JAER | -M
86-038

BWR 2009 RECIRCULATION PUMP SUCTION
LINE BREAK LOCA TESTS, RUNS 942 AND
943 AT ROSA-NII WITHOUT HPCS

—EFFECTS OF INITIAL FLUID CONDITIONS ON LOCA —

Mareh 1986

Mitsuhiro SUZUKI, Kanji TASAKA, Yoshinari ANODA,
Hiroshige KUMAMARU, Hideo NAKAMURA, Taisuke YONOMOTO,
Hideo MURATA anb Yasuo KOIZUMI

B ¥ B F H W ® M
Japan Atomic Energy Research Institute



JAERI-M LR — bid, BAERF DR TEBIILAT L T AHERSETT,
AFOMEAH L, BAET RS REERAMEE (731911 KBS EREA)
HT, BELILL{ES N, 48, IOEPICHEEAECILGESREL Y & — (F319-11 2R3

AR BRSIEAT AR £ DRFRITTN) CHETICEAEREMRE I - Th 0 E T,

JAERI-M reports are issued irregularly,

Inquiries about availability of the reports should be addressed to Information Division, Department
of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun,
Ibaraki-ken 319-11, Japan.

) Japan Atomic Energy Rescarch Institute, 1986

SEFIIT B AET U E
ER i h H O#¥ P Rl AT



JAERI-M 86-038

BWR 200% RECIRCULATICN PUMP SUCTION LINE BREAK LOCA
TESTS, RUNS 842 AND 943 AT ROSA-I1I WITHOUT HPCS
~ EFFECTS OF INITIAL FLUID CONDITIONS ON LOCA -

Mitsuhiro SUZUKI, Kanji TASAKA, Yoshinari ANODA,
Hiroshige KUMAMARU, Hideo NAKAMURA, Taisuke YONCOMOTO
Hideo MURATA and Yasuo KOIZUMI

Department of Reactor Safety Research,
Tokai Research Establishment
Japan Atomic Energy Research [nstitute
Tokai-mura, Naka-gun, Ibaraki-ken, Japan
{ Received February 5, 1986 )

This report presents the experimental results of RUNs 942 and 943 in
ROSA-III program. which are 200% recirculation pump suction line break LOCA
tests with assumption of HPCS failure. The ROSA-III test facility simulates
a BWR system with volume scale of 1/424 and has four half-length electri-
cally heated fuel bundles, two active recirculation loops, ECCS's, and steam
and feedwater systems.

Effects of initial core void distribution and other fluid conditions on
overall LOCA phenomena with special interest on transient core cooling
phenomena were investigated by comparing the present test results with those
of RUN €26, a 200% suction line break test with standard initial fluid
conditiong. The initial core ocutlet quality was changed between 5% and 43%.
As conclusions, (1) the initial lower core flow and higher void fraction
affected significantly the core cooling conditions and resulted in earlier
and higher PCT. (2) The lower plenum flashing temporarily contributed to
cool down the core., (3} Flashing of remained hot water in the feedwater
line affected slightly the pressure response and delayed the actuation of
LPCI by {1 seconds. {4) The whole core was completely cooled down within

104 seconds after the LPCI actuation in these large break tests.

Keywords: BWR, LOCA, ECCS, Integral Test, ROSA-I1I1I Program,
Recirculation Suction Line, 200% Double-Ended Break,

Void Distribution, Core Inlet Subcooling, Feedwater Flashing
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ABBREVIATIONS
ADS Automatic Depressurization System
AT Alr Tank
AV Alr Actuation Valve
{2)8 {(2) inches Pipe of Schedule B0
BN Boron Nitride
BWR Boiling Water Reactor
CA Chromel-Alumel
CCFL Counter Current Flow Limitiag
CHV Check Valve
ce Conductivity Prove
cv Control Valve
CWT Cooling Water Tank
D Differential Pressure
d Diameter
DF Density of Fluid

DL(+100) Elevation (+100 mm) from the Bottom of PV

ECCS Emergency Core Cooling System
ESF Engineered Safety Features

EX Heat Exchanger

F Flow Rate

Fig. Figure

FS Full Scale
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FWLF Feedwater Line‘Flashing

FWP Feedwater Pump

FWT Feedwater Tank

HPCS High Pressu;e Core Spray
HPCSP High Pressure Core Spray Pump
HPCST High Pressure Core Spary Tank
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Fig. 5.313 Fluid inventory in downcomer

Fig. 5.314 Fluid inventory inside core shroud
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1. Introduction

The Rig of Safety Assessment (ROSA)-I1I program(l) was initiated in 1976
to study the thermal hydraulic behavior of a Boiling Water Reactor (BWR)
during a postulated Loss-of-Coolant Accident (LOCA) with the Fmergency Core
Cooling System (FECCS) actuation and to provide the data base to evaluate the
predictability of computer codes developed for reactor safety analysis. The
ROSA-IIT test facility(z> fabricated in 1978 consists of a volumetrically
scaled (1/424) primary system of a 3800 MW BWR/B(251-848)(3) with the
electrically heated core, the break simulator and the scaled ECCS. The
objectives of the ROSA-III test program are as follows,

(1) To study the basic thermal hydraulic behavior during a BWR LOCA. The
performances of the ECCS's are of primary interest.

{2y To identify and investigate any unexpected event (s) or threshold(s} in
the -response of the plant and to deﬁelop analytical techniques that
adequately account for such unexpected behavior.

{3) To provide the system data required to improve and evaluate the
analytical codes currently used to predict the LOCA transients of large
BWRs.

To meet these objectives, various kinds of ROSA-III tests have been
performed.(4)“<38) Similar experimental studies on the BWR/LOCA phencmena
have been performed also at TLTA, (37 FIST(38) and TBL(39@) with the similar
initial fluid conditions as the BWR. It is useful to study effects of
variations in the initial fluid conditions including the core void distribu-
tion and core inlet subcooling in order to increase the understanding of a
BWR LOCA.

The report presents the experimental results of 200% recirculation pump
suction line break tests, RUNs 842 and 843 and the experimental evaluation
results of the effects of initial core fluid conditions on the transient
thermal hydraulic phenomena. In RUN 942, the core flow rate is lowered to
establish a higher initial core outlet gquality of 43%, whereas it is
increased to establish a lower initial core outlet guality of 5% in RUN 943.
These tests results are compared with those of RUN 926, (Z2) yhich is the
standard 200% break test with initial core outlet quality of 15%. The

. comparison results are discussed in Chapter 6.
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2. ROSA-TIT Test Facility

The ROSA-III test facility 1s 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 illustrate
configuration of the test facility, the pressure vessel internals and the
piping schematics, respectively. Table 2.1 compares the major dimensions
of the ROSA-III test facility to the corresponding dimensions of the refe-
rence 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 consists of four simulated fuel
assemblies of half length and a control rod simulator. Fach fuel assembly
contains 62 heater rods (Fig. 2.9) and 2 water rods spaced in a 8 x 8 square
array and supported by spacers and upper and lower tie plates. The heater
rod is heated electrically with chopped cosine power distribution along the
axis as shown in Fig. 2.6. The effective heated length is 1830 mm, one half
of the active length of a BWR fuel rod. The high power with radial peaking
factor of 1.4 was supplied to the fuel assembly A" and average power was
supplied to the other three bundles 'B", "C" and D" with radial peaking
factor of 1.0. The heater rods in each assembly are divided into three
groups with respect to heat generation rate as shown in Fig. 2.7. The total
electric pover 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 1.D, in one

assembly is inserted at each core inlet to control the core inlet flow.

