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This‘report presents the experimental results of RUNs 951, 954 and 956
in ROSA-TI] program, which are medium or small main steam 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, four types of
FCCS's, and steam and feedwater systems.

Effects of break area on the depressurization rate, water level and veoid
fraction of the downcomer fluid. and core cooling phenomena were investi-
gated by comparing the present test results with those of RUN 953, a 100%
maln steam line break test. Namely, (17 the maximum void fraction in the
dovneconer, which affected the water level swelling, was found to be closely
related with the total steam flow area of the main steam line. (2) The ADS
actuation affected significantly the system responses in the small steam

line break LOCAs. {3} The PCT was higher in a larger steam line break LOCA.

Kevwords: BWR, LOCA., FCCS, Integral Test, ROSA-III Prcgram,
Main Steam Line Brealc. Break Area. Downcomer Level,

ADS, Data Report
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signals in channel box A, location AZ
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l.ist of Figures of - Experiment Data for RUN. 956

Fig. 5.309 Pressure in PV {pressure vessel) and
‘main steam line)
g, 5,810 Differential pressure between lower plenum (LP)

and -upper plenun (UP)
Differential pressure between UP and steam dome

G idovncomer,y head

Pip BO3TE Differential pressure between PV bottom and top
Fig, oA Niffarential pressures betwesen JP-1.2 discharge and
=uotion
oo BTG TN pressures belween JP-1,2 drive and sucticn
N preﬁsures hetween JP-3.4 discharge and
auafbion _
mig . 5,217 Differcential pressures between JP-3.4 drive and suction
Pie. 5318 Differential pressures hetween MRP delivery and suction
Cip. 5.219 Differential pressure betveen DC bottom and
MRP1 suction
Fiz. 5.320 Differential pressures between MRP1 delivery and
JP-1.2 drive
Fig, D,371 Differential pressures bhetween DC middle and
uohion
Fig L, 2 nressures between JP-1,2 discharge and LP
v Lo pressures between MRPZ dilivery and JP-3.4
fdrive
Fig. .324 i fferential pressures between IC middle and
JP-2.4 suction 7
i, D3RS nifferential pressures between JP-3.,4 discharge and
confluence
Fig., ©.376 Differential pressure between JP-3,4 confluence and LP
Fig. 5,577 Differential pressure between DC middle and steam dome
Tim. B.2R8 i fferential pressure between [P bottom and LP middie
i 5OEPG IYifferential pressure across channel inlet orifice A
P, 800 Y fforential pressure across channel inlet orifice B
PR CPRREIRC i Mferential pregsure across channel inlet orifice C
Mgl D N Pferential pressure ACross channel inlet crifice D

it
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Fig. 5.333 Differential pressure across bypass hole
5.334 Liguid levels in ECCS tanks

=

L2335 Liquid levels in downcomer
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cutlet, beam

Pl aensity at JP-1.2 cutlet., beam
g i density at JP-1.2 cutlet, beam
Fig., 03310 Fluld density at JP-3.4 outley, beam
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density at JP-3,4 outlet, beam

g, B33 Fluid density at JP-2.4 cutlet, heam C
Fig, BG4 Fluld density in MSL down break orifice. beam A
Fis Fluid density in MSL down break orifice, beam B

Fir Mementom Flux at JP-1.2 outlet spool

i domentum luv at JP-3,4 outlet spool

L Plux in ML down break orifice {low-range)
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Fluid remperatures in steam dome and MSL

~
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Fig. D481 Fluid

Prg, 5332 Feoedvater temperature

Fig. 5,222 Surface temperatures of fuel rod All
Fig., ©.854 Surface temperatures of fuel rod AlZ2
Fig., ©.2685 Surface temperatures of fuel rod AI3
Fig. B Surface temperatures of fuel rod A2
Fig. D287 Surface t@mperdtures of fuel reod A33
i, B0 Suriace temperatures of fuel rod ATY
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Fig. 5.37t Surface temperatures of fuel rod Bll
Fig. 5.372 Surface temperatures of fuel rod B22
Fig. 5.373 Surface temperatures of fuel rod BT77

Fig. 5.374 Surface temperatures of fuel rod Cl1
Fig. 5.375 Surface temperatures of fuel rod C13
Fig. 5973 Surface temperatures of fuel rod CZ22
Fie, 5.377 Surface temperatures of fuel rod C33
ie. 5978 Surface temperatures of fuel rod C77
Fip. 5.870 Surface temperatures of fuel rod D22
Fig. 5.220 Surface temperatures of water rod simulator A4S
iz, 5,331 Surface temperatures of water rod simulator C45

File 5002 (uter surface temperatures of channel box A

Sorlace temperatures of fuel rods
AL A2, A3, ABT and AB3 at FPosition 1
5 s Surlace temporatures of fuel rods

A1, A2, AIR. ABY and AEB at Position 2

T 1= MDY

Pig . 5,080 Surface temperatures of fuel rods

A11. Ale. Al3, AB7 and ABS at Position 3

Fig, H.33% Surface temperatures of fuel rods
All, Al2. A13, AG7 and AB3 at Position 4
Tig. 5.087 Surface temperatures of fuel rods
Al1.0A12, A13, ABT and ABS at Position 5
Fig. 5.388 Surface temperatures of fuel rods

A1, Al2. Al3. ART and AS3 at Position 6
Fie. 5.339 Curface temperatures of fuel rods
A1. AP ATS, ABT and AB3 at Position 7
Pig. 5300 Surface temperatures of fuel rods
poo . P2, (22 and [P2 at position i
Fig. 5.391 Sarface temparatures of fuel rods
AZ2, Be2. (22 and D22 at position 2
aurface temperatures of fuel rods
p02. Bee, C22 and D22 at position 3
303 Surface temperatures of fuel rods
A2 BP2, 022 and D22 at position 4-

.
s
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)
0
]

=
=
o1

Fig. 5.804 Hurface temperatures of fuel rods
a2 pep. (22 and D22 at position 5

Fie. 5,005 Surface temperatures of fuel rods

Ao Bee, (22 and DEZZ2 at position B
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Surface temperatures of fuel

AP2. B2, C22 and D22 at position 7

Surface temperatures of fuel
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Surface temperatures of fuel
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Surface temperatures of fuel
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Liquid level signals in channel box A, location AZ

Fig. 5.422 Liguid level signals in channel box B
Fig. 5.422 Liquid level signals in channel box C
Fig. 5.424 Liquid level signal in channel A outlet, location A2

Fie 5. 495 Liquid level signals in channel A outlet, center

7
.

Fie. Ho4r5 Liguid level signals in channel C outlet, location Cl
Fig, 5427 Liquid level signals in channel C outlet, center

o B4R Liguid level signals in channel A inlet
Fig. 5,479 Liguid level signals in channel C inlet
» 5 A%) Liquid level signals in lower plenum, north

5 A% Licuid level signals in guide tube, north

e 5ATY Liguid level signals in downcomer, D side
i HoATA Fatimated ligquid levels in pressure vessel

%o4%4 Drvout and qnench times of fuel rods in bundle A

Lo moATh Dreout and quench times of fuel rods in four bundles

fomrape density at JP-1.2 outlet

Averace density al JP-3.4 outlet

Fia. 5408 Average density in MSL down break orifice

Pio BASS Mags {low rate at channel A inlet

Fig. 5.440 Mass [lov rate at channel B inlet

5. 441 Mass Tlow rate at channel C inlet

Tie . BoA4D Mass flow rate at channel D inlet
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4ace flow rate at bypass hole
Total channel inlet flow rate

Collapsed liquid level 1n downcomer

'nllapsed liquid level inside core-shroud

o447 Fluid inventory in downcomer

B o440 Fiuld inventory inside core shroud
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Comparison of collapsed water level inside
core-shroud in steam line break tests
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ABBREVIATIONS
ADS Automatic Depressurization System
AT Alr Tank
AV Afir Actuation Valve
{2)B (2) inches Pipe of Schedule 80
BN Boron Nitride
BWR Boiling Water Reactor
CA Chromel-Alumel
CCFL Counter Current Flow Limiting
CHV Check Valve
CF Conductivity Prove
cv Control Valve
CWT Cooling Water Tank
D Differential Pressure
d Diameter
DF Density of Fluid

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

ECCS Emergency Core Cooling.System
ESF Engineered Safety Features

EX Heat Exchanger

F Flow Rate

Fig. Figure

FS Full Scale

FW Feedwater

FWLF Feedwater Line Flashing

FWP Feedwater Pump

FWT Feedwater Tank

HPCS High Pressure Core Spray
HPCSP High Pressure Core Spray Pump
HPCST High Pressure Core Spary Tank
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MW Megawatt
N Rotation Speed
OR Orifice
P Presgure
Power
PCT Peak Cladding Temperature
PV Pressure Vessel
PWT Pure Water Tamk
QOBVY Quick Opening Blowdown Valve
Qsv Quick Shut-off Valve
RCH Rapid Condencer
ROSA Rig of Safety Assessment
rpm Revolution per Minuce
S Signal
5 Second
Sch Schedule
sus Stainless Steel
T Temperature
T/C Thermocouple
TC Temperature of Fluild
TF Temperature of Fuel
TS Temperature of Structure Material
uTP Upper Tie Plate
v Valve
VF Void Fraction
W Watt
WL Water Level
WSP Water Supply Pump
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HPWP High Pressure Water Pump
ID Inner diameter

INC 600 Inconel 600

Jp Jet Pump

K Kelvin

kg Kilogram

kPa Kilopascal

kW Kilowatt

L Liter

LE Liquid Level in Channel Box
LBWR Large Boiling Water Reactor

LL Liquid Level

LOCA Loss-cf-Coclant Accident

LOCE Loss—of-Coolant Experiment

LP Lower Plenum

LPCIL Low Pressure Coolant Injection
LPCIP Low Pressure Coolant Injection Pump
LPCIT Low Pregsure Coolant Injection Tank
LPCS Low Pressure Core Spray

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

LTP Lower Tie Plate

M Momentum Flux

m Meter

mm Milimeter

MLHR Maximum Linear Heat Rate

MPa Megapascal

MRP Main Recirculation Pump

MSIV Main Steam Isolation Valve
MSL Main Steam Line
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1. Introduction

The Rig of Safety Assessment {ROSA}AIII-program<1) was initiated in 1978
to study the thermal hydraulic behavior of a Boiling Water Reactor (BWR)

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

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

predictapility of computer codes developed for reactor safety analysis. The

ROSA-TIT test facility(23 fabricated in 1978 consists of a 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-TII test program is made on the fellowing objectives,

as

{1y To provide the system data required to improve and evaluate the
analytical codes currently used to predict the LOCA transients of large
BWRs. The performances of the ECCSs are of primary interest.

2y To identify and investigate any unexpected event{s) or threshcld(s) in
the response of the plant and to develop analytical techniques that

adequately account for such unexpected behavior.

To meet these objectives various kinds of ROSA-III tests have been
performed and those results have been published(4)”(33}. Up to the present
time. similar experimental studies on the BWR/LOCA phenomena have been

performed with respect to some test parameters in TLTA34) | FIST(3D) and
TRL, 138

One main steam line break test was performed at the FIST facility.with
the test conditions of 100% break area at one of the four main steam lines
and 2 LPCI failure assumption. Six main steam line break tests have been
performed at the ROSA-III facility in 1982 with test objectives to study (1)
the effects of steam line break area (2) the effects of break location at
upstream-side and downstream-side of MSIV, (3) the effects of downcomer
level trip logics on ECCS actuation and (4) the effects of ADS and Safety
valve actuation on the small steam line break LOCA. The test data of two

tests among the six tests are already published in JAERI , (€62 &7

The report presents the experimental test results of three steam line break

tests. RUNs G591, 954 and 996 and the effects of break area and ADS actuation

on the transient thermal hydraulic phenomena following the steam line break
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initiation. RUN 951 is a 34% steam line break test without ADS actuation,
RUNs 954 and 956 are 10% steam line break tests with ADS actuation. The
trip conditions of the safety valve and MSIV are different between RUNs 954
and O55. All these three tests vere performed by assuming failure of the

high pressure core spray (HPCS) system. FCCS actuation was tripped by down-

comer level trip signals.

Details of the ROSA-III test facility and instrumentations are described
in chapters 2 and 3. respectively. FEach test conditions and test procedures
are described in chapter 4. Chapter 5 shows experiment data of three tests.
The effects of break area. ADS and MSIV are descriped in chapter 6 by
investigating the three test results and that of RUN 05327}, a 100% steam

iine break test.
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2. ROSA-TIII Test Facility

The ROSA-ITT test facility is a volumetrically scaled (1/424) BWR system

with an electrically heated core designed to study the response of the

_primary system, the core and the ECCS during the postulated LOCA. The test

facility 1s 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, (¢} the
recirculation leoops and (d) the ECCS. Figures 2.1, 2.2 and 2.3 illustrate
configuration of the test facility. the pressure vessel internals and the
nining schematics, respectively., The schematic diagram of the test facility
and the piping schematic for the test RUN 95l are slightly different as
shown later {see Figs.2.11 through 2.13). Table 2.1 compares the major
dimensicng of the ROSA-III test facility to the corresponding dimensions of
the reference BWR systenm.

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. FEach fuel assembly

~contains 62 heater rods (Fig. 2.5) and 2 water rods spaced in a 8 x 8 square

array and supported by spacers and upper and lower tie plates. The heater
red is heated electrically with chopped cosine power distributicn 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 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
facter 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 power is limitted as 4.24 MW by limitation of the power supply
system. The relative power generation rate of a neater rod in each group is
t.i. 1.0 and 0.875 respectively. The orifice plate with 44 mm I.D. in one

assembly is inserted at each core inlet to control the core inlet flow,
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The steam line is connected to the steam dome of the pressure vessel. A
control valve is installed in the sieam line to control the steam dome
pressure in steady state bhefore the initiation of the tests. The steam line
nas a branch in which the automatic depressurization system (ADS) is
installed. The operation of valves in the steam line including the MSIV is
described in Chap.4. The feedwater is supplied from the feedwater tank
FWT) through the feedwater line (Fig. 2.8) and the feedwater sparger

(Fig.2.9) below the steam geparator.

The break unit in the steam line and the recirculation loop are des-
cribed below. Figure 2.10 shows the main steam line and the recirculation
loops for the tests‘RUN o954 and RUN €56. The steady steam flow is changed
to flow through the transient steam line by opening quickly the air valve AV
65 isee Fig.2.3.) immediately after the break initiation and by closing the
sready steam line. The steam break flow is lead to the break unit B (break
orifice 1.D. =9 &mm; and discharged outside the system. The break unit A is
isolated both from the steam line and the recirculation loop. The two
recirculation loops are similar as shown in Fig.2.10. The steam line and the
recirculation loops for the test RUN 951, however, are different from those
of the tests RUN 954 and RUN o56. The test RUN 8Dl was performed prior to
the other steam line brak tests by using the recirculation loops for the
recirculation loop suction line break tests. Figures 2.11 and 2.12 show the
schematic diagram and the piping schematic for the recirculation loop
suction line break test. The break units were located at one of the recir-
culation loops and therfore the two recirculation loops were not the same
dus to the existence of the break units. which were not exerted during the
ract RUN ©51. The steam discharge flow passed through the steady steam line
shown in Fig.2.13 and discharged through the silencer. The steam flow after

break was limitted by the orifice (OR-3) with 18.0 mm I.D..

The ROSA-III test facility is furnished with all kinds of the ECCS's -
available in the BWR system, i.e., the High Pressure Core Spray (HPCS), the
low Pressure Core Spray (LPCS), the Low Pressure Coolant Injection (LPCI ),
and the ADS. The HPCS and the LPCS spray the cooling vater on the top of
the core. The LPCI 1n3ects the cooling water into the core bypass. Each
FCCS consists of a pump, a tank, piping., and a control system. In the all
tests of RUNs 951, 954 and 056, a single failure of HPCS diesel generator 1is
assumed .

The water level in the upper downcomer was measured by a differential
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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-
mént 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, however. is represented by the low downcomer level (L1) and the high
containment pressure signal was assumed to be failed. The meanings of this
trip logic are as follows. (1)In a case of steam line valve failure such as
an abnormal opening of the turbine bypass valve, the containment pressure is

kept constant and the system pressure decreases showing an small steam line

break LCCA. (2 In a case of small steam line break LOCA, the operators may

observe the high downcomer level and make an misjudge such that the high
contalnment pressure signal . which.actuates the HPCS. 18 ignored hecause
the operators are trained to keep the normal water level. In these situa-
Lions. the IPCS and LPCI must be or may be actuated only by the low down-
comer level signal (Ll1).

The downcomer related trip logics in the present tests are summarized
below. The MSIV closure was assumed to actuated at the time of break in
RUNs 951 and 954, and by L2 level trip with time delay of 3 s in RUN S56.
The LPCS and LPCI were actuated by the low downcomer level with a time delay
of 40 g. The ADS was actuated by the low downcomer level with a time delay
of 120 s in the tests RUN 954 and RUN ©56. 1In the larger steam line break
test. RUN 951, the effect of ADS actuation was neglected.

