperatures of fuel rods A77,.B77,.C77 at
position 2

Fig. 5.183 Surface temperatures of fuel rods A77.B77,C77 at
position 3

Fig. 5.164 Surface temperatures of fuel rods A77,B77,C77.D77 at
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position 4

Fig. 5.165 Surface temperatures of fuel rods A77,B77,C77 at .
position 5 :

Fig. 5.166 Surface temperatures of fuel rods A77,B77,C77 at
position 6 .

Fig. 5.167 Surface temperatures of fuel rods AT7.B77,.Cf7 at

position 7

Fig. 5.168 Fluid temperatures at channel inlet

Fig. 5.169 Fluid temperatures at channel A outlet

Fig. 5.170 Fluid temperatures at channel C outlet

Fig. 5.171 Fluid temperatures above UTP {(upper tie plate)

of channel A, openings 1 tob

Tig. 5.172 Fluid temperatures above UTP of channel A, -
npenings B to 10

Fig. 5.173 Fluid temperatures below UTP of channel A,
openings 1 to D

Fig. 5.174 Fluid temperatures below UTP of channel A,
opening 6 to 10

Fig. 5.175 Fluid temperatures at UTP in channel A, opening !
Fig. 5.176 Fluid temperatures at UTP in channel A, opening 2
Fig. 5.177 Fluid temperatures at UTP in channel A, opening 3
Fig. 5.178 Fluid temperatures at UTP in channel A, opening 4
Fig. 5.179 Fluid temperatures at UTP in channel A, opening 5
Fig. 5.180 Fluid temperatures at UTP in channel A, opening 6
Fig. 5.181 Fluid temperatures at UTP in channel A, opening 7
Fig. 5.182 Fluid temperatures at UTP in channel A, opening 8
Fig. 5.183 Fluid temperatures at UIP in channel A, opening @
Fig. 5.184 Fluid temperatures at UTP in channel A, opening 10
Fig. 5.185 Fluid temperatures above UTP of channel C, openings |
to b
Fig. 5.186 Fluid temperatures above UTP of channel C, openings ©
to 10
Fig. 5.187 Fluid temperatures below UTP of channel C, openings 1
to 5
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Fig. 5.248 Flow rate at JP-1,2 outlet
Fig. 5.249 Flow rate at JP-3,4 outlet (posit. flow)
Fig. B.250 Flow rate at JP-3,4 outlet (negat. flow)

251 Total JP outlet flow rate (posit. flow)

252 Collapsed ligquid level in downcomer

.253 Collapsed liquid level inside core—shroud

P54 Fluid inventory in downcomer

255 Fluid inventory inside core shroud

256 Total fluid inventory in pressure vessel

257 Fluid mass increase by ECCS and FW and
decrease by steam discharge flow

Fig. 5.258 Discharged fluid mass from break

Fig. 5.269 Discharge flow rate from break
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Fig. 6.1 Pressure distribution in broken loop
through MRPZ2 in RUN 861

Fig. 6.2 Presgsure distribution in broken loop
through JP3,4 in RUN 951

Fig. 6.3 Major flow restrictions along two break flow
paths in discharge and suction line breaks

Fig. 6.4 Pressure distribuﬁion in broken loop
from DC bottom to break B in RUN 926

Fig. 6.5 Pressure distribution in broken loop
through JP3,4 and MRPZ2 in RUN 928

Fig. 6.8 Discharge flow rate at break B in RUN S26

ig. 6.7 Discharge flow rate at break A in RUN 826

ig. 6.8 Comparison of lower plenum pressures

in RUNs 981, 926 and 928

Fig. 8.9 Comparison of downcomer water levels in the

early blowdown phase of RUNs 961 and 926

e SIS

Fig. 6.10 Collapsed water levels in pressure vessel in RUN 961
Fig. 8.11 Collapsed water levels in pressure vessel in RUN 926
Fig. 6

.12 Comparison of PCTs in RUNs 981, €26 and 929
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ABBREVIATIONS
ADS Automatic Depressurization System
AT Air Tank
AV Air Actuation Valve
(2)B (2) inches Pipe of Schedule 80
BN Boron Nitride
BWR Boiling Water Reactor
CA Chromel-Alumel
CCFL Counter Current Flow Limiting
CHV Check Valve
cpP Conductivity Prove
cv Contrel 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 Engloeered Safet} Features

EX Heat Exchanger

F Flow Rate

Fig. Figure

FS Full Scale

FW Feedwater

FWLF Feedwater Line Flashing

FWP Feedwater Pump

FWT éeedwater Tank

HPCS High Pressure Core Spray
HPCSP High Pressure Core Spray Pump
HPCST High Pressure Core 5pary Tank

W
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MW Megawatt

N Rotation Speed
OR Orifice
P Preséure
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
rpm Revolution per Minute
S Signal
s Second
Sch Schedule
508 Stainless Steel
T Temperature
T/C Thermocouple
TC Temperature of Fiuid
TF Temperature of Fuel
TS Temperature of Structure Material
UTP Upper Tie Plate
v Valve
VF Void Fraction
W Watt
WL Water Level
WSP Water Supply Pump

an
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HPWP High Pressure Water Pump
1D Inner dlameter

INC 600 Inconel 600

JP Jet Pump

K Kelvin

kg Kilogram

kPa Kilopascal

kW Kilowatt

L Liter

LB Liquid Level in Channel Box
LBWR Large Boiling Water Reactor

LL Liquid Level

LOCA Loss—-cf-Coolant Accident

LOCE Loss—of—~Coolant Experiment

LP Lower Plenum

LPCI Low Pressure Coolant Injection
LPCIP Low Pressure Coolant Injection Pump
LPCIT Low Pressure Coolant Injection Tank
LPCS Low Pressure Core Spray

LPCSP Low Pressure Core Spary Pump
LPCST Low Pressure Core Spary Tank
LPF Lower Plenum Flashing

LTP lower Tie Plate

M Momentum Flux

m Meter

mm Milimeter

MLHR ﬁaximum Linear Heat Rate

MPa Megapascal

MRP Main Recirculation Pump

MSIV Main Steam Isolation Valve
MSL Main Steam Line

18
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1. Introduction

The Rig of Safety Assessment (ROSA)-III program(1> was lnitiated in 1976
to study the thermal-hydraulic behavior of a Boiling Water Reactor (BWR)

- during a posturated Loss of Coolant Accident (LOCA) with the Emergency Core

Cooling System (ECCS) actuation and to provide the data base to evaluate the

predictability of computer codes developed for reactor safety analysis. The

ROSA-TITD) test facility(2> wvas fabricated in 1978 and consisted of the

volumetrically scaled (1/424) primary system of a 3800 MW BWR/6(251-848)(3)

with the electrically heated core, the break simulator and the scaled ECCS.

Special emphasis of the ROSA-III test program is made on the following

of jectives, as

{1y To provide the system data required to improve and evaluate the
analvtical codes currently used to predict the LOCA response of large
BwWRs. The performance of the Engineered Safety Features (ESFs), with
particular emphasis on ECCSs, are of primary interest.

(2) To identify and investigate any unexpected event(s) or threshold(s) in
the response of the plant and develop analytical techniques that
adequately describe and account for such unexpected behavior.