The steam line is connected to the steam dome of the pressure vessel. A
control valve is installed in the steam line to control the steam dome

pressure in steady state befcre 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 inclﬁding the MSIV is
described in Chap.4. The feedwater 1s supplied from the feedwater tank
(FWT) through the feedwater 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. FEach
line is furnished with a pump and two jet pumps. The jet pumps are
installed outside the pressure vessel to simulate the relative volume and
the relative height to the core. Two break simulators and a quick shut-off
valve {(QSV) are installed in one of these loops to simulate the various
break conditions. Each break simulator consists of nozzle or orifice to
determine the break size and a quick opening blowdown valve (QOBV) to
initiate the test. The break mode (double-ended or split), the break size
and the break location can be changed as the test parameters. The diameter
of the largest nozzle and orifice avallable is 26.2 mm. Figure 2.10 shows
two QOBVs, a QSV and flow nozzles installed upstream of the QOBVs. Several
flow nozzles and orifices of different size are prepared to vary the break
size,

The ROSA-TII test facility is furnished with all kinds of the ECCS's
avallable in the BWR system, i,é., the High Pressure Core Spray (HPCS), the
Low Pressure Core Spray (LPCS), the Low Pressure Coolant Injection (LPCI),
and the ADS. The HPCS and the LPCS spray the cooling water on the top of
the core. The LPCI injects the cooling water into the core bypass. Each
ECCS consists of a pump, a tank, piping, and a control system. In the tests
of RUNs 942 and 943 a single failure of HPCS diesel generator 1s assumed.

The water level 1n the upper downcomer was measured by a differential
pressure transducer and used for the actuations of ECCS's. The LPCS and
[PCI in the BWR/6 system are designed to actuate by either the high contain-
ment pressure signal or the low downcomer level signal (L1) and to inject
the water at their design pressure, P=2.16 MPa and 1.57 MPa, respectively.
The actuation signal for the LPCS and LPCI for the present tests is repre-
sented by the low downcomer level (L1). The ADS and the MSIV were actuated
as follows.

LPCS Actuation = (L1 + 40 8 } + {P less than 2.16 MPa)
LPCI Actuation = (L1 + 40 s ) + (P less than 1.57 MPa;}
ADS Actuation = L1 + 120 s

MSIV Closure = [2+ 3 s
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Table 2.1 Primary chracteristics of RCSA-III and BWR/GI

BWR-6 ROSA-TII BWR/RQS5A
No. of Recirc. Loops 2 2 l
No. of Jet Pumps 24 4 6
No. of Separators 251 1 251
No. of Fuel Assemblies 848 4 212
Active Fuel Length (m) 3.76 1.88 2
Total Volume (mS) 621 1.42 437
Power (Mw) 3800 4.40 B64
Pressure (MPa) 7.23 7.23 1
Core Flow (kg/s) {.s4ax10® 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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Fig. 2.4 Pressure vessel internals arrangement
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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 the present tests. Tables 3.2 and 3.3 show the measurement list and the
core instrumentation list, respectively. The signatures of NM, NU and FL in
the figure number column of Table 3.2 mean "not measured’, "not used” and
"failure”, respectively. Instrumentation locations are shown in Fig. 3.1
through Fig. 3.6. Typical measured parameters in the ROSA-III are pressure,
differential pressure. flow rate, electric power, pump speed, fluid and
metal temperatures, collapsed liquid level, two-phase mixture level, fluid
density, trip signals and so on.

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

The flow rate is measured by four types of instrumentations, 1i.e.,
turbine flow meter, orifice type flow meter, Venturi type flow meter and
momentum flux measurement equipment depending on the fluid condition and
measuring location. The turbine flow meter is used for subcooled water flow
such as ECCS injection flow and feedwater flow. The orifice type flow meter
is used for both flows, one is steam line flow including ADS flow and
another one is jet pump discharge flow in the broken 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 mmg.
The thermocouples for fuel rod cladding temperatures are imbedded at the
surface of the cladding as shown in Fig. 2.5. There are seven (maximum)
thermocouples for one fuel red along the axial direction.

Liquid levels are measured by either differential pressure transducers,

— 14 —
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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 electric power meter, _

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

Fluid density in the pipe is measured by means of gamma densitometers.
Preliminary studies indicate that two-beam and three-beam densitometers
should be used to determine the flow regime. Figures 3.7 and 3.8 shov the
beam directions of the three-beam and two-beam gamma densitometers. The
gamma-ray source 1is 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. 3.8. 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. 3.10.

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 MP00 system computer at JAERI by
off-line control. After evaluation, for example by comparing the initial
and final pressure values with standard values, the data is reprocessed
using the correct conversion factors as determined from the consistency
examination.

More detailed information on the data processing procédure are avallable

in reference {(40).
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Table 3.3 Core instrumentation map

Item Pos. gﬁiiet Pos.l {Pos.2 {Pos.3 | Pos.4 | Pos.S |Pos.6 |Pos.7 g§§:t
ng 2 3660 | 3417 |3114.5(2879.5) 2527 | 2174.5|1939.5{1637 | 1454
Surfacel All TF 1 |TF 2 |TF 3 |TF 4|TF S |TF 6 |TF 7
Temp. | 412 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
Al4 TF 22 |TF 23 |TF 24 |TF 25 | TF 26 |TF 27 |TF 28
AlS TF 29 TF 30
A7 TF 31 TF 32
A22 TF 33 |TF 34 {TF 35 |TF 36 | TF 37 ITF 38 |TF 39
AZ3 TF 40 |77 41 |TF 42 | TF 43| TF 44 |TF 45 |TF 46
A24 TF 47 |TF 48 |TF 49 | TF 50 | TF.51 |TF 52 |TF s3
AZ6 | TF 54 TF S5
A28 TF $6 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 TE 77
A42 TF 78 TF 79
PR 4 |1 1 |TF180 |TF18L |TF182 | TF183 | TF184 |TF185 |TF186 | 1C 2
Surfacel A45 TF 80 TF 81
Tem. | a46 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS4 TF 90
A57 TF 91 TF 92
A62 TE 93 TF 94
A64 TF 95 TF 96
AGS TF 97 TF 98
A68 TF- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
CA77 TF107 TF108
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Table 3.3 Core instrumentation map (Continued)

Item s. | COT® Ipn,s. 1 | Pos.2 |Pos.3 | Pos.4 | Pos.5 |Pos.6 | Pos.7 | Core
DL O'utlet Inlet
Rod >
Ng’ 3660 | 3417 |3114.5/2879.5/2527 | 2174.5{1939.5| 1637 | 1454
Surface| A82 TF109 TF110 o
Temp. | iga TF111 TF112 ]
A86 TFL13 TF114 I
A88 TE1l1lS TF116
B11l TF117 )
B13 TF118 R
815 TF119 | TF120 | TF121 | TF122 | TF123 | TF124 | TF12S
B31 TE126
B33 TF127
B35 TF128
FIaa
Temp. | B44 c 3 !|TF187 | TF188 { TF189 { TF190 | TF191 | TF192 | TF193| TC 4
Surface| B51 TF129
Tem.
°TP- | B3 TF130
B85S TFL31 | TF152 | TF133 | TF134 | TF135 | TF136 | TF137
ci1 TF138
Cl3 TF139
C1S TF140
C31 : TF141
C33 TF142 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
c3s TF149
Flund .
Temp. | CA44 TC $ | TF194 | TF195 | TF196 | TF197| TF198 | TF199 | TF200| TC &
Surface| (51 ‘ TF150 .
Temo.
§ Cs3 TF151
c77 TF1S2 | TF153 | TF154 | TF1S5| TF136 | TF157 | TF158
D1l TF1S9| -
D13 TF160
027 Tr161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
p31 TF168
D33 TF169
D35 TF170
rluad
Tamm D44 TC 7 | TF20L1 | TF202 | TF203 | TF204 | TF205 | TF206 | TF207! TC 8
Surface| D51 TF171
Temp.
D53 TF172
neg TF173 1 TF174 | TP175 | TF176 | TF177 | TF178 | TF179
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Table 3.3 Core instrumentaticn map (Continued)

