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RECIRCULATION PUMP SUCTION LINE 200% BREAK INTEGRAL
TEST AT ROSA-III WITH TWO LPCI FAILURES, RUN 983

Mitsuhiro SUZUKI, Yoshinari ANODA, Kanji TASAKA,
Hiroshige KUMAMARU, Hideo NAKAMURA, Taisuke YONOMOTO,
Hideo MURATA and Masayoshi SHIBA

Department of Nuclear Safety Research,
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{ received July 2, 1884 )

This report presents the experimental data of the 200% suction line
break test RUN 983 at ROSA-III, which was conducted as one of counterpart
tests to a FIST program test sponsored by GE, FPRI and USNRC. The simi-
lerity study between the ROSA-III and FIST tests is on the way. The report
a’so presents the information on the ROSA-IIT test facility, experiment
conditions, experiment results and the effects of the power generation rate,
feedvater temperature and the MSIV trip level comparing with another 2007%
break test. RUN S02.

Mz or conclusions obtaired are as follows.

(7% Change of the MSIV trip level from [2 to L1 gives little change in
pressure response and mass inventory in the large recirculation line
break test.

(2) Feedwater flashing results in reduction of depressurization and delay in
the LPCS and LPCI actuations, which cause higher PCT.

(3} The lower PCT in RUN 983 is the results of lower heat flux and larger
wass inventory compared with that of RUN 902.

Keywords: BWR, LOCA, ECCS, Integral Test, ROSA-III Program,

Laree Break, Recirculation Loop Suction Line Break,

FIST, Counterpart Test
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i. Introduction

The Rig of Safety Assessment (ROSA)-III program(1) was initiated in 1976
to study the thermal-hydraulic behavior of a Boiling Water Reactor (BWR)
during a posturated Loss of Coolant Accident (LOCA) with the Fmergency Core
Cooiing System (ECCS) actuation and to provide the data base to evaluate the
predictability of computer codes developed for reactor safety analysis. The
ROSA-TII test facility(@) was 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-I1I test program is made on the following

chiectives, as
(1) To study the fundamental thermal hydraulic behavior of a BWR during a

LITAL

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

(3) 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>‘(25).

Up to the present time, similar experimental studies on the BWR/LOCA
«~evomena have been performed in the world, such as TLTA(Z)and FIST. &7)
The FIST facility has two active recirculation loops and a full-height
electrically heated core. Major differences between the ROSA-III facility
and FIST facility are the number of fuel bundles, height of core, maximum
core heat flux and volumetric scaling ratio to the reference BWR (The FIST
simulates a BWR/B 218-824 system by a scaling factor of 1/624). It is an
urgent interest to study the effect of individual specification of each test
facility on the transient thermal hydraulic phenomena simulating a BWR/LOCA.

RUN 9872, conducted on Feb. 24, 1983 simulates a 200% double-ended break
at the recirculation pump suction line with the assumption of single failure
ot one LFCI diesel generator and is conducted as a counter part test for the
T ST 200% large break test with the similar test conditions. The major
ohjeciive of tihe ROSA-IIT test RUN 983 is to investigate the similarity of
toest facilities between ROSA-III and FIST by comparing the test results.

-1 -
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The similarity study between the ROSA-TII and FIST facilities, however, 1s
now under preparation and will be presented in the near future. On the
other hand, the effect of key test parameter such as power generation rate
and MSIV trip level can be investigated by comparing the test results of RUN
083 with the other ROSA-III large break test RUN 902.

The report presents experiment data of the ROSA-III test RUN 983 and
findings as to the effects of different test conditions. Descriptions of
the ROSA-TII test facility, instrumentations and test conditions and proce-
dures are briefly presented in Chapters 2, 3 and 4, respectively. Chapter 5
describes the measured experiment data and processed data such as average
fluid density and break flow rate in RUN 083, Chapter 6 describes the
effects of different test parameters shown above between RUN 883 and RUN 802
on the large break LOCA phenomena.
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2. ROSA-III Test Facility

The ROSA-III test facility is a volumetrically scaled (1/424) BWR system
with an electrically heated core designed to study the response of the
primary system, the core and the EECS 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 1illustrate
configuration of the test facility, the pressure vessel internals and the
piping schematics, respectively. Table 2.1 compares the major dimensions of
+ e RNSA-TT] test facility to the corresponding dimensions of the reference
BYR system.

The RPOSA-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 sguare array and supported by spacers and upper and lower tie plates. The
heater rod is heated electrically with upper and lower tie plates. The
Lsqter vod 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 each fuel assembly "A", "B", "C" or "D" is controlled samely in
RUN €83 in order to obtain the flat radial power profile. The heater rods
in each assembly are divided into three groups with respect to heat genera-
tion rate as shown in Fig. 2.7. The local peaking factor in each group is
1.1, 1.0 and 0.875. In RUN 983, the initial core power was limitted as
3.614 M¥. 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
control valve is installed in the steam line to control the steam dome
crassure in steady state before the initiation of the test. The steam line

has a branch in which the Automatic Depressurization System (ADS) is

_3__
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installed. The operation of valves in the steam line is described in
Chap.4. The feedwater 1is supplied from the feedwater tank (FWT) through the
feedvater line (Fig. 2.8) and the feedwater sparger (Fig.2.9) below the
steam separator.

Figure 2.10 shows the recirculation lines consisted of two loops. Each
loop is furnished with a recirculation pump and two jet pumps. The jet
Sumps 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 in the broken loop. The break
simulator consists of an orifice or a nozzle to determine the break size and
a Quick Opening Blowdown Valve (QOBV) to initiate the test. The break mode
(double—ended or split), the break size and the break location can be
changed as test parameters. In RUN 983. a break nozzle with inner diameter
47 22 2 wm yas installed at the FV side of break simulating scaled BWR
recirculation piping flow area and an orifice with inner diameter of 10.1 mm
was installed at the MRP side of break simulating the scaled BWR jet pump
drive nozzle flow areas. Figure 2.10 shows the QOBV, a QSV and flow orifice
installed upstream of the QUBV.

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
1 ow 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
cooling water into the core bypass. FEach ECCS consists of a pump, a tank,
vining, and a control system. In RUN 883, a single failure of one LPCI
diesel zenerator was assumed and therefore HPCS, LPCS, 1 LPCI and ADS were
avalilable.

The water level in the upper downcomer, which has influencial contribu-
tion in the small break LOCA test, 1s measured and used for trip signals of
MSIV elosure and ECCS actuation as follows.

MSIV Closure = L1 + 3s
HPCS Actuation = Z7 s
LPCS Actuation = (L1 + 40s) + (P less than 1.88 MPa)
IPCI Actuation 1 + 40s) + (P less than 1.57 MPa )
ADS Actuation = L1 + 120s
Scram level = 13 (Initial Level)
wheve, LY and LB are the vater level trip points in the upper downcomer as

shown in Table 4.1.
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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 6
No. of Separators 251 ! 251
No. of Fuel Assemblies 848 4 212
Active Fuel Length (m) 3.76 1.88 2
Total Voiume (m3) 621 1.47 437
Power (MW) 3800 4.40 864
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) 1.s4x10" 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 L;ne ...;23 e Y] PV Top GL 5995
. Steam Drver DL 5657
Steam Seperator DL 5365
r
/
!
L3 Level DL 5000
L2 Level DL 4760
DL 4293 Feedwater line b ] Level DL 4250
[ |
HPCS,LPCS Nozzle DL 4080
DL 3900 HPCS,LPCS Line
Connector DL 3744
DL 3660 LPCI Line -
Upper Tieplate DL 3550
Spacer DL 3218 -
DL 2814 Jet Pump
Suction Line Spacer DL 2742
Spacer DL 2332
Spacer DL 1856
Lower Tieplate DL 1524
Channel Inlet DL 1284
Orifice
DL 538 Recic. Pump
Suction Line
Tie Grid oL 513
DL 400 Jet Pump
Disch. Line
DL 0 N PV Bottom oL 0
Fig. 2.4 Pressure vessel internals arrangement
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Fig. 2.7

Radial power distribution of core
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(Total Length 18.58 m )
Inside Volume 3.5 % 107m’

te Feed water Pump

Fig. 2.8 Feedwater line between PV and AV-112
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Fig. 2.10 Piping layout of recirculation loops and jet pumps
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3. Instrumentation

The instrumentation of the ROSA-III is designed to obtain thermal-
hydraulic data during the simulated BWR LOCA. The data obtained from the
experiments will contribute to assess the analytical computer codes for LOCA
analyses and to investigate the transient fluid and fuel responses during
the simulated LOCA. Table 3.1 summarizes the No.4 instrumentation list used
in RUN 984,

Tables 3.2 and 3.3 show the measurement list of RUN 884 and the core
instrumentation list, respectively. Instrumentation locations are shown in
Fig. 3.1 through Fig. 3.6.