To meet these objectives various kinds of ROSA-III tests have been
performed and their results have been descrived and published(4)‘(23>. RUN
351, conducted on March 15, 1982, simulated a 200% double-ended break at the
recirculation pump discharge line with the assumption of single failure on
the HPCS diesel generator in the BWR/B system. The report presents experi-
ment data and foundings in ROSA-III test RUN 981 with the following specific

ohiectives,

(1) To study the thermal hydraulic behavier in a 200% double-ended break
test at the discharge line with HPCS failure assumtion,

() To study the differences between RUN 961 and RUN as (@1, a 200%
suction line break test with HPCS failure assumption,

(3) To study the effectiveness of core cooling capability of LPCS and LPCI.

Descriptions of the ROSA-TII test facility, instrumentations and test
conditions and procedures are briefly introduced in Chapter 2, 3 and 4,
respectively. Chapter © describes the measured experiment data, processed
data such as average fluid density and break flow rate. The foundings in

the test RUN 981 compared with the test RUN 926 are shown in Chapter 6.
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2. ROSAMIII Test Facility

The ROSA—ITT test facility is a volumetrically scaled (1/424) BWR system
with an electrically heated core designed to study the response of the
primary system, the core and the ECCS during the postulated LOCA. The test
facility is instrumented such that various thermal-hydraulic parameters are
measured and recorded during the test. Details of the test facility can be
refered to the reference (2).

The test facility consists of four subsystems. These subsystems are .
{a) the pressure vessel, (b) the steam line and the feedwater line, (c) the
recirculation loops and (d) the ECCS.. Figures 2.1, 2.2 and 2.3 1llustrate
configuration of the test facility, the pressure vessel internals and the

ining schematics, respectively. Table 2 1 compares the major dimensions of

ko

she ROSA-TII test facility to the corresponding dimensions of the reference
BWR system.

The ROSA-III pressure vessel includes various components in it simulat-
ing the internal structures of the 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 simulated
fuel assemblies of half length and a control rod simulator. Each fuel
assembly contains 62 heater rods (Fig. 2.5) and 2 water rods spaced in a 8 X
8 square array and supported by spacers and upper and lower tie plates. The
heater rod is heated electrically with chopped cosine power distribution
slong 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 fuel assembly "A’ is 1.4 times larger than the power sup-—
plied to each of the other assemblies "B,C and D°. The heater rods in each
assembly are divided into three groups with respect to heat generation rate
as shown in Fig. 2.7. The total electric power is limitted as 4.24 MW by
limitation of the power supply system. The relative power generation rate
of a heater rod in each group is 1.1, 1.0 and 0.875 respectively. The
orifice plate with 44 mm I.D. in one assembly is inserted at at each core
inlet to control the core inlet flow.

The steam line is connected to the steam dome of the pressure vessel., A
contrel 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
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has a branch in which the Automatic Depressurization System {(ADS) is
installed. The operation of valves in the steam line is described in
Chap.4. The hot feedwater is supplied from the feedwater tank (FWT) through
the feedwater line (Fig. 2.8) and the feedwater sparger (Fig.2.8) below the
steamn separator.

Figure 2.10 shows the recirculation lines consisted of two loops. FEach
loop is furnished with a recirculation 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 Valves (QSV) are installed between MRP2 and jet pumps in the
broken loop to simulate the MRP2 discharge line break condition. Fach break
simulator consists of a nozzle or a orifice to determine the break size and
a Quick Opening Blowdown Valve (QOBY) to iniiiate the test. The break mode
{douhle—ended or split}, the break size and the break location can be
changad as test parameters. The inner diameter of the largest nozzle and
orifice available is 26.2 mm, A=5.39x104 mZ, which corresponds to 100% flow
area of the scaled (1/424) BWR recirculation line piping. Figure 2.10 shows
two QORVs, a QSV and flow hozzles installed upstream of the QOBVs. Several
flow nozzles and corifices of different size are prepared to vary the break
size,

The ROSA-III 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
spray the cooling water on the top of the core. The LPCI injects the
cocling water into the core bypass. FEach ECCS consists of a pump, a tank,
pining, and a control system. In RUN 981, a single failure of HPCS diesel
generator is assumed and therefore LPCS, LLPCI and ADS are prepared.

The water level in the upper downcomer is measured and used for trip
signals of MSIV closure and ECCS actuation as follows.

MSIV Closure L2 + 3s
HPCS Actuation = 12 + 27s
LPCS Actuation = {L1 + 40s) + (P less than 2.16 MPa)
LPCI Actuation = (L1 + 40s) + (P less than 1.57 MPa)
ADS Actuation = L1 + 120s
Scram Level = [.3 (Initial Level)
whare, L1, 12 and 1.3 are the water level trip points in the upper downcomer

showr in Fig. 2.4 simulating those of the reference BWR., The MSIV in the

RWR/6 actuates by L1 signal with time delay of 3 s.

-3 —
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Table 2.1 Primary chracteristics of ROSA-III and BWR/6

BWR-6 ROSA-T11 BWR/ROSA
No. of Recirc. Loops 2 2 1
No. of Jet Pumps 24 4 &
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 1.4° 437
Power (MW) 3800 4.40 864
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) 1.54x10d 36.4 424
Recirculation Flow (1/s) 2970 7.01 424
Feedwater Flow {(kg/s) 2060 4.86 424
Feedwater Temp { K) 489 489 1
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. DL 6205
DL 6040 Steam Line PV Top DL 5995
Steam Dryer pL 5657
tor DL_5365
1 L3 Level DL 5000
L2 Level DL 4760
DL 4293 Feedwater Line L1 Level DL 4250
HPCS,LPCS Nozzle DL 4080
DL 3900 HPCS,LPCS Line
i Connector DL 3744
DL 3660 LPCX Line rT HI- Upper Tieplate DL 3550
E Spacer DL 3218
DL 2814 Jet Pump
Suction Line F Spacer DL 2742
l Spacer DL 2332
] Spacer DL 1856
Lower Tieplate DL 1524
o Channel Inlet DL 1284
| Ll Orifice
DL 938 Recic. Pump ‘ A
Suction Line : :
' Tie Grid DL 513
DL__ 400 Jet Pump | :
Disch. Line »~j
/
DL 0 PV Bottom DL g




JAERI-M 84-045

ITI-VSOd JO pod [anj pale(nuls

G2 "3

LY HOlIVINSNI o]}
IN-RD AVYNIWY3AL 6
g1 sNs HLVY3HS L]
009'ON1/ VD FINOJOWYIHL ¥
IN-1D HOLDMINOGD - | 9
IN HOLINANOD ]
NB HOLVINSNI 4
NS HOLVYINSNI €
3WOBHIIN Y3IV3H 2
009 TENOONI HIV3HS §
WLIHIIYW Slivd Ol
nolio8
¢
2 8 i
5 7 ‘ SRR e
i % a- . b ]
@ 7 2 w. 5 3 =4
i I ad [
= H W s -
TR
il
[11)
L1
TIET o
o oF It BENI 1 {
[4 oy [.1} (34 | ¥ TRIORIT WIT JXTI33233) vz 0T 1]
¥ Tir 12 679151 i ¥ror jos
g gitr (11

[31:4] LLLIL




JAERI-M 84-045

Core Top

pod Jajesy JO UOTINGTIJI}SIp Jomod [RIXY

101084 Bupyeay reIxy

Q<

"814

*3|dnodouiayy jo uojysod sajedjpul L

. Ol

o1

1z°'1

uw 0ggl
SE2 (%3 (¥ SeZ [ ste (%3 St 5E2
1
- — - 2
— — J
3 hw 2o ¥ 213 n " hw
w0 [T, SPE eotr——
- ~ ” ~ \n . 2 0s
g § | s : gl | &7 Jve
& [V &~ - -9
.U-. .H .n .n m.hm‘
[+ (o] O [»]
= M {41
S L5l
of{sl
.l.....!.r \a.\
S8p'0 — ssreo
060 b o0
1z't 22— =