MSIV Closure = 0Os, L2+ 3s

LPCS Actuation = (L1 + 40 s ) + (P less than 2,16 MPa)
LPCI Actuation = (Lt + 40 s ) + (P less than 1,57 MPa)
ADS Actuation = L2 + 120 s

!
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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 steam line break test RUN 851. In RUNs 954 and 956. smaller number
of instgumentations vere used as shown in Table 3.1.

Tables 3.2 and 3.3 show the measurement list and the core instrumenta-
tion list for RUN 951, respectively. The measurement lists for RUNs 954 and
056 are also shown in Table 3.2. The figure numbers of corresponding
measurements for RUNs 954 and 956 are described in the chapter 5. Instrumen-
‘ation 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 tempera-
tures. 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
flaid. _

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 conditicen and
measuring location. The turbine flow meter is used for subcooled water flow
such as ECCS injectidn 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 intact loop. The Venturi flow
meters used for recirculatibn 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 reod cladding
are measured with chromel -alumel thermocouples (CA T/C) of 1.8 or 1.0 mmgp.

The thermocouples for fuel rod cladding temperatures are imbedded at the
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surface of the cladding as shown in Fig. 2.5. There are seven {(maximum)
thermocouples for one fuel rod along the axial direction.

Liquid levels are measured by elther differential pressure transducers,
described ahove 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 powver supplied to the simulated fuel rods is contrelled 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 positiohs and pump coastdown simulation
initiations and so on are detected in order Lo 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 he used to determine the flow regime. Figures 3.7 and 3.8 show the
beam directions of the three-beam and two-beam gamma densitometers. The
gamma-ray source is 137Cs and the detector is a water cooled Nal(Tl) scin-
tillation counter.

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

The data acquisition system ( DATAC 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 M200 system computer at JAERI by
aff-line control. After evaluation, for example by comparing the initial
and final pressure values with standard values, the data is reprocessed
using the correct ceonversion factors as determined from the consistency
examination.

More detailed information on the data processing procedure are available

in reference (37).
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4 Test Conditions and Procedure

The steam line break tests described in the present report, simulated
the medium and small steam line breaks (break area of 34 and 10%), which
occurred between the reactor pressure vessel and the MSIV in one of the main
steam lines of a BWR. Because of simplifications, the test procedures and
test conditions for the ROSA-III tests may be different from some BWR steam
line LOCA scenarios. The MSIV closure was assumed to occur at the same time
of the break in RUNs 951 and 954 and at the trip signal (L2 + 3s) in RUN
058, A single failure of HPCS was. assumed in all the tests. The LPCS and
LPCI were actuated in all the tests by the downcomer low level trip signal
1,1 and by the designed pressures assuming the failure of the high contain-
ment pressure signal. The ADS was actuated in the smaller steam line break
cests (RUNs 954 and 996°. '

Test conditions of the steam line break tests, RUNs 951, 954 and 996 are
bompared in Table 4.1. The major events and test procedures in each test

are summarized in Table 4.2 through Table 4.4.

4 1 RUN 951, A 34% Steam Line Break Test

The test RUN 951 is a 34% steam line break scoping test for the ROSA-III
facility. The break units in the recirculation loop were not opened but the

am discharged through the steady state steam discharge line. The break
~roa was simulated by an orifice vith 18.0 mm I.D. (OR-3) in the third steam
line branch. The measured initial test conditions were; steamdome pressure
of 7.35 MPa. total core power of 3. 065 MW, core inlet mass flow of 18.35
kg/s, core inlet subcooling of 10.0 K, main steam flow of 2.03 kg/s, feedwa-
ter flow of 2.02 kg s, and pressure vessel water level of 5.04 m. The
initial average fluid quality in the upper plenum was estimated as 0.13. The
initial core power of 3.965 MW in RUN 651 corresponds to 44% of the 1/424
scaled BWR. 6 rated power and the initial core flow in RUN 951 correspeonds to
o5 of one BWR/6 fuel bundle flow.

RN 951 was performed by the following procedures as shown in Table 4.2.
Byeak was initiated by fully opening the control valve CV-130 in the third

steam line shown in Fig. 4.1. At the same time, the power supply to both
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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/LOCA.(SB) The
- steam flow to heat up the feedwater from the third steam line was manually
slopped immerdiately after the break by closing the valves CV-i and CV-2.
The feedwater line was closed at 2 s after the break.

The MSIV was assumed to close at the time of break and the steam dis-
charged through the steam line orifice. ADS was not actuated in RUN |
9n1. The ECCS actuation signal was fripped by L1 level (4.25 m from PV
bottom® signal with a time delay of 40 seconds. The LPCS was actuated at
375 s after the break {at 1.48 MPa of the system pressure) and LPCI was
actuated at 415 s after the break (at |.3] MPa of the system pressure}l,

The experiment data acquisition system started 119 seconds prior to the
break initiation and continued up to 818 seconds after the break. Most of

the instruments functioned successfully.

4.2 RUN 954, A 10% Steam Line Break Test

RUN 954 is a small steam line break test with a break area of 10% of the
1424 scaled main steam line piping flow area assuming both the MSIV closure
at the break time and the HPCS failure. The break area was simulated by an
orifice with .8 mm I.D. (OR-5) in the first steam line branch. The meas-
ured initial test conditions were 7.35 MPa of steam dome pressure, 3.97%0 MW
of total core power, (8.7 kg s of core inlet mass flow, 10.6 K of core inlet
subcooling, 2.06 kg s of main steam flow, 2.07 kg/s of feed water flow, and
5.03 m of the pressure vessel water level. The initial average fluid
quality in the upper plenum was estimated as 0.124. The initial core power
of 3.975 MW in RUN ©54 corresponds to 44% of the BWR/6 rated power and the
initial core flow in RUN 954 corresponds to 25% of one BWR/6 bundle flow.

RUN 954 was performed by the following procedures as shown in Table 4.3.
Break wag initiated by opening the Valve AVIBS in the first steam line
hranch and by closing the valve AVIG8 in the steady state steam line (third
branch? following a break signal which opened the valve of Break B. The
characteristics of valves are listed in Table 4.5, At the same time, the
pover supply to both recirculation pumps was terminated and the pump speed
coasted down rapicdly. After the break, the steady state core power was
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maintained for 9.0 seconds and then decreased along the power curve as in
RUN 951. The steam flow to heat up the feedwater from the third steam line
vas manually stopped immediately after the break by closing the valves CV-1
and CV-2. The feedwater line began to close at 1 s after break.

As ihe safety/relief valve systems in the BWR/6 system were not simu-
lated in RUN 954, decrease of the steam discharge flow after MSIV closure
resulted in rapid pressure lncrease and consequently the actuation of the
plant safety valve to open between 5.4 s (8.4 MPa) and 16.8 s (7.5 MPa).

The ADS was tripped at 153 s by the 12 level (4.76 m from PV bottom)
signal with a time delay of 120 s. - The ADS actuation signal in BWR/G
system, however, is not the L2 level but the L1 level.

The 1LFCS and LPCI were initiated by two trip signals, namely a combina-
tion of L1 level {4.25 m from PV bottom: signal in the upper dowricomer with
o time delay of 40 s and a system pressure lower than 2.16 MPa for LPCS
initiation. and L1 level signal with a time delay of 40 s and a system
pressure lower than 1 57 MPa for LPCI initiation. In RUN 954, L1 level
signal was tripped at 403 & after break. Therefore, the LPCS was actuated
at 443 s (P = 1.68 MPa) by the Ll signal with a time delay of 40 s. On the
other hand, the LPCI was actuated at 455 s by a rather high pressure set-
point of 1.83 MPa.

The experimental data acquisition system was started 120 seconds prior
to the break initiation and continued up to 1101 seconds after the break.

Most of the instrumentation functioned successfully.

A2 RUN 956, A 10% Steam Line Break Test Assuming MSIV Closure
by 12 Level Trip

The test RUN 956 was performed with the same test conditions as those of
RUN 954 except for the MSIV trip logic. The initial test conditions of RUN
956 are compared with those of RUN 954 in Table 4.1. In RUN 956, the MSIV
was tripped by the low downcomer level signal (L2) with time delay of 3 s
(1P9s after break) and the steam discharged both through the first
(transient line} and third (steady state) sieam lines during the first 129
< The ADS was opened by 12 trip signal with time delay of 120 s. The LPCS
and 1PCI actuation logics were the same as those of RUN 8b4. The time of

major events and test procedures in RUN 956 are summarized in Table 4.4.
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5. Data Processing for RUNs 951, 954 and 956.

In RUN €51. the data acquisition frequency was 10 Hz, and in RUNs 954
and 956, 'it was b Hz. The test data was processed and reduced to 1000 data
peints for computer plotting. The time span and frequency of the reduced
data. for plotting were.1000 s and 1 Hz, respectively.

The test data of RUN 851 are shown in Figs. 5.1 through 5.188. In these
flgures, the measured quantity is identified by the channel number .and the
alphabetic characters [ref, Table 3.2, The test data of RUNs 954 and 956
are described after the deseription of RUN 951 data. in Figs. 5.189 through
5308 and Figs. D.309 through ©.448. respectively,

First the test data of RUN ©51.are described below.

Figure 5.1 shows the representative pressure data in the pressure vessel
PV’ and main steam line (MSL.). Figures 5.2 through 5.25 show differential
pressure data between various positions:in the pressure vessel and the
recirculation loop. Figures 5.26 and 5.27 show the liguid levels in the
ECCS tanks and downcomer. Figures 5.28 through 5.34 show the flow rates.
Figure 5.3b 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. 5.38. The trip signals such as the brealk initiation signal and the
valve posiltioning signals are shown in Figs. 5.37 through 5.39, Figures
5.40 through B.47 show the fluid densities measured by the gamma
densitometer, Figures 5.48 and 5.49 show momentum fluxes measured by drag
disks. Figures 5.00 through 5.52 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. 5.53 through 5.72. Metal temperatures on the
inner and outer surfaces. of channel boxes are shown in Figs. 5.73 through
5.79,  Figures 5,80 through 5,100 show the-fuel rod cladding temperatures in
a different manner. Figures 5.101 through %.131 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. 5.132 through 5.152. The peak cladding temperature (PCT)
distribution in RUN 951 is given in Table 5.1,
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Quantities obtained from reduction of the test data are shown in Figs.
5.153 through 5.188.

Figure 5.153 shows the estimated liquid levels in the core and the
pressure Vessel obtained by reducing the conductivity probe signals pre-
viously shown in Figs. 5.132 through 5.152. Figures 5,154 and 5.125 show
the dryout and quenching times of the representative fuel rods in the core.
Figures 5.156 through 5.158 show the average fluid density calculated from
the data shown in Fig. 5.40 through Fig. 5.47. 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.
D = 0.3221py -+ 0.43w3 + 0,243 o1

where,
Ne ' average density obtained from the three-beam gamma densitometer,
ny : density. measured by beam A (bottom),
pp ;. density measured by beam B {middle).

pe ¢ density measured by beam C' {top).
For the two-beam densitometer at the break spool piece.
Do = 0.5883ny + 0.4137n 5.2)

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

py . density measured by beam A {(bottom),

pp . density measured by beam B (top.

Figures 5.158 through 5.164 show the fluid flow rates at 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 pressure drop across
the orifices or venturi flow meters and the liquid density obtained from the
temperature and the presshre condition. The equation used for- the calcula-

tion 1s as follows !
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G=0Cy- A /29 -p- AP : B.3)

‘where.

¢ © flow rate,

AP . pressure drop across the orifice,

%y . discharge coefficient.
= 0.6652 ¢ the orifice to measure the steam discharge flow rate )
= 0.4761 ( the channel inlet orifice )
= 0.8032 { the bypass hole )
~ 0.7323 ¢ the orifice to measure the jet pump outlet flow rate )
= 1.1260 ¢ the venturi tube to measure the jet pump outlet flow

rate

Eal

A © flow area { m )
= 2.875 = 107 ¢ the orifice to measure the steam discharge flow
rate )
= 1.521 = 10 ( the channel inlet orifice )
= 1.758 « 107" { the bypass hole )
21.133 10”3 { the orifice to measure the jet pump outlet flow

rate
9.095 =~ 107! ¢ the venturi tube to measure the jet pump cutlet

flow rate
g © gravitational accelaration | = @,807 m/sc ),

ny o density of the single-phase liquid ¢ kg ),

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

Figures 5.165 and 5.186 show the collapsed water levels in downcomer ahd
inside the core-shroud, respectively. Fach level is obtained from
corresponding differential pressure. The differential pressure may include
the flov resistance effect, however, the flow resistance becomes negligible
after completion of the recirculation pump coastdown.

Figure ©.167 shows the fluid mass inventory in downcomer. The fluid

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

M=p g 5.4)
. vhere,
M ¢ fluid inventory,
pr o liquid density estimated from the satulation temperature and/or
pressure.
Q  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 (Lo,

Q =0.0
Q = 0.0225L - 0
Q= 0.0697. — 0
Q=0.0226L - 0
@ = 0.0801L - O.
Q =0.2443L - O
= 0.2611L - O
Q@ =0.2504. — Q
Q =023 - C
Q= 02888 — 1
Q= 0.330BL — 1
= 0.3607L - 1
= 0.3848. - 1
Q = 0.7111

Figure 5,168 shows the fluid mass inventory inside core shroud.
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The

fluid mass inventory is determined from the density and configurational data

inside and outside the core shroud,

M=p-Q (5.6)
where,
M fluid inventory.
pp o liquid density estimated from the satulation temperature and/or
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pressure,
@ : liguid 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 (L},

Q= 0.0 { L =00 )

Q - 0.2350L. (0.0 < L = 0.497 )

Q- 0.1245. + 0.0549 (0.497 < L = 1.354 )

(= 0.0808L + 0.1290 (1.354 < . = 3.589 )

G = 01848l — 0,212 ( 3.580 <1 [ = 3,744 ) )
O = 01953 — 0.9°99 (3,744 < )L 4.243 5.7)
= 00198, + 0,470 CAPA3 < | s A58

G- QOISRL ¢ 0.4R4d {4678 < [ = 4.6B4

o= 0.04101 - 0.3201 ( 4.654 < I = 5.003 )

Q = 0.01968L + 0.4°97 ( 5.000 < L = 5.365 )

q = 0.5344 { .35 << L )

!

The test data of RUN 954 are presented in Figs. 5.189 through 5.308 in
the similar order as RUN @bi. Numbers of temperature and liquid level
measurements are decreased in RUN 954, On the other hand, the fluid den-
sity. momentum flux and therefore the mass flow rate were determined in the

main steam lirne down the hrealk orifice.

Figure 5. 180 shows the pressure data in PV and MSL. . Figures 5.170
throuzgh 5.193 show differential pressure data between various positions in
the pressure vessel and recirculation loops. Figures 5.184 and 5.195 show
the liguid levels in the ECCS tanks and downcomer. Figures 5.198 through
5.202 show the flow rates, Figure 5.203 shows the power supplied to the
core with the maximum capacities of 2100 and 31950 kW. The pump speeds of
the recirculation pumps are shown in Fig. ©.204. The trip signals such as
the break initiatieon signal and the valve positioning signals are shown in
Fig. 5,205 through 5.207. Figures 5.208 through 5.215 show the fluid
densities measured by the gamma densitometers. [Figures b. 216 through 5.218
chow momentum fluxes measured by the drag-disks. Figures £.219 through

o #02 shnow the fluld temperatures at various positions in the system. The

fuzl rod cladding temperatures and the surface temperatures of the water
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rods and the channel boxes are given in the Figs. 5.223 through 5.242.
Figures 5.243 through 5.263 show the fuel rod cladding temperatures in a
different manner. Figures 5.264 through 5.279 shov the fluid temperatures at
the inlet and outlet of the channel boxes. The outer surface temperatures

" of the channel box are shown in Fig. 5. 280. The liquid level signals 1in the
core. the upper and lower plena, the guide tube and the downcomer are shown
in Figs. 5.28! through 5.292. The peak cladding temperature (PCT) distribu-
tion in the core is given in Table 5.2.

Quantities obtained from reduction of the test data are shown in Figs.
5. 203 through 5.308.

Figure 5.293 shows the estimated liquid levels in the core and the
pressure vessel obtained by reducing the conductivity probe signals pre-
viously shown in Figs. 5.28 through 5.282. F[Figures 5.204 and ©.29% show
t ransients of the dryout and quénching times of the representative fuel rod
in <he high and average power bundles. Figures 5.296 through 5.298 show the
average fluid density calculated from the data shown in Figs. 5.208 through
5 215, Figures 5.229 through 5.304 show the fluid flow rates at the channel
inlet orifices. the bypass holes and the jet pump outlets. The fluid flow
rates are calculated like as the calculation of RUN 951, Total channel
inlet flow rate presents the sum of four channel inlet flow rates.

Figures 5.305 and 5.306 show the collapsed water levels in downcomer and
inside the core shroud, respectively. Fach level is obtained from
corresponding differential pressure. The differential pressure may include
the flow resistance effect. however, the flow resigtance becomes riegligible
after completion of coast down of the recirculation flow.

Figures 5.307 and 5.308 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, like as the data of RUN abi .
Finally. the test data of RUN 056 are described below.