Typical measured parameters in the ROSA-III are pressure, differential
p: assure, flow rate, electric power, pump speed, fluid and metal tempera-
~ res collapsed liquid level, two-phase mixture level, fluid density, trip
s.gnals and so on.

Pressure and differential pressure transducers are two-wire, direct-
crrent tvpe which convert diaphragm displacement to electric capaciltance.
Tie 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
woasuring location. The turbine flow meter is used for subcooled water flow
such as ECCS injection flow and feedwater flow. The orifice type flov meter
is used for both flows, one is steam line flow including ADS flow and
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 chromel-alumel thermocouples (CA T/C) of 1.6 or 1.0 mmep.
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.)
thermocounles for one fuel rod along the axial direction and total measuring
soinis of rod cladding temperatures for A, B, C and [ channels are 72, 29,

42 and 18, respectively.
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Liquid levels are measured by either differential pressure transducers,
described above or needle type electrical conductivity probes (CP) developed
in the ROSA-III 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 elaciric pover 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.
peeliminary studies indicate that a three-beam densitometer should be used
fn detaemine the Fiow regime. Figure 3.7 shows the beam directicons of the
two-beam and three-beam gamma densitometers. The gamma-ray source is 137cg
and the detector is a water cooled Nal(Tl) scintillation counter.

Momentum flux is measured by a drag disk as shown in Fig. 3.8. 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. 3.9.

The data acquisition system ( DATAC 2000B, Iwasaki Tsushinki Co. ) scans
all of signals with the frequency up to 30 Hz. The data recorded on mag-
netic tape are processed by the FACOM MPOO system computer at JAERI by
off-line control. After evaluation, for example by comparing the initial
and final pressure values with standard values. the data is reprocessed
nzing the correct conversion factors as determined from the consistency
examination,

More detailed information on the data processing procedure are available

in reference (28}.
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Table 3.1 ROSA-III instrumentation summary list in RUN $83

TYPE 1 SENSOR ! NUMBER NOTE
s--a:-l:lul--lnlllntin-t------s----.-]-.clsllli AEFESEEESEERESETEANSEANERY
PRESSURE ! PRESSURE TRANSOUCER! 20 1t
-------------- B L e ettt b
DIFFERENTIAL 1| DP CELL ! 60 t PV AND LOOP Le
PRESSURE ' 1 i LEVEL MEASUREMENT 5
! l | FLOW METER 11
————————— - e e e ————— Jrsmmmm——- R e mm—————————
FLULD | CA THERMOCOUPLE | 85 | PRIMARY LOOP 35
TEMPERATURE 1 ' 1 07Ty &
i I t TIE ROD 14
| 1 I UPPER PLENUM 10
1 I ! LOWER PLENUM 10
[ ! t TLE PLATE 12
1 ! I BY PASS 0
--------------- | tmmemmemem—mmemmrmmm | m e [ mmm e m o —m— o
FUEL ROD | CA THERMOCOUPLE | 133 ¢
TEMPERATURE | 1 1
--------------- S bttt B
SLAB SURFACE | CA THERMOCOUPLE | 7 t CORE BARREL G
TEMPERATURE | I | PRESSURE VESSEL t]
i 1 t CHANNEL 80X 7
1 ] I SHROUD SUPPORT 0
--------------- A il
SLAB INNER ! CA THERMQCOUPLE [ 0 1 JP DIFFUSER 0
TEMPERATURE | ! | PV WALL 0
---------- et ettt B
VOLUMETRIC ! TURBINE METER | 3 1 ECCS LOOP 3
FLOW RATE | VENTURI METER f & | PRIMARY LOOP 10
| ORIFICE METER I 6 1
--------------- |mmmwmmmm—emmm——mme——e | m—ttm e | m e e s s s sesum -
MASS FLOW 1 TURBINE METER ! & | RECIC. LOOP 4
RATE t ORIFICE METER 1 3 | STEAM LINE 3
_______________ memmmm—e—emmmmmmm——a | mmm—em M e e e e e s mme——— o
LI1QuUID { CONDULTIVITY PROBE ! 56 1
LEVEL I CAPACITANCE PROBE I 0 1
---------- e Tt B R i
DENSITY I GAMMA DENSITOMEYER | 10 1 2 BEAM GD 2
! | 1 3 BEAM GD 2
--------------- |smmmmer———mmemmmmme= e | m e m— e e e m e
MOMENTUMR I DRAG DISX 1 7o
FLUX | ! '
--------------- [er—camamemrmmr——wesmfe——emmee | e e a s e ad—accwa
SIGNAL ! ON/OFF SWITCH ' 14 1
--------------- e Tttt B
PUMP SPEED ! REVOLUTION COUNTER | 2
--------------- P e e b L D
ELECTRIC I VA METER 1 2
POWER | | |
====:====z==:z=|===========s=:==s=:=l:.—.:::::s|===-:g=======.==-=.=-=.=
TOTAL 1 ! 416 )

-I-====IBt&"=t=I=I.88==IIG"‘ISll.Il-IIlﬂIISIIl'l:l.l.lk-.n..'.‘.'..'-
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Table 3.3 Core instrumentation map

JAERI-M 84-135

[tem P:s. 83€iet Pos.l |Pos.2 |Pos.3 | Pos.4 | Pos.5 [Pes.6 [Pos.7 ?ﬁi:t
ﬁgf 3660 13417 |3114.5/2879.5}2527 | 2174.5|1939.5{1637 | 1454
surface] All tF 1|TF 2 |TF 3{TF 4iTF 5 ITF 6 |TF 7
Ter@- | Ay TF 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 T 22 §TF 23 | TF 24 | TF 25 | TF 26 |TF 27 |TF 28
A15 TF 29 TF 30
Al7 TF 31 TF 32
A22 TE 33 |TF 34 |TF 35 | TF 36 | TF 37 |TF 38 |TF 39
A23 TF 40 |TF 41 |TF 42 | TF 43 | TF 44 |TF 45 |TF 46
A24 ¥ 47 |TF 48 |TF 49 |TF 50 | TF.51 |TF 52 |TF 53
A26 TF 54 | TF 55
A28 TF 56 TF 57
A3l TF 58 TF 59
A33 TF 60 |TF 61 |TF 62 | TF 63 | TF 64 |TF 65 |TF 66
A34 TF 67 |TF 68 | TF 69 | TF 70 | TF 71 |TF 72 |TF 73
A35 TF 74 TF 75
A37 TF 76 TF 77
] A42 TF 78 TF 79
E%E;S, Add ¢ 1 |TF180 bTF181 |[TF182 | TF183 | TF184 |TF185 |TF186 | TC 2
Surfacel Ad5 TF 80 TF 81
Temp- | ade TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS4 TF 90
AS7 TF 91 TF 92
AG2 TF 93 TF 94
AG4 TF 95 TF 96 ]
AG6 TF 97 TF 98
A6B TE- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
A77 TF107 | Tr108 |




JAERI-M 84-135

Table 3.3 Core instrumentation map (Continued)