Iten Pos. Cors Pos.l |Pos.2 |Pas.3 |Pos.4 | Pos.5 |Pos.6 |Pos.7 ?ﬁi:c
ﬁgf “lse60 |3417 |3114.5(2879.5 2527 |2174.5(1939.5| 1673 | 1454
void | ASS VE L|VF 2 |VF 3|VF 4|VF S |VF 6 |VE .7
8SS vF 8 |VE 9 |VvE 10 |vE 11 | vF 12 JvF I3 |vF 14
css {ve 15 {vF 16 [VF 17 |vF 18 | VF 19 |VF 20 |vF 21
0S5 Ave 22 |vF 23 |vF 24 |vE 25 | vF 26 |vF 27 |vE 28
Channel| a1~ I 1™ 2/ 3| 4|1 s{m & |13 7
gz;fac“ AZ* ™ 8T8 T8 10 T8 11 {TB 12 |TB 13 |TB 14
Temp. | B+ T8 15 |{TB 16 |T3 17 | T8 18 | TB 19 |TB 20 |TB 21
e 18 22 |18 25 {T8 24 | T8 25 | B 26 |TB 27 |TB 28
D T2 29 |TB 30 |TB 31 |78 52 | T8 33 |TB 34 |TB 35
Liquid | Al* L8 1l |L3B 2|tB 3|LB 4|LB 5 |LB. 6 (L3 7
ovel |aar ts 8 {18 9310 |L8 11|18 12 [1B 13 |18 14
Channelf 8* 18 15 |18 16 |18 17 1B 18 |1B 19 [1B 20 |13 21
Box  f e 18 22 |18 23 |1B 24 {18 25 | 1B 26 |LB 27 |LB 238
D* 8 29 |tB 30 |18 31 {LB 32 | LB 33 [LB 34 {LB 35

— 33 —
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4. Test Conditions and Procedure

The tests described in the present report, simulated the 200% recircula-
tion pump suction line breaks with HPCS failure. The largest break nozzles
with inner diameter of 26.2 mm were installed in the break simulators. The
test conditions of RUNs 942 and 943 are compared in Table 4.1. The major
events and test procedures in each test are summarized in Table 4.2 and
Table 4.3. The valve chracteristics and control sequences for the steam

line valves are shown in Tables 4.4 and 4.5, respectively.

4.1 RUN 942 with a Higher Core Void Fraction and Large

Subcooling in Lower Plenum Temperature

The measured initial test conditions-were; steamdome pressure of 7.36
MPa, total core power of 3.962 MW, core inlet mass flow of 5.9 kg/s, core
inlet subcooling of 20.9 K, main steam flow of 2.0 kg/s, feedwater flow of
2.1 kg/s, and pressure vessel wvater level of 5.04 m. The initial average
fluid quality at the core outlet was estimated as 43.1%. The initial core
power corresponds to 44% of the 1/424 scaled BWR/6 rated power. The initial
core inlet flow per two fuel bundles corresponds to 18.2% of that in one BWR
bundle, and the initial electric core power of two average power bundles
corresponds to 40.2% of one BWR average power bundle. Therefore, the
initial core outlet quality of RUN 842 is fairly higher than that of BWR
(14.7%), in spite of the larger core inlet subcooling in RUN S42.

RIN 942 was performed by the following procedures as shown in Table 4.2.
Break was initiated by quickly opening the two QUBVs and quickly closing the
QSV simulating the double-ended 200% break. At the same time, the power
supply to both recirculation pumps was terminated and the pump speed coasted
down rapidly. After the break, the steady state core power was maintained
for 9.0 seconds and then decreased along the power curve shown in Fig. 4.2,
which simulated the heat transfer rate to coolant during a hypothetical
BWR,/1OCA. 41)  The steam flow to heat up the feedwater from the third steam
line was manually stopped immerdiately after the break by closing the valves
C¥-1 and CV-2. The feedwater lire was closed at 1.5 s after the break.

The MSTV was tripped to close by L2 trip level with time delay of 2.8 s
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and completely closed at 8.8 s after the break. ADS was actuated at 128 s
after the break. The LPCS was actuated at 68 s after the break (at 2.2 MPa
of the system pressure) and LPCI was actuated at 83 s after the break (at
1.5 MPa of the system pressure}.

The experiment data acquisition system started 120 seconds prior to the
break irnitiation and continued up to 842 seconds after the break. Most of

the instruments functioned successfully.

4.2 RUN 943 with a Low Core Void Fraction and No Flashing

in Feedwater Line

The measured initial test conditions were 7.36 MPa of steam dome pres-
sure, 3.970 MW of total core power, 34.1 kg/s of core inlet mass flow, 11.9
K of core inlet subcooling, 1.5 kg/s of main steam flow, 1.4 kg/s of feed-
water flow, and B.27 m of the corrected pressure vessel water level. In the
ROSA-III tests., the differential pressure used for the downcomer water level
includes the pressure loss of the downcomer flow., The flow effect on the
downcomer water level measurement was estimated as 0.23 m on the apparent
water level in RUN ©43. The core flow rate and the core outlet quality in
the initial condition of RUN 843 was nearly the same as those of RUN 983
(Reference (42)). The initial average fluid quality in the upper plenum was
estimated as 4.8%. The initial core power in RUN 843 was nearly the same as
RUN 942. Namely, the initial core power in two average-power bundles was
40.2% of one BWR bundle. The core flow per two fuel bundles corresponded to
83.9% of that in one BWR bundle and therefore, the initial steam quality in
the core in RUN 943 was fairly lower than that of BWR/G.

RUN 943 was performed by the procedures as shown in Table 4.3. The
MSIV was tripped to close at 8.1 s after the break by 12 trip level with
time delay of 2.1 s and completely closed at 15 s after the break. The ADS
was tripped at 134 s by the L1 level signal with a time delay of 124 s. The
LPCS was actuated at 71 s after break (at 2.2 MPa of the system pressure)
and the LPCI was actuated at 85 s after the break (at 1.5 MPa of the system
pressure ).

The experimental data acquisition system was started 84 seconds prior to
the break initiation and continued up to 828 seconds after the break. Most

of the instrumentation functioned successfully.
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Table 4.2 Major events and test procedures of RUN942

Time after Break (s)

Events and Procedures

-120.
=7.5
0.0

[
LA

(- Y N S
. . . . . . .
V. I e SRV T NG N N « s T B = ]

w kM N
Lo LI (6 T
. .