The test data of RUN €56 are presented in Figs. 5.309 through 5.448.
These data are processed and presented in the same way as RUN 854, There-
fore. the description of data processing for RUN 956 1s abbreviated. List of
figures for the experiment data of RUN 956 can be refered by Table 3.2. The

maywimum cladding temperature distribution for RUN 928 is shown in Tahle 5.3.
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8. Test Results

Brief interpretations for the test results of RUNs 9bl, 954 and 956 are
presented in sections 6.1 through 6.3. The effects of bresk area and
actuation times of MSIV and ADS on the transient thermal hydraulic phenomena

in the main steam line breaks are presented in sections 8.4 through 6.6.

6.1 Major Events of RUN 951, A 34 % Steam Line Break Test

The test conditions and major events of RUN 951 are shown in Tables 4.1
and 4.2, The recirculation loops for RUN 951 were the same as those for a
recirculation loop suction line break test. However, the break units
located in the recirculation loop were not used in RUN 951. The steam line
break was initiated by fully opening the pressure control valve CV130 (see
Fig.?.13) and restricting the steam discharge flow rate by an orifice (OR-3)
with a minimum flow area (18.0 mmI.D.). Therefore, the corifice (OR-3) gave
steam line break area of 34 % of a 1,/424 scaled BWR steam line flow area.
At the same time as the break initiation, the main steam isolation valve
(MSIV )Y was assumed to close quickly and two main recirculation pumps were
tripped, The feedwater supply isee Fig.5.30: was stopped between 1.9 s and
3.9 s af'ter the break.

The steam flowv through the main steam line (MSL) was measured by a flow
meter (see Fig.5.28). In general. the steam flow rate, measured by an
orifice-type flow meter (Fl in Fig.2.13) gives an accurate value fbr a
single-phase saturated steam flow. In the two-phase flow condition, the
flov measurement gives qualitative characteristics of the flow. It is
supposed from the test result that single-phasé steam passed the flow meter
in a short time after the break and probably in a time period after 200s
‘superheated steam temperature was detected in the MSL | see Fig.5.51, TE
18593, The pressure began to decrease abruptly at 9 s after break due to
decrease of core power (see Fig.5.35) and thereafter decreased monotcnously
due te the continuing steam discharge flow,

After coastdown of the main recirculation pumps, the fluid in the
nressure vessel (PV) flowed due to natural circulation. The differential

pressures in PV and recirculation loops (see Figs.5.2 through 5.25) showed
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abrupt changes from the initial value after the break initiation due to
rapid decrease of frictional pressure loss. After the pump coastdown. most
of the differential pressure data showed the values close to the static
pressure heads.

Tluid remaining in the system began boiling at 19.2 s in the middle
downcomer isee Fig.b.4) and at 25 s in the recirculation loops (Figs. 5.1t,
512, 5.15, 5.17;. By the initiation of fluid flashing, the differential
pressure hegan to decrease in the lower downcomer and the downcomer level
svelled in the upper downcomer (see Fig.5.27). As the flashing became
amaller, flow oscillations with frequency of 0.07-0.08 Hz became obviously
in PY and jet pump discharge lines isee Figs.5.2. 56.14, 5.17, 5.18, 5,20
through B.20:. These oscillations are synchronous.

e to the decrease.of Fluid mass inventory, the mixture levels vere
Permad in the channel boxes and other regions (see Fig.5.153;. Due to the
niviure level decrease in the core. the simulated fuel rods (heater rods)
hegan to heat up and showed the surface temperature excursion (see
Figs.5. 154 and 5.15b, Figs.5.53 through 5.100). Figures 5.153 through 5.1%5
show that the dryout front of the heater rods agreed well with the falling
mixture level front except for upper part of the core.

At the time of 245 s after the break, the remained hot water in the
feedvarter line began boiling at the saturation pressure of the feedwater
temperature (489 K) as shown in Fig.5.30. The low pressure core spray
‘IPCS: and low pressure core injection (LPCI) were injected at 375 s and 415
s after the break. respeciively :see Fig.5.29). The LPCS and LPCI injec-
tions caused rapid water accumulation inside core shroud (see Figs.5.2, 5.5
and rapid heater rods quenching i{see Fig.5.53 through 5.100, Figs.5.154 and
5 1553, The heater rods quenching was completed within 30 s after the LPCI
injection. Bottom of the heater rods did not show dryout because the
injected LPCS water reached the bottom of core before the mixture level in
core fell to the location. The peak cladding temperature in core was
ohserved as 849 K at the middle of the highest power rod A3i at ao4 s after
the break (19 s after the LPCS injection, 21 s before the LPCI injection).

On the other hand, the injections of LPCI caused rapid condensation
inside core shroud and consequently faster depressurization in the system
see Fig.5.1). Large subcooling temperatures were observed at the upper tie
niate (UTP: (see Figs.5.102 through 5.131;, 1in the core bypass region and on
the channel box walls. The faster depressurization inside core shroud due

+o the LPCI injection also caused a temporary increase of void fraction in
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the downcomer (see Figs.5.4 and 5.27) and continucus higher void fraction in

the main recirculation loops {(see Fig.Bb.11, B.12, 5.1b). The continucus

‘higher void fraction may show a counter current flow limitation at the

inlets of recirculation loops and the jet pump drive nozzles. The metal
gtored heat in the recirculation loop walls and the pump casing metals also
contributed to the higher wvoid fracticon in the recirculation loops.

During the test period, except for time after LPCI actuation. the upper
downcomer water level was kept higher than the estimated collapsed water
level inside core-shroud as shown in Fig.5.153. The upper downcomer water
level was measured by a differential pressure transducer between the middle
downcomar (EL 3.9 m; and the top of PV (EL 6.04 m). The total water head
between the downcomer bottom (FL 0.938 m: and the PV top (FL 6.04 m) was
alseo higher than the collapsed water level inside core-shroud. The diffe-
~ence hetween the upper downcomer water level and the total downcomer water
head was due to steam void fraction between the two levels (EL 3.9 m, EL
0.838 my. The difference of the total downcomer head and the collapsed
water level inside core shroud is due to differences of the locations of
level measurements and average steam void fraction between the downcomer and
core. The average steam void fraction in the lower downcomer rose up to
0.35 at 100 s after the break and was kept nearly constantly for a long
time. This downcomer void fraction was estimated to be larger than that in
the lower plenum by comparing the- experiment data of the liquid level
signals in the downcomer (sees Fig.5.151 and 5.152) and lower plenum {see
Fig 5. 147 and 5.148). And larger friction losses across the core and
separator then jet pumps and downceomer also affected the pressure balance in
tha pressure vessel. It should be noted in a main steam line break LOCA
that the upper downcomer water level indicated higher value than the mixture
level inside core shroud and that the heater rods in the core were exposed
into steam atmosphere. These phenomena are different from the recirculation
loop large break LOCA, where the downccmer level fell down in a short time

after the break.

_.-l'g._
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5.2 Major Events of RUNSS4, A 10 % Steam Line Break Test

The test conditions and major events of RUN9S4 are shown in Tables 4.1
and 4.3, The initial test conditions of RUNSD4 were similar to those of
RUNGS1 . The steam discharge flow path after break, the break orifice
Aiameter and the recirculation loop vwere changed from the condition of
DINGS1. to simulate the 10 % steam line break test and to measure tne steam
discharge flow rate by a gamma densitometer and drag-disk.

The steam line brealk was initiated by quickly opening the air valve (AV
165 in the transient steam line isee Fig.2.10; and the quick opening
hlowdown valve (QOBV-Bi.  The steady steam line waé simul taneously closed.

fs the steam discharge flow rate was limitted to 37 % of the initial steam

{1l hy the break orifice {OR-5: in the transient steam line (see
Fia 51980, the system pressuré increased rapidly after the break as shown
in Fig.5.169. Wnen the system pressure reached the set point of the plant
safety valve actuation (P = 8.4 MPa’ at 5.4 s after the break, the safety
valve opened, It was closed at 16.9 s after the break at the system pres-
sure of 7.5 MPa. The discharged steam flow through the plant safety valve
vas not measured but estimated as shown in Appendix A-1.

The steam discharge flow through the safety valve was 2.95 kg/s (1.06 x
104 ke hour ® and the total discharged steam mass between 5.4 s and 16.9 s
vas 34 ke.

At Lhe same time of break, the recirculation pumps were tripped off {see
Fig. 5,204, The feedwater supply was terminated during | s and 4 s after
the break isee Fig.D.198}, The electric power supplied to the core began to
decrease at 9 s after the break and thereafter it simulated the BWR/6 decay
power curve (38 as shown in Fig.5.203.

The initial water level in the downcomer (see Fig.5.195) was bD. 03 m,
which included pressure loss of the downward downcomer flow. During the
first 5.4 s, the downcomer water level was maintained constant. The steam
discharge flow through the plant safety valve caused the temporary level
increase after the time of 5.4 s

At the time of 82 s after the break. the lower downcomer level (pressure
head : began to decrease. which indicated the initiation of £luid flashing.
At 153 g al'ter the break. the ADS yas opened by the L2 trip water level

4,78 m from the bottom of PV with a time delay of 120 s. By the ADS

opening. the system pressure decreased rapidly and the remained water in the

—-20 -
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system initiatedto flash violently. The effects of ADS opening are shown in
the experiment data of downcomer water level (Fig.5.195) and differential
pressures in the recirculation loops (Figs.5.179, 180, 182, 183 and 185).

The ADS opening increased the void fraction in the lower downcomer and

_raised the collapsed water level in the upper downcomer.

At 403 s after break. the upper downcomer water level reached the LI
trip level 4.25 m from the PV bottoem: and the LPCS and 3LPCI were actuated
with the time delay of 40 s (see Fig.5.197). The LPCI water increased the
depressurizaticn rate (‘see Fig.5.189) and mass inventory in the pressure

essel. The injected LPCS and LPCI water accumulated inside core shroud and

”l
<3

then flowed into the downcomer. The mass inventory in the recirculation
loop. which are indicated by the differential pressure data, began to

denrease rapidly after the LPCI actuation and recovered abruptly about 200 s

el

“rav the LPCT actuation ‘see Figs.5.178. 180 and 183).
uel rod surface temperaturés were measured by CA thermocouples of 1.0

mn C.D inbedded in the fuel rod sheath made of inconel 60Q0. There are
seven thermocouples for each fuel rod., Fuel rods in channel A have the
channel peaking factor of 1.4 and those in other 3 channels B, C and D_have
1.0, Following core cooling behaviors have been observed from the tempera-
ture responses shown in Figs.b. 223 through 5.2683. {1) The peak cladding
temperature ‘PCT) was observed as 683 K at the position 3 of AlZ rod at 494
s after break (11 g after LPCS initiation). (2% The major dryout of fuel
rods initiated at 300 s from top part of the core but the lower part of the
core ‘helov Position B were not exposed into steam. The whole core was
nuenched completely at 487 s af'ter break (12 s after LPCI actuation:. {33
Imorovenent of local core cooling was observed in the upper part of the core
hefore the LPCS actuation due to the fall back water from the upper plenum.

Figures 5.240 and 5.241 show fluid temperatures on the surface of water
rods in A and C channels. It should be noted that these water rod surface
temperatures were slightly higher than the surface temperatures of the
peripheral heater rods after the whole core quench as shown in Figs.5.223
and that they were close to those of central rod of each bundle (Figs.5.227
and 237). And the temperature distribution along the axial direction meant
existence of upward flow in-the central region including the water rods and
downward flow in the peripheral region of the channel box.

Fignre 5.280 shows fluid temperatures on the outer surface of channel
Yox A, These temperatures showing lafge subcooling after LPCI actuation,

indicated that the LPCI water caused rapid condensation and depressuriza-



JAERI-M 85-202

tion. From the temperature responses in the pressure vessel (see Figs.b.219
and 5.220) and recirculation loops, flow path of the ECC water can be found
as follows. The steam dome temperature showed the saturation temperature.

Fluid temperatures near the MRP1 and MRPZ are close to the saturation

temperature. Fluid temperature in the lower downcomer was higher than that

in the upper downcomer . Fluid temperature in the lower plenum is higher
than that in the upper downcomer and lower that in the lower downcomer.
Fluid temperature in the upper plenum was the lowest among these data. It
is considered that the injected FCC water filled up the core bypass, core,
upper plenum. lower plenum and downcomer ., sequentially., and that the recir-
culation loop pipings near the recirculation pumps were the last part for
the FCC water arrival.

Figures 5.281 through 5.9202 show licuid level signals 1in PV, Liquid
tevel fall oand its recovery iﬁ the core are clearly shown in these figures.
The liguid level lowered below the position 1 at 296 s and recovered at 465
a. The position 9 was exposed into steam environment for a few seconds
after 443 s and rewetted soon.  Difference of the liquid level behaviors
among the A, B and C chanhels was not observed clearly. Figures 5.288 and
5 289 show that no water level was formed in the core inlet chamber. No
water levels vere also formed below the middle part of downcomers and in the
lower plenun.

Figure 5.293 shows the representative fuel rod behaviors, the mixture
levels and the collapsed water level in the pressure vessel. The mixture
levels in A and C channels were higher than ithe collapsed water level inside
cove shroud and they were lower than the collapsed water level in the upper
doyncomar . It should be noted that the fuel rods in the upper part of the
core had been exposed temporarily into steam environment whereas the water
level in the upper downcomer staved higher than the top of core.

Figures 5.294 and % 205 show dryout and quench times of the fuel rods
and the mixture level transients in the core. It is shown from the figures
that there was little difference among the dryout and quench behaviors of
fuel rods in the same channel box and also in four channel boxes, namely.
these dryout and quench behaviors agreed very well with the mixture level
transients in the core. It is evident that mixture level controlled the
fuel rods cooling conditions in a small break LOCA.

The steam discharge flow rate vwas measured at the break unit B at the
downstream of the orifice OR-D by using the momentum flux and fluid density

gee Fix.5.3040. The steam discharge flow rate measured by a gamma densito-
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meter and a drag disk should be more accurate in the two-phase flow region
than that by the orifice-type meter {see Fig.H5,198). These experimental
data were corrected at the following two reference conditions. 1.e., no
steam flow at the initial condition and corrected super-heated steam flow at
150 ¢ after the break.

The experiment data of fluid densities of beams A, B and C in the
horizontal pipings at the downstream of the jet pumps, indicated that
stratified flow pattern was observed both in blewdown and reflooding phases.
and that they were filled up with water at 650 s after break (about 200 s
after the LPCI actuation:.

Figures 5.214 and 5.215 show fluid densities of beam A and beam B at the
dovnstream of theorifice OR-5B. Higher fluid density before break means
evigtence of water level ip the horizontal pipe region. which had leaked

creh the valve AVISS in the first branch of the main steam line and

aosmmiiated 1n the lower horizontal regilon.

Ve i
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6.3 Major Events of RUN 956, A 10 % Steam Line Break Test
Assuming MSIV Closure by L2 Level Trip

The test conditions and major events of RUNOSG are shown in Tables 4.1
‘and 4 4. The test conditions of RUNGDG were very similar as those of RUNGbH4
except for the MSIV trip logic. In RUNSSE. the MSIV was tripped to close by
the 12 trip level of the upper downcomer level measurement with time delay
of 3 s.

The break was initiated by quickly opening the quick opening valve
‘QORV-R and the alr valve (aV 1657 in the transient steam line as shown in
the previous section. At the same time of break., a part of steady steam
flow used to heat up the feedwatler was alao terminated by closing the valves
and OV 2 and Lhe recirculation pumps vwere tripped off. The steam

discharged through the followiﬁg two pathes during 129 s after the brealk.

Those are {1 the steady state steam line, where the initial steam flow rate
was 2.06 keg/s and (27 the transient steam line, where the steam flow was
limitted by the break orifice {OR-5) with flow area of 7.954 x 1075 m2 (10 %
of the 1/4P4 scaled BWR steam line flow area). The steam flow rateshown in
Fig. 5.335 ig the sum of these two flows during the 128 s. After the MSIV
clesure at 129 s. the steam flow rate shoved only the break steam flow. At
244 s after the breal., ADS was actuated to open by the L2 trip level with
time delay of 118 s. And the ADS flow rate was added to the break flow rate
as shown in Fig.DH. . 33b.

According to these steam [low responses. the system pressure dereased
after hreak as shown in Fig.5.309. Ry the break initiation, the system
pressure began to decrease abruptly and then turned to increase due to
inereased steam generation, which is a result of loss of core inlet nsub-
cooling caused by the feedwater stop. When the electric core power began to
decrease at 9 s after the break, the system. pressure also initiated to
decrease. At the system pressure of 6.4 MPa (25 s after break), the lower
plenum plashing initiated affecting the depressurization rate. At 129 s
after break, the depressurization rate hecame lower by closing the MSIV (AV
168 and at 244 s after break it began to flow area decrease faster agaln
due to ADS actuation.