[tem 5. gﬁﬁet Pos.l IPos.2 |Pos.3 |Pos.4{ Pos.S Pos.6 | Pos.7 (I:gi:t
ﬁg? Pl c60 | 3417 | 3114.5/2879.5/2527 | 2174.5{1939.5| 1637 | 1454
Surface| A82 TF109 TF110
Temp. I 484 TF111 TF112
ABS TF113 TF114
A8S TR115 TF116
BIl TF117
B13 TF118
B1S TFL19 | TFi20 | TF121 | TF122 | TF123 | TF124 | TF125
B31 | rr1zs
B33 TF127
B35 TF123
FIGd 170 | 1c_ 3 | TF187 | TF188 | TF189 | TFAS0 | TF191 | TF192 | TF193) TC 4
Surface| B51 TF129
Tomp. | pes TF130
B8S TF131 | TF132 | TF133 | TF134 | TF135 | TF136 | TF137
Cll TF138
C13 TF139
c15 TF140
c31 | TF141
C33 TF142 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
C35 TF149
FIGd ™70y | 1c_s | TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC 6
Surface| 51 TF150
Temp. I es TF151
77 TF152 | TF153 | TF154 | TF155 | TF156 | TF157 | TF1S8
D11 TF159 [
D13 TF160
D27 TF161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
D31 TF168
D33 TF169 |
D35 TF170
“orm. | D44 1Cc 7 | Tr201 | TF202 | TF203 | TF204 | TF205 | TF206 | TF207{ TC 8
Surface| D51 TF171
Temp. [ pgy TF172
L D88 TFL173 | TF174 | TF175 | TF176 | TF177 | TF178 | TF179 |




JAERI-M B4-135

Table 3.3 Core instrumentaticn map (Continued)

[tem fos. 833“ Pos.l |Pos.2 |Pos.3 | Pos.4 | Pos.5 |Pos.6 |Pos.7 (I:gf:t
frod “lscso [sa17 |3114.5(2879.5 2527 |2174.5(1939.5| 1673 | 1454
void | ASS vE L fve 2|V 3|vF ¢|vr s |vF 6 |v 7
BSS ve 8 |vP 9 |vr 10 [vr 11| vr 12 JvF 13 |vr 14
CSS JvF 15 |vF 16 {VF 17 |vF 18 | VF 19 {VF 20 |VF 21
BSS vF 22 |ve 23 |ve 24 | vE 25 | vF 26 |vF 27 |vE 28
“channel| Al* 7 1|18 2|18 S|{T8 4|18 S |TB 6 iTB 7
oo cacd A2 B 8 |18 TB 10 {TB 11 [TB 12 |TB 13 |TB 14
Temp. | B* ™ 15 |18 16 |18 17 |18 18 | T8 19 [TB 20 |18 21
c* 18 22 |78 23 |18 24 |8 25 | T8 26 {TB 27 | 1B 28
D* 8 29 |78 30 |18 51 |18 32 [ T8 33 |8 34 [1B 35
Liquid | Al® 2 18 2|8 s|ws a4l 5B 6 |8 7
pvel | a2 1B 8 |LB 9 |t {0 |Ls 11|LB 12 |LB 13 |LB 14
Channel{ B+ LB 15 |18 16 |18 17 [1B 18 [1B 19 {1B 20 [1B 21
Box c* 13 22 |LB 23 |1B 24 |18 25 | LB 26 |LB 27 |LB 28
D~ LB 29 LB %0 |18 31 |18 32 |18 33 |8 34 |1B 35




JAERI-M 84-135

(-

“nstrumentation location of ROSA-IIT test facility

Fig. 3.1



JAERI-M 84-135
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Fig. 3.2 Instrumentation location in pressure vessel
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Fig. 3.5 Core instrumentation {cf. Table 3.3)
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Fig. 3.8 Configuration and location of drag disks
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4. Test Conditions and Procedure

RUN 983 is a 200% break test at the recirculation pump {MRP2 ) suction
Yine in the broken recirculation loop. The initial and transient test
. conditions of RUN 983 shown below are determined to simulate those of the
corresponding FIST test. The FIST test simulating design basis accident in
a BWR/B (218-624) has the 1,/624 scaled break flow areas of 0.348 ft2 and
1 878 ft2 for the break flow areas at the jet pump side and recirculation
side, respectively. The former area corresponds to total jet pump drive
nozzle flow area in the broken loop and the latter area to the pipe flow
area in the recirculation loop of the reference BWR. The flow areas of break
orifice and nozzle of the ROSA-III test RUN 83 correspond to these FIST
hreak areas. Blowdown is initiated by opening two QOBVs and closing the QSV
-‘aced betwesn the two break simulators. The initial conditions of the test
are established after heat-up process; the steam dome bressure is 7.22 MPa,
the lower plenum temperature is 551.5 K giving the subcooling of 11.6 K, the
core inlet flow rate is 35.9 kg/s, the core heat generating rate is 3.614
MW. The estimated average gquality in the upper plenum is 3.4%. The initial
water level in the upper downcomer is 4.83 m. The detailed conditions are
summarized 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 conditlon
in the upper portion of the pressure vessel. The core power, 3.614 MW,
corresponds to 40% of the volumetrically scaled rated power of one bundle,
S.96 MW of the reference BWR. The core power<29) is controlled after the
break initiation as shown in Fig. 4.2. The power is kept constant for the
first 8 seconds and reduced along the curve shown in the figure which
simulates the surface heat flux of high power nuclear rod of BWR. The
maximum linear heat rate of the peak power rod is 11.92 kw/m before the
break initiation.

The schematic of the main steam line are shown in Fig. 4.3. The main
s*eam 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 ©83. Before
the break initiation, CV-130 in the steady flow branch controls the steam
floy to mairtain the steam dome pressure constant and CV-1 and CV-2 are
meres. Lo provide steam to the heat exchanger Lo heat the feedwater. At the

oreak initiation, the steam flow control is terminated and thereafter the
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steam flow is limitted at the OR-3 with 18.0 mm I.D.. At the system pres-
sure of 6.7 MPa, the pressure control system is actuated again by controcll-
ing CV-130. The MSIV closure is actuated by L1 level signal (3.62 m from
bottom of PV: estimated as 10 s after break from the previously performed

-~ test). (V-1 and 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 valves in the present test, respectively. The feedwa-
ter supply is terminated between 2 and 4 s after the break by closing AV-112
in the feedwater line (see Fig.2.8). The coolant recirculation pumps are
tripped to start coasting down at the break initiation.

The HPCS starts to inject water 27 s after break. The LPCS and LPCI can
inject cooling water after the primary system pressure is reduced below 1.87
MPa and 1.57 MPa, respectively by receiving the L1 level signal with time
deiav of 40s. The injection flow rates of HPCS, LPCS and LPCI and ADS
orifice flow area in RUN 983 are changed from the standard ROSA-TII tests as
shown in Table 4.1 in order to simulate the FIST test conditions. Specified
system pressures for actuating LPCS and LPCI were also simulated by the FIST
condition. The test was terminated after all the core is quenched at 978 s

after the break initiation.
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Table 4.1 Test conditions of RUN 883

Parameters Specified Value

Measured Value

Break Conditions

Location Suction Line Suction Line
Type . Orifice/Nozzle Orifice/Nozzle
Break Orifice Diameter 10.1/26.2 10,1/26.2
Initial Test Conditions
Steam Dome Pressure (MPa) 7.19 7.19
Lower Plenum Temperature (K) 552 551.5
Lower Plenum Subcooling (K) 11.0 11.6
Core Inlet Flow Rate(*l) (kg/s) 32.0 35.9
Core Qutlet Quality(*z) (%) - 3.4
Power Supplied to Core (kJ/s) 3600(2700+900) 3614 (2710+904)
Max. Linear Heat Rate (kJ/m.s)
Channel A P.F.= 1.1 11.89 11.92
1.0 10.81 10.84
0.875 9.46 9.49
Channel B.C.D. P.F.= 1.1 11.89 11.92
1.0 10.81 10.81
0.875 9.46 9.49
Power Curve Fig.4.2 Fig.5.58
Fuel Assembly Number 4 4
Water Level in PV {m) 5.0 4.8
Feed Water Conditions
Temperature (K) 296 296
Flow Rate (kg/s) - 1.25(Fig.5.42)
Valve Closure Time (s) 2 2~4

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

(*2) Average quality in the upper plenum
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Table 4.1 (Cont'd)}
Ttems Specified Value Measured Value
Steam Line Conditions
Steady State Flow Rate (kg/s) - 1.29
Transient Flow Rate (kg/s) - Fig.5.40
MSIV Closure (s) 13