Core Bottom



270

JAERT-M 84-045

CHANNEL BDX "A"

CHANNEL BOX D"

Y

0.
(— I N | ( )

HA HA LA LA

R
W HB W LB
W | EC . Lc| v

LKA HA LA LA
& NS 2
F N (7 | N

LA LA LA LA )

w LB W LB
e w W |LC
et

LA LA LA LA

N — " \S —J)
/ 180° \

CHANNEL BOX “B“, CHANNEL BOX “C"
Region HA HB HC LA LB Lc v
Lenear Heat Rzte (ki /m) [ 18.5 | 16.81| 14.41 13.21] 12.01 | 10.29 0.0
Local pesking factor 1.1 1.0 0.875 1.1 1.0 0.875 0.0
Ne. of Rqds 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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/

2B /’
\[\ Unit in mm
§ (Total Length 18.58 m )
- Inside Volume 3.5 % 107°m>

to Feed water Pump

Fig. 2.8 Feedwater line between PV and AV-112

PV
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Fig. 2.9 Feedwater sparger configuration



JAERI-M 84-045

sdund 1of pue SdoOT UOT]B[NOJID08J JO noAe] Butdig

0L’ "314

o



JAERI-M 84-045

3. Instrumentation

The instrumentation of the ROSA-III is designed to obtain thermal-
hydraulic data during the simulated BWR LOCA. The data obtained from the
experiments will contribute to assess the analytical computer codes for LOCA
analyses and to investigate the transient fluid and fuel responses during
the simulated LOCA. Table 3.1 summarizes the No.4 instrumentation list used
in RUN 961.

Tables 3.2 and 3.3 show the measurement list of RUN 961 and the core
instrumentation list, respectively. Instrumentation locations are shown in
Fig. 3.1 through Fig. 3.6.

Tynical measured parameters in the RCSA-III are pressure, differential
pressure. flov rale, electric power, pump speed, fluid and metal tempera-—
tures. collapsed ligquid level, two-phase mixture level, fluid density, trip
glgnalg and so on,

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

The flow rate is measured by four types of instrumentations, i.e.,
turbine flow meter, orifice type flow meter, Venturi type flow meter and
momentum flux measurement equipment depending on the fluid condition and

seasuring location. The turbine flow meter is used for subcooled water flow

5

s ECCS injection flow and feedwater flow. The orifice type flow meter

AR Fatal
LI

ig used for both flows, one is steam line flow including ADS flow and

!
o]

I

another one is jet pump discharge flow in the intact loop. The Venturi flow
meters used for recirculation flows in both loops and jet pump discharge
flow in the intact loop. The momentum flux measurement using drag-disk is
shown later.

The temperatures of the fluid, structural material and fuel rod cladding
are measured with chremel-alumel thermocouples (CA T/C) of 1.6 or 1.0 mme.
The thermocouples for fuel rod cladding temperatures are imbedded at the
surface of the cladding as shown in Fig. 2.5. There are seven (max.)
thermocouples for one fuel rod along the axial direction and total measuring
soints of rod cladding temperatures for A, B, Cand D channels are 129, 14,

40 and 16, respectively.



JAERI-M 84-045

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

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

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

Fluid density in the pipe is measured by means of gamma densitometers.
Preliminary studies indicate that a three-beam densitometer should be used

o determine the flow regime. Figures 3.7 and 3.8 show thé beam directions

=

of the three—beam and the two—beam gamma densitometers, respectively. The
gamma—ray source 1s 137cs and the detector is a water cooled Nal(Tl) scin—
tillation counter.

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

The data acquisition system ( DATAC 200CB, Iwasaki Tsushinki Co. ) scans
all the 700 channels of signals with the frequency up fo 30 Hz. The data
recorded on magnetic tape are processed by the FACOM MZ200 system computer at
JAFRI by off-line control. After evaluation., for example by comparing the
iritial and final pressure values with standard values, the data is repro—
cessed using the correct conversion factors as determined from the con-—
sistency examination.

More detailed informaticn on the instrumentation and the data processing

procedure are avallable in reference (24).



JAERI-M 84-045

Table 3.1 ROSA-III instrumentation summary list in RUN 961

TYPE ! SENSOR | NUMBER | NOTE

:::::::::::::::I::::::::::::::::::::[;::::::: 1 o2z SEZ=Z=S=====T=SS=SFESSE=TSZFFEFT
PRESSURE | PRESSURE TRANSDUCER! 20 !

--------------- e e i
DIFFERENTIAL | OP CELL ! 60 1 PY AND LOQP ¥
PRESSURE 1 l { LEVEL MEASUREMENT 5

' i I FLOW METER 11

——————————————— l--—--——————-—-~-———-1—---——--I-——-———---——-—-—--——-———-—
FLULD I CA THEARMOCQUPLE t 129 | PRIMARY LOOP 23
TEMPERATURE | I 1 DTT 4

1 I I TIE ROD 28
] I | YPPER PLENUM 10
! I | LOWER PLENU™ 10
I | | TIEE PLATE [Ae]
] | ] BY PASS 14

——————————————— Py e S R i tad
FUEL ROD I CA THERMOCQUPLE I 213
TEMPERATURE I I

_______________ [_-._____.,..._________,._|_.___...___.[.._-..___.__-_.-————-----———..
SLAB SURFACE | CA THERMOCOUPLE 1 70 | CORE BARREL 24
TEMPERATURE | 1 | PRESSURE VESSEL 3

I ! | CHANNEL BOX 35
| ! | SHROUD SUPPORT 8

——————————————— |mmmmmm—mmmmmmmmmmmm— | mmmmmmmm [ e — e mm e s ———— e m = m
SLAB INNER | CA THERMQCOUPLE i 9 | JP DIFFUSER 4
TEMPERATURE | f I PV WALL 5

--------------- P [ B itk h b b
VOLUMETRIC | TURBINE METER I % ¢t ECCS LOCP 3
FLOW RATE | VENTURI METER I L | PRIMARY LOOP 10

| ORIFICE METER ] 6 |

--------------- T ittt At bbbttt
MASS FLOW | TURBINE METER I 4 1 RECIC. LOOP 4
RATE { ORIFICE METER I 3 1 STEAM LINE 3

--------------- | cmmmmm—mmmmmm—m—mrrlommmmmo [ mm s mm e — oo s— oo
LIQUID I CONDUCTIVITY PRCBE I 138 |
LEVEL | CAPACITANCE PROBE ! 2 1

——————————————— | mamm—mmm e e mm e m m— e [ - mm—— | e mmm e e m — m e m ——
DENSITY | GAMMA DENSITOMETER | 10 | 2 BEAM GD 2

] I I 3 BEAM GD 2

——————————————— |——-‘———-———-4——--————|-—----—~I--———-»-————-"—--————-*-
MOMENTUMR 1 DRAG DISK I 7001
FLUX = - 1 i I

——————— «---—;——-—!————--————-———a-—————|—--——-——I——————-—--————-’———--————
SIGNAL { ON/QFF SWITCH I 14 1

——————————————— i-—————-———»--————-——-«l-—-—-——-!—--——---————-—--———----—
PUMP SPEED | REVOLUTION COUNTER | - z

——————————————— fomcc—emmmmmmmm—mmm e | e m e oo s m e —— T m S m e
ELECTRIC 1 VA METER I 2 1
POWER I I I