Thege pressure responses affected the void distribution in the system
and therefore it affected the differential pressures in the recirculation

loops (Figs.5.319. 320, and 3231 and downcomer (Figs.5.312 and 5.335}, the
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fluid densities at the jet pump discharge lines (Figs.5.348 through 5.353)
and core inlet flow rates (Figs.5.329 through 5.332:. The downcomer head
(Fig.5.312) clearly shows theeffects of pressure response on void fraction,
which is closely related with the depressurization rate or the steam dis-
charge {low area. This relation is investigated in the next section. The
M3IV closure decreased the upward steam flow in PV and supressed the fluid
flagshing. And the fluid density in the lower region of the vessel and the
reciraonlation loop became higher. Some of the fuel rod surface temperatures
at the upper core region, however, showed temperature rise after MSIV
closure and quench or rewet after ADS actuation i{see Figs. 5. 383 through
5,403 These temporary temperature rises were observed at the AZZ2, B2Z,
Coe, D22, AT7. BT77. rods. vwhich had the local peaking factor of 1.0, and
vare not obgserved at the peripheral peak power rods.

Aetuation of the LPCS and 3LPCI resulted in rapid increase of mass
inventory lnside core shroud (see Figs.5.310, 311, 313 and 327), slower
racovery of the downcomer mass inventory (Fig.5.312) and, on the contrary,
faster mass depletion in the recirculation loops (Figs.5.319 , 320 and 323)
as in the test results of RUN S%4.
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6. 4 FEffects of Break Area on Major Events

The effects of break area on the pressure response, mojor events includ-
ing the FCCS actuation and core cocling phenomena are presented in this
section by comparing the test results of RUNs 954. 956, 951 and RUN 95327,
4 100 % steam line break test without HPCS and ADS.

/137 Steam Discharge Flow Area of Each Test

Table 6.1 and Fig.6.1 show the total steam discharge flow area of each
test including the break area and ADS flow area. The initial steam flow
ares at the control valve CVI30  see Fig.2.3; was controlled to keep con-
atantly the sysitem pressure. This flowv area of each test was nearly the
aame under the same initial test conditions (see Table 6.2) and vas esti-
mated as 2.21 x 10 4 p2 (29.3 % of the scaled 100 % steam line flow area) as
shown in Appendix A-1. The equivallent flow area through the plant safely
valve was calculated as 3.00 x 107 -4 mZ2 (30.3 %) (see Appendix A- 2.

In RUN 958, the steam dlscharged from the steady state steam line
through the CV-130 and the transient steam line through the OR-5 after
initiation of the break. If the CV- 130 was kept constant after the break
initiation, the total steam discharge flow area of RUN 956 became a sum of
those two flow areas as 29. 3. 10.0 = 38.3 (%). This value is a little
larger than the break area of RUN 951 (33.7%). This larger area. however.
~an not he congistent with the agreement of pressure responses of RUN 956
wvith those of RUN @5! in a short time period after the break and a slightly
smaller steam discharge flow rate of RUN 956 compared with those of RUN 951
in a time period after initiation of lower plenum flashing. These pressure
response and steam discharge flow rate indicate that the CV-130 valve flow
area in RUN 956 vas throttled slightly from the steady state value after the
break so that the total steam discharge flow area of RUN 956 became the same
or slightly smaller than that of RUN 951. By using a relationship (see
Section 6.5) obtained for the maximum average downcomer void fraction and
the total steam discharge flow area, the throttled CV-130 flow area was
calculated as 1.731 x 107 4 42" and the total steam discharge flow area
af'ter the break was as 2.485 x 1074 me, (32,9 %),

Tn RUNs €51 and 953, the steam flow area was kept constant after Lhe

break. However, the total steam discharge flow areas of RUNs 054 and 956

— 26—
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were changed by the actuations of the plant safety valve or delayed MSIV and
ADS. Tn the small steam line break LOCAs such as RUNs 954 and 9568, the flow
areas of MSIV and ADS had the dominating part in the total steam discharge

flow area.

2} FEffects of Steam Discharge Flow Area on

the Pressure Response and Major Events

The steam dome pressure and steam discharge flow rate of the tests are
compared in Fizs 6.2 and 6B.3. respectively.- It is shown that the steam
discharge flow rate vas affected directly by the total steam discharge flow
area and also by the steam dome pressure in each test. The steam discharge
flow through the SV in BUN 9354 should be added on the measured steam flow
te. TH should be noted thet these steam flow rates are correct cnly for
o maturated steam flow but not correct for the two-phase flow and super-
heated steam flow because of the measuring principle of the orifice-type
flow meter and that they can be used as the qualitative flow characte-
ristics,

Afterthe break, the steam dome pressure of RUN 954 increased rapidly by -
the 10 % break area, those of RUNs 956 and 951 were kept nearly constant and
that of RUN 953 decreased rapidly by the 100 % break area. The difference
of the pressures during the shert time period after the break. depended
directly on the total steam discharge 'low area. This dependence was very
sensitive in the main steam line break LOCA comparing with the recirculation
Line hrealk LOCA. Moreover, it was reduced from the pressure responses that

total steam discharge flow areas of RUNs 951 and 9598 were similar during

tne first 20 s. The pressure responses of RUNs 951, 954 and 956 became
cimilar after the actuation of ADS. The main reason of the similar pressure
responses in the later test phase of these three tests was also the similar
total steam discharge flow area.

The major events of the four tests are shown in Table 6.3 and Fig. 6.4.
The MSIV closure in RUNs 954, 951 and 953 were assumed to occur at the break
initiation time. whereas that in RUN 996 was tripped by the low level signal
129 with time delay of 3s. And the major events of RUN 956 were close to
thogse of RUN 99! due to the similar total steam discharge flow area shown
previously, The effects of delayed MSIV actuation is presented in the next
santion by comparing the test results of RUNs 994 and 956.

Fisure 5.4 indicates the following characteristies in the maln steam
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line break tests. (1) Initiation time of the fuel rod dryout strongly
depended on the break area. In the 100 % break test /(RUN €53), the fuel rod
started the temperature excursion at 33 s after the break and that of the

10 % break test (RUN 954 started at 300 s after the break. Approximately
Cthe initiation time of the fuel rod dryout was inversely proportional to the
hrealk area. (23 The downcomer water level response indicated some what
complicated relation with the break area. The latest L2 trip time vas found
in the medium break teét ‘RUN 9513. Moreover, the 12 level in the 100 %
hreak test (RUN 9537 was later. than the 10 % break test (RUN 954). On-the
other hand. the Lt level in each test depends on the break area. One of the
reasons of this complicated downcomer level response with respect to the
brealr area was the changes of the downcomer void fraction and therefore the
level smelling during the depressurizalbion process, which is shown in the
wer snotion. 3, In RUN 954, the L1 level. the actuations of IPCS and LPCI

~ei the final gquench of the fuel rods occurred in a rather short time
period, whereas those 1n RUN 953 occurred in the wider time period. This
tendancy can be closely related with the response of mass inventory in the
pressure vessel as shown later. (4) The longer and earlier time period
hetween the dryout iritiation time and the final quench time of fuel rods
resulted in the higher peak cladding temperature in the larger break test.
51 The LPCS actuation vas tripped by the (L1 + 40s) in all steam line break
teste .  The ILPCI actuation was tripped by the (L1 + 40s) in the 100% break
test (RUN 953'. the (Ll + 40s’ with time delay of 40s in the 34% break test
RN 91y and the injection setpoint pressure of LPCI in RUNs 924 and

w3 The time delay of 40s for the 1PCT actuation in RUN 951 was due to
mizsetbing.

k]

‘3y Mass Inventory Responses

The response of mass inventory in the system can be found from the
differential pressure data shown in Figs.6.5 through 6.10. The differential
pressure after termination of the initial forced circulation flow mainly
consisted of the static water head except for some short time.periods after
the lower plenum flashing initiation. ADS opening and MSIV closure, when the
pregsure loss due to the flov resistance can not be neglected.

Ficure 6.5 shows the tendencies of PV mass inventories of the four
rosts.  The lowest inventory was observed in the 100 % break test (RUN ©33).

“h pass inventory of RUN 954 was kept higher in the early blowdown phase
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‘before ADS actuation)., and agreed with that of RUN 956 after the ADS
actuation. The mass inventory of RUN 958 before the MSIV closure agreed
with that of RUN 951. These responses of mass inventory correspond to the
change of total steam discharge flow area shown previously. In all tests,
the PY mass inventory began to increase after LPCS actuation and it was
promoted faster by the 3 LPCI actuation. _

Figure 6.6 shows the mass inventories in the jet pump discharge line. As
the higher pressure side is at the higher elevation point, the negative
differential pressure corresponds to the static head.. The tendencies of
Fig.6.6 are similar as those of Fig.6.5.

Figures 6.7 and 6.8 show the mass inventory in the upperdowncomer (FL
2.814 to 6.04 m and lower downcomer (L 0.94. Lo 2.814 m), respectively. The
differential pressure in the lowsr downcomer also indicatesthe response of
yoie fraction. The tendencies of downcomer mass inventory in RUN 858 are
simiiar to those of RUN €51, After ADS opening, the differential pressures
of RUNs 954 and 956 became similar to that of RUN ©51. The constant value
at the end of RUNs ©54 and 953 show that the downcomer was filled up by
water. The recovery of mass inventory in the downcomer was similar as thatr
inside core-shroud (Fig.6.5) in each test.

Figures 6.9 and 6.10 show the differential pressures between the down-
comer bottom ard the MRP1 suction and between the MRP1 delivery and JP 1
drive line., respectively. After coast down of the initial forced recircula-
tion flow, the differercial pressures indicated static heads in those
region. The rapid decrease from the constant static head means Initiation

of void generation in the region or flashing. The actuations of ADS and

ATV Snfluenced the void fraction in the recirculation loop., Namely, the
M3IV closure in RUN 996 decreased rapidly the void fraction at 128 s after
the break and therefore increased the corresponding differential pressure
value. The ADS actuations in both tests rapidly increased the void fraction
and decreased each differential pressure. It is shown in these [igures that
the recovery of mass inventory in the recirculation loop was delayed from
that inside PV and occurred abruptly in the 10 % and 100 % break tests.
These rapid mass recovery means a break down of the counter current flow
limitation. which was caused by the rising steam flow at the recirculation

loop inlet nozzle.

45 Core Cooling Phenomena
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The representative core cooling phenomena of each test are compared in
the fuel rod temperature responses at the top (position 1), middle {position
4 and bottom ‘position 7} of the average pover rods in the high and average
nover bundles. Figures .11 and 6.12 show the fuel red surface temperatures

A22 rod and C22 rod. respectively.

In each test. the temperature responses of A??2 and C22 rods are similar
except for the slight differences in the dryout and quench times and temper-
sture increasing rates. Figure 6.13 shows the temperature responses of four
teets. which recorded the PCT. Figure 6. 14 shows relation of PCT and break
aren in ROSA-TIT tests, In Fig.6.14. the steam line flow areas of the four
tesls ware normalized by the recirculation linr break area. Namely, the

1007, steam line hreak aread corresponded to the 140% recirculation line break

Tram Lhese temperature respbnses. the following are resulted. (1) The
cyryout of fLuel rods initiated at the top of core and went down in all tesls.
‘2. The dryout initiation time at the top of core was faster in the larger
hreak test. (3% In the middle and small break tests, the lower part of the
core was not dryed out due to the existence of two-phase fluid. {4) The
dryout fuel rods at the top of core in RUN 966 were cooled down by the
actuation of ADS because the ADS opening caused rapid depressurization and
fairly strong upward Lyo- phase flow in the core. (5! In steam line break
teats. the peak cladding temperature ‘PCT 5 was higher for the larger break
srea. The relation between the PCT and break area in the steam line break
teats is different from that in the recirculaion line break tests. There-
fren, the breck locatlon al the main steam line or the recirculation line
< in different core cooling conditions.

Tt should be noted that the PCTs in these steam line break tests may be
(399

IR

T

-,

lowerd in the following three cases. {17 An updated core power curve
gives a slightly lower heat flux on the fuel rods thanthe power curve (38)
used in these four tests. (2) In the case of steam line break LOCA in a
BWR. the containment pressure measurement detects an increase of the pres-
sure earlier than the low downcomer level trip of L1 and sends an actuation
signal to the LPCS and LPCI systems. Therefore. the LPCS and LPCI can be
injected at the designed setpolnt pressures earlier than these tests. {3}
The HPCS system. which 1s assumed to be failed in these four tests. can cool
dmwm the core in the early blowdown phase as shown in the test results of
s 28
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6.5 Effects of Steam Flow Area on DC Level Responses

In this section, the effects of total steam descharge flow area on the

vold fraction in the downcomer and the mixture level swelling. The effects

. of MSTV closure and ADS opening in the small steam line break LOCA are also

presented here. Fig.6.15 shows the collapsed water level in PV and the
average void fraction in lower downcomer in the 100 % break test (RUN 953).
Refer the level responses of RUNs 984 (Fig.©5.283), 956 (Fig.5.433) and 9bl
Fig. 5.15637.

‘1 The Downcomer Veid Fraction

Figure 6.18 shows the average lower downcomer void fractions calculated
from the experiment data of the differential pressure (Ch, 24, EL 0.94_t0
3.90 m: by neglecting the fricticnal pressure loss, Praotically,“the“void
fraction is correct except for the short time periods after the break, lower
plenum flashing and ADS actuation,

Follewings were found from the responses of the void fraction in the
four tests. (1: The average void fraction in the lower downcomer depended
strongly bn the total steam discharge flov area including the ADS flow area.
(2 The void fraction reached the constant maximum value, increased tem-
porarily after 1PCS actuation and finally diminished. (3) The maximun
average vold fraction was clearly related wiph the total steam discharge
flow area as shown in Table 8.4 and Fig.6.17. The maximum void fractions
before ADS opening in RUN 954 and that before MSIV closure in RUN 996 wvere
guessed by extraporating the void fraction increasing rate as shown in

Fig . 58.17. The relation was reduced in a following form

(=T

a = 17 x A0. 475

wvhere A is the total steam discharge flow area (in me} in the steam line
break tests. All the data shown in Table 6.4 were included in a error band
of 10 %,

By using this relation, the unknown total steam discharge flow area (Ag)
of RUN €58 before the MSIV closure was calculated from the void fraction of

.33 as.
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A = 2.485 x 1074 (@)

Which corresponded to 32.9% of the scaled steam line flow area. As the
hreak area of 10% was included in this total steam discharge flow area, the
equivallent steam dischrge flow area (A) at the steady state steam line

‘CV-130 was obtained as,

A= Af - 7.54 x 1070
= 1,731 x 1074 {mz),

which corresponded to 22.9% of the scaled steam line flow area and the
ecuivallent inner diameter was 14 8 nm. This value was smaller than the
initinl CV-130 diameter (16.8 mm). As this throttled CV-130 flow area gave
s sufficiently consistent explanation on the pressure responses and steam
discharge flow rates of RUNs 956 and 951 in a'time period between the break
and MSIV closure. the estimation of total steam discharge flow area by using

the ahove relation is proved to be usgeful.
(21 Response of Upper Downcomer Water Level

Figure 6.18 showvs collapsed upper downcomer water levels of the four
tests. These level measurements were used for the trip signals like as L2
level for the MSIV trip (RUN 9565 and the ADS opening (RUNs 954 and 9bG),
and 11 level for the actuation of LPCS in the four tests., The timings of L1
snd 12 for each test are shown 1n Table 6.3.

The followings are derived from the comparison of upper downcomer level
responses shown in Fig.6.18 and Table 6.3. (1) In spite of the difference
of break areas, the upper downcomer level responses were similar in the four
tests and showed very high values during the test periods. These characte-
risties were completely different from those of the recirculation line break
tests. B0 (T) 1t is concluded that the higher water level in the four tests
is one of the characteristic features of the main steam line break LOCA. (2}
The water level responses of RUN 956 were almost the same as those of RUN
o514 mainly due to the similar total steam discharge flow areas in the test
periods, (3 The water level responses of RUN 954 were slightly different
from the others. The lower plenum flashing in RUN €54 was initiated at 81 s
after the break, which was fairly later than the others due to higher system
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pressures shown in the previous section. The delayed lower plenum flashing
initiation resulted in earlier level decrease and L2 level trip. (4) The
initiation of the lower plenum flashing resulted in the upper downcomer
level swelling in RUNs 986, 951 and 953 and hold-up of the level in RUN ©54.

‘53 The ADS opening also resulted in the upper downcomer level swells in
RUNs 954 and 956. The reason of higher level swell at the time of ADS
actuation in RUN 954 may be attributed to the larger depressurization rate
caused by the higher steam discharge flow rate and also to the larger fluid
mass in the downcomer by comparing with those of RUN 956. (6) The upper
dovneomer water level recovered rdapidly within 100 s after the LPCS actua-
tion in four tests.

Figure 6,19 shows the swelled mixture levels in the upper dewncomer of
Lhe four tests. The mixture level was calculated from the collapsed lsvel
data ‘sce Fig. 6,18 by assuming the uniform void fraction in the whole
downcomer region. The transient void fraction data of each test came from
the average void fraction in the lower downcomer (see Fig.8.16).

The followings are derived from the mixture level responses shown in
Fig.6.19, (1) The swelled mixture level height after initiation of lower
plenum flashing was the highest in the 100 % break test (RUN 923) and
reached the PV top at 14 s after the break. The highest mixture level vas a
result of higher void fraction in the downcomer (up to %}. (2) The
mixture levels of RUNs 95t and 956 were nearly the same. (3) It is shown
that the faster and largher the depressurization was, the higher the mixture
level swelled. (3} The MSIV clesure at 128 s after the break in RUN 956
coused decrease of void fraction and mixture level in the downcomer. ¢4) The
ATS actuations in RUNs 954 and 956 affected the mixture level swell like as
in the upper downcomer collapsed level. The ADS effect was greater in RUN
954 due to the larger depressurization rate and larger amount of downcomer
fluid.