Safety Relief Valve Set Point (MPa)

B.13

not opened

ECCS Conditions

HPCS
Injection Location Upper Plenum Upper Plenum
Initiation Time t () 27 27
Initiation Pressure p (MPa) - 5.57
Coolant Temperature (K) 322 (49°C) 322 (49°C)
Injection Flow Rate (m3/3) - Fig.5.41
LPCS
Injection Location Upper Plenum Upper Plenum
Initiation Time t (t) D+ s0ce 85
Initiation Pressure p (MPa) 1.862p 1.86Zp
Coolant Temperature (K) 322! (49°¢) 322 (49°C)
Injection Flow Rate (m3/s) 1.42 x 1073 Fig.5.41
LPCI
Injection Location Top of Core Top of Core
Bypass Bypass
Initiation Time t (s) LI +40% ¢t 95
Initiation Pressure p (MPa) 1.57Zp 1.572p
Coolant Temperature (K) 322 (49°C) 322 (49°C)
Injection Flow Rate (w3 /s) 3.08 x 1073 Fig.5.41
ADS Conditions
Initiation Time (s) L1+ 105 ¢t 115
Flow Rate Scaled Flow Fig.5.40
Orifice Diameter (mm) 21.1 21.1

(*3) Ll :

Water Level in the downcomer, 3.6 m from PV bottom
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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 F— .
AV 169 0.3 .

Orifice No.

Diameter (mm)

‘Area (mmz)

OR 3
OR 4
OR 5

18.0
21.1

not used

254.5
349.7

Tahle 4.3 Control sequence for steam line valves in RUN 983

Time before break  break (t=0) L1 + 3s L1 + 105s
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 Clcse Close Close Open

AV ; Air Actuation Valve (Auto}

CV ; Control Valve

(Manual)
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Electric Power Curve for ROSA-III Test
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%. Data Processing

In RUN 983, the data acquisition by DATAC 2000B was started 119 s before
the hreak initiation and terminated 978 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 1000 s and 1 Hz, respec-
tively.

The test data are shown in Figs. 5.1 through 5.189. 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 983 are summarized in Table 5.1.

Figures 5.1 through 5.7 show the pressure data in the pressure vessel,
wanirouliation loops and in the steam line., Figures 5.8 through 5.36 show
differential pressure data between various positions in the pressure vessel
and the recirculation loop. Figures 5.37 and 5.38 show the liquid levels in
the ECCS tanks and downcomer. Figures 5.39 through 5.45 show the flow
rates. Differential pressures across orifices and venturies shown in Figs.
5.46 through 5.55 are useful to check out the flow rate instrumentation.
Figure 5.56 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. 5.57. The trip signals such as the break initiation signal and the
valve positioning signals are shown in Figs. 5.58 through 5.60. Figures
5.61 through 5.67 show the fluid densities measured by the gamma
densitometer. Figures 5.68 through 5.71 show momentum fluxes measured by
drag disks. Figures B.72 through 5.80 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. 5.81 through 5.98. Figure 5.100
shows outer surface temperatures of channel box A. Figures 5.101 through
5 132 show the fuel rod cladding temperatures in a different manner .

Figures 5.133 through 5.145 show the fluid temperatures at the inlet and
outlet of the channel box. The outer surface temperatures of the channel
hox are shown in Fig. 5.146 with the same vertical axis. The fluid tempera-
ture in the lower plenum was measured as shown in Fig. 5.147. The liquid
level signals in the core, the upper and lower plena, the guide tube and the
anwmcomer are shown in Figs. 5,148 through 5.157. The peak cladding temper-

ature (PCT) distribution in the core is given in Table 5.2.
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Quantities cbtained from reduction of the test data are shown in Fig.
5,158 through 5.189.

Figures 5.158 and 5.159 show the estimated liquid levels in the core and
*he pressure vessel obtained by reducing the conductivity probe signals
" previously shown in Figs., D.148 through 5.157. Figure 5.160 shows tran-
sients of the dryout and quenching times of the representative fuel rods in
the core. Figures 5.1681 through and 5.183 show the average density calcu-
lated from the data measured by two-beam gamma densitometer. The beam
configurations of gamma densitometers installed in the ROSA-III facility are
shown in Fig. 3.7. The average dénsity 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,
Dee = 0.3221ps + 0.43pg + 0.2479pc B5.1)

where,
P . average density obtained from the three-beam gamma densitometer,

pi . density measured by beam A (bottom),
ps . density measured by beam B (middle),
pc . density measured by beam C (top},

For the two-beam densitometer at the break spool piece,

Paw = 0.5863ps + 0.4137pp 5.1)

where,
P average density obtained from the two-beam gamma densitometer,

nsy . density measured by beam A (bottom),
pp . density measured by beam B (top).

Figures 5.164 through 5.187 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,

&= A a o P17 5.2)

where,
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& . mass flow rale,

{p : drag coefficient ( = 1.13 ),

A ¢ flow area ( = 1.923 x 107 w? ),

0. . average density from gamma densitometer,

pi momentum flux from drag disk.

The total break flows are derived from the flow rates in the recircula-

tion loop as follows (Figs. 5.168 and 5.169;,

Gy = G = Gy (5.3

a- © flow rate at the pump side of the break,

Gy . flow rate st the vessel side of the break,

The cummulated discharged mass from the breaks is calculated as inte-
grated break flow rates as shown in Fig. 5.170.

Figures 5.171 through 5.181 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 across the orifices or venturi flow meters and the liquid density
ostained from the temperature and the pressure condition. The equation used

for the calculation is as follows !

(= Cp-A- /29 -p1- 4P (5.4

where,
G flow rate,
AP : pressure drop across the orifice,
Cp : discharge coefficient,
0.6552 ( the orifice to measure the steam discharge flow rate )

(

0.4761 { the channel inlet orifice 3
{
(

it

H

0.8032 { the bypass hole )
0.7383

- 1.1960 { the venturi tube to measure the jet pump outlet flow

il

the orifice to measure the jet pump outlet flow rate )

11

rate )
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A . flow area { m* )
= 2.875 x 102 { the orifice to measure the steam discharge flow

rate ;
= 1.821 »x 102 { the channel inlet orifice )
= 1.758 x 10" ( the bypass hole )
= 1.133 » 10673 { the orifice to measure the jet pump outlet flow

rate
9.095 x 10* ( the venturi tube to measure the jet pump outlet

flow rate )
g . gravitational acceleration ( = 9.807 m/s® ),
p; . density of the single-phase liquid ( kg/m3 ),

This calculation methed 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 5.182 and 5.183 show the collapsed water level outside and
inside the core 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 5.184 through 5.186 show the fluid mass inventories in the
pressure vessel. The fluid mass inventory is determined from the density

and configurational data inside and outside the core shroud,

M=pr-d (5.5)
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),
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The volume & ¢ m3 ) inside the shroud is also given as a function of

collapsed water level inside core shroud (L),
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The total fluid mass inventory in the pressure vessel 1s 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

due to the unknown void distribution over the wide regions with

of'ambiguity

various flow

1S SegLimalel

areas.

as 840 kg.

The initial mass inventory before the break initiation

Figure 5.187 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,

i
i fo LG+ pre (W) +ope W D dE 6.8)

where,
M : mass accumulation,
¢ : steam discharge flow rate,
p; . density of satulated liquid at 315 K,
pe 1 density of satulated liquid at 489 K,
Wy © volumetric flow rate of the HPCS,
¥, : vclumetric flow rate of the LPCS,
W, . yolumetric flow rate of the LPCI,

Wr : volumetric flow rate of the feedwater.

Figure 5.188 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)i — Mp + M (5.9)
vhere,
Mg - fluid mass discharged from the break,
(Mp); : Fluid mass inventory in the pressure vessel ( = 640 kg ),
Mp - fluid mass inventory in the pressure vessel,
My - net fluid mass increase by the ECCS, the feedwater flow and the

steam discharge flow.

Figure ©.189 shows the break flow calculated from the fluid mass inven-
tory in the pressure vessel. The break flow is estimated from the mass

inventory as follows,

G - %MB (5.10)

where,
72 . break flow,
My : fluid mass discharged from the break.