=::=::=:::::::.—.|====:::=::======::::|=====:==|==:::=======:==:==::::=:
TOTAL I { 6%6 I
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Table 3.3 Core instrumentation map

Ttem P;s. gﬁiiet Pos.l |Pos.2 [Pos.3 |Pos.4 | Pos.5 [Pos.6 |Pos.7 (I:gi.:t
ggf 3660 | 3417 |3114.5)2879.5| 2527 | 2174.5{1939.5|1637 | 1454
Surfacel All F L |TF 2 |TF 3|TF 4|TF s |tF 6 |TF 7
Temp. | a32 ¥ 8 |TF 9 |TF 10 |TF 11| TF 12 |TF 13 |TF 14
Al3 TF 15 |TF 16 |TF 17 |TF 18 | TF 19 |TF 20 {TF 21
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
A23 TF 40 {TF 41 |TF 42 | TF 43| TF 44 |TF 45 |TF 46
AZ4 TF 47 |TF 48 |TF 49 { TF 50 { TF.51 |TF 52 |TF 53
A26 TF 54 - | TE 55
| A28 TF 56 TF 57 ]
A3l TF 58 TF 59
A33 TF 60 |TF 61 {TF 62 | TF 63 | TF 64 [TF 65 | TF 66
A34 TF 67 |TF 68 | TF 69 | TF 70 | TF 71 |TF 72 |TF 73
A35 TF 74 TF 75 '
A37 TF 76 TF 77
_ A42 TF 78 TF 79
figgg_ Ad4 Tc 1 |TF180 |TF181 |TF182 |TF183 | TF184 |TF185 |TF186 | TC 2
Surface| A4S TF 80 TF 81
Temp- | 46 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS54 TF 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
A64 TF 95 TF 96
A66 TF 97 TF 98
A68 TF- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
A77 TF107 TF108
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Table 3.3 Core instrumentation map (Continued)

Item 5. gziiet Pos.l |Pos.2 |Pos.3 |Pos.4 | Pos.5 |Pos.6 | Pos.7 ?g{:t
ggf Ol 660 | 3417 |3114.5]2879.5|2527 | 2174.5|1939.5| 1637 | 1454
Surface| 82 TF109 TF110
Temp. [ 484 TF111 TF112
A86 TF113 TF114
A88 TF115 TF116
B11 TF117
B13 TF118
B1S TF119 | TF120 | TF121 | TF122 | TF123 | TF124 | TF125
831 TF126
B33 TF127
B35 TF128
FIGWd ™ 0 | 1c 3 | TF187 | TF188 | TFL89 | TF190 | TF191 | TF192 | TF193| TC 4
Surface| B51 TF129
Temp. [ pox TF130
B8S TF131 | TF132 | TF133 | TF134 | TF135 | TF136 | TF137
c1l TF138
C13 TFL39
c15 TF140
c31 | TF141
C33 TF142 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
C35 TF149 |
Frald | cas TC S | TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC 6
Surface| C51 ' TF150
Tem. | 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 TF169
D35 TF170
FIuid
Toro | Daa Tc 7 | TF201 | TF202 | TF203 | TF204| TF205 | TF206 | TF207| TC 8
Surface| DS1 TF171
Tenmp.
D53 TF172
D88 TF173 | TF174 | TF17S | TF176 | TF177 | TF178 | TF179
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Table 3.3 Core instrumentation map (Continued)

item Pos. 83€iet Pos.1l |Pos.2 |Pos.3 | Pos.4 | Pos.5 |Pos.6 |Pos.? %g{:t
ﬁgf L V3660 |3417 |3114.5|2879.52527 |2174.5[1959.5| 1675 | 1454
Void | ASS VF L|vF 2|vF 3|vF 4|vF s |vF 6 ]vF .7
BSS VE 8 |VE 9 |VF 10 [vF 11 | VF 12 |VF I3 JVF 14
css |ve 15 |vr 16 |ve 17 fve 18| v 19 |vF 20 JvF 21
D55 VF 22 |VF 23 |vF 24 | vF 25 | vF 26 {VF 27 |vE 28
Channel| Al* ™ 1| 2|m™ 35|™ 4|1 5| 6 {18 7
gz:facq A2* ™ 8| 9|mB10|TB11]T8 12 {18 13 |18 14
Temp. | B+ T8 15 |18 16 |78 17 |TB 18 | TB 19 {TB 20 |TB 21
c* 18 22 |18 23 |8 24 {TB 25 | T8 26 |TB 27 |TB 28
D* T8 29 |18 30 |T8 31 |18 32 | TB 33 |TB 34 |18 35
Liquid | Al* LB LB 2 |t8 3|LB 4|LB 5 {LB 6 |LB 7
i:“tie A2+ LB 18 9 [t8 10 (L8 11 |LB 12 |LB 13 |LB 14
Channel| B* LB 15 |18 16 |{1B 17 |1B 18 | LB 19 |LB 20 [LB 21
Box c* 18 22 (LB 23 |18 24 |1B 25 | LB 26 |LB 27 |LB 28
D* LB 29 |LB 30 |1B 31 {LB 32 |LB 33 [LB 34 |LB 35
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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.D0.= 15.0lmm

AdS,B45,C45 and D45 are water rod simulators with thermocouples,
0.D.= 15.01mm

Fig. 3.b Core instrumentation (cf. Table 3.3)
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TG1l ~ TG20 (Channel A)
( TG31 ~ TG40 (Channel C}

Upper tieplate instrumentations

Fig. 3.6

Core

~ Y e — Y
o @ (b0
& ]
N OB
Y I o
-
OB AASCAT N T
SOBAOATAOICICL N ¢ ::
o
SOFOIPIPACIOIOT N © & ¢
4 ¢ O
s s ° &
N A AL ALV S e 2
\- T Y g 3
/ | S —_—
(-6 BrDIbIDId) //
A 66 :
¢ [N [
) ooeo%@.wvww.ooo B8 £
—_ \\M”N\AMN\AMN\MM\1%WAm%“N1h”N\J m IL
v AN f\lf\w.. ANV 0 ¥y o 7] N
E \.JAV\JAV\.JAV\./A.\JAV\J \JO\H o ole = nr/ N
¢ RO A
S P A m |
-
ATV GO GO @B S
\AOVAAN&MUNMOWLANJ%M\WONV ENC INE )\> 0 Hﬂuﬁﬁ 2
/(/\ T\ \NVARNFARN \\ gu ﬂ

TG3l
)
(639
DL 3550
Upper
Tieplate

DL 3530




JAERI-M 84-045

J9}3W07 TSUSp
eLWeS Weoq -OMY JO SUOTIORJITP wesy

w56y = 0
IamelQ Isuu]

g8’ ‘914

A9

J1979W073 TSUSp

lOi

elued weag-o9J4y} JO SUOTI}OS84Ip uweag Le 81y

we 9L « @
: J21owey(] Isuu]

w



JAERI-M B84-045

1 wem——t—— t. §
14 - ¢6
W
&.._,__.%
——
$30 R ¢18
$50 . $46
{a) High Ranpge Drag Disc (b) Low Range Drag Disc
-5 - " o -
to Recirculation Pump . - to Pressure Vessel
I~ [
Lt} L]
Hige Range Drag Disc X f High Range Drag Disc
[=]
R -
"
low Range OUrag Disc y low Range Drag Disc

.. 393.2
393.2

1200
(3 [ 4]
-t Ll
o o
Sresk Orifice A = —|— —|— X Bresk orifice B
Blowdown Valve A Blowdown Valve B