Ry comparing the collapsed water levels and the estimated mixture levels
in the upper downcomer in the four steam line break tests, the characte-
ristic phenomena in the steam line break tests and the effects of steam

discharge flow area including the ADS and MSIV are derived shown above.
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8 8 Fffects of Steam Discharge Flow area on PV Water Level Responses

The responses of the collapsed water level inside core-shroud, relations
between the collapsed water levels across the core shroud and relations
hetween the mixture level and collapsed water level inside core-shroud are
presented here with respect to the effects of total steam discharge flow

area.
{17 Collapsed Water Level Inside Core-Shroud

Figure 8.20 compares the collapsed water levels inside core-shroud in
the four steam line break tests. These water levels was reduced from the
cerresponding differential pressure data {PD 25) by using the saturation
wnter density and by neglectiﬁg the effect of flow resistance. It should be
noted that these level responses are important for the estimation of core
cooling conditions during the LOCA phenomena because the dryout and quench
phenomena of the fuel rods are closely related with the mixture level
responses and also related with the collapsed water level responses.

In the case of 100 % break test (RUN 953), the mass inventory inside
core-shroud decreased earlier and the bottom of core was exposed into the
steam atmosphere at about 20C s after the break. And the mixture level was
formed at the top of the lower plenum. In the case of 34 % break test (RUN
o1 1. the decrease of mass nventory inside core-shroud was delayed from that
of 100 % break test and the collapsed level reached the boitom of ccre at
200 s after the break. The core mixture level in the 34 % break test,
however . decreased only to the position 8 and the bottom of the core
(position 7' vas not dryed out. In the ] 2 break test (RUN 954), the
decrease of the collapsed water level inside core-shroud was delayed more
than the 34 % break test and the lowest collapsed level was at the position
& The core mixture level in RUN 56 decreased to the position 5 and the
positions 6 and 7 were not dryed out.

Figure 6.20 also shows the effects of MSIV and ADS trips. The collapsed
gater levels of RUNs 951 and 956 agreed well until the time of MSIV closure
in RUN 956, due to the similar seam discharge flow rates. The MSIV trip in
RIN 056 caused the abrupt change of the total steam discharge flow area and
resulted in the collapsed water level hold up inside core-shroud. After
initiation of ADS opening in both RUNs o054 and 958, the decrease of both
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collapsed water levels agreed well. Thus, the responses of collapsed water
levels inside core-shroud. which represented the responses of mass inven-
tories in the four steam line break tests, were closely related with the
total steam discharge flow area.

The effects of LPCS and LPCI actuations were clearly found on the
collapsed water levels inside core-shroud. The collapsed water level began
to increase rapidly within 10 to 20 s after the LPCS actuation. And the 3
[PCT actuation further improued the recovery of mass inventory as shown in

Fig. 6.20.
2y Water Level Responses in PV

The collapsed water levels in PV are shown in Figs. 5.153 (RUN 9515,
5ooar RUN 0540, 5,433 (RUN 956 and 6.15 (RUN 9533. The following rela-
ticng between the collapsed water level inside core-shroud and these in the
downeomer were found by comparing these figures.

{17 In the four steam line break tests, the upper downcomer water levels
were kept higher than the collapsed water levels inside core-shroud
except for the end of the reflooding phase. The difference of water
levels between the upper downcomer and the core-side reached more than 3
m in the 100 % break test (RUN 953; and more than 2 m in the 10 % break
tests ‘RUNs 934 and 956%. It must be noted that the heights of ROSA-IV
core and PV are scaled down by 1.2 and 1/3 to those of the BWR/G.
respectively. This scaling means that the level difference shown above
mav be scaled up in the BWR LOCA.

2% Tha reason of level difference shown in (1) is explained by the static
pressure distribution of each test. Tables 6.5 through 6.7 show the
pressure balance across the core shroud {see Fig. 86.21) in the test
periods of RUNs €51, 956 and 953, Tables 6.5 through 6.7 indicate that
the good pressure balance had been established in PV in each test within
a small error (less than 7 KPa). It is shown that the higher downcomer
water level was caused mainly due to the higher void fraction in the jet
pumps,

‘3% The total downcomer water head above the elevation of 0.838 m was also
higher by more than 1 m compared with the collapsed water level inside
core-shroud.

4% The collapsed water level inside core-shroud recovered rapidly after

TPCS actuation and became higher than the upper downcomer water level
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after éompletion of° core quenching.
¢34 Core Mixture Levels Related with the Collapsed Water Level

The core mixture levels estimeted from the conduction probe data are
compared with the collapsed water level inside core—-shroud in each test as
shown in Figs.6.22 (RUN 954), 5.433 (RUN 956)., 6.23 (RUN 951 and 8.24 (RUN
Q53 ;.

In is found from these figures that the mixture level was kept higher
than the collapsed water level inside core-shroud in all tests except for
the two phases. namely the temporary dryout phenomena in the upper. core
region just after the break initiation and the locally delayed quenching
recions after the LPCI actuation in the 100 % break test (RUN 953). As 1t
wns already mentioned in the test results presentations. the core mixture

lavel resnonses agreed compleiely with the dryout and quench behaviors of

el rods.  Therefore, it is concluded that the fuel rod dryout period are

chserved above the collapsed water level inside core-shroud in all the steam

line break tests except for the phases shown above.
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Conclusions

Three steam line break LOCA tests were performed at the ROSA-III test

facility with scaled break areas equalling 34% (RUN 951) and 10% (RUNs 954

and 9587 of the BWR main steam line flow area and with a single failure

agsumption for the HPCS diesel generator. The available ECCS's were the ADS
actuated by 12 level in RUNs 924 and 956,and the LPCS and 3 LPCIs, which
were actuated by the low downcomer level trip (L1} in the three tests.

These test results were compared with those of the 100% steam line break

test (RUN o531 27 " to elarify the effects of steam break area on the tran-

sient LOCA phenomena and consequently the following conclusions were

N T R ]
ohtaineq,

(1) The transient pressure responses, the steam discharge flow rate, the

(4

mass inventory in PV and the downcomer water level responses were
controlled mainly by the total steam discharge flow area, which was a

sum of break area and ADS or MSIV area.

' Due to the similar total steam discharge flow areas between the 10%

break with MSIV trip by L2 level (RUN 956) and the 34% break with MSIV
trip at the break, the mass inventories and the major events of both
tests agreed well except for the core cooling conditions which were
affected by actuations of MSIV and ADS in RUN €506.

© The void fraction in the downcomer began to increase after initiation of

the flashing and was held at a maximum value for a long time in every
test. An empirical relation was derived from the ROSA-III steam line
break test results between the maximum average void fraction (o) in the
downcomer and the total steam discharge flow area (A) as shown in the
following equation,

a = 17 x AD. 475,
where A is in m2. This relation is applied also to the time periods
after MSIV and ADS actuations and is independent of the time after the

break therefore the amount of remaining mass inventory.

The upper downcomer collapsed water level measured by a differential
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pressure transducer, showed similar trends in every test and they were
kept fairly higher than the collapsed water level inside core-shroud
nearly throughout the test. In a large break area test, the higher void
fraction compensated the larger mass depletion in the downcomer. These
are the important characteristics of the main steam line break LOCA
compared with those of the recirculation line break LOCA. An attention
should be paid in the BWR operations and LOCA analysis to the fact that
the upper downcomer level can be higher than the core level when the

steam is discharged from the top of PV.

(5% The core mixture level responses measured by conduction probes vere
correlated well with the dryout and quench behaviors of fuel rods. The
core mixture level was slightly higher than the collapsed water level

ingide the core-shroud.

() The LPCS and LPCI actuations resulted in rapid recovery of mass inven-
tory inside the core-shroud, i.e., fast reflooding of the core. The
entire core exposed to the steam atmosphere was completely quenched
within 24 s. 70 s and 157 s after the LPCS actuation in the 10%, 34% and
100% steam line break tests. If the LPCS and LPCI were actuated by the
high containment pressure .trip signal prior to the L1 level trip, the
LPCS and LPCI would be injected earlier at their designed pressure
setpnints (2.16 MPa and 1 .67 MPa). The earlier actuations of LPCS and
LPCI are expected to contribute to lower the PCT.

/7) The fuel rod surface temperatures showed excursion due to dryout in all
of the steam line break tests. The dryout of fuel rods was initiated
earlier and continued longer in a larger break test. The dryout propa-
gated to a lower level in the larger break test. Consequently the PCT

was higher in the larger break area test.
(8) The actuation of MSIV by L2 level trip in the 10% break test caused the

temporary fuel rod dryout in the upper core region, whereas the actua-
tion of ADS thereafter in the same test rewetted the fuel rods.
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Appendix A-1 Fstimation of Initial Flow Area of
Pressure Control Valve (CV-130)

In RUN 951, the steam discharge flow area was slightly changed by the
break initistion. Namely, the flow area of CV-130 was fully opened at the
break and thereafter the steam flow was restricted by the orifice (OR-D)
with area of A = 2.B4 x 104 2 (18.0mm I.D.}. In a short time after the
break, only the single phase steam flow passed through the steam line {the
lower plenum flashing initiated at 19 s after break). By selecting a
reference point in the short time (© s after break). the initial steam flow

area of CV-130 (Ap) is calculated as.
Ag = A x (VVg) x (0/pp) x (Wo/M)
where A is the choking orifice area, V is sound velocity of saturated steam,

p is the steam density, W is mass flov rate and the suffix g is for the

initial test condition. By using the following test data,

A-254x 104 md - Orifice Area ‘(OR-D)
Vo= 485 m/s : at P = 7.35 MPa
po- 38.59 kg/m3 . at P = 7.35 MPa

V = 487 m:s at P = 7.15 MPa

p = 37.41 ke/m3 @ at P = 7.15 MPa
Wo= 2.04 ke/s : Initial Flow Rate
W=228 keg/s : Flow Rate at 9 s.

the initial choking flow area of CV-130 is obtained as.
Ag= 2.21 x 1074 n2.

This value corresponds to 16.8 mm 1.D. and 29.3% of the scaled steam line

flow area.
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Appendix A-2 Estimation of Safety Valve Area and Flow Rate

In RUN @54, the system pressure began to increase after break initiation
due to the closure of the steady state pressure control valve and resulted
in actuation of the ROSA-III plant safety valve opening. The avarage steam

low rate during the safety valve opening period, the discharged steam mass

and the equivallent steam flow area were calculated as follows.

The steam flow rate of the safety valve is defined by the industrial

standard as.

W = 230 x AP ¥ J MAT (kg hour )

vhere.

A =320 (eme) . Flow Area

P =80.6 (kg/cmza) . Average Pressure

M=18 . Molecular Number

T = 887.5 K> . Average Steam Temperature
and

W= 1.06 x 104 kg hour)
- 2.95 Keg/s ).

Therefore. the total discharged mass during the opening time { 5.4 and

18.9 s ; 1s obtained as,
M=Wx11.5 = 34 (kg).

By using the calculated average steam discharge flow rate through the
safety valve, an equivallent steam discharge flow area (A{) is calculated as
follows with an assumption that the safety valve has the same geometry as
that of the steam break orifice (OR-D),

A= Ax VYV x (p/pr) x (MW

where A is the choking orifice area, V is sound velocity of saturated steam,

— 43—
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p is the steam density, W is mass flow rate and the suffix { is for the
average condition of the valve opening time. By using the follewing test
data and the same reference point as that of the initial CV-130 flow area

‘see Appendix A-1),

A-254x 104 n? . Orifice Area (OR-B)

V= 483 _ m’'s at P = 7.93 MPa

pLe 42.50 kg/m3 : at P = 7.93 MPa

V = 487 n.'s at P =7.15 MPa

p o= 37.41 kg'm3 < at P = 7.15 MPa

Wi= 2.95 kess © Average Flow Rate at P = 7.93 MPa
Wom 208 ks © Flow Rate at 8 s,

the averagze safety valve flow area is obtained as,.
A 3.00 x 1074 n?,

This value corresponds to 19.5 mm 1.D. and 39.7% of the scaled steam line

flow area.
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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 \ 25]
No. of Fuel Assemblies . B438 4. 212
Active Fue! Length (m) 3.76 1.88 2
Total Volume (ms) 621 1.42 437
Power (MW} 3800 4.40 864
Pressure (MPa) ' 7.23 7.23 1
Core Flow (kg/s) 1.54x10" 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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Table 3.1 ROSA-III instrumentation summary list

TYPE t SENSOR | NUMBER | NOTE
:::::====:=====|===============:====|=:-_====== | ===z=====:=====:.—.==:====
PRESSURE | PRESSURE TRANSDUCERI 20 |
——————————————— |—-——--—---—---—-———-[u———---—l--—-——--———-—————-———-—-
DIFFERENTEAL | DP CELL i 60 1 PV AND LOOP X4
PRESSURE i t | LEVEL MEASUREMENT 5
! ; | FLOW METER 11
--------------- e B
FLULD i CA THERMOCOUPLE 1 129 I PRIMARY LOOP 23
TEMPERATURE ! ! I OTT [
1 1 I TIE ROO 28
| 1 i UPPER PLENUM 10
1 | | LOWER PLENU™ 10
| | | TIE PLATE .0
[ [ ! BY PASS 14
--------------- PR S A bbbt
FUEL RCD i CA THERMOCOUPLE i 213 t
TEMPERATURE t 1 i
——————————————— i -.-_—_-.-.-—__...--_.--—-_l-——_-—--1---—_.---—-----—---——_-_-..
SLAB SURFACE t CA THERMOCOUPLE 1 70 | CORE BARREL 24
TEMPERATURE i | | PRESSURE VESSEL 3
| 1 | CHANNEL BOX 35
! t | SHROUD SUPPORT 8
--------------- A rttuhind Rttt
SLAB INNER i CA TMERMOCDUPLE 1 ¢ | JP DIFFUSER L
TEMPERATURE | | | PV WALL 5
--------------- Y [ b St
VOLUMETRIC ! TURBINE METER ! 3 | ECCS LOOP 3
FLOW RATE 1 VENTUR] METER | 3 | PRIMARY LOOP 10
| ORIFICE METER | -] t
——————————————— I—--—-—-—-——-—-—----—I-—-—--—-I———-—-——-—-——-——-——-——--
MASS FLOW I TURBINE METER | 4 I RECIC. LOQP &
RATE ! ORIFICE METER [ 3 ! STEAM LINE 3
——————————————— I—-—--——--—-~-—-—~-—-[“-——----l—*—-—‘-F--—-—-—~--——-—~-
LIGUID | CONODUCTIVITY PROBE ! 138 I
LEVEL | CAPAC!TANCE PROBE I 2 [
——————————————— la-———-—-—-——————-——----!————————.l-———-————-—-——--——-——u-——-
DENSITY | GAMMA DENSITOMETER | 10 | 2 BEAM GD 2
| | I 3 BEAM GD 2
——————————————— |——-—-—-——----——---—-——--I--——-—--vl——-—-——-—-—--———--——-—--
MOMENTUMR | DRAG DISK 1 7 t
FLUX i I |
——————————— - ——- R A il Bl it | mmm et m e — s m
SIGNAL | ON/QOFF SWITCH ! 14 t
——————————————— e B it Attt
PUMP SPEED | REVOLUTION COUNTER | FE
--------------- P B au bl fh ittt
ELECTRIC i VA METER | e |
POWER i [ |
::::::z.—.::::-.-==|.—.::::::::::z::::::::[==:===== | ===s=s=ss===s====x=z==s5s===
TOTAL | ! 4696 I
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Table 3.3 Core instrumentation map

Item’ p;S' gzﬁet Pos.1l [Pos.2 |Pos.3 | Pos.4 | Pos.5 |Pos.6 |Pos.7 %_‘i‘l"gt
igf 3660 |3417 | 3114.5(2879.5| 2527 | 2174.5(1939.5/1637 | 1454
Surfacel All TF 1 I{TF 2 [tF 3|TF 4]TF s |tF 6 |TF 7
Temp. | ay9 TF 8 {TF 9 |TF 10 |TF 11| TF 12 |TF 13 |TF 14
Al3 TF 15 {TF 16 jTF 17 [TF 18 TF 19 |TF 20 |TF 21
Ald TF 22 JTF 23 |TF 24 | TF 25 | TF 26 {T¢ 27 |TF 28
AlS TF 29 TF 30
Al7 TF 31 TF 32
A22 TF 33 |TF 34 |TF 35 | TF 36 | TF 37 |TF 38 |TF 39
AZ3 TF 40 [TF 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 53
A26 TF 54 TF 55
Az8 TF 56 TE 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 TE 78 TF 79
_Terp, | A44 TC 1 |TF180 |TF181 |TF182 | TF183 | TF184 |TF185 |TF186 | TC 2
Surfacel A45 TF 80 TF 81
Temp. | p46 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS4 TF 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
A64 TF 95 TF 96
A66 TF 97 TE 98
A68 TF- 99 TF100
A71 TF101 TF102
A73 TF103 TF104
A7S TF105 TF106
A77 TF107 TF108
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Table 3.3 Core instrumentation map (Continued)