65.
67.
68.
93.
128,
197.
493.
642,

Initiation of data recording
Initiation of data plotting
Break initiation

Power trip on MRPs

Termination of feedwater supply
(completed at 3.7 s)

DC L2 level (4.76 m)

Dryout at top of core

Pressure control initiation

MSIV closure (completed at 8.8 g)

DC L1 level (4.25 m)

Jet pump suction line uncovery
Initiation of core power decrease
Recirculation loop nozzle uncovery
Initiation of lower plenum flashing
PCT at Position 3 of A88 rod (907 K)

Initiation of overall core dryout at
top of core

Initiation of feedweter flashing
Dryout at bottom of core

LPCS actuation

LPCI actuation

ADS actuation

Completion of core quench

End of data plotting

End of data recording
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Table 4.3 Major events and test procedures of RUN943

Time after Break (s)

Events and Procedures

~94.,
-7.5
0.0

2.0

5.4
6.0
6.9
8.1
9.0
10.
13.
16.
19.
22.
33.
71.
83.
85.
109.
134
164
493
828

Initiation of data recording
Initiation of data plotting
Break initiation

Power trip on MRPs

Termination of feedwater supply
(completed at 4.0 s)

Dryout at top of core

DC L2 level (4.76 m)

Pressure control initiation

MSIV closure (completed at 15 s)
Initiation of core power decrease
DC L1 level (4.25 m)

Jet Pump suction uncovery
Recircuiation loop nozzle uncovery
Initiation of lower plenum flashing
Rewet at top cof core

Overall core dryout at top of core
LPCS actuation

Dryout at bottom of core

LPCI actuation

PCT at Position 3 of All rod (752 K)
ADS actuation

Completion of core quench

End of data plotting

End of data recording

- 47 —_
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Table 4.4  Characteristics of steam discharge line valves

Time of Operation (s)

Valves
Close to Open Open to Close
AV 165 (Transient Line) 0.1 1.5
AV 168 (Steady Line) - 0.1
AV 169 (ADS Line) 0.3 2.0
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Fig. 4.2 Normalized power transient for ROSA-III test
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5. Data Processing for RUNs 942 and 843

The data acquisition frequency was 10 Hz in RUNs 842 and 843. The test
data was processed and reduced to 1000 data points in each data channel for
computer plotting.

The test data of RUN 942 are shown in Figs. 5.1 through 5.157. In these
figures, the measured quantity is identified by the channel number and the
alphabetic characters (ref. Table 3.2). The test data of RUN 943 are
described after the description of RUN @42 data, in Figs. 5.158 through
5.314.

First the test data of RUN 942 are described below.

Figures 5.1 through 5.3 show the repfesentative pressure data in the
pressure vessel (PV) and two main recirculation loops. Figures 5.4 through
5.30 show differential pressure data between various positions in the
pressure vessel and the recirculation loop. Figures .31 and 5.32 show the
liquid levels in the ECCS tanks and downcomer. Figures 5.33 through 5.39
show the flow rates. Figure 5.40 shows the power supplied to the core with
the maximum capacities of 2100 and 3150 kW. The pump speeds of the recircu-
lation pumps are shown in Fig. 5.41. The trip sighals such as the break
initiation signal and the valve positioning signals are shown in Figs. 5.42
through 5.44. Figures 5.45 through 5.54 show the fluid densities measured
by the gamma densitometer. - Figures 5.55 through 5.58 show momentum fluxes
measured by drag disks. Figures 5.59 through 5.84 show the fluid tempera-
tures at various positions in the system. The fuel rod cIadding temperature
and the surface temperatures of the water rods and the channel boxes meas-
ured at positions 1 through 7 are given in Figs. 5.65 through 5.77. Metal
temperatures on the inner and outer surfaces of the channel box A are shown
in Figs. 5.78 and 5.79‘ Figures 5.80 through 5,100 show the fuel rod
cladding temperatures in a different manner. Figures 5.101 through 5.120
show the fluid temperatures at the outlet of the channel boxes. The liquid
level signals in the core. the upper and lower plena, the guide tube and the
downcomer are shown in Figs. 5.121 through 5.137. The peak cladding temper-
ature (PCT) distributicon in RUN @42 is given in Table 5.1.

'Quantities obtained from reduction of the test data are shown in Figs.
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5.138 through &.157. [Fiure 5.138 shows the estimated liquid levels in the
core and the pressure vessel obtained by reducing the conductivity probe
signals previously shown in Figs. 5.121 through 5.137. Figures 5.139 and
5.140 show the dryout and quenching times of the representative fuel rods in
the core. Figures 5.141 through 5.143 show the average fluid density
calculated from the data shown in Fig. 5.45 through Fig. 5.54. 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,
Paw = 0.3221py + 0.43pg + 0.2479pc (5.1)

where,
Pav: average densitly obtained from the three-beam gamma densitometer,
p4s © density measured by beam A (bottom),
pg - density measured by beam B (middle).
pc . density measured by beam C (top).

For the two-beam densitometer at the break spool piece,
Doy — 0.9883psy + 0.4137pp b.2)

where,
Pay . average density obtained from the two-beam gamma densitometer,
ps . density measured by beam A (bottom),
pp . density measured by beam B (top).

Figures 5.159 through 5.164 show the fluid flow rates at the channel
inlet orifices and the bypass hole. The fluid flow rates are calculated
from the test data which are the pressure drop across 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

G=0Cp- A /29 py- AP 5.3

where,



G . flow rate,
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AP . pressure drop across the orifice,

Cy discharge

coefficient,

= 0.6952 ( the orifice to measure the steam discharge flow rate )
= 0.4781 { the channel inlet orifice )
= 0.8032 ( the bypass hole )
= 0.7383 { the orifice to measure the jet pump cutlet flow rate )
= 1.1280 ( the venturi tube to measure the jet pump outlet flow
rate )
A . flow area { m® )
= 2.875 x 10" ( the orifice to measure the steam discharge flow
rate )
= 1.521 x 107 ( the channel inlet orifice )
= 1.758 x 10 ( the bypass hole )
= 1.133 x 10 { the orifice to measure the jet pump outlet flow
rate )
= 9.085 x 10* ( the venturi tube to measure the jet pump outlet
flow rate )
g : gravitational acceleration { = 9.807 m/s* ),
p1 . density of the single-phase liquid ( kg/m® ),

This calculation method is not applicable for two-phase flow conditiocon

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 5.151 and 5.152 show the flow rates at upstream sides of the

break in the recirculation lcop. The flow rate is computed from the drag

disk data and the gamma densitometer data using the following equation,

G = CD'A‘/\/DC,U'[JUz

where,

G : mass flow rate,

Cp: drag coefficient ( = 1,133,

A flow area

¢ =1.203 x 107 m? )

\
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Day- average density from gamma densitometer,

pLz: momentum flux from drag disk.

The total break flow (Fig.5.153) is derived from the flow rates in the
recirculation loop as follows (Figs. 5.151 and 5.152),

Ga=Gp+ Gy : 5.5)

where,
Gp: break flow,
Gr: flow rate at the pump side of the break,

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

Figures 5.154 and 5.155 show the collapsed water levels in downcomer and
inside the core-shroud, respectively. Each level is obtained from the
corresponding differential pressure. The differential pressure may include
the flow resistance effect, however, the flow resistance becomes negligible
after slowdown of the recirculation pump coastdown and lower plenum flash-
ing.