(¢} Location of Drag Discs

Fig. 3.8 Arrangement and location of drag disks
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4. Test Conditions and Procedure

RUN 981 is a 200% double—ended large break test at the recirculation
pump (MRP2) discharge line in the broken recirculation loop. The break area
- is determined by inserting nozzles (26.2 mmI.D. ) upstream the QUBVs as shown
in Fig. 4.1. Blowdown is initiated by opening the QUBV and closing the QSV
placed between the two break simulators. The initial conditions of the test
are established after heat-up process including 33 min. for stabilizing
conditions: the steam dome pressure is 7.35 MPa, the lower plenum tempera—
ture is 555 K giving the subcooling of 11.0 K, the core inlet flow rate is
16.1 keg/s, the core heat generating rate is 3.983 MW. The estimated average
quality in the upper plenum is 13.0%. The initial water level in the upper
downcomer is 5.04 m. The enthalpy distribution and scaled mass inventory in
the pressure vessel and recirculation loops are simulated to those in the
rated condition of the reference BWR. The detailed conditions are sum-
marized in Table 4.1.

To conduct the test, makeup water {(pure water) is pumped 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 expected condition
in the upper portion of the pressure vessel. The core power, 3.883 MW,
corresponds to 44% of the velumetrically scaled steady state power 8.96 MW
of the reference BWR. The core power is controlled after the break initia—
ticn as shown in Fig. 4.2. The power is kept constant for the first 7.0
seconds and reduced along the curve shown in the figure which simulated the
total heat transfer rate in the core of the reference BWR (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(22).  The maximum linear heat rate of the peak power rod is 16.75
kw/m before the break initiation.

"The schematic of the main steam line are shown in Fig. 4.3. The main
steam line of the ROSA-III has three branches for (1) steady flow, (2) ADS
and (3) transient line but the third one is not used in RUN 961. Before the
break initiation CV-130 in the steady flow branch controls the steam flow to
maintain the steam dome pressure constant and CV-1 and CV-2 are opened to
provide steam to the heat exchanger to heat the feedwater. At the break
initiation, the steam flow control is terminated and thereafter the steam
flow before the MSIV closure is limitted at the OR-3 with 18.0 mm I.D. so
that the steam flow can be simulated that of the reference BWR. CV-1 and
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CV-2 are closed simaltaneously after break initiation. Tables 4.2 and 4.3
show the characteristics and the control sequence of steam discharge line
ﬁalves in the present test, respectively.

The feedwater supply is terminated between 1.7 and 4.3 g after the break
by cloging AV-112 in the feedwater line (see Fig.2.8). However, the feedwa—
ter remaines in the piping between the valve AV-112 and the feedwater
sparger below the steam separator in the pressure vessel and it initiates
flashing at 2.2 MPa. The remained hot water is estimated as 3.5x10°2 m3.

The coolant recirculation pumps are tripped to start coasting down at
the break initiation.

The ligquid level signal in the downcomer 1s used to actuate the ECCS and
to close the MSIV. The downcomer level in the steady state operation is set
at the scram level L3 (5.00 meters above the bottom of the pressure vessel)
and 11 and L2 levels are 4.25 meters and 4.76 meters, respectively. LPCS and
{PCI could inject cooling water after the primary sysﬁem pressure is reduced
helow 2.16 MPa and 1.57 MPa, respectively by receiving the L1 level signal
with time delay of 40s. Specified system pressures for actuating LPCS and
LPCI were decided from the pump characteristics used in the safety analysis
of the reference BWR(3). The test was terminated after all the core is

quenched at 810 s after the break initiation.
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Table 4.1

Test conditions of RUN 961

Parameters

Specified Value

Measured Value

Break Conditicns

Location MRP2 Discharge MRP2 Discharge
Type Split (Nozzle) Split(Nozzle)
Break Nozzle Diameter 26.2 26.2
Initial Test Conditions
Steam Dome Pressure (MPa) 7.35 7. 35
Lower Plenum Temperature (K) 552.6 555.1(*3)
Lower Plenum Subcooling (K) 10.5 11.0
Core Inlet Flow Rate(*l) (kg/s) 16.0 16.1
Core outlet Quality(*z) (%) —_— 13.0
Power Supplied to Core (kJ/s) 3960(2700+1260) | 3983(1267+2716)
Max. Linear Heat Rate (kJ/m.s) _ )
Channel A P.F. =(1.1 16.65 16.75
1.0 15.13 15.22
0.875 13.24 13.32
Channel B.C.D. P.F. ={1.1 11.89 11.96
1.0 10.81 10.87
0.875 9.46 9.51
Power Curve Fig. 4.2 Fig. 5.58.
Fuel Assembly Number 4 4
Water Level in PV (m) 5.00 5.04
Feed Water Conditions
Temperature (K) 489 489
Flow Rate (kg/s) — 2.03(Fig. 5.42)
Valve Closure Time (s) 2 1.7-4.3

(*1) Flow rate includes the core bypass flow rate

(*2) Average quality in the upper plenum
(*3) Average value of ch. 545 through 3535
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Table 4.1

Test conditions of RUN 961 (Continued)

Parameters

Specified Valve

Measured Value

Steam Discharge Conditions

Steady State Flow Rate (kg/s) - 2.03
Transient Flow Rate (kg/s) —_— Fig. 5.40
Orifice Diameter (mm) 18.0 18.0
MSIV Closure Time (s) L2(*4) 43 9.0-14.4
Safety Relief Valve Setting
Pressure (MPa) 8.13 not opened
ECCS Conditions
HPCS not used not used
LPCS

Injection Location

Initiation Time t(s)

Initiation Pressure P(MPa)

Coolant Temperature (K)

Injection Flow Rate (m3/s)
LPCI

Injection Location

Upper Plenum
L1(*) +40<t
2.16 >P
313
1.13 x 1073

Top of Core Bypass

Upper Plenum

105
2.19
313
Fig. 5.41

Top of Core Bypass

Initiation Time t(s) L1*4) +40< 144
Initiation Pressure P(MPa) 1.57>P 1.62
Coolant Temperature (K) 313 313
Injection Flow Rate (m3/s) 3.503<10-3 Fig. 5.41
ADS Conditions
Initiation Time (s) L1¢*4) +120 134
Orifice Diameter (mm) 15.5 15.5
Flow Rate —_ Fig. 5.40
(*4) L3 level 5.00 m from PV bottom
L2 level 4.76m "
Ll level 4.25 m "
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Table 4.2 Characteristics of steam discharge line valves

Valve No. Opening Time (s) Closing Time (s)
AV 165 _— —
AV 168 —_— 0.1
AV 169 0.3 2.0

Orifice No.

Diameter (mm)

Area (mmz)

OR 3
OR 4
OR 5

18.0
15.5

not used

254.5
188.7

Table 4.3 Control sequence for steam line valves in RUN 861

Time before break break (t=0) L2 + 3s L1l + 120s
AV 168 Open Open Close Close
Cv 130 Control to Opened fully Close Close
maintain
steady state
pressure
AV 165 not used not used not used not used
AV 169 Close Close Close Open
AV : Air Actuation Valve (Auto)
CV ; Control valve " (Manual)
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Fig. 4.2

Normalized power transient for ROSA-III
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5. Data Pracessing

In RUN 981, the data acquisition by DATAC 2000B was started 122 s before
the break initiation and terminated 810 s 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
frequency of the reduced data for plotting were 500 s and 2 Hz, respec-
tively.