Item 5. | S0 [Pos.1 |Pos.2 |Pos.3 |Pos.4 | Pos.S Pos.6 | Pos.7 §g§52“
28? Ol 60 | 3417 |3114.5|2879.5|2527 | 2174.5]1939.5( 1637 1454 |
Surface| AS82 TF109 TFL10 ]
TemP- | g4 TF111 TF112
A86 TF113 TF114 ]
A88 TF11S TF116
B11 TF117
B13 TF118
B1S TFL1S | TF120 | TRz} | TF122 | TF123 | TF124 | TF12S
B31 TF126
B33 TF127
B35 TF128
FIGE [, | 1c_3 |Trl67 | Triss | Tr189 | TFISO| TFIS1 | TFISZ | TFI93 TC 4
Surface| BS51 TF129
Temp. B53 TF130
BSS TF131 | TF132 | TF133 | TF134 | TF13S | TF136 | TF137
C11 TF138
c13 TF139
c15 TF140
c31 | TF141
C33 TP142 | TF143 | TF144 | TF145 | TF146 | TF147 | TF148
C35 TF149
TSE 1", | TC 5 |TF194 | TF195 | TF196 | TFL97| TF196 | TF199 TF200{ TC 6
Surface{ (51 TF150
Tem. gy TF151
77 TF1s2 | TF1S3 | TF154 | TF1sS | TF156 | TF157 | TF158
D1l TF159 | ]
D13 TF160
D27 TF161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
D31 TF168 |
D33 TF169
D35 TF170
TWd 1 [ 7c_7 |Tre01 | TF202 | TF203 | TF204 | TF205 | TF206 | TF207) TC 8
Surface| D51 TF171 ]
Tem: | pss TF172 B
D88 TF173 | TFi7é | TFL7S | TF176| TF177 | TF178 | TF179
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Table 3.3 Core instrumentation map (Continued)

Item Pos. 83€Tet Pos.l {Pos.2 |Pos.3 | Pos.4 | Pos.5 {Pos.6 |Pos.7 %gi:t
gg? Llseso |3417 |3114.5]2879.5| 2527 |2174.5 1939.5| 1673 | 1454

Void | ASS VF L |VF 2|VF 3S|VF 4[VF S |VF 6 |VF .7

BSS VE 8 {VP 9 |VF 10 |VF 11 | VF 12 |[VF 13 |VF 14

CSS JVF 15 {VF 16 {VF 17 |vF 18 | VF 19 |VF 20 |VF 21

D55 |ve 22 [vF 23 [vF 24 | vF 25 | VF 26 |VF 27 |VE 28
Channel| Al* 8 1 |T8 2iT8 3|T8 4|18 S5 |TB 6 |TB 7
gz;fa A2 T8 8 |TB T8 10 | T8 11 | T8 12 {TB 13 |TB 14
Temp. | B* TB 15 {TB 16 |TB 17 |TB 18 | TB 19 |TB 20 |TB 21

c* T8 22 |18 23 {TB 24 |TB 25 | TB 26 |TB 27 {TB 28

D* T8 29 |TB 30 |TB 31 |18 32| T8 33 !TB 34 |TB 33
Liquid | A1* 8 1|8 2{LB 3|LB 4|LB 5 {LB 6 {LB 7
iﬁv:;e A2+ 8 8|18 9 (13 10 1B 11|18 12 |18 13 |18 14
Channel| B* 1B 15 |LB 16 |13 17 [uB 18 |LB 19 [1B 20 |LB 21
Box c* 13 22 |18 25 | 1B 24 |LB 25 | LB 26 {13 27 |LB 28

D* L8 29 |1B 30 |1B 31 {18 32 |13 33 |18 34 (1B 35
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Table 4.2 Major events and test procedures of RUN951
Time (s) Procedures and Events
-119 . Initiation of data recording by DATAC 2000B system
-9 Initiation of data plotting in the figures
0.0 Initiation of break in the main steam line
(CV-130 full opening, CV-1 and CV-2 closure)
. MRP1 coast down
. MRP2 cocast down
1.9 Initiation of feedwater line closure
(completed at 3.9 s)
9.0 . Initiation of core power decrease
19.2 Initiation of flashing in the downcomer
23 . Initiation of water level recovery in the upper
downcomer
25 . Initiation of lower plenum flashing
42 . Re-decrease of water level in the upper downcomer
131 . Initiation of upper core uncovery
245 ., Initiation of feedwater flashing
335 L1 level in the upper downcomer
375 LPCS actuation
390 ., Initiation of mass recovery in the core shroud
394 . PCT at Position & of A3l red (Ch.252), 849 K
415 LPCI actuation
445 . Completion of core quenching
591 . Termination of data plotting
816 . Termination of data recording
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Table 4.3 Major events and test procedures of RUN 954

—
Time (s) Procedures and Events
-120 Initiation of data recording
-12 Initiation of data plotting in figures
0 Igitiation of break in steam line
Closure of steady state steam line
MRP1 and MRP2 coast down
Pressure increase
2 Feedwater line closure
5.4 Safety valve opening at P=8.4 MPa
(Closed at 16.9 s)
5.0 initiation of core power decrease
33 L2 level (4£.76 m from PV Bottom)
153 ADS actuation
300 Top of core uncovering
403 11 level (4.25 m from PV Bottom)
443 LPCS actuation at P=1.7 MPa
454 PCT 683 X at Position 3 of 412 rod
435 LPCI actuation at P=1.6 MPa
467 Completion of core guenching
656 Py filled up by liquid water
658 Recirculation loop filled up by liquid water
776 Termination of data plotting
1101 Termination of data recording
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Table 4.4 Major events and test procedures of RUN956
Time (s} Procedures and Events
=120 Initiation of data recording
-9 " of data plotting
0 " of break in steam line
MRP1 and MRP2Z coast down
204 Feedwater line closure
9 Initiation of core power decrease
126 L2 level trip
129 MSIV closure (L2+3s)
145 Top of core temporal dryout
244 ADS actuation (L2+118s)
PCT 583K at position 1 of A77 rod
334 Top of core redryout
350 L1 level trip
390 LPCS actuation (L1+40s)
408 Completion of core quench
432 LPCI actuation (P<1.65MPa)
591 Termination of data plotting
1012 " of data recording

Table 4.5 Characteristics of steam discharge line valves

Valve Close to Open Open to Close
AV165 (Transient Line) 0.1 s 1.5 s
AV168 (Steady Line) - 0.1 s
AV169 (ADS) 0.3 s 2.0 s
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Table 4.6 Control sequence for steam line valves
in RUNs 951, 954 and 956
{a) RUN951
Valves Before Break After Break
Cv-130 Open Full Open
AV-168 Open Open
AV-165 Not Used Not Used
AV-169 Not Used Not Used
cv-1 Open Clese
cv-2 Open Close
(b) RUNY54
Valves Before Break After Break
cv-130 Open Close
AV-168 Open Close
AV-165 Close Open
AV-169 Close Open by L2+120s (ADS)
cv-1 Open Close
cv-2 Open Close
Safety Valve Close Open during 5.4716.9s
{c) RUN956
Valves Before Break After Break
cv-130 Open Throttled
AV-168 Open Close by L2+3 (MSIV)
AV-165 Close Open
AV-169 Close Open by L2+120s (ADS)
cv-1 Open Close
Cv-2 QOpen Close




Table
£-11 rod
PLT (KD
Time (s)
A-12 red
PCT (K2
Time (52
A-13 rod
PCT (X
Time {s3
A-14 rod
BCT (K32
Time (52
A-15 rod
PCT  (K?
Time {&)
A-17 red
PCT (K2
Time (3
A-22 rod
PCT (KD
Time (s2
A-24 rod
PCT (KD
Time (s)

JAERI-

M 85-202

5.1 Maximum bladding temperatures distribution in RUN 951

Pos_1

TE 201
565.9
0.6

TE 208
562.6
0.0

TE 215
565.0
0.0

TE 222
566.7
c.0C

TE 229
563.6
0.0

TE 231
560.9
0.0

TE 233
663.1
376.8

TE 240
566.9
0.0

Pos.2

TE 202
562.5
8.0

TE 209
747 .1
381.0

TE 216
771.1
382.¢

TE 223
678.7
31C.8

TE 234
798.7
385.2

TE 241
694 .1
382.2

Pos.3

TE 203
834.7
383.4

TE 210
g11.9
3B83.4

TE 217
792.7
384.0

TE 224
736.3
391.8

TE 235
832.4
385.2

TE 242
747.8
3I%6.6

Pos.d

TE 204
8§27.5
394.8

Tabite 5.1 Maximum Cladding Temperature Distribution

A-26 raod
PCT (K}
Time (s}

A-28 rod
PCT  (K)
Time (s

A-31 rod
FCT (K2
Time (s5)

A=-33 rod
PCT (KD
Time (s)

A-34 rod
PCT (KD
Time (s

A-37 rod
PCT (KX
Time {5}

A-42 rod
PCT (KD
Time (s)

A~4L4 rod
PLT (KD
Time (82

Pos.1

TE 247
563.6
0.0

TE 2479
566.9
0.0

TE 251
563.4
0.0

TE 253
566.2
11.4

TE 260
566.5
0.0

TE 267
567 .4
0.0

TE 26%
565.3
0.0

TE 271
565.1
0.0

Fos.2

TE 254
631.4
305.4

TE 261
567.2
0.0

TE 272
567.7
0.0

Pos.3

TE 255
7B1.6
412.8

TE 262
715.8
355.8

TE 273
573.9
207.6

Pos.4

TE 248
567.2
0.0

TE 250
570.1
0.0

TE 252
844.5
3%4.2

Fos.5

TE 205
708.7
394.8

TE 212
684.7
394.2

TE 21¢%
688.3
393.6

TE 226
673.9
395.4

TE 237
692.2
393.6

TE 244
675.2
387.4

Pos.é

TE 206
566.9
0.0

TE 213
567.5
C.0

TE 238
570.3
c.0

TE 245
564.5
0.0

TE 23¢9
565.2
0.0

TE 246
563.4

in the Core of RUN 951 {(Continued?

Fos.5

TE 256 TE 257

767.5
4044

&£50.5
394 .8

TE 263 TE 264

754 .4
406.2

TE 268
567.1
0.0

TE 270
824.7
405.0

651.4
391.8

TE 274 TE 275

624 .8
279.6

642.9
385.8

Pos.4&

TE 258
567.3
0.0

TE 265
568.1
0.0

TE 276
569.4
0.0

Pos.7

TE 259
565.4
0.0

TE 266
564.5

TE 277
563.2
0.0



Table 5. 1°
A-48 rod
PCT (KDY
Time (s)
A-51 rod
FLT (KD
Time {s)
A-53 rod
PCT (K}
Time (s
A~57 rod
PCT {XD

Time (s

A-62 red
PCT (K3
Time (s)

A-66 rod
PLT (KD
Time (s)

A-68 rod
FCT (KD
Time (352

A-71 rod
PCT (K3
Time (s

Table 5.1

A-73 rod
PCT (KD
Time (s)

A-75 rod
FCT (KD
Time (s

A-77 rod
PCT (K2
Time (s)

A-82 rod
PCT (K3
Time (3)

A-BL rod
PCT (K2
Time (s}

A-85 rod
PCT (K3
Time (s

A-87 rod
PCT (KD
Time (s)

A-88 rod
FCT (K}
Time {s)

JAERI-M 85-202

Maximum Cladding Temperature Distribution in the Core of RUN 951 (Continued}

Fos.1 Pos.2 Pos.ZX Fos.,4 Pos.5 Pos.é Pos.7
TE 278 TE 279
565.3 601.8
0.0 261.6
TE 280 TE 281
S56L.9 823.8
0.0 402.6
TE 282 TE 283
563.°2 756.2
c.0 406.8
TE 284 TE 285
565.1 778.8
0.¢ 396.6
TE 286 TE 287
565.4 B25.7
0.0 396.0
TE 288 TE 289
563.8 r2-19%
0.0 40B.6
TE 290 TE 291
592.2 795.7
zg2.2 3I95.4
TE 292 TE 293
564.5 B40.7
0.0 384.0

Maximum {ladding Temperature Distribution

Pos.1

TE 294
565.3
0.0

TE 296
565.0
0.0

TE 298
710.1
417.0

TE 305
564.0
0.0

TE 307
565.5
0.0

TE 309
563.4
0.0

TE 316
684 .6
388.2

TE 323
662.8
3I84.0

Pos.2

TE 299
798.5
405.0

TE 310
75%.1
418.8

TE 317
777.8
4i8.8

TE 32¢&
760.9
£11.6

Pes.3

TE 300

826.6
394.8

TE 311
83%.8
384.0

TE 318
836.0
387.6

TE 325
8ia.>5
x8v.0

Pos.&

TE 295
B22.9
64,2

TE 297
797.5
405.6

TE 301

792.8
3942

in the Core of RUN 951 (Continued)

Pes.5>

TE 3202
675.2
3942

TE 313
693.1
393.0

TE 320
690.3
393.0

TE 327
693.1
3I92.4

Pos.6

TE 303
564.7
0.0

TE 314
568.1
0.0

TE 321
568.46
0.0

TE 328
567.6
0.0

Pos.7

TE 313
565.2
0.0

TE 322
563.6
0.0

TE 32%
565.3
0.0



Table 5.1
B-11 rod
PCT (X}
Time (s}
B-13 rod
PCT (KD
Time (53
B-22 rod
PCT (KD
Time (s
B-31 rod
PLT (KD
Time {s3
B-33 rod
BFCT (KD
Time (s)
8-51 rod
PCT (KD
Time (s
B-53 rod
PCT  (K)
Time (s)
B-66 rod
PCT (KD
Time (s)
Table 5,1
B-77 rod
PCT (K>
Time (5}
B-86 rod
PCT (K2}
Time (352
C-11 rod
PCT (KD
Time (s)
C-13 rod
PCT (K2
Time (s}
€-15 rod
PCT  (K)
Time {5}
C-22 rod
PCT (K2
Time (s)
C-31 rod
PCT (KD
Time (s
£-33 rod
PCLT (K2
Time (s)

JAERI-M 85-202

Maximum Cladding Temperature Distribution

Pos.1 Fos.2 Pos.3 Fos .4

TE 330 TE 331 TE 332 TE 333
562.5 563.3 640.0 717.7
0.0 0.0 267 .2 379.8

TE 337
693.0
381.6

TE 338 TE 339 TE 340 TE 341
569.9 666.6 713.9 715.8
326.4 378.0 378.6 379.2

TE 345
729.0
383.4

TE 346
6746.2
384.0

TE 347
719.5
399.0

TE 348
685.6
393.0

TE 349
566.2
0.0

Maximum Cladding Temperature Distribut
Pos.1 Pos.2 Pos.3 Pos .4
TE 350 TE 351 TE 352 TE 353
564.,5 6562 693.1 £96.9
0.0 381.6 381.0 401, 4

TE 357

665.7

igg.2

TE 358 TE 359 TE 350 TE 361
563.4 566.4 610.4 742.1
0.0 0.0 270.6 397.8

TE 363 TE 366 TE 347 TE 348
563.5 565.4 565.3 630.5
6.0 0.0 0.0 279.46

TE 372

726.1

3B81.6

TE 373 TE 374 TE 375 TE 376
566.¢2 641.9 691.2 709.2
381.0 3834 380.4 384.6
TE 380

731.8

390.0

TE 381 TE 382 TE 383 TE 384
563.3 566.9 565.4 547.2
0.¢ 0.0 0.0 0.6

ion

in the Core of RUN 951

Pos.5

TE 334
647 .6
394.8

TE 342
629.5
393.6

in the

Pos.5

TE 354
639.1
385.8

TE 362
649.5
3%83.6

TE 369
646.7
384.6

TE 377
632.4
385.2

TE 385
565.3
¢.0

Pos .6

TE 335
565.3
0.0

TE 343
566.72
0.0

{Continued)

Pas.7

TE 336

TE 344
563.2
0.0

Core of RUN 951 (Continued)

Pos.6é

TE 355
566.5
c.0

TE 363
568.1
0.0

TE 370
567 .8
0.0

TE 378
569.7
0.0

TE 386
564.2
0.0

Pos.7

TE 356
564.3
0.0

TE 364
564.4
0.0

TE 371
564.8

TE 379
564.2
C.0

TE 387
360.9
0.0



Table 5.1
{-35 rod
PCT (KD
Time (3}
C-66 rod
FCT (K7
Time (s>
L-68 rod
PCT (KD
Time (353}
C-Y7 red
PCT (KD
Time (s
D-11 rod
PCT (K3
Time (s}
p-13 rod
PCT  (K)
Time (32
D-22 rod
BCT (K>
Time €57
p-31 reod
PCT (KD
Time (32
Table 5.1
D-33 rod
PCT (K}
Time (&) .
D-51 rod
PCT (KD
Time (38
pD-53 rod
PCT (K2
Time (s
D-6& rod
PCT  (K)
Time (sl
D-77 red
PCT O
Time (s)
D-86 rod
PCT (K2
Time (s

JAERI-M 85-202

Maximum Cladding Temperature Distributien in the Core of RUN ©51 {Continued)