Figure 5,156 shows the fluid mass inventory in downcomer. The fluid

mass inventory is determined from the density and configurational data
outside the core shroud,

M=pi-d (5.6)

where,

M : fluid inventory,

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

The volume € { m® ) inside the shroud is also given as a function of
collapsed water level in downcomer (L7,

q§ - 0.0 { L = 0.484 )
Q=0.0228. — 0.0111 (0484 <L =1.34 )
d=0.0697L -~ 0.0769 (1.384 < L £ 1.519 )
q = 0.0220l. - 0.0048 (1.519 < L = 3.3 )

754 —



JAERI-M B86-038

@ = 0.0801L — 0.1980 (3.35h < L = 4,260 )
q = 0.2443. — 0.8959 (4.250 < L = 4.413 b.7)
] = 0.261tL — 0.9700 (4.413 < L = 4578 ;
Q = 0.2504L ~ 0.€211 (4578 < L = 4654 )
g = 0.237mL - 0.8510 {4604 < L = 4.815 )
Q= 0.2866L ~ 1.0974 ( 4.815 <L = 4.915 )
Q@ = 0.33%:L ~ 1.3580 (4.915 < L = 5.143 )
Q = 0.3607L — 1.4665 (5.143 < L = 5.365 )
Q@ =0.3848L — 1.59%60 (5.3b < L = 5.99 )
q =0.7111 {(5.9% < L )

Figure 5.157 shows the fluid mass inventory inside core shroud. The
fluid mass inventory is determined from the density and configurational data

inside the core-shroud,
M=p-q (5.8)

where,

M ¢ fluid inventory,

pr o liquid density estimated from the saturation temperature and/or
pressure,
8 : liquid volume calculated from the liquid level.

The volume § ¢ m® )} inside the shroud is also given as a function of

collapsed water level inside core-shroud (L7},

/=00 ( L =00 )
q = 0.2350L (0.0 <L = 0.497 )
q = 0.124%9. + 0.0548 (0,497 < L £ 1.3%4 )
Q = 0.0688L + 0.1290 (1.834 <L = 3.089 )
Q = 0.1648L. — 0.2120 (3.58 <L = 3.744 )
Q = 0.1963L - 0.3299 (3.744 < L = 4,243 ) 5.9
Q = 0.0196l. + 0.4199 (4.243 < L = 4.578 ;
Q = 0.018L + 0.4244 (4,578 <L = 4.654 )
Q = 0.0410L, + 0.3201 (4,854 < L = 5,099 )
@ = 00196L + 0.4292 (5,098 < L = 5.365 )
] = 0.5344 {5.365 < L )
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The test data of RUN 943 are presented in Figs. 5.158 through 5.314 in
the similar order as RUN 942,

Figures 5.158 through 1680 show the pressure data in PV and main recircu-
lation loops. Figures 5.181 through 5.187 show differential pressure data
between varicus positions in the pressure vessel and recirculation loops.
Figures ©.188 and 5.1839 show the liquid levels in the ECCS tanks and down-
comer. Figures 5,190 through 5.196 show the flow rates. Figure 5.197 shows
the power supplied to the core with the maximum capacities of 2100 and 3190
kW. The pump speeds of the recirculation pumps are shown in Fig. 5.198.

The trip signals such as the break initiation signal and the valve posi-
tioning signals are shown in Figs. 5.199 through 5.201. Figures 5.202
through 5.211 show the fluid densities measured by the gamma densitometers.
Figures 5.212 through 5.215 show momentum fluxes measured by the drag-disks.
Figures 5.216 through 5.221 show the fluid temperatures at various posltions
in the system. The fuel rod cladding temperatures and the surface tempera-
tures of the water rods and the channel boxes are given in the Figs., 5.222
through 5.236. Figures 5.237 through 5.257 show the fuel rod cladding
temperatures in a different manner. Figures 5.258 through 5.277 show the
fluid temperatures at the inlet and outlet of the channel boxes. The liquid
level signals in the core, the upper and lower plena, the guide tube and the
downcomer are shown in Figs. 5.278 through 5.284. The peak cladding temper-

ature (PCT) distribution in the core is given in Table b.2.

Quantities obtained from reduction of the test data are shown in Figs.
5.295 through 5.314.

Figure 5.295 shows the estimated liquid levels in the core and the
pressure vessel obtained by reducing the conductivity probe sighals pre-
viously shown in Figs. 5.278 through 5.294., Figures 5.296 and 5.297 show
transients of the dryout and guench times of the representative fuel rod in
the high and average power bundles. Figures 5.288 through 5.301 show the
average fluid density calculated from the data shown in Figs. 5.202 through
5.211. Figures 5.302 through 5.307 show the fluid flow rates at the channel
inlet orifices and the bypass hole. The fluid flow rates are calculated
like as the calculation of RUN 942. Total channel inlet flow rate presents

the sum of four channel inlet flow rates. Figures 5,308 through 5.310 show

- 56 j—
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the break mass flow rates at the break simulators.

Figures 5.311 and 5.312 show the collapsed water levels in downcomer and
inside the core shroud, respectively. Fach level is obtained from the
corresponding differential pressure. The differential pressure may include
the flow resistance effect, however, the flow resistance becomes negligible
after slowdown of the recirculation flow and lower plenum flashing.

Figures 5.313 and 5.314 show the fluid mass inventories in the pressure
vessel. The fluid mass inventory was determined from the fluid density and
configurational data inside and outside the core-shroud, like as the data of
RUN 942, |
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Table 5.1 Maximum Cladding Temperature Distribution in the Core of RUN 942

Pos.1 Pos .2 Pos.3 Poé.& Pos.S Pos.4 Pos.7

A-11 rod TE 201 TE 202 TE 203 TE 204 TE 203 TE 206 TE 207
PCT (KD 459.5 B855.1 894.7 796.3 725.5 L29.5 . 568.3
Time (32 13.0 80.3 22.0 112.53 107.5 104.0 0.0

A-12 rod TE 208 TE 209 TE 210 TE 211 TE 212 TE 213 TE 214
BLT (KD 684.7 795.1 765.1 768.7 02.7 611.5 563.6
Time {s) 68.5 256.0 112.0 108.40 103.8 To10z2.0 0.0

A-13 rca TE 215 TE 2186 TE 217 TE 218 - TE 219 TE 220 TE 221
PCT (K32 689,53 667 .9 695.5 778.3 7063 612.7 564.8
Time {37 ) 26.5 78.Q 84 .0 112.0 106:0 102.0 0.0

A-14 red TE 222 TE 223 TE 224 - TE 225 TE 226 TE 227 TE 228
PCT (KDY - 700.3 B810.7 837.1 754.3 690.7 409.1 ------
Time (s) 27.0 i01.0 22.0 112.5 107.5 102.5 mmmwme

A-15 rod TE 229 TE 230
PCT  (K) 496 .7 756.7
Time (s3) 26.0 113.0
A-17 rod TE 231 TE 232
PCT (KD 705 .4 770.0
Time (s) 27.0 111.5

A-22 rod TE 233 TE 234 TE 235 TE 238 TE 237 TE 238 TE 239
PCT (K3 702.7 796.3 T69.9 773.1 704.5 600.8 563.8
Time (3 26.5 25.5 119.0 112.5 107.0 102.0 0.0
A-24 rad TE 240 TE 241 TE 242 TE 243 TE 244 TE 245 TE 248
PCT (XD 705.4 802.2 751.9%9 753.4 687 .5 406.6 S63.4
Time <33 27.0 39.0 24.5 112.5 107.0 102.5 0.0

Table 5.1 Maximum (Cladding Temperature Distributionr in the Core of RUN 942 {(Continued)

Pos.1 Pos.2 Fos.3 Pos.4 Pos.S Pos.6 Pos.7

A-26 rod TE 247 TE 248
PLT (K2 706.4 759.1
Time (3} 26.5 113.0

A-28 rod TE 249 TE 250
PCT (K2 722.4 78L .4
Time (33 26.5 113.0

A-31 rod TE 251 TE 252
BCT  <K) 720.5 798.5
Time (s) 26.5 110.0

A-33 rod TE 253 TE 254 TE 255 TE 256 TE 257 TE 258 TE 259
PCT (K} 879 .9 742.8 751.5 728.0 613.3 565.5 563.3
Time (32 25.5 $0.0 22.5 111.5 a47.0 0.0 7.5