JAERI-M 84-135

Table 5.1 Sequence of events in RUN S83
Time (s) Events and Procedures
-119 Initiation of data recording
- 10.4 Initiation of data plotting in figures
0.0 . Break initiation (QOBVs open)
* QSV closure
+ MRP1 and MRP2 coast down
« CV-130 full open, CV-1 and CV-2 closure
Feedwater stop (completed at 4 s)
Initiation of pressure control
8 Initiation of power decrease
10 Ll level (3.62 m from PV bottom)
12 JP suction uncovered
13 MSIV closure (completed at 15 s)
17 Recirculation line uncovered
18 lower plenum flashing
27 HPCS actuation
85 LPCS actuation
95 LPCI actuation
115 ADS actuation
690 Termination of data plotting
978 Termination of data recording




Table 5.2 Maximum cladding temperatures distribution in core

A-11 rod
PCT (K3
Time {(s)

A-12 rod
PCT (KD
Time (s

A-13 raod
PCT (XD
Time (s

A-1i4 rod
PCT (K2
Time (s

A-15 reod
PCT (K}
Time (s)

A-17 rod
PCT (KD
Time (s)

A-22 rod
PCT (K
Time (s)

A-24 rod
PCT  (K)
Time (s)

Tabie 3.2

A-26 rod
PCT (K)
Time (s)

A-28 rod
PCT (K3
Time (s)

A-31 rod
PCT (K3
Time (s)

A-33 rod
PCT (K2
Time {s)

A-34 rod
PCT (KD
Time (s)

A-37 rod
PCT (KD
Time (s)

A~42 rod
PCT (KD
Time (s)

A-44 rod
PCT (¥

Time (3)

Maximum Cladding Temperature

Pes.1

Pes.2

TE 202
559.1
0.0

TE 209
562.7
0.0

TE 216
569.5
0.0

TE 234
559.9
0.0

Pos.2

JAERI-M 84-135

Pos.3

TE 203
564.9
¢.0

TE 210
565.2
6.0

TE 217
565.7
G.0

TE 224

TE 235
563.5
.0

Pos.3

TE 255
559.8
0.0

TE 262

TE 273

Pos.4&

TE 204
567.1
0.¢

TE 211
564.9
0.0

TE 218
566.3
0.0

TE 225

TE 236
565.4
0.0

TE 243

Distribution

Pos.&

TE 254
563.8
0.0

TE 263

TE 274

Pos.5

TE 205
567.1
0.0

TE 212
S64.8
0.0

TE 219
584.7
0.0

TE 226

TE 237
567.2
0.0

TE 2&4

in the

Pos.5

TE 257
563.5
0.0

TE 264

TE 275

Pos.é

TE 206
566.2
0.0

TE 213
565.1
0.0

TE 220
565.9
0.0

Core

Pos.é

{(Continued)

Pos.?



Table 5.2
A-48 red
PCT (KD
Time (s
A-51 rod
PLT (KD
Time (s
A-53 rod
PCT (K)
Time (s
A-57 red
PCT (KD
Time (s)
A-62 rod
PCT  (K)
Time (s
A-66 rod
PCT (K2
Time (s
A-68 rod
PCT (KD
Time (s)
A-71 rod
PCT (K2
Time (sg)

Tabiez 5.2

A-73 rod
PCT (K3
Time (s)

A-75 rod
PCT (K)
Time {s)

A-77 rod
PCT (K3}
Time (s

A-82 rod
PCT (XD
Time (s2

A-84 rod
PCT (KD
Time (s)

A-85 rod
PCT (K3
Time (s

A-87 rod
PCT (K2
Time (s)

A-88 rod
PCT (K)J

Time {s)

Maximum ClLadding Temperature Distribution in the Ccore

Pos.1

Pos.2

JAERI-M 84-135

Pos.3

Pos.4&

TE 293
563.1
0.0

Maximum Clacding Temperature Distribut

Pos.1

TE 323
562.2
0.0

FPos.2

TE 299
565.4
0.0

Pos.3

TE 300
566.3
0.0

Pos.4

TE 295
564.5
0.0

TE 326
566.9
0.0

ion

Pos.5S

in the Core

Pos.5

TE 302
564.0
0.0

Pos.&

Pos.6

TE 303

S63.4
0.0

{(Conmtinued)

Pos.7

(Continued)

Pos.7
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Table 5.2 Maximum Cladding Temperature Distribution in the Core (Continued)
Pos,1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.6 Pes.7
B~11 rod TE 33¢C TE 331 TE 332 TE 333 TE 334 TE 335 TE 336
PCT (K> 5&2.4 563.3 565.4 564.3 563.5 564 .3 2 memme—a
Time (s) 0.0 0.0 0.0 0.0 0.0 0.0  =-—-—---
B8-13 reod ) TE 337
PCT (K3 S64.3
Time (s 0.0
B-22 rod TE 338 TE 339 TE 340 TE 341 TE 342 TE 343 TE 344
PCT (K3 S&43.4 S63.4 565.1 564.7 564, 4 563.2 562.8
Time (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.7
B-31 rod TE 345
PCT (X . T
Time ¢  mm==-=
B-33 rod TE 346
PCT (K3 S it
Time (s TT—m=—=
B-51 rod TE 347
°CcY X2 mm——==
Time (s =m===-
B-53 rod TE 348
PCT X . T
Time (s} - . mmm
B-&6 rod TE 349
PCT (K> . mmmem
Yime (s> Tmemm==
tasle 5.2 Maximum (ladding Temperature Distributicn in the (ore (Continued)
Pos.1 Pos.?2 Pos.3 Pes.4 Pes.5 Pos.é Pos.7?
B-77 rod TE 350 TE 351 TE 352 TE 353 TE 354 TE 355 TE 356
PCT (KD $61.3 548.0 568.5 562.8 564.9 564.3 562.3
Time (s) c.0 c.0 0.0 0.0 0.0 0.0 1.4
B-8& rod TE 357
PCT (K . Tmmemms
Time (s . Tmmme=
€C-11 rod TE 358 TE 359 TE 360 TE 361 TE 362 TE 343 TE 364
PCT (K2 560.9 563.2 563.2 562.1 559.4 565.2 557.5
Time (s) 0.0 . 0.0 0.0 0.0 0.0 . 0.0 0.7
€~13 rod TE 345 TE 366 TE 367 - TE 3468 TE 369 TE 370 TE 371
PCT (K) 559.3 561.2 543.0 563.2 563.8 564.6 562.3
Time (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.7
£-15 rod - TE 372
pcT (K  Tmmm==
Time ¢s mm====
€-22 rod TE 373 TE 374 TE 375 TE 376 TE 377 TE 378 TE 379
PCT (K2 S60.0 562.2 562.8 563.3 564.3 565.3 560.4
Time (s} 0.0 0.0 6.0 0.0 0.0 0.0 1.4
C-31 rod TE 380
PCT (x> . mm=—=
Time ¢ == ===
C-33 rod TE 381 TE 382 TE 383 TE 384 TE 385 TE 386 TE 387
PCT (KD 560.7 544 .3 560.7 562.4 5462.9 562.3 557.5
Time (s) 0.0 o.7 0.0 0.0 0.0 1.4 0.7



Table 5.2
€-35 rod
PLT (XD
Time (s)
C-66 rod
PCT (X)
Time (s
C-48 rod
PCT (KD
Time (s)
C-77 rod
PCT (KD
Time (s
b-11 rod
PET (XD
Time (s)
D-13 rod
PCT (KJ
Time (s)
D=-22 rod
PCY (K>
Time (s}
D-31 red
PCT (K>
Time (s)

D-33 rod
PCYT (KD
Time (s

D-5%1 rod
PCT (K>
Time {s3

D-53 rod
PCT (K
Time (s

D-66 reod
PCT (KD
Time (s)

D-77 rod
PCT (X
Time (s

D-86 rod
PCT (KD
Time (s)

JAERI-M 84-135

Maximum Cladding Temperature Distribution in the Lore (Continueda)