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

TE 388
680.8
396.0

TE 389
574.9
Li4.6

TE 390
745.9
402.6

TE 391 TE 392 TE 393 TE 394 TE 395 TE 396 TE 397
S8%.5 666.6 722.4 739.3 645.7 565.3 563.3
387.0 412.2 415.2 - L0B.6 3I92.4 0.0 0.0

TE 398
752.5
390.0

TE 399
755.3
3gz2.8

TE 400 TE 401 TE 402 TE 403 TE 404 TE 405 TE 406
606.6 678.0 725.¢2 746.8 641.9 566.7 563.1
380.4 381.6 382.2 188.2 393.6 0.0 0.0

TE 407
759.1
389.4

Maximum Cliadding Temperature Distributien in the Core of RUN 251 (Centinued)

Pos.1 Pos.?Z Fos.3 Pos.4 Pos.5 Pos.6 Pos.7

TE 408
686.5
385.2

TE 409
731.8
396.0

TE 410
702.6
400.8

TE 411

699.3
410.4
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Table 5.1 Maximum Cladding Temperature Distribution in the Core of RUN 951 {Continued)

*% Order of PCT  (RUN 951) xx

No. 1 A-31 rod Pos. & PLT = B44.5 (K2 Time = 3%94.2 (s)
No. 2 A-71 rod  Pos. & PCT = B40.7 (K3 Time = 384.0 (s)
No. 3 A-8S5 rod Pos. 3 PCT = 839.8 (K) Time = 384.0 (s)
No. & A-87 rod Pos, 3 PCT = 836.0 (K) Time = 32B7.6 {s)
No. S A-11 reod Pos. 3 PLT = 834.7 (KD Time = 3I83.4 (s
Ne. & A-22 rod Fes, 3 FCT = 832.4 (K2 Time = 385.2 (s)
No. 7 A~11 rod Pes. & PCT = 827.5 (KO Time = 394.8 (s5)
Ne. 8 A-77 rod Pos. 3 PCT = B24.6 (KD Time = 3%94.8 (s)
No. & A-67 rod Fos. & PCT = B25.7 (K) Time = 3%6.0 (s
No .10 A-42 rod Pos. & PCT = B24.7 (K) Time = &405.0 (s)
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Table 5.2 Maximum cladding temperatures distribution in RUN €54

Pos.1 Pes.2 Pos.3 Pos.4 Pos.5 Pos.8& Pos.7
A-11 rod TE 201 TE 202 TE 203 TE 204 TE 205 TE 206 TE 207
PCT (K> 575.5 404 .3 629.5 636.7 579.1 575.5 577.%9
Time ({s8) 5.6 11.2 453.6 L58.4 6.4 5.6 H.4
A-12 rod TE 208 TE 209 TE 210 TE 211 TE 212 TE 213 TE 214
PCT (KD 573.1 £58.3 683.5 £633.1 576.7 575.5 574.3
Time {57 &4 4£51.2 LS4 .6 L57 .6 5.6 5.6 5.6
A-13 rod TE 215 TE 216 TE 217 TE 218 TE 219 TE 220 TE 221
PLT (KD S7L.3 660.7 682.3 634 .3 577.9 576.7 576.7
Time (s} 5.6 450.4 453,56 L58.4 5.6 5.6 4,8
A-14 rod TE 222 TE 223 TE 224 TE 225 TE 226 TE 227 TE 228
PeT  (KY  mmemommmmme= emm===— mem=ms o meTmT o TTTTR T
Time (83  —mmmmm  mmmm==  m—dmm=es==oo o SmSTmo o STTEET O TTETOT
A-15 rod TE 229 TE 230
PCT  (KYy  —=mmmm T
Time (8}  ====-= 77T/
A«17 rod TE 231 TE 232
PLT (K)Y mmemmm— 630.7
Time (8)  ——-=——= L57.6
A-22 rod TE 233 TE 234 TE 235 TE 236 TE 237 TE 238 TE 239
pPcT (X2 594.7 655.9 671.5 622.8 578.8 576.6 571.4
Time (=) £52.8 452.8 457 .6 460.0 5.6 5.6 5.6
A-24 rod TE 240 TE 241 TE 242 TE 243 TE 244 TE 245 TE 246
e
Time {8y  —mmmmm  mmm===  mem=== -s=oss o SToSST o STTEET TTEOT
Table 5.2 Maximum Cladding Temperature Distributien in the Core of RUN 954 (Continued)
Pos.1 Pos.2 Pos.3 Pos.4& Pos.5 Pos.& Pos .7
A-26 rod TE 247 TE 248
PLCT Ky  m———— . TmEmTE
Time (s)  =-—=—— T/
A-~28 rod TE 249 TE 250
PCT (KY  =mm=—— 580.0
Time (3  -——===< 5.6
A-31 rod TE 251 TE 252
PCT (K» e —— 62%9.5
Time (s5)  —=——=- L58.4
A-33 rod TE 253 TE 254 TE 255 TE 256 TE 257 TE 258 TE 259
PCT (K} 571.7 616.9 637.5 597.3 S7TL.G 575.9 574.9
Time (s) 5.6 L49.6 454 4 458 .4 5.6 5.6 5.6
A-34 rod TE 260 TE 261 TE 262 TE 263 TE 264 TE 265 TE 266
S
Time (8)  =mmmmm,  =mmm==  —mse== S-ss=o mTSSTS o ToETTT TTTEES
A-37 rod TE 247 TE 268
pCcT  CKY  —,mmm— . TEETTT
Time (s)  —==—m—= . TTmTm
A-42 rod TE 269 TE 270
PET  (KY  mmme—— o TTETET
Time (8)  —====— o T=mTmmT
A-L4L4 rod TE 271 TE 272 TE 273 TE 274 TE 27% TE 276 TE 277
R
Time (8)  mmmmm=  mmmme=  =m=em= SesSSso o SToSTT STTETT O TOETOT
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Tabte 5.2 Maximum Cladding Temperature Distribution in the Core of RUN 934 {(Continued?
Pos.1 Pos.2 Pos.3 Fos.4 Pes.5 Pos.é Pos .7

A-48 rod TE 278 TE 279
PCT  (K)  ——————  mmeee
Time (s8)  ====-==  —=—=u=
A-51 red TE 280 TE 281
PCT (K)Y  ———e e ==
Time (5  =—=—==>=- " =—————

A-53 rod TE 282 . TE 283
PCT (K) === emm=e=
Time (5) = wewe=-—-  s=w=ne
A-57 rod TE 284 TE 285
PCT (K  —==-—-- 615.2
Time {s) = =—==—=-—= . 459.2
A-62 rod TE 286 TE 287
PCT  (K)  wewemee ==
Time (s}  --=-=>- ==—=--

A-56 rod TE 288 TE 289
PCT (K)Y ===l mmeeee
Time (s)  —-—==>—  —mm—==
A-68B rod TE 290 TE 291
PCT <(K) = =~=-==-—- 624 .8
Time (s)  —-—----- 459.2
A-71 rod TE 292 TE 293
PCT  (K)  ~==m—- 638.1
Time (53) = ---—--- 459.2

Table 5.2 Maximum Cladding Temperature Distribution in the Core of RUN 9354 (Continued)

Pos,1 Pos.2 Pos.3 Pos.& FPes.5 Pos.& Pos.7

A-73 rod TE 294 TE 295
PCT (XY  —-—--- 620.9
Time (s5) = ------ L57.6

A-75 red TE 296 TE 297
PCT (K)  —mmmwee ===
Time {5}  -—-—-——>+- " ====-—-

A~77 rod TE 298 TE 299 TE 300 TE 301 TE 302 TE 303 TE 304
PCT (K) 598.0 649 .5 659.0 607.6 560.7 S74.9 ———-—-
Time (s) 460.0 450.0 458.4 459.2 0.0 5.6  ~--—--

A-82 rod TE 305 TE 306
FCT (K = - em=—=-

Time (&)  ==w=m—=- o meea——

A-B4 rod TE 307 TE 308
PCT (KD 628.6 6264.7
Time (=2 434 ,4 458.4

A-85 rod TE 309 TE 310 TE 311 TE 312 TE 313 TE 314 TE 315
PLT (K}  ======  ==m=ece-  ——eeee | aesaas | mese—— ———emem ——mm—e
Time (3)  ===me-  =;oceee | ——e——w | meo—ee me—e—e s—m——e— memeee

A-87 rod TE 314 TE 317 TE 318 TE 319 TE 220 TE 321 TE 322
PCT (XD 599.9 654.3 673.3 624 .8 5746.8 576.8 573.9
Time (53 456.0 456.8 457.6 459.,2 5.6 5.6 5.6

A-88 rod TE 323 TE 324 TE 325 TE 326 TE 327 TE 328 TE 329
PCT (K2 607.6 650.5 671.4 627 .6 577.8 577.8 574.9
Time (83 - 12.0 460.8 457.6 457.6 5.6 5.6 4.8



Table 5.2
8-11 rod
PCT  (K)
Time (s}
B-13 rod
PCT (KD
Time (s
B-22 rod
FCT (K)
Time (s
B~-31 rod
PCT {KD
Time {52
B~33 rod
PCT (KY
Time (8}
B-51 rod
BCT (K2
Time (s)
B-53 red
PCT (XD
Time (s
B-66 rod
PCT (KD
Time (s)
Table 5.2
B-77 rod
PCT (K}
Time {53
o-86 rod
PCY (KD
Time (s)
€-11 rod
PCT (K}
Time (s}
£+~13 rod
PCT (KD
Time (s)
C-15 rod
PCT (KD
Time (52
(-22 rod
PCT (K3
Time (s)
C-3%1 rod
PCT (K)
Time (s)
C-33 rod
PLT (KD
Time (357

JAERI-M 85-202

Maximum Cladding Temperature Distribution in the

Pos.1

TE 330
573.9
5.6

TE 338
574.9
5.6

Maximum ClLadding Temperature Distribution

Pos.1

TE 350
572.0
5.6

Tt 358
575.9
5.6

TE 365
570.1
5.6

TE 373
571.0
5.6

TE 381
572.0
5.6

Pos.2

TE 331
573.9
5.6

TE 339
585.5
448.8

Pos.2

TE 351
600 .8
454 .4

TE 359
S74.9
5.6

TE 366
571.0
4.8

TE 374
591.3
452.0

TE 382
573.9
5.6

Pos.3

TE 332
576.8
5.6

TE 340
605.6
455.2

Pos.3

TE 332
620.9
454 .4

TE 340
573.9
5.6

TE 367
613.3
L49 .6

TE 375
606.6
459.2

TE 383
5735.0
5.6

Fos.&

TE 333
574.9
4.8

TE 337
574.9
4.8

TE 341

579.7
456.0

Pos.&
TE 353

587.4
4544

Pos.5

TE 334
573.0
4.8

TE 342
S74.9
5.6

in the Core of RUN 954

Pos.5

TE 362
571.0
5.6

TE 369
57&6£.8
5.6

TE 377
576.8

TE 385
574.9
5.6

Core of RUN 954

Pos.6

TE 335
57%.9
4.8

TE 343
573.9
5.6

Pos.6

Tg 355
574.9
5.6

TE 363
575.9
5.6

TE 370
576.8
5.6

TE 378
577.8
5.6

TE 386
573.0
5.6

TE 344

571.0
4.8

Pos.7

TE 356
573.%
5.6

TE 364
570.1
5.6

TE 371
573.9
5.6

TE 379
572.0
5.6

TE 387

570.1
6.4

(Continued)

(Continued)



Table

5.2

£-35 rod

PCT
Time

{KD
(s)

C-66 rod

PCT
Time

(KD
(s)

C-68 rod

PCT
Time

(K>
(s)

C-77 rod

PCT
Time

(K3
(s

D-11 roed

PCT
Time

(KD
(5}

D-13 red

PCT

Time

(K3
(s)

b-22 reod

PCT
Time

D-31 r
PCT
Time

Table 5.2

bD-33
PCT
Time

b-51
PCT
Time

D-53
PLCT
Time

D-66
PCT
Time

D-77
PCT
Time

D-B8é&
PCT
Time

(K>
(s)

od
(K>
(52

rod
(KD
(s5)

rod
(K?
(s)

rod
(K2
(s)

rod
(KD
(s5)

rod
(K2
(52

rod
(K)
(s)

Maximum Cladding Temperature Distributien

Pos.1

Te 391
573.0
5.6

TE 400
572.0
5.6

Maximum Cladding Temperature Distributien

Fos.1

Pos.2

TE 392
617.1
457.6

TE 401
612.3
L47 .2

Pos.2

JAERI-M §5-202

Pos.3

TE 393
626.7
457.6

TE &G2
623.8
456.8

Pes.3

Pos.4

Pos.&

in the Core of RUN 934 {Continued)

Pos.5S Pos.& Pos.7

TE 395 TE 3%6 TE 397
57¢6.8 574.%9 573.0

5.6 5.8 5.6

TE 404 . TE 405 TE 406
575.% 5746.8 573.0

5.6 5.6 3.6

in the Core of RUN 954 {(Coentinued)

Pes.5 Pos.é Pos.7



Table 5.2

JAERI-M 85-202

Maximum {ladding Temperature Distribution

x% Drder of PCT

No. 1
No. 2
No. 3
No. &
Ne. 5
No. 6
ﬁo. 7
No. 8
No. ¢
Ne.10

(RUN 954D
rod Pos.
rod Pos.
rod Pos.
rod Pes.
rod Pos.
rod Pos.
rod Pos.
red Pos.
rog Pos
rod Pos.

PLT

PCT

PLT

PCT

PCT

PCT

PCT

683.5
6B82.3
673.3
671.5
671.4
660.7
659.0
658.3
655.9

654.3

(K3

(K>

{K)

{K)

(K3

4.9

(KJ

(K}

in the Core of RUN 954

Time

Time

Time

Time

Time .

Time

Time

Time

Time

Time

5544
453.6
457.6
457.6
457.6
450.4
458.4
£51.2
452 .8

456.8

(52

(s)

(s}

(s

(s)

(s

(s)

(s5)

(s5)

{s)

{Continued)
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Table 5.3 Maximum cladding temperatures distribution in RUN 956

A=-11 rod
PCT (K2
Time (s

E-12 rod
PLCT (K>
Time (=)

A-13 rod
PLT (K2
Time (s)

A-14 rod
FCT (K)
Time (5

A-15 rod
PCT (KD
Time (s)

A-17 rod
PCT (K>
Time {5}

A-22 rod
PCT (KD
Time €52

A-24 rod
PCT (KD
Time (s

Pos.1

TE 201
586.6
0.0

TE 208
565.4
0.0

Pos.2

TE 202
56%9.5
0.0

TE 209
566.2
c.0

TE 216
569.6
0.0

Fos.3

TE 203
568.5
0.0

TE 210
567.5
0.0

TE 217
568.4
0.0

Pos.4

TE 204
570.8
0.0

TE 211
568.7
0.0

TE 218
570.8
c.c

Tabite 5.3 Maximum fladding Temperature Distribution

A-26
PCT
Time

A-28
PLT
Time

A-31
PCT
Time

A-33
PCT
Time

A-34
PCT
Time

A-37
PCT
Time

A-42
PCT

Time

A-bd
PCT
Time

rod
(K>
(52

rod
(KD
(s)

rod
(K2
(s}

rod
{K>
{s2

rod
4.9
(s)

rod
(K
(5)

rod
(KD
(s

rod
1$:9]
(s

Pos.2

TE 272

Pos.3

TE 273

Pos.4&

__79__

Pos,5

TE 205
569.8
0.0

TE 212
568.7
0.0

TE 219
568.2
0.0

Pes .8

TE 206
567.3
0.0

TE 213
567.3
0.0

TE 220
56B8.3
0.0

in the Core of RUN 955 (Continued)

Pos.5S

Pos.6

Pes.7



Table

5.3

A-48 rod

PCT
Time

(K3
(52

A-51 rod

PCT
Timg

(K>
{s)

A~53 rod

PCT
Time

(K2
(s)

A-57 rod

PCT
Time

492
{5}

A~62 red

PCT

Time

(K>
(s)

A-66 rod

PCT
Time

(K2
(s)

A-68 rod

PCT

Time

(K3
(s}

A-71 rod

PCT
Time

Table 5.3

A-73
PCT
Time

A-75
FCT
Time

A-77
PCT
Time

A-82
PCT
Time

A-F4
PCT
Time

A-B5
PLT
Time

A-B7
PCT
Time

h-BB
PLT
Time

(K)
(s)

rod
(KD
(s)

rod
{K>
(s)

rod
(KD
(s5)

rod
(K2
{s?

rod
(K)
s}

rod
(9]
(s)

rod
(K)
(5}

rod
(K2
(s

Maximum Cladding Temperature Distribution

Maximum Tladding Temperature Distribution

Pos.2

Pos.2

TE 299
568.5%
0.0

JAERI-M 85-202

Fes.3

Pos.3

TE 300
56%.7
0.0

Pos.d

Fes.4
TE 295

567.1
c.0

__80A_

in the Core of RUN 956

Pes.5

Pos.6

{Continued)

Pos.7

in the Core of RUN 956 {Continued)

Pos.5>

Pos.6

TE 303
567 .4
0.0

Pos.7

.TE 32%

567.4
0.0



Table 5.3

1 rod
TR

ire {s)

3-13 rod

BLT (KD
ime (s)
B-22 rod
PCT (KD
Time (s
B-31 rod
FCT (K
Time
B-22 red
FCT (K
Time (s}
BE-51 rod
PET (KD
Time (35}
E-53 rod
pLT (K2

Time (s5)

E-&6 rod
BLT (K>
Time (s8)

Table 5.3 Maximum Cladding Temperature Distribution

E-77 rod
20T KD
ime {3}

rod

; QD]
TiTte {53
C~21 red
BT (K2
Time (5)
L~13 rod
PLT (K3

Time {s)

{-22 -os2
elT XD
Time (s}

{-321 -ec
SIT 0 LK
Time (&3

od
[
(s)

Maximum

Pos.1

TE 330
564.5

~
c.C

TE 338
570.1
245 .4

wom

A om
o
QoA

DWW

Pos.2

TE 331
565.3
0.0

TE 339
568.5
0.0

TE 351
372.3
0.¢

TE 359
566.5
0.0

TE 366
566.3
C.0

TE 374
568.1

JAERI-M 85-202

TE 340
570.5
0.0

Te 35
573.