A-34 rod TE 260 TE 261 TE 262 TE 263 TE 2584 TE 265 TE 266
PLT (KD 682.7 781.6 742,11 725.¢2 660.0 588.4 562.6
Time (37 26.5 99.5 24.0 109.5 107.5 102.5 3.0

A-37 rod TE 267 TE 268
PCT  (K) 757.2 &699.7
Time (s) 111.8 22.0

A-42 rod TE 269 TE 270
PCT (K} 709.2 778.8
Time (s8) 25.0 116.0

A-44 rad T 271 TE 272 TE 273 TE 274 TE 275 TE 276 TE 277
FCT (K} 675.2 7741 783.5 727.1 462 .8 591.3 5621
Time (32 26.5 96.0 Z21.3 112.0 167.0 102.0 .0
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Table 5.1
A-48 rod
PCT (X2
Time (s}
A=51 rod
PLT (K2
Time (s
A-53 rod
PCT (K}
Time (s3)
A-57 road
PCT  LK?
Time (&)
A-62 rod
PCT (X3
Time (s
A-&46 rod
FCT (K3
Time (s
A-68 rod
PCT XD
Time (=)
A-71 rod
FCT  (¥2
Time (s
Table 5.1
A-73 rod
PCT (KD
Time (32
A-75 rod
PCT (KD
Time (s)
A-77 road
PCT (X2
Time (s}
A-82 rod
PCT (K}
Time {352
A-84 rced
PCT (KD
Time (252
A-85 rod
PCT (K2
Time (52>
A-87 rod
PCT (K2
Time (57
A~-88 rod
POT (K3

{s)
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Maximum Cladding Temperature Distribution

Pos.1

TE 278
706.4
25.0

TE 280
712.0
78.5

TE 282
678.0
24 .5

TE 284
705.4
27.0

TE 28é&
712.0
25.5
TE 288
682.7
25.5

TE 290
721.4
25.0

Pos.2

Pos.3 Pos .k

TE 279
753.4
111.0

TE 281
79.7
111.3

TeE 283
727.1
112.0

TE 285
760.0
111.5

TE 287
778.8
111.5

TE 289
726.1
111.0

TE 291
779.7
111.5

TE 293
802.2
111.0

Maximum {ladding Temperature Distribut

Pas.1

TE 294
710.1
77.5

TE 296
708.2
26.0

TE 298
71z2.0
26.5

TE 305
73C.8
26.5

TE 307
717.1
25.5

TE 309
710.1
25.0

TE 316
701.6
27 .5

TE 323
730.8
23.5

Pos.?

TE 299
8C2.2
24.5

TE 310
837.9
100.5

TE 317
810.7
104.0

TE 324
863.2
99.0

ion

Pos.3 Pos.&4

TE 295

774.1

111.5

TE 297

757.2

110.5

TE 300 TE 301
re.7 744 ,0
24.5 103.5
TE 306

TE 308

778.8

115.5

TE 311 TE 312
8546.7 776.0
21.-0 111.0
TE 318 TE 319
881.1 777.8
21.5 110.5
TE 323 TE 326
?00.% 783.5
21.5 111.0

in the Core of RUN 942 {Continued)

Pas.5 -

in the Core of RUN 942

Pos.5

TE 302
685.6
106.0

TE 313
703.5
107.0

TE 320
70&4.5
107.9%

TE 327
709.2
107.0

Pos.4

Pos,&.

TE 303
603.7
102.90

TE 314
619.0
102.0

TE 321
621.9
102.0

Tz 328
623.8
103.0

Pos.7

(Centinued)

Pos.7

TE 315
565.2
0.0

TE 322
563.2

TE 329
564.9
0.0



Tabite 5.1
B~11 rod
FCT LK}
Time (51
B-13% rod
PCT (KD
Time {(s)
B~22 rod
PCT (K2
Time {s)
B-31 rod
PCT (K2
Time (s)
B-33 rod
PCT (X3
TAme (s)
B-51 rod
FCT (K?
Time (s
B-33 rod
PCT (K]
Time {s)
B-46 rod
PCT (K2

Time {s)

Table 5.1
B~77 rod
PCT (K2
Time (5
B-86 rod
PCT  {K)
Time (s}
C-11 reod
PCT (X}
Time (53
C-13 rod
PCT (K2
Time (s)
C-15 rod
PCT (K2
Time (s}
{~-22 rod
PCT (K3
Time (s
C-31 rod
PCT (KD
Time (s
C-33 rod
PCT (X2
Time (s

Maximum Cladding Temperature Distribution

Pos.1

TE 330
6647
25.5

TE 338
662.8
74.5

Pos,2

TE 331
782.5
76.5

TE 33%
727.1
25.5

JAERI-M 86-038

Pos.3

TE 332
791.0
22.0

TE 340
747 .8
22.0

Pos.&4

TE 333
714.8
115.5

TE 337
713.9
119.0

TE 341
667 .6
90.5

TE 343
703.3
116.5

TE 346
662.8
114.0

TE 347
690.3
114.0

TE 348
660.9
111.53

TE 349
666.6
112.0

in the

Pes.5

TE 334
607.6
85.0

TE 342
s81.é
79.0

Maximum Cladding Temperature Distributien in the

Pas.1

TE 350
681.8
122.0

TE 358
611.4
12.5

TE 385
647 .6
26.0

TE 373
6267
14.5

TE 381
644.8
25.5

Pos.2

TE 351
760.9
127.0

TE 359
709.2
15.0

TE 366 .

626.7
21.0

TE 374
725.2
24.5

TE 382
695.0
21.0

Fos .3

TE 332
738.4
21.5

TE 360
758.5
22.0

TE 367
660.9
0.3

TE 375
745.8
20.5

TE 383
717.7
21.5

Pos .4

TE 353
710.1
110.0

TE 357
713.0
103.0

TE 361
716.7
113.5

TE 368
701.46
109.9

TE 372
71001
114.0

TE 375
8467
Bé&.5

TE 380
713.9
116.5

TE 384
634.3
20.0

__60._

Pos.S

TE 354
647 .6
106.0

TE 362
659.0
107.0

TE 369
657 .1
106.0

Te 377
594.1
82.5

TE 385
565.1
0.0

Core of RUN 942 (Continued)

Pos.4

TE 335
565.4
0.0

TE 343
564.3
8.0

TE 344
562.3
?.C

Core of RUN 942 (Continued)

Pos,6

TE 355
580.7
102.0

TE 3563
587 .4
103.5

TE 370
583.6
102.0

TE 378
5467.2
0.0

TE 386
564.3
0.0

Pos.7?

TE 3546
563.2
0.0

TE 384
563.5
¢.0

TE 371
562.0
.0

TE 379
561.4
0.0

TE 387
560.4
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Table S.] Maximum Cladding Temperature Distributien in the Core of RUN 242 {Continued}

Pos.1 Pos.2 Fos.3 Pos.4 Pos.5 Pes.5 Pos.?