The test data are shown in Figs. 5.1 through 5.2538. In these figures,
the measured quantity is identified by the channel number and the alphabetic
characters (ref. Table 3.2). The major test sequences and events observed
in RUN 981 are summarized in Table 5.1.

Figures 5.! through 5.7 show the pressure data in the pressure vessel
and in the recirculation loop. Figures 5.8 through 5.37 show differential
pressure data between various positions in the pressure vessel and the
recirculation loop. Figures 5.38 and 5.39 show the liquid levels in the
FCCS tanks and downcomer. Figures 5.40 through 5.46 show the flow rates.
Differential pressures across orifices and venturies shown in Figs. 5.47
through 5.57 are useful to check out the flow rate instrumentation. Figure
5 58 shows the power supplied to the core with the maximum capacities of
2100 and 3150 kW. The pump speeds of the recirculation pumps are shown in
Fig. 5.59. The trip signals such as the break initiation signal and the
valve positioning signals are shown in Figs. 5.60 through 5.82. Figures
5.83 through 5.72 show the fluid densities measured by the gamma
densitometer. Figures 5.73 through 5.77 show momentum fluxes measured by
drag disks. Figures 5.78 through 5.87 show the fluid temperatures at
various positions in the system. The fuel rod cladding temperature and the
surface temperatures of the water rods and the channel boxes measured at
positions 1 through 7 are given in Figs. 5.88 through 5.120. Figures 5.121
through 5.167 show the fuel rod cladding temperatures in a different
manner. Figures 5.168 through 5.198 show the fluid temperatures at the
inlet and outlet of the channel box. The surface temperatures of the
channel box are shown in Figs. 5.199 through 5.205, comparing the data at
the same elevation. The fluid temperature in the lower plenum was measured
in Figs. 5.206 through 5.208. The liquid level signals in the core, the
upper and lower plena, the guide tube and the downcomer are shown in Figs.
= 208 through 5.228. The Peak Cladding Temperature (PCT) distributicn in

the core is given in Table B.2.
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Quantities obtained from reduction of the test data are shown in Fig.
5.230 through 5.259,

Figures 5.230 and 5.231 show the estimated liquid levels in the core and
the pressure vessel obtained by reducing the conductivity probe signals
previocusly shown in Figs. 5.209 through 5.229. Figure 5.232 shows tran-
sients of the dryout and quenching times of the representative fuel rods in
the core. Figures 5.233 through 5.238 show the average density claculated
from the data measured by the three-heam or two-beam gamma densitcmeters.
The beam configurations of gamma densitometers installed in the ROSA-III
facility are shown in Figs. 3.7 and 3.8. The average density is calculated

as an arithmetic mean of the densities in multi-directions with the weight

of each cord length.

For the three beam densitometer at the jet pump outlet spool piece,
Dw = 0.3221p4 + 0.43pg + 0.2479pc (5.1)

wvhere,
New. average density obtained from the three-beam gamma densitometer,

ps . density measured by beam A (bottom),
pg . density measured by beam B (middle),

cc o density measured by beam C (top).
For the two—beam densitometer at the break spocl piece,
Dew = 0.958683py + 0.41837pg (6.2)
where,
Dus. average density obtained from the two-beam gamma densitometer,

ps . density measured by beam A (bottom),
ng . density measured by beam B (top).

Figures 5.237 through 5.239 show the flow rates at upstream sides of the
break in the recirculation loop. The flow rate is computed from the drag

disk data and the gamma densitometer data using the following equation,
G=0Cp A yfom PP (5.8)



vhere,
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G ! mass flow rate,

(p . drag coefficient { =1.13 ),
A : flow area ( = 1.923 x 107 m* ),

.. average density from gamma densitometer,

p?: momentum flux from drag disk.

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

as follows,

Gg = Gp — Gy (5.4)

where,

Gy . break flow,

0» : flow rate at the pump side of the break,

Qy : flow rate st the vessel side of the break,

The cummulated break flow rate is shown in Fig 5.240.

Figures 5.241 through 5.251 show the fluid flow rates at the main steam
line, the channel inlet orifices, the bypass hole and the jet pump outlets.
The fluid flow rates are calculated from the test data which are the pres—

sure drop acrcss the orifices or venturi flow meters and the liquid density

obtained from the temperature and the pressure condition. The equation used

for the calculation

is as follows

Q=Cy 4«29 p; - 4P %.5)

where,

G . flow rate,

AP : pressure drop across the orifice,

Cp  discharge
= 0.6552 (

= 0.4781 (
I's

il

0.8032
0.7383 (
1.1280 (

il

i

coefficient,

the orifice to measure the steam discharge flovw rate )
the channel inlet orifice )

the bypass hole ) ,

the orifice to measure the jet pump outlet flow rate )
the venturi tube to measure the jet pump outlet flow

rate
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A @ flow area (m® )
- 2.875 x 107 ( the orifice to measure the steam discharge flow

rate )
= 1.521 » 10 ( the channel inlet orifice )
= 1,758 x 107 ( the bypass hole )
=1.133 x 10° { the orifice to measure the jet pump outlet flow

rate
— 0.095 x 107* ( the venturi tube to measure the jet pump outlet
flow rate )
g . gravitational acceleration ( = 9.807 m/s% ),

ny - density of the single-phase liquid ( kg/m3 B

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 two-phase
flow condition. Total channel inlet flow rate presents the sum of four
channel inlet flow rates.

Figures 5.252 and 5.253 show the collapsed water level outside and
ingide the ccore shroud. The collapped 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 5.254 through 5.256 show the fluid mass inventories in the
nressure vessel. The fluid mass inventory is determined from the density

and configurational data inside and outside the core shroud,
M= pp-Q (5.6

where,

M fluid inventory,

p; ¢ liquid density estimated from the satulation temperature and/or
pressure,
Q : liquid volume calculated from the liquid level.

The volume @ { m° ) outside the shroud is given below as a function of

collapsed water level (L),

—53-
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Q=00 ( L =< 0.484 )
Q = 0.0225L. —~ 0.0111 (0,494 < L = 1.384 )
Q = 0.0897L — 0.0769 (1.384 < L = 1519
Q= 0.0228L ~ 0.0048 {1519 <L = 3.3% )
Q = 0.08C1L - €.1980 ( 3.355 < L. = 4.280 )
Q = 0.2443. — 0.8359 ( 4,250 < L = 4,413 )
Q= 0.2811L - 0.9700 ( 4.413 < L = 4,578 )
Q = 0.2504. — 0.9211 ( 4.578 < L = 4.654 ) .7
Q= 0.23ML 0.8610 ( 4654 < L £ 4.815 }
Q= 0.2806L - 1.0974 {4815 < L £ 4.915 )
q = 0.3398L - 1.3580 (49156 < L £ 5.143 )
Q= 0.307. — 1.4665 ({5,143 < L = 5.3 )
G = 0.3848. — 1,590 (5.3 < L = 5.955 )
g =0.7111 (.95 < L )

The volume § ( m° ) inside the shroud is also given as a function of

collapsed water level inside core shroud (L),

Q=0.0 ( L <00 )
§ = 0.2350L (0.0 <L =0.487)
— 0.1245L + 0.0549 (0.497 < L = 1.354 )
Q = 0.0888L + 0.1290 (1.354 < L = 3.589 )
Q = 0.1848. — 0.2120 (3.580 < L = 3.744 )
- 0.1983. -~ 0.3299 (3.744 < L = 4.243 ) (5.8)
~ 0.0196L + 0.4199 ( 4243 < L = 4.578 )
O = 0.0186L + 0.4244 (4578 < L = 4.654 )
Q = 0.041CL + 0.3201 (4654 < L = 5.099 )
Q = 0.0196L + 0.4292 (5.009 < L = 5.35 )
Q = 0.5344 (5.35 < L )

The total fluid mass inventory in the pressure vessel is obtained as the
summation of the mass inventory outside and inside the shroud. However, it
should be noted that the estimated mass inventories contain a certain amount
of ambiguity due to the unknown void distribution over the wide regions with
various flow areas. The initial mass inventory before the break initiation
is estimated as 840 kg.