Pos.1 Pos.2 Pos.3 Pos.4 Pes.5 Pos.é6 Pos.7

TE 391 TE 392 TE 393 TE 394 TE 395 TE 396 TE 397
561.7 564.3 565.2 564.4 565.3 563.3 561.4
0.0 0.0 0.0 0.0 0.0 0.0 0.7

TE 400 TE 401 TE 402 TE 403 TE 404 TE 405 TE 406
S61.2 574.9 562.5 566.3 564.0 565.3 560.4
0.0 81.2 0.0 c.0 0.0 0.0 0.7

Maximum (iaacing Temperature Distribution in the (Core (Continued)

Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.6 Pos.7

TE 413
5565.1
0.0



JAERI-M 84-135

Table 5.2 Max{mum Cladding Temperature Distribution in the Core (Continued)
xx Order of PCT =xx
Ne. 1 D-22 rod Pos. ¢ PCT = 574.9 (K) Time = 81.2 (s)
No. 2 D-13 rod  Pos. 4 PCT = 570.9 (X) Time = 0.0 (s)
No. 3 A-13 rod Pos. 2 PCT = 569.5 (K) Time = 0.0 (s)
No. & B-77 rod Pos. 3 PCT = 568.5 (K) Time = 0.0 (s)
Ne. 5 B-77 rod Pos, 2 . PCT = 568.0 (K2 Time = 0.0 (s)
No. 6 A-22 rod Pos. & PCT = 567.2 (X} Time = 0.0 (s>
No. 7 A-57 rod Pos. 4 PCT = 567.2 (K) Time = 0.0 (s
No. 8 A-11 red Pos., 5 PCT = 567.1 (K) Time = 0.0 (s)
No. 9 A-11 rod Poes. 4 TPCT = 567.1 (KJ Time = 0.0 (s)
No.10 A-88 rod Pos. 4 PCT = 566.%9 (KJ Time = 0.0 (s)
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Fig. 5.104 Surface temperature of fuel rod A28 at position 4
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Fig. 5.108 Surface temperature of fuel rod AB7 at position 4
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ABB at position 1
--130



JAERI-M B84-135

<
+
3 O TE 202 O TE 208 A TE 216 + TE 317 & TE 324
g RUN 983
3
w
©
2
x
(18]
o
2R
[am
o
il
a.
o
[TRR—3
~ E\
] \
B
-« p *‘:._;-
“'—\.nh
3
B0 0 50 10c 150 2eo 250 300 380 4G] 450

TIME 5

Fig. 5.1'5 Surface temperatures of fuel rods All,Al1Z2,A13,A87 and

ARS8 at position 2

<
+
8 O YE 203 @ TE 210, A TE 217 + TE 318 <& TE 325
o RUN_983
=]
8
@
=
=]
X
w
g
=r
[vad
o=
L
o
o
@
—w
g \-s\
S W
o
SR =G
o
&60 0 &0 100 160 204 250 3Ico 350 400 460

TIME &
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A88 at position 3
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Fig. 5.117 Surface temperatures of fuel rods Al11,A12,A13,A87 and

AB8 at position 4
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at position 2
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Fig. 5.123 Surface temperatures of fuel rods A22,B22,C22 and D22
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Fig. 5.136 Fluid temperatures at channel A outlet
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6. Test Results of ROSA-III and Discussions

Brief interpretations for the test results of a 200% suction line break
test (RUM 983) in the ROSA-III facility are presentd and the foundings as to
the effect of different test conditions, such as lower MSIV trip level and
lower power generation rate compared with the other ROSA-III test, RUN 902
which is a 200% break test with normal test conditions are also described in

this section.
6.1 Major Events of ROSA-III Test RUN 983

{1 Blowdown Phase

Mzior avents found in the test results (see Table 5.1) of RUN 983 shown
in Cnapter 5 are summarized as follows.

Rlovdown was initiated by quickly opening the QOBVs at breaks A and B
and the QSV (quick shut valve) was closed simul taneously so that double-
ended break could be simulated. Thereafter coolant in the system continued
to be discharged from the breaks. There are two break flow paths i.e., one
from the bottom of downcomer to break B and the other from downcomer middle
vart and lower plenum to break A through the jet pump drive nozzles and the
recirculation pump (MRPZ2) in the broken loop as shown in Fig. 6.1.

The system pressure turned to decrease after break {see Fig. B.1) and
the pressure control system actuated as expected at 6.7 MPa at 6 s after
wreac  Until initiation of the MSIV closure at 13 s after break, the system
pressure was maintained constant by automatically controlling the steam flow
rate. The controlled steam flow rate is shown in Fig. 5.40.

The feedwater supply was terminated between 2 s and 4 s after break. The
vater level in the downcomer decreased rapidly after break (see Figs. 5.39
and 5.186). The time of L1 level 10 safter break was estimated by extra-
porating the data of downcomer water level fall of the other ROSA-III test.
The test result showved that downcomer level fell to L1 level (3.6 m from PV
bottom) actually 10 s after break. The L1 level signal caused the MSIV
closure with time delay of 3 s and ADS actuation with time delay of 105 s.
The recirculaticn line uncovery at 17 s after break caused rapid depressuri-

zaticn and lower plenum flashing at 18 s after break.
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{(2) Reflooding Process

The HPCS, LPCS and LPCI were actuated at 27 s, 85 s and 95 s after
hreak, respectively (see Fig. 5.41). Mass inventory in the downcomer
increased gradually after the HPCS actuation and increased faster after the
completicn of reflooding inside core shroud (see Fig. 5.188), while that
inaide core shroud increased rapidly after the LPCI actuation {(see Fig.
5.189). Tt is indicated in these figures that core was filled up faster
than the downcomer and that voids existed in the downcomer for a little
longer time 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. Thus the collapsed water level
inside core shroud showed higher value than that in the downcomer both in
ihe 2lowdowyn and refloocing phases.

Mass inventory in the intact recirculation line piping can be estimated
from 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
refill of the intact recirculation loop is delayed due to larger steam
generation caused by stored heat release at the recirculation pump and
piping structures. Namely, initiation of refill at the jet pump discharge
line. recirculation pump discharge line were observed about 30 s and 200 s
after the IPCI actuation and that at the recirculation pump suction line was
delayed more than 350 s after the LPCI actuation. These facts indicate that
steam flooding occured at the outlet nozzle to the recirculation loop and at
ta et nump nozzles for a long time after LPCI actuation.

{3 Core Cooling Behavior

Hydraulic behavior in the core is shown by the mixture level transients
shown in Figs. 5.150 through 5.152 and supplemented by the surface tempera-
tures of fuel rods shown in Figs. 5.83 through 5.134. The dryout and quench
fronts of the fuel rods shown in Fig. 5.184 are similar to the water level
transients shown in Fig. 5.162. The peak cladding temperatures are listed

in Table 5.2.
The following observations have been obtained from these data.

1Y The nesk cladding temperature (PCT) was B7D K (302 C) detected at
position 2 of D22 rod at 91 s after break (6 s after LPCS actuation).
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(2) Most of fuel rods were cooled well by HPCS actuation which contributed
largely to supply water to the core in the early blowdown phase and by
LPCS and LPCI actuations which contributed'to keep the mass inventory in
the core and keep the fluid temperature in the subcooled condition in
the later test phase. Short dryout times were observed at the upper
part of B22 and D22 rods and lessor dryout at Bl11 and B77 rods. These
dryouts were diminished after actuations of LPCS and IPCI. No dryout of
fuel rods were observed in A and C bundles.

(3) Different flow patterns were observed among the four equivallent fuel
bundles during the time period after the termination of lower plenum
flashing (30 s after break) until 230 s after break as shown in the core
inlet flow rates (see Figs. 5.176 through 5.179). From 30 s to 170 s,
downward flows were observed in B and D bundle inlets and upward flows
in A and O burdle inlets. Then at 170 s, the flow pattern was changed
to another flow pattern, namely large downward flows in A and D bundles
and large upward flows in B and C bundles.

These are natural circulation occured among the equivallent four
fuel bundles. The flow pattern change is closely related to diminishing
of void fraction in the bundles, especially in the B and D bundles where

dryout of fuel rods were observed.