C~3% rod ) TE 388

PCT (KD 679.9

Time (s8) 111.5

C-66 rod TE 389

PCT (K2 670.4

Time {52 : 114.0

C-6B rod TE 390

PCT (XD 729.0

Time (s) . 112.0

C~77 rod TE 391 TE 392 TE 393 TE 394 TE 395 TE 395 TE 397
PCT  (K? 659.0 729.0 760.9 708.2 644 .8 578.8 562.6
Time (s) 23.5 25.0 22.0 112.0 106.0 102.0 ¢.0
b-11 rod TE 398

PCT (K3 726.1

Time (s} 114.0

D-13 rod ) TE 399

PCT (K} 722 .4

Time {52 114.0

D-22 rod TE 400 TE 401 TE 402 TE 403 TE 404 TE 405 TE 406
PCT (KD 657.1 724.3 733.7 676.1 592.2 S65.7 562.6
Time (s) 25.5 22.0 22.0 '92.0 B1.5 0.0 0.0
D-31 rod TE 407 '

PCT (K} 723.3

Time (s 114.0
Table 5.] Maximum Cladding Temperature Distributioen in the Core of RUN 942 (Continued)

Pos.2 Pos.2 Pos.3 Pos.& Pos.5 Pos.& Pos .7

D-33 rod TE 408

PCT  (K) 636.2

Time (s 90.0
D-51 rod TE 409

PCT (K2 707.3

Time {5} 114.5
D-53 rod TE 410

PCT (K> 677.1

Time {(s) 114.0
D66 rod TE 411

PCT (KD 671.8

Time (38) ) 114.5
D-77 rod TE 412

PCT (K s

Time (s) S
D-86 rod " TE 413

PLT (KD i ' 705.4

Time (s3 1¢z.0
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Table 5.f Maximum Cladding Temperature Distributien in the Core of RUN 942 (Continued?

x*x Order of PCT {RUN 242} =x*x

Ne. 1 A-88 rod Pos. 3 PCT = 900.% (K) Time = 21.5 (s}
No., 2 A-11 rod Pos. 3 PLT = B%L.7 (KD Time = 22.0 (s)
No. 3 A-87 rod Pes. 3 PCT = 881.1 (K2 Tfme-r 21.5 (s2
No. & A-88 raod Pos, 2 PCT = 863.2 (K2 Time = 29.0 (s)
No. 5 A~85 red Pos. 3 PCT = 8546.7 (K) Time = 21.0 (s)
No. 6 A-11 reod Pos. 2 PCT = 855.1 (KJ Time = 80.5 (s)
No. 7 A-85 rod Pos. 2 PCT = B37.9 (K) Time = 100.5 (s)
No. 8 A-14 rod Pes. 3 PCT = B837.1 (KD Time = 22.0 (s}
No. § {fih rod Pos, 2 PCT = 810.7 (K2 Time = 101.0 (s}
Neo .10 "A-87 rod Pes. 2 PCT = 810.7 (K3 Time = 104.0 (s}

Table 5.2 Maximum {ladding Temperature Distribution in the Core of RUN 943

Pas.1 Pos .2 Pos.3 Pos.4 Pas.5S Pos.é Pes.7
A-11 rod TE 201 TE 202 TE 203 TE 204 TE 205 TE 206 TE 207
PCT «(K) 646.3 729.1 751.9 713.5 653 .5 568.7 567.2
Time (s} 20.5 20.5 108.5 105.5 99.5 0.0 0.0
A-12 rod TE 208 TE 209 TE 210 TE 211 TE 212 T 213 TE 214
PCT  (K) 600.7 711.1 739.9 682.3 636.7 ©567.3 562.2
Time {s) 83.0 112.5 109.5 96.53 89.5% 0.0 0.0
A-13 rod TE 213 TE 216 Tg 217 TE 218 TE 219 TE 220 Te 221
PCT (K2 630.7 690.7 735,12 70Z.9 640.3 569.4 564.7
Time (s} 111.5 ?9.0 103.0 106.0 97.0 0.0 0.0
A-14 rod TE 222 TE 223 TE 224 TE 225 TE 226 TE 227 TE 228
PCT (K} 627.1 6%91.9 718.3 681.1 630.7 5686 2 wm----
Time (s) 108.5 110.5 111.5 105.5 100.0 0.0 ——-=--
A-15 rod TE 229 TE 230
PCT (KD 6247 681.1
Time (s) 106.5 106.5
A-17 rod TE 231 TE 232
PCT (KD 620.8 690.7
Time () 104 .5 104.5
A-22 rod TE 233 TE 234 TE 235 TE 23% TE 237 TE 238 TE 239
PCT  (K) 627.1 705.1 7%0.3 6591.2 636.2 569.9 566.5
Time {z) 108.0 114.0 113.% 107.0 28.% 0.2 0.0
A-24 rod TE 240 TE 241 TE 242 TE 243 TE 244 TE 245 TE 246
FCT (X3 633.3 696.9 717.7 683.7 428.6 566.5 565.3
Time (s} 10%.0 117.0 108.0 105.0 29,5 0.0 12.5
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Table 5.2  Maximum Cladding Temperature Distribution in the Core of RUN 943 (Continued)

Pos.1 Pes.2 Pcs.3 Pos. 4 Pos.S Pos.& Pos.7

A-26 rod TE 247 : TE 248
PCT (K3 631.4 681.8
Time (s) 112.0 104.5
A-28 rod TE 249 TE 250
PCT (KD 639.1 702.4
Time (=) 20.5 104.5
A-321 rod TE 251 TE 252
PCT (K2 £39.3 714 .8
Time (s5) 20.5 105.0
A-33 rod TE 253 TE 254 TE 255 TE 256 TE 257 TE 258 TE 259
PLT (KD 615.2 675.2 696.0 660.9 607.6 567.3 S64.3
Time (s) 108.0 112.0 108.5 104.5 99.0 0.0 13.5
A-34 rod TE 260 TE 261 TE 262 TE 263 TE 264 TE 2645 TE 266
PCT (K3 615.2 673.3 691.2 660.0 609.5 567.1 563.3
Time (s) 109.5 111.5 110.5 104.5 98.5 0.0 12.5
A=37 rod TE 267 TE 268
PCT  (K) 678.0 £2R.6
Time (s) 104.5 106.5
A-42 rod TE 269 TE 270
PCT  €K) 632.4 £95.0
Time (g) 10%.,5 105.¢
A-bt rod TE 271 TE 272 TE 273 TE 274 TE 275 TE 276  TE 277
PCT (KD 609.5 665.7 890.3 660.9 610.4 567.2 562.3
Time {s) 104.5 112.0 109.0 104.5 99.0. 0.0 8.5

Table 5.2 Maximum Cladding Temperature Distribution in.the Core of RUN 943 {Continued)