Figure 5.257 shows the mass decrease by the fluid discharge from the
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break and the fluid mass recovery by the ECCS water and the feedwater
injections. The variation of fluid mass inventory with time is calculated

by the following equation,

‘t
M =‘£ { G+ pr- Wyt We+W;) + p2-Wr tdt 5.9)

vhere,
M ! mass accumulation,
G steam discharge flow rate,
py o density of satulated liquid at 315 K,
02 o density of satulated liquid at 4839 K,
Iy 1 volumetric flow rate of the HPCS,
W, o volumetric flow rate of the LPCS,
W, . volumetric flow rate of the LPCI,

We @ volumetric flow rate of the feedwater.

Figure 5.258 shows the fluid mass discharged from the break. The fluid
mass discharge Mg is calculated as follows neglecting the change of the

fluid mass inventory in the loops,

Mg = (Mp)y — Mp + M (5.10)
where,
Mg : fluid mass discharged from the break,
(Mr 3 © fluid mass inventory in the pressure vessel ( = 640 kg ),
Mp © fluid mass inventory in the pressure vessel,
Mr : net fluid mass increase by the ECCS, the feedwater flow and the

steam discharge flow.

Figure 5.259 shows the break flow calcﬁlated from the fluid mass inven—
tory in the pressure vessel. The break flow is estimated from the mass

inventory as follows,

!
Gy = —Mp B-11)
dt
where,
Gg . break flow,

Mz @ fluid mass discharged from the break,



JAERI-M 84-045

Table 5.1 Sequence of events in RUN 961

Time (s)
-122 Initiation of data recording by DATAC 2000B system
-9 Initiation of data plotting in the figures
0.0 Initiation of break at MRP2 discharge-side
MRP1 Coast down
MRP2 Coast down
1.7 Initiation of feed water line closure (completed at 4.3s)
6.7 12 level in upper downcomer
7.3v33 Temperal uncovering at the upper core
8.5 Initiation of MSIV closure
5.0 Initiation of core power decrease
System pressure turns to increase
12.0 L1l level in upper downcomer
17.0 Maximum pressure (7.67 MPa)
17.3 JP suction line uncovering
22.5 Recirculation inlet line uncovering
30 Initiation of lower plenum flashing
46 Initiation of core uncovery from the top core
73 Bottom core uncovered
105 Initiation of feed water flashing
Initiation of LPCS injection
134 ADS actuation
144 Initiation of LPCI injection
155 PCT at Position 4 of A82 rod (893,5K)
215 Completion of quenching in the core (Position 2,C77 rod)
591 Completion of data plotting
810 Completion of data recording
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6. Test Results and Discussion

Brief interpretations for the test results of a 200% discharge line
7 hreak test (RUN 981) are presented in this section and the effects of break
‘location in the recirculation loop on the 200% double—ended break [.OCA are
studied by comparing the test results of RUN 961 with those of RUN aog (21),
a 200% suction liné break test with HPCS failure.

5.1 Major Events of RUN S61

(1) Blowdown FPhase

Major events found in the test results (see Table 5.1) of RUN 961 shown
in the previous chapter are as follows.

Rlowdown was initiated by quickly opening the two QORVs and closing the
QSV. Thereafter coolant in the system continued to be discharged from the
two break nozzles. There are two break flowv paths i.e., one from the bottom
of downcomer to break B through the recirculation pump (MRPZ), and the other
from downcomer middle part and lover plenum to break A through the jet pump
drive nozzles in the broken loop.

Major flow restrictions in the former path is the MRPZ2 (especially the
discharge nozzle with 18.7 mm I.D. and 51% flow area of the scaled BWR
recirculation loop piping flow area) and the break B nozzle with 26.2 mm
T.D. (100% flow area). Moreover a Venturi flow meter (4.5 mm I.D.) located
between the MRP2 and break B contributes a little to the flow restriction.
These flow restrictions resulted in pressure drops as shown in Fig. 6.1. The
pressure drop across the MRP2 turned to increase when the water level
decreased below the outlet nozzle to the recirculation line in the downcomer
at 23 s after break. From the pressure ratio across the MRP2, two—phase
flow choking was indicated at the discharge nozzle of MRPZ after the water
level uncovery,

On the other hand, the major flow restriction in the latter break flow
path is the jet pump drive nozzles (2x8.4 mm I.D. and total flow area is 21%
~f the scaled BWR recirculation line piping flow area) as shown in Fig. 6.2.
Tha pressure drop across the jet pump turned to incfease when the water

Tevel decreased below the jet pump suction line at 17 s. The large pressure
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drop before -the suction line uncovery, however, means the subsonic water
velocity at the jet pump drive nozzle in the condition of subcooled water
‘flow. Anyhow, it is evident that the jet pump drive nozzles limitted the
two—phase choking flow after the jet pump suction uncovery. These flow
restrictions in the break flow paths are illustrated in Fig. 6.3. The
discharge flow rates through both break nozzles are shown in Figs. 5.237
through 5.240. .

The lower plenum pressure in Figs. 6.1 and 6.2 decreases after break and
increases due to initiation of MSIV closure at 8.0 s after break. The
pressure turned to decrease again after the jet pump suction line uncovery
in the downcomer at 17 s and decreased rapidly after the uncovery of outlet
nozzle to the recirculation line at 23 s. The lower plenum flashing
initiated at the system pressure of 6.4 MPa at 30 s after break and delayed
the depressurization rate a little. The feedwater remained in the feedwater
line piping (see Fig. 2.8) initiated flashing at its saturation pressure of
2.2 MPa at 105 g after break. This feedwater flashing contributed to

slowdown the depressurization and delay the LPCI actuation.

(2) Reflcoding Phase

The LPCS and LPCI were actuated at 105 s and 144 s, respectively, at
each initiation pressure (see Fig. 5.41) and contributed to fill up the
system with water and to cool down the core. Mass inventory in the pressure
vessel turned to increase 29 s after the LPCS actuation (see Figs. 5.253 and
5.255), vhile that in the downcomer 35 s after the LPCI actuation (74 s
aftar 1PCS aetuation, see Figs., B.252 and 5.254)., It is indicated that
voids existed during longer period in the downcomer than those inside
core—shroud because of heat release into the fluid from the vessel wall,
recirculation line piping and pumps and the higher fluid temperature in the
downcomer . '

Mass inventory in the intact recirculation line piping is shown in the
differential pressure data in the recirculation loops (see for example,
Figs. 5.17, 5.18 and 5.20). It is found from these figures that the intact
recirculation loops are filled with water at 525 s after break (381 s after
1PCI actuation). OQccurrence of the counter current flow limit at the outlet
nozzle to the recirculation line and at the jet pump drive nozzles can be

aduced from these data during the time period until 525 s or it can be

=

czlled as steam—binding phenomena in the intact recirculation loop.
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Core Cooling Behavior

Hydraulic behavior in the core is shown by the mixture level transients

shown in Figs. 5.209 through 5.223 and supplemented by the surface

 temperatures of fuel rods shown in Figs. 5.88 through 5.113 and Figs. 5.121

through 5.1687. The dryout and quench fronts of the fuel rods shown in Fig.