6.2 Comparison with Related ROSA-III 200% Break Test

Mejor test results of RUN 983 are compared with other related ROSA-III
test. RUN 902, which is a 200% suction line break test with 2 LPCI failure
and normal ROSA-III test conditions. The effects of different test para-
meters, such as MSIV trip level, power generation rate with flat power
profile and feedwater temperature on the large break IOCA phenomena are

shown below.
(1) Pressure Response and Major Events

Major test conditions and events of two tests, RUNs 883 and 07, are
compared in Table 6.1 and 6.2. The lower plenum pressure, collapsed water
jevels estimated from the differential pressure data in the upper and lower
Jeurccmer, differential pressure between top and bottom of PV, which repre-

sents mass inventory inside core shroud, steam line flow rate, feedwater
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flow rate and three ECCS flow rates in the two tests are compared in Figs.
6.2 through 6.10. These test results show good coincidence of pressure
response and major events, such as MSIV trip, lower plenum flashing, ECCS
injection between RUNs 883 and 902 except for 17 seconds after break.

Little differences were cobserved between the two tests results as shown
below. A faster depressurization was observed after break in RUN 983. The

cver initial steam flow In RUN 983 was the results of lower core power and
lover feedwater temperature compared with those of RUN 902. The steam flow
rate in RUN 883 increased to the same value as that of RUN 902 after break.
The lower MSIV trip level (L1: 3.8 m from PV bottom, 10 s after break) and
actuation of pressure control system in RUN 883 caused also a little diffe-
rence of pressure response from that of RUN 902 as shown in Fig. 8.2. The
MSIV in RUN 983 tripped at 13 s , while that in RUN 902 tripped at 7 s by
the 12 lavel (A 78 m from PV bottom) with time delay of 3 s.

A little slower level fall was observed after break in RUN 883 in spite
of lower initial downcomer water level compared with those in RUN 902. The
slower level fall in RUN 983 was caused by smaller discharge flow rate
through the jet pump nozzles as shown below. Figures 6.11 and 6.12 show
pressure distribution along the break flow path toward break A in RUNs 983
and 902, respectively. These figures show that two-phase choking occured at
the break A in RUN 983, while it occured at jet pump drive nozzles and break
A at least after the recirculation line uncovery at 13 s in RUN 902. Figures
£ 13 and 6.14 show differential prerssures across the jet pump drive nozzles
i RUNs 33 and 902, respectively. It is evident from these figures that
12 digeharge flow rate through the jet pump nozzles in RUN 883 was much
graller than that in RUN 802. On the other hand, the break flow rate
through the break B in RUN 983 was supposed to be similar to that in RUN 902
from comparison of the pressure distribution along the break path toward
hreak B of the two teats {(compare Fig. 6.15 with Fig. 6.16).

The lower feedwater temperature in RUN 883 (23 C) caused no flashing of
feedwater remained in the feedwater line piping, while the feedwater flash-
ing occured at 65 s after break in RUN 902 affected the system pressure to
slow down the depressurization rate and consequently resulted in delay of
LPCI injection time (see Figs. 6.2 and 6.7). In RUN 902, the flashed
feedwater flowed into the upper downcomer and generated much saturated or
super heated steam by receiving the stored heat of pressure vessel wall,
©iiler blocks attached at the core shroud outer surface and other internal

structures. At 65 s in RUN 902, the saturated temperature was 489 K (216

—175—



JAERI-M 84-135

3, while the metal surface temperatures of pressure vessel wall and other
thick metals were estimated as close as the initial metal temperature of 552
¥ (273 C) because those metals were dryed out into steam after the downcomer
level fall to the bottom of the downcomer. And the remained hot feedwater
in the feedwater line is 0.035 m3, which can be compared with the remained
water in the lower plenum and core estimated as O.i mS from the differential
pressure data by assuming veid fraction of 0.5 at the time of 65 s after
break. Thus the feedwater flashing contributed to slower the depressuriza-
tion rate.

A little lower power in RUN 983 compared with that in RUN 902 (see Figs.
8.73 and 6.74) contributed to the earlier depressurization. The difference
of integrated powers between the two tests was estimated as 2.66 x 104 kJ
for the bundle A and 2.24 x 104 kJ for the bundles B, C and D during the
sime neriod of PO s after break. when the difference was dominant. The
total value of the difference of integrated power of 5.80 x i0% ¥J
corresponded to 38% of the total power geherated in the four bundles of RUN
883, This smaller power generation contributed to smaller steam generation
for 200 s in RUN 983.

The HPCS was actuated at 27 s by a timer in RUN 983, while that in RUN
902 was actuated at 32 s by [2 level signal with time delay of 27 5. The
LPCS injection in RUN 983 was delayed 15 s than that in RUN 902 due to lower
actuation pressure compared with RUN 902. The LPCI injection flow rate of
RUN 902. however, was not shown in the figure except for a short time period
after actuation because of malfunction of the LPCI turbine flow meter. The
sverage LPCI flow rate in RUN 902 was estimated as 1.343 x 103 mEVs between
108 s and 450 s from the water level data of the LPCI tank. The ADS was
actuated at 115 s in RUN 983 due to L1 level (10 s after break) with time
delay of 105 s, while that in RUN 902 was actuated at 132 s by L1 level (9 s
after break) with time delay of 123 s.

{2} Water Level and Mass Inventory in PV

Figures 6.17 and 6.18 show the collapsed water levels inside core shroud
estimated from the gifferential pressure between top and bottom of PV (D5,
see Fig. 6.4) and collapsed water level in the downcomer which are the sum
of upper and lower downcomer water levels (see Fig. 6.3) built up on the
sottem of downcomer (EL 0.938 m from PV bottom). The contribution of fric-

tional pressure drop included in the estimated collapsed water levels was
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negligible except for short time periods after break initiation, lower
plenum flashing and ADS actuation.

These figures show the same trend of transient collapsed water levels 1in
the pressure vessel in the two tests. Namely, the higher core shroud level
than that in the downcomer was maintained in the test pericds. The increase
of mass inventory inside core shroud was found in common after LPCI actua-
tion, while that in the downcomer was delayed for a long time from the LPCI
actuation., The delay of downcomer level recovery was caused by steam
discharge from the lower plenum, which was the results of large heat release
from the lower plenum wall. The water mass flowed into the downcomer
discharged from the break nozzle. Heat release from the pressure vessel
wall at the downcomer and filler blocks contributed to generate steam and
keep higher void fraction of the downcomer fluid.

A little later downcomer level fall was observed in RUN 283 compared
with RUN 902 due to the reason mentioned previously, The excess water mass
inside core shroud in the initial state of RUN 983 also contributed to the
level delay. The initial fluid mass inside core shroud in RUN 983 wvas
larger than that in RUN 902 because of the lower initial enthalpy distribu-
tion of RUN 983, The initial average fluid quality in the upper plenum was
3.4% in RUN 983, while that in RUN 902 was 13.1%. And therefore, the excess
water mass inside core shroud in RUN 983 compared with RUN 902 was estimated
as about 30 kg. Figures 8.19 through 6.22 show fluid densities in RUN 902 at
the location of break A and break B. These density data are compared with
those of RUN 983. The density data measured upstream the break B in both
taste, RUNs 9R3 and 902 agreed well. The density data upstream the break A
in RUN 983, however, was a little higher than that in RUN ©02. The reason
of larger amount of water mass in the break flow path between the jet pumps
and break A was fairly smaller break area in RUN 983 (15%) compared with
that of RUN 902 (100%). The fluid densities of RUN 983 showed earlier
increase after ECCS actuation corresponding the earlier mass recovery in the

pressure vessel compared with the test results of RUN a02.
(3) Fuel Rod Surface Temperature and Mixture Level in Core