Pas.1 Pos.2 Pos.3 Pos.& Pos.S Poes.b Pos.7
A-48 rod TE 278 TE 279
PCT (KD 623.8 : 678.0
Time (s) 112.0 105.0
A-S1 rod TE 280 TE 281
PCT (KD 629.5 . 458.8
Time (s) 107.0 104.5
A-53 rod TE 282 ) TE 283
PCT (K3 614.3 660.0
Time (s) 110.0 . 104.5
A-S7 rod TE 284 TE 285
PCT (KD 618.3 681.8
Time (s 110.0 105.0
A-62 rod TE 286 TE 287
PCT (KD 609.5. 696.0
Time (s) 119.5 _ 107.0
A-66 rod TE 288 TE 289
PLT (XD 611.4 855.2
Time (s} 106.5 105.0
A-68 rod TE 290 TE 291
PCT (KD 654.3 . 496.9
Time (s) 20.5 104.5
A-71 rod TE 292 : TE 293
PCT (KD 642.9 715.8
Time {35 . 2008 107.0
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Tabte 5.2 Maximum Cladding Temperature Distribution in the Core of RUN 943 (Continued}
Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.,é Pos.7
A-73 rod TE 294 TE 295
PLCT (KD 638.1 693.1
Time (s 110.0 106.5
A-75 rod TE 296 TE 297
PLT (X2 630.5 676.1
Time (s) 11¢.0 104 .5
A-77 rod TE 298 TE 299 TE 300 TE 301 TE 302 TE 303 TE 304
PET (K2 &30.5 693.1 715.8 660.0 518.1 565.8  wma-e-
Time (359 112.53 117.0 108.5 9.0 $9.0 0.0 —==r--
A-82 rod TE 305 TE 306
PCT <KD 655.2 e
Time {5} 1. memee——
A~84 rod TE Z07 TE 3D8
BCT (K} 624.6 700.7
Time (s) 20.0 135.5
A-B85 rod TE 30% TE 310 TE 311 TE 312 TE 313 TE 314 TE 315
RCT (KD 635,23 703.5 731.8 595.0 634.3 566.5 586.2
Time (s3) 111.0 111.5 108.5 104.5 5.0 0.0 0.5
A-87 rod TE 316 TE 317 TE 318 TE 319 TE 2Z0 TE 321 TE 322
PCT (K} 637.1 697.9 730.8 696.0 525.7 566.7 S64.3
Time (s5) 19.0 108.5 110.0 105.5 ?5.5 0.0 13.3
A-88 rod TE 323 TE 324 TE 325 TE 326 TE 327 TE 328 TE 329
PCT (K} 67 .6 73%.3 73L& F02.56 538.1 545.8 565.3
Time (s} . 20.% 20.0 132.0 107.0 101.0 c.0 1.0
Table 5.2 Maximum Cladding Temperature Distribution in the Core of RUN 943 (Continued?
Pos.1 Pas .2 Pos.3 Pas.4 Pes.53 Pos.6 Pos.?
B-11 rod TE 330 TE 331 TE 332 TE 333 TE 334 TE 335 TE 3346
PCT (KD 601.8 720.5 7431 696.0 610.4 565.8  —-----
Time (s) 20.0 131.5 121.0 112.0 100.0 0.0 --=-=--
B-13 rod ) TE 337
PCT (K} 693.1
Time (35} 112.0
B-22 reod TE 338 TE 339 TE 340 TE 341 TE 342 TE 343 TE 344
PCT (K} 613.3 713.9 730.8 577.1 570.1 563.5 S463.3
Time (s 82.5 131.¢0 121.0 112.5 85.5 g.0 15.0
B-31 rod i TE 343
PCT (K} ) 587.5
Time {s? 112.5
B-323 rod TE 346
PCT (X3 643.8
Time {5 111.0
B-51 rod ' TE 347
PCT (K3 672.3
Time {3) : 112.5
B-53 rod TE 348
PCT (X} ) 643.8
Time {35 112.0
B-454 rod TE 24%
PCT (KD 643.83
Time (s5) 112.%



Table 5.2
B-77 rod
PCT (KD
Time {22
83-86 rod
PLT (KD
Time (32
£-11 rod
PCT (KD
Time (3}
C~13 rod
BCT (K2
Time (s
C-15 rod
PCT (K}
Time {s5)
£-22 rod
T K3
Time (53

PLT (KD
Time (s
C-33 rod
BLT (KD
Time {53}
Table 5.2
C-35 rod
PCT (K2
Time (52
C-66 rod
PCT (KD
Time (s)
£~48 rod
PCT (K>
Time (s)
L-77 rod
PCT  (K)
Time (s
D-11 rod
LT (KD
Time {sg)
D-13 rod
PCT (KD
Time (s5)
D-22 rod
FCT (K3
Time {s)
B-31 rod
PCT (KD
Time {53

Maximum Cladding Temperature Distributiecn

Pos,1

TE 350
592.2
20.5

TE 358
396.1
.82.0

TE 365
594.1
20.5

TE 373
600.8
121.5

TE 381
591.3
©125.0

Maximum ClLadding Temperature Distribution

Pos.1

TE 391
619.0
114.5

TE 400
658.1
166.5

Pos.?2

TE 351
873.3
132.5

TE 359
447 .5
85.0

TE 344
47 .6
846.0

TE 374
676.1
142.0

TE 382
649.5
140.0

Pos.2

TE 392

684 .6
127.5

TE 401

718.6
131.5

JAERI-M 86-038

Fos.3

TE 352
717.7
121.0Q

TE 360
691.2
123.5

TE 347
465.7
101.0

TE 375
662.8
109.0

TE 383
631.4
110.5

Pos.3

TE 393

672.3
112.0

TE 402

726.1
110.5

Pos.4

TE 353
681.8
112.5

TE 357
672.3
946.5

TE 361
656.2
187.5

TE 368
638.1
100.5

TE 372
645.7
107.5

TE 376
636.2
107.0

TE 380
656.2
108.5

TE 384
611.4
105.5

Pos.4

TE 388
623.8
109.9

TE 389
615.2
107.5

TE 390
664 .7
107.3

TE 394
643.8
105.0

TE 398
707.3
104.5

TE 399
706 .4
104.5

TE 403
£90.3
103.0

TE LO7

708.2
1i¢7.5

in the Core of RUN 943

Pos.5

TE 354
601.8
100.0Q

TE 382
602.8
99.0Q

TE 3269
59%.9
?8.5

TE 377
568.0

TE 385
565.3
0.0

in the

Pos.5

TE 395
591.3
98.5

TE 404
599.9
$5.5

Pas.é

TE 355
566.9
0.0

TE 3673
568.4

TE 370
567.2

0.0

TE 378
568.4

TE 386
564.6
0.0

Core of RUN %43

Pos.é

TE 396
S65.4
0.0

TE 405
567.0
0.0

(Continued)

Pos.7?

TE 354
563.3
12.5

TE 364
564.,3
13.5

TE 371
564.3
13.5

TE 379
564.3
14.5

TE 387
561.4
12.0

{Comtinued)

Pos.?7

TE 397
563.3
12.5

TE 406
563.3
12.5
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i Table 5,2 Maximum Cladding Temperature Distribution in the Core of RUN 943 {Continued)

xx Order of PCT  (RUN 943) ==

No. 1 A-11 rod Pos. 3 PCT = 751.9 (KD Time = 108.5 (s}
No. 2 3-11 red  Pos. 3 5CT = 743.1 (K Time = 121.0 (s}
No. 3 A-12 rod  Pos. 3 PCT = 739.9 (K Time = 109.5 ¢s)
No. 4 A-88 rod  Pos. 2 PCT = 739.3 (K) Time =  20.0 {(s)
No. S A-12 rod  Pos. 3 PCT = 735.1 (K3 Time = 105.0 (s>
No. & A-88 rod  Pos. 3 PCT = 734.6 (K) Time = 112.0 (s)
No. 7 A-85 rod  Pos. 3 . PCT = 731.8 (KO Time = 108.5 (s
No. 8 A-B7 rod  Pos. 3 PCT = 730.8 (K Tine = 110.0 (s)
No. © B-22 rod Poes. 3 PCT = 730.8 (K Time = 121.0 (s)
No.10  A-22 rod  Pos. 3 PCT = 730.3 (K Time = 113.5 (s)

Table 5.2 Maximum Cladding Temperature Distribution in the Core of RUN 943 {Continued)

Pos.1 Pos.2 Pos,3 Pos.,& Pos,5 Pos.é Pes.7?

D-3% rod TE 408

BCT (K2 48,6

Time (s 102.0

| D-51 rod TE 40¢
1 PCT (KD 582.7
Time (s) 104.5

D-53 rod TE &10

PLT (KJ 657 .1

Time (3 102.5

D-66 rod TE 411

PCT (K3 633.9

Time {5’ 105.0

D-77 rod TE 412

BCT LS8 i

Time ¢s>  mme———

D-88 rod ’ TE 413

PCT (K3 £78.0

Time (s F5.53
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