[

TE 340
565.4
0.0

TE 347
565.3
0.0

TE 375
57C.2
0.0

Cladding Temperature Distribution

_.81._

in the Core of RUN 95&

Pos.

TE 334
565.4
0.0

TE 342
369.1
0.0

in the

Pos.5

TE 35¢
567.8
.0

TE 362
564.2
.0

TE 349
568.5
0.0

TE 377
569.2
0.0

TE 3835
568.5
c.0

Pos.6&

TE 335
567.4
0.0

TE 343
567.3
0.0

Core of RUN 95&

Pos,6

TE 355
569.0C
C.0

TE 363
569.3
c.0

TE 370
S67.3
c.0

TE 378
570.0
0.0

TE 386
S66.4
0.0

(Continued?}

TE 344
568.1
0.0

{(Continved}

Pos.7

TE 356
566.4
0.0

TE 364
560.9
0.0

TE 371
565.3
0.0

TE 379

564.7
.0

TE 387
562.7
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Tabte 5.3 . Maximum Cladding Temperature Distribution in the Core of RUN 956 (Continued?
Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.& Pos.7
C-35 reod TE 388
eCt  (KY e
Time (s . TmT====
t-466& rod TE 38%
PCT Ky e
Time (s . Tmm==
C-68 rod TE 390
PCT (K T
Time €)Y . TmmmmET
L~77 rod TE 391 TE 392 TE 393 TE 394 TE 395 TE 3%é TE 397
PCT (KD S65.5 5467 .8 567 .4 567.7 568.3 566.5 S64.7
Time (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D-11 rod TE 398
PCT (K3 547 .4
Time (52 0.0
D-13 rod TE 399
PCT (KD 568.9
Time (52 0.0
b~-22 rod TE 400 TE 401 TE 402 TE 403 TE 406 TE 405 TE 4056
PCT (KD 573.9 567.7 567 .6 568.9 567.6 S67 .4 565.0
Time (32 2442 0.0 0.0 c.o 0.0 0.0 0.0
D-31 rod TE 407
PCT  KY . TmTme
Time (s . TTmETmT
Table 5.3 Maximum Cladding Temperature Distribution in the Core of RUN 956 (Lontinued)
Pos.1 Pos.2 Pos .3 Pos.& Pos.5 Pos.6 Pos.7
D~33 rod TE 408
BET tKY O mmmee
Time {52 S
D-51 rod TE 409
pPCT (K . mmmee-
Time (s . mm=————
bD~53 rod TE 410
PCT  CKY O o
Time €Y ===
D-466 rod TE 411
PCT Ky e
Time (s> . m=ee=-
D-77 rod TE 412
PLT (KD SAR.Z
Time (s) 0.0
D-86& rod TE 413
PCT (KD 568.3

Time (s) c.0



Table 5.3

JAERI-M 85-202

Maximum Cladding Temperature Distribution

*% Order of PCT

No. 1
No. 2
Ne. 3
No. 4
Na. 5
No. &
No. 7
No. 8
No. @
Ne.10

(RUN %58)
red Pos.
rod Pos.
rod Pos
red Pos.
rod Pos
rod Fos.
rod Pos.
rod Pos
rod Pos.
rod Fos

x %

1 PLT
1 PCT
1 PCT
3 PCT
4 PCT
2 PCT
4 PCT
5 PCT
4 PCT
. PCT

586.4
575.5
573.9
573.1
573.0
572.3
570.9
570.8
570.8

570.7

__83._

(K}

(KD

in the Core

Time

Time

Time

Time

Time

Time

Time

Time -

Time

Time

it

of RUN 956

244 ,2
242.4

244 .2

(s
(s}
(s)
(s2
{5)
(s)
(s)
{52

(s)

(Continued}
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Table 6.1 Steam discharge flow areas in
steam line break tests
Steam Discharge Flow Area (%)
RUN No.| Break Before | Immediately | After MSIV | Plant SV | After ADS
Area (%) | Break | after Break j Closure Opening | Opening
954 10.0 29.3 10.0 10.0 49.7 35.0
956 10.0 " (32.9) 10.0 - 35.0
951 33.7 " 33.7 33.7 - -
953 100.0 " 100.0 100.0 - -
Table 6.2 Test conditions of steam line break tests
Items Unit RUN954 RUN956 RUN951 RUN953
Break Area A 10.0 10.0 33.7 100.0
(Rec. Line Reference) " (14.0) (14.0) (47.2) (140,0)
Initial Pressure MPa 7.35 7.35 7.35 7.35
Initial Core Power My 3.975 3.972 3.965 3.977
LP Subcooling K 10.6 10.6 10.0 10.7
Initial Core Flow kg/s 16,7 16.8 16.4 16.6
Initial Steam Flow " 2.06 2.05 2,03 2.08
ECCS Mode - HP-Fail. HP-Fail. HP-Fail. BEP-Fail.
ADS Actuation ON ON - -
MSIV Trip at Break L2+ 3s |} at Break | at Break
Safety Valve Actuation ON - - -
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Table 6.3 Major events of steam line break tests

Events RUN954 RUN956 RUN951 RUN953
(RPs Cosstdonmy 0.0° 0.0 | 0.0° 0.08
Feedwater Stops 2,004.0 2,004.0 2.004.0 2.004.0
Power Decay 9.0 9.0 9.0 9.0
SV Actuation 5.4716,9 - - -
L.P. Flashing 81. 27.7 19.2 6.2
DC Level (L2) 33. 126. 142, 74,

" (L1) 403, 350. 335, 241,
MSIV Closure 0.0 129, 0.0 0.0
ADS Actuation 153. 244, - -
LPCS " 443 390, 375. 281,
LPCI " 455. 432, 415, 281.
Top of Core Uncovering 300. 334, 131. 27.
Final Core Quenching 467. 408, 445. 438,

Table 6.4 Maximum void fraction in the

lower downcomer related with the
total steam discharge flow area

(29.3%) at CV-130 to maintain the constant pressure.

Run No.| Phase after Break Steam Flow Area2 Void Fraction

Ratio (%) A (m™) (%)

954 | [before apS opening 10.0 7.54x107° 17.)
1after ADS opening 35.0 2.64x10"" 34.

956 | [before MSIV trip (32.9) | 2.49x ® (33.)
IMSTV ~ ADS 10.0 7.54x107° 17.
\after ADS opening 35.0 2.64><10_4 36.
951 33.7 2,54x% " 35,
953 100.0 7.55% " 56,

Ref. Initial steam line flow area was limitted as 2.21x10~%mZ
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Table 6.5 Pressure balance in PV in RUN951
4 4
D5 -D1 D2 -D3 D4 %Di D5- iDi
T(s) | (kpa) | (kPa) | (kPa) | (kPa) | (kPa) | (kPa) | (kPa)
0 90 8 84 -23 15 84 6
10 36 15 -1 -1 17 30 6
50 25 7 -3 1 14 19 6
100 23 7 -3 1 13 18 5
200 18 5 -3 1 11 14 4
300 16 4 -3 1 10 12 4
400 15 5 -3 1 9 12 3
500 46 10 9 8 14 41 5
590 58 13 8 5 25 51 7

Measurement location of each differential pressure is shown

in Fig. 6.21.

Table 6.6 Pressure balance in PV in RUN956
4 4
T(s) D5 -D1 D2 -D3 D4 E Dy D5- ]Z_ D4
(kPa) (kPa) (kPa) | (kPa) (kPa) (kPa) (kPa)
Q 92 9 87 -23 16 89 3
10 36 16 1 -2 18 33 3
50 27 10 -1 0 15 24 3
100 24 a -2 0 14 21 3
150 22 -2 0 14 19 3
200 22 8 -1 0 13 20 2
250 24 11 -1 0 11 21 3
300 21 10 -1 0 10 19 2
350 20 9 -1 0 10 18 2
400 19 6 -1 1 10 16 3
500 ig 9 10 6 12 37 1
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Table 6.7 Pressure balance in PV in RUN953

4 4

T(s) | D5 01 | D2 p3 | D& ED; | D5- LDy

{(kPa) (kPa) (kPa) (kPa) {(kPa) (kPa) (kPa)

0 93 9 86 -23 16 88 5
10 45 iz 3 18 41 4
20 29 8 0 0 16 24 5
50 23 6 -1 0 13 18 5
100 16 2 -1 1 11 13 3
150 14 2z -1 0 10 11 3
200 12 1 -1 0 9 9 3
250 11 1 -1 0 8 8 3
300 14 3 1 2 7 13 1
350 33 6 10 4 9 29 4
400 43 9 11 6 15 41 2
500 58 16 ) 3 29 54 4
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Fig. 2.4 Pressure vessel internals arrangement
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Fig. 2.8 Feedwater line between PV and AV-112
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Details of ROSA-III system piping for RUNs 954 and 956
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Fig. 2.11 Schematic diagram of EOSA—III facility for RUN 95l
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Fig, 3.2 Instrumentation location -in pressure vessel
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Fig. 4.2 Normalized power transient for ROSA-III test

- 109~



JAERI-M 85-202

[ ) OWMNNE 34 834N ONY (47} WANDTA

Hd 3¥NSS3I¥d PilNI¥FS410

U43H (HIWDONMOD) 30 v 57314 HIMOT NIIMIIE J¥NSEAMd WILINIM3sAY 45t ald
g AWl [<-11)
ace nng ‘EB o qus oo M ane _ ,_n_ _— mn_tw 0Ds nog . ||:ﬁ._|‘ _ nogs ons anr 00E ooz . \‘9‘.:‘ o . w_u[u“‘b
m
-3 o
1 - 83 g
S
S &
TER 2
ﬂﬁ =3
e b
ey «
S &m —1 m
ﬂw =)
Tt L - - ] —E
166 NNy g 1G6 NNd H
fa O0d 12 0d @
W00 WBHILS ONY <N (3N171 WH3LE NIUW) TSW ONY
N33M178 3IMNSS3dd TYILNIY¥34d10 € S 014 (73534 3HNSS3IHA) Ad NI S3¥NSSIud ¢ "S 014
5 3A7L 5 3JHIL
eos (2] oL o aos apr 80 908 o a ooty bes  ooe uoL E_mllblu.ar 00+ 08E o0z ngt 0 ogL-e
,“ I ll.'/‘ll 3
m I i l/l/ m
M e o — m
M | 2 g
g o g% — /r g
o g
~ 1S
i . gy g
1 &n g
o 8
.
W -
—— — - am - — 2
a7 a
kg g
TS5 NNY e 186 FNY e
22 0d D gl Hdw E HdO T Hd DD vE

—110—

Hd I¥NSSIHd



NOT13NS ONY 3DYHHISIO v E-dr NDTLING UNH J9Y¥uH3SIA 2* 1-dr

NIIM139 3MNSSIA¥d THIINIYIAJAID 8 -5 012 NIIMLAG J4NSSINd TY1INI¥ISAI0 9 5914
S AwlL 5 Wl
fil3 nog ons sn9 oo aoy odE oz net [} iy, DB ang ane oba cas ooy ooe ez oot ] nn:LW

0
7

ooz
ooopz

dd 3IWNSSI¥4 WIINI¥ISII0

i
o0G0F

Hd J¥NSG3¥d THIINIHISLIO
oanok

0oaos
nooog

aococd
oocod

osuant
pooac!

156 NMY

009Z1

]3]
[LT a8

156 NMY
ZE (6@ UE Cd @ : 82 0dw 9z 64 @

2]

NOILINS ONY 3A1HO 2°1-dr d0l ONY WDL108 Ad
N3IML3I8 JUNSS3dd THILINFYIA4I0 { 5914 NI3ML38 3Y¥N5S348d BILINAEIIAI0 S5 -5'9I3

—111—

5 3WIL S Il
806 008 00/, L] 009 gy ooE 0z 007 [} 0071 008 e oor D03 ons ooy o0E 002 091 o ol

JAERI-M 85-202

ooona

a

PR, |

:
i
1
a

ooatol
flihl g

!3.}1

oooaoz
ooooe

Donok
Hd 3¥nNSS3¥d THILNIYISA10

c0000E

papany
Hd J¥NGS3N4 THILINIHISAIO

000001

[l {ni ]
oponzt

apookt

[S6 NNy mm 156 NNy
62 0d @ L2 0d@ Sz 0d4 I




JAERI-M 85-202

TATY0 Z°1-4F ONY AHIATTIA0 JHuW NOILINS ONY AY3A1T130 JdUW

NJ3M!30 J¥NSs3I¥d TMPILININIAA10 21 "5°014 - N3IML39 3HNSS3IUL WILINIYIISI0 D1 -5-014
§ ZHI1L § 3JH1L
ong ape ooz nng oos oo [L 03 oz not 1) [ ] Bl poe i) ood bas oos o0F ape naz oot L] ony-r,
- LA S 3
5 g
g g

Songoz

b

quonos

bd JHNSSIHd WILNI¥ASAID

g
00car

000w
dd 3uNSSIHd TWHILNI¥ISIIO

:
\ I g
g g
186 NAY e 156 Nfd o
BE ODd @ (f 040 SE 04O tE Od @
NOI1INS Td¥W ONY KOL108 20 : ND1LONS ONY 3ATHE0 ¥ €-dr
N3IMi39 JUNSS3IYd TEIININIL10 11 S5 014 N3IM138 3uNSS3¥d TYIINIYIALI0 6 5Ol
§ 3HIL & 33l
D06 DOE ane Das ons L] 00 oo ool a 008, s oge ool [E] aos ooy noe anz oot L] ope-L
T8 , Rk
- W \\dﬁﬂ.ﬂ#ﬁ:.l.h. 25—l i
i —i=
DH ﬂﬂ
.3 53
g2 — g2
g L
3 o )
[ —
iz i3
& 8
& .5
Ll W:._
LR S
o =]
. 5
h 2
156 NME & 156 NN g
9 G4 I EE 06 @ 1E 04 W

—-112—




NOTLONS v € 40 GRY 310010 v G 1 (INH JOMHHISTIO &7 1 Jr

NPIMLIE  HNSSId MTINTY I 91 *5-914 NIMIAH THNSS3ddg T INIYAS 1 FlL "9 014

L 1) . 6 IMIL
s __ e s b el one e = so8 o i, ang uns oor __one mz o m a ey
L g . . :

Hd JYN553¥d Tr1iNINIIAI0
Hd IWNECIMd THILNIWILLIO

o e ;
2 8 H
3}
' I o
) e — - & ' —
_ o 156 N & 186 N & [
i M B Od & aF 0d @ Zy Od @ I+ nd o
-
e P \ - ~—
S JAEMUBTE AP ONW ANIALTE0 Zd¥i NOTLDNS &° 14l ONY 3700IW D0 [
M NIAMITE J¥NSS3Ud WIENI¥IA4I0 21 -6 914 NTIMI3I8 J¥NSSIN THILINI¥IL4I0 €4 "$° 914
S il
A bes oo non L pos  ooe ung oz nal " . %Tw 00§ o8 onr. s =u=.-_: 00E 0Z oot 0 oL
= & R ot
; [ S - - e g
S E—— e s | PRRTE CAP=TPEE T “
3 _ < 3
S R SR |z | L
IS U P £ g
gm I - - a3
£ &
& Hm
T A S T g,
» n
: | 156 NNy o 166 NNy &°

Ly 0d@ 9y 040 0r 04 & B6E 8402




JAERI-M B5-202

37001KW 471 ONY WOL108 471 47 UNH IININTINOD prE-df W

NTIMI IS J¥NSSIAd HILINIEIALII0 04 "S-9I4 N1IM] 38 33NSE3ud .:H:FZumu.E_: g1 59104

& AL 5 MIL :

0ag o0g o no s oor oae ooz uet J ngi-a 008 oo oo nos oo% ate 0gE [ 0 oar-: :
c \‘14! . A . . — ‘ﬁ SO .l_m "

aos

|
|

aoat
=
ol

0009

onal
oot~

Hd JYNEEIY TWILNIWIAAI0

VIS N ST AR

|
000z

Hd JWNSEIdd THILNIEIAS1D

g
156 Nil§ i ot TEE NTH : & w
#5 0d © . 28 0d B -
—
"~
W00 WYILS