Figures 8.23 and 6.24 show the electric power supplied to the bundle A
and bundles B, C and D in RilNs 883 and 902. Flat power profile was given to
four bundles in RUN 983, while radial peaking factor of 1.4 was given to
the high power bundle (bundle A) and 1.0 to the average power bundles

e
Y
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(bundies B, C and D) in RUN 802. 1In addition to this difference of radial
peaking factor. the transient power curves of the two tests were different.
The power curve used in RUN 983 (Ref. 28) was determined lately by simulat-
ing the correct rod surface heat flux of the reference BWR nuclear rods with
- meaximum peaking factor. On the other hand, the old power curve 30) uged in
RIN Q02 overestimated the stored heat of heater rods. Thus, the power
curves of the two tests were differeni as shown in Figs. 6.23 and 6.24.
Figures 6.25 through 6.28 compare the surface temperatures of All rod
Position 1 (top of core), Position 4 {center) and Position 7 (bottom of
core) and Cli rod Position 4 (center) of RUNs 983 and 902. All rod of RUN
902 had a radial peaking factor of 1.4. These figures show that middle and
upper part of All rod in RUN 802 dryed out into steam frequently but no
drvout was ohserved on the All rod of RUN 883.
“gures B .23 through B8.32 shov the surface temperatures of AZZ2, B2z, C22

[Ea

=

1

i

and LZ2 rods in RUN 902 and are compared with the corresponding surface
temperatures in RUN 983 (see Figs. ©.86, 5.92, 5.96 and 5.99), Figures 6.33
and 5.34 shov dryout and quench fronts in bundles A and C of RUN 902 and are
compared with those of RUN 983 (see Fig. 5.164). Figure 6.35 shoving the
mixture level transients in the pressure vessel in RUN 902 is compared with
thoge of RUN 983 (see Figs. 5.162 and 5.163). Figures 6.36 through 6.38 are
the individual mixture level signals in RUN 902, which are compared with
those of RUN 983 (Figs. ©.150 through 5.152).

It is found from the comparison of these figures between the two tests
that (1) dryvout points of fuel rods in RUN 883 were very few compared with
TN 902, (2) the mixture level covered most of the fuel rods in RUN 883,
while those in RIN 902 fell to the lower part of the core, (3) dryout and
auench fronts agreed well with the mixture level transients in both tests.
On the other hand, the collapsed water level inside core shroud in RUN 983
showed similar but a little higher value than that in RUN S0Z between 50 s
and 250 s. The difference of collapsed level was less than 0.5 m except for
s short time after initiation of feedwater flashing at 65 s after break (see
Figs. 5.17 and 6.18). This little larger amount of water inside core shroud
in UN 983 resulted in better core cooling shown above.

The peak cladding temperatures (PCTs) of the two tesis are compared in
Table 6.2. The early dryout recorded PCT in RUN 902 was not observed in RUN
983 The PCT of RUN 983, 575 K, was very low and vas close to the initial

cng murface Lwmperature. The lower PCT in RUN 083 was the results of lower

2

heat flux and higher mixture level in core compared with that of RUN S0Z.
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Table 6.1 Test conditions of RUNs 883 and 902

Items RUN 983 RUN 902

Objective FIST Counter—part ROSA-III Standard
Test Test

Break Condition
Break Area (%) 200 200
Break Location Suction Line Suction Line

Initial Conditions

Pressure in Steam Dome {(MPa) 7.19 7.35
Total Core Power {MW) 3.614 3.962
Radial Peaking Factor 1.0 1.4
Power Curve New 01ld
Total GCore Flow (kg/s) 35.9 16.2
Core Inlet Subcooling (K) 11.6 10.3
Upper Plenum Quality (%) 3.4 13.1
Feedwater Temperature (K} 296 489
Water Level (m) 4.8 5.0
Transient Conditions
ECCS Mcde 2 LPCI Failure 2 LPCI Failure
HPCS Actuation 27 L2 + 27 s
LPCS Actuation L1 + 40 s L1 + 40 s
PZ1.9 MPa PZ2.2 MPa
LPCI Actuation L1 + 40 s Ll + 40 s
PX1.6 Mpa PZ1.6 MPa
ADS Actuation L1 + 105 s L1 + 120 s
ADS Orifice Diameter (mm) 21.1 15.5
MSIV Trip Ll +3 s L2 +3 s
L2 Level (m) 4.60 4.76
L1l Level (m) 3.62 (10s) 4.25
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Table 6.2 Comparison of major events in RUNs 983 and 902

Events (s) RUN983 RUN902
Break Initiation 0 0
Initiation of Pressure Control 6 -
Initiaticn of Power Decrease 8 9
L1 Level , 10 g
MSIV Closure 13 7
Recirculation Line Uncovered 17 13
Lower Plenum Flashing 18 18
HPCS Actuation 27 32
Feedwater Line Flashing - 65
LPCS Actuation 85 70
LPCI Actuation 95 95
ADS Actuation 115 132
PCT Time (s) 91 20
PCT (X) 575 761
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Conclusions

A Z200% recirculation loop suction line break test, RUN 983, was per-

tormed assuming 2 LPCI failures in the ROSA-III program,

1)

&)

‘4

Findings obtained in the test RUN 983 are .
Initial and transient test conditions were successfully achieved and
most of the instrumentation functioned well. The test data are pre-

sented in Figures and Tables with time scale between -10 s and 690 s.

' The pressure transient shows that the system pressure was maintained at

8.7 MPa due to actuation of pressure control system and initiated to
increase at 13 s after break due to MSIV closure caused by L1 trip level

lgnal with a time delay of 3 s. The lower plenum flashing occured

lmmediately after the uncovery of the recirculation line. The HPCS,

LPCS and LPCI were injected at 27 s. 8% s and 85 s, respectively,

3 Most of the fuel rods were cooled well. The HPCS actuation contributed

primarily to the better core cooling. Short time dryout was observed at
the upper region in the two bundles B and D (namely at Bli1, B2Z2, B77 and
D2 rods ). The PCT was B K (302 C) cobserved after LPCS actuation at
position 2 of D22 rod.

The dryout behavior of fuel rods had a close relation to the mixture
level fall in the core detected hy the conduction probes at the inner

surfaces of the channel boxes.

v Twe flow patterns were observed among the four fuel bundles which had

the same pover generation. Namely, downward flow was observed after the
lowver plenum flashing at the side entry orifices (SEOs) of the bundles B
and b and upward flow for bundles A and C. After completion of quench
in the bundles B and D, the flow pattern was changed to downward flow at
SEOs of the bundles A and D and upward flow for the bundles B and C.

The effects of following test parameters on the large break LOCA pheno-

mera were obtained by comparing the test results of RUN 983 and RUN 902. The

mator differences in the test conditions between the two tests were (a) MSIV

trip level, (b} feedwater temperature, {(c} radial power profile and (d)

osovern Zurve,

—203—



JAERI-M 84-135

(1) The lower MSIV trip level in the downcomer water level resulted in a
delay of MSIV closure and resulted in the actuation of the pressure
control system. In a large break LOCA, alteration of MSIV trip level
from 12 to L1 affected little the pressure response and the mass inven-
Lory.

The lower feedwaler temperature (236 K) resulted 1n no flashing and

S

faster depressurization which caused the earlier actuations of LPCS and
[PCI and therefore the lower PCT.

(3) The effect of core power profile on the transient core cooling phenomena
vas not so evident as the difference of transient heat fluxes between
the two tests.

(4) The lower PCT was resulted in RUN 983 by lower heat generation rate and
higher mixture level in the core compared with those of RUN 902. The
‘arger mass lnventcry due to lower initial core outlet gquality in RUN

a8 contributed to the higher transient mixture level in core.
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(1) The lower MSIV trip level in the downcomer water level resulted in a
delay of MSIV closure and resulted in the actuation of the pressure
control system. In a large break LOCA, alteration of MSIV trip level
fvom L2 to L1 affected little the pressure response and the mass inven-
tory.

. The lower feedwater temperature (296 K) resulted in no flashing and

P
M
—

faster depressurization which caused the earlier actuations of LPCS and
LPCI and therefore the lower PCT.

(3) The effect of core power profile on the transient core cooling phenomena
vas not so evident as the difference of transient heat fluxes between
the two tests.

{4) The lower PCT was resulted in RUN 983 by lower heaﬁ generation rate and
higher mixture level in the core compared with those of RUN 902. The
Carger mase inventory due to lower initial core outlet quality in RUN

983 contributed to the higher transient mixture level in core.
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