5 232 can be interpreted by the water level transients shown in Fig. 5.230.

The peak cladding temperatures are listed in Tahle 5.2.

(3

{4)

(5)

®)

The following observations have been obtained from these data.

The peak cladding temperature (PCT) was 894 K (620 C) detected at
position 4 of AB2 rod at 155 s after break (i11+s after LPCI actuation}.
There were two dryout phases, one occurred few seconds after break in
the upper parl of core and rewetted by the lower plenum flashing and the
other started at 468 s after break from the top of the core due to vater
level fall. The bottom of core was dried out at 85 s after break. The
dryouts of fuel rods in the average power bundles (B, C and D) occurred
a little earlier than those in the high power channel A.

The quench phenomena are more complicated, namely early quenching was
observed at top and bottom of core after LPCS actuation and two quench
types i1.e., top-down and boitom-up quenching, were observed in the
reflooding phase after LPCI actuation. Difference of quench times among
fuel rods at the same core height is very large in each fuel bundle
compared with that between the different fuel bundles.

The liquid level (mixture level) transients detected by conduction
probes agreed well with the transients of dryout fronts of fuel rods in
the blowdown phase, while the quench times of fuel rods are widely
distributed around the liquid level transients in the reflooding phase.
The mixture level transients are located above the collapsed water level
inside core shroud and quench occurred between the LPCS actuation and
the reflooding by the collapsed water level at each location.

Natural circulation was observed within each fuel bundle after
completion of quench i.,e., downward flow near the center of core (All
and Ald rods in channel A, for example) and upward flow in the
peripheral core region (A33 and A88 rods, for example), which are
observed by comparing the axial distribution of surface temperature
data. Another natural circulation was observed among the different fuel
bundles and the core-bypass region, which was indicated by the
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differential pressure data at the core inlet orifices (see Figs. 5.32
through 5.38) after LPCI actuation.
(7) The mixture level and collapsed water level inside core—shroud are

higher than those in the downcomer all through the test periods.

6.2 Effect of Break Location on LOCA Phenomena

(1) Flow Restriction along Break Flow Paths

Two break flow paths in the 200% discharge and suction break test are
shown in Fig. 6.3. The major difference between the break flow paths of the
digcharge and suction line breaks is the contribution of the recirculation
pump (MRPZ2}.

Figures 8.4 and 6.5 show pressure distribution along the broken
recirculation loop in RUN ¢26. The lower plenum pressure agrees well with
the pressure upstream the break B nozzle. There is a large pressure drop
across the jet pump drive nozzles. It is found from these figures that
choking occurred at the two break nozzles and the jet pump drive nozzles.
The flow restriction along the break flow path to the break B in RUN €26 is
very small compared with those in RUN 961 therefore, a larger amount of
coolant discharged through break B (Fig. 6.8) in RUN 926 compared with RUN
o681 (see Fig. 5.239). The break flow through the break A in RUN 826 (Fig.
A.7) is similar to that in RUN 961 (see Fig. 5.238) because the flow
restriction along the break flow path to break A is determined primarily by

the flow area at jet pump drive nozzles in both tests.

{2y Pressure Response

Figure 6.8 shows the lower plenum pressures of RUN 961, RUN 826 and RUN
929. The trends of major events of RUN 926 are the same as those of RUN 961
but each event occurred earlier in RUN 926 as shown in Fig. 6.8 and Table
6.2 because of the larger break flow through the break B in RUN'QEB. On the
other hand, the pressure response of RUN 961 agrees well with that of RUN
923, a T5% suction line split break test with HPCS failure. In RUN 929, the
maior flow restriction is the break nozzle (22.7 mm I.D., 7% flow area). In

RUN 961, the total flow area of the MRP discharge nozzle (18,7 mm I.D., B1%
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flow area) and jet pump drive nozzles (2x8.4 mm I.D., 21% flow area) is 72%,
which is the total effectivebreak flow area of RUN 961 and is close to that
"of RUN 929. And a little difference of piping flow resistances along the
break flow paths between the discharge and suction line breaks gives smaller
influences on the break flow rates than the effective break fiow area.
Therefore, it is confirmed that the flow restrictions at MRPZ2 discharge
nozzle and jet pumpdrive nozzles controlled the system pressure response in
the 200% discharge line break LOCA test.

(3) Downcomer Water Level

Figure 6.9 shows the downcomer water levels in the early blowdown phase
of RUN 981 and RUN 926. The water level in RUN 926 falled considerably
carlier than that in RUN 981. The uncovery times of the outlet nozzle to
she vecireculation line in RUN 928 and RUN 961 were 14 s and 23 s after
hreak. respectively. Before the initiation of lower plenum flashing, the
subcooled downcomer water was discharged through the both break flow paths.
As the initial mass inventory in the downcomer in RUN 981 was the same to
that in RUN 998, it was supposed that the recirculation line uncovery times
of RUN €61 and RUN 926.were inversely proporticnal to-the effective break

low areas. The effective break flow area in RUN 926 are 100% for the break
B nozzle and 21% for the jei pump drive nozzles, therefore the total
effective break flow area is 121%.
The ratio of recirculation line inlet nozzle uncovery times between RUN
926 and RUN 961 is
14 :23=1.0: 1.6,
and the ratio of inversed values of total effective break flow areas between
them is
1121 - 1/72=1.0 ¢ 1.7. _
Thus, the downcemer water level fall in addition to the pressure response is

closely related to the effective break flow area in the recirculation line

break tests.
{4y Collapsed Water Levels in PV
Figures 6.10 and 6.11 show the collapsed water levels in the downcomer

and inside core—shroud in RUN 961 and RUN 926, Decrease and increase of

mass inventory in the pressure vessel are shown in these figures. The
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smaller discharge flow rate in RUN 961 resulted in the lesser decrease in
mass inventory in the blowdown phase and later recovery of mass inventory in
the reflocding phase due to later actuation of ECCS compared with the
results in RUN €26.

{5) Peak Cladding Temperature

Figure 6.12 shows the peak cladding temperatures of RUNs 961, 926 and
929 The times of PCTs of RUNs 961 928 and 929 appeared 11, 22 and 11 s
after the 1LPCI actuation time, respectively. It is clear that the delayed
recovery of mass inventory inside core-shroud in RUN 961 caused higher PCT
(894 K at 155 s than that in RUN 928 (785 K at 118 s). The PCT of RUN 929
(885 K at 156 s) 1is very close to that of RUN 9581 due to the similar
pressure transient and similar ECCS actuation times caused by the similar

effeciive break flow areas between RUN 961 and RUN 929 as shown above.

-—219—



JAERI-M 84-045

Table 6.1 Comparison of major events in RUNs 961, 826 and 928

Fvents RUN961 RUNG29 RUN926
(200% D.) (75% s.) (200% S.)
Break Initiatiocn 0 s 0s 0 s
1.2 Level Signal 6 5 3
MSIV Closure Initiation 9 7 6
L1 Level Signal 12 ) 8
Recirc. Loop Uncovery 23 L4 13
Lower Plenum Flashing 30 27 17
LPCS Actuation 105 108 71
ADS Actuation 134 131 131
LPCI Actuation 144 145 96
PCT 155 154 118
Completion of Quench 215 212 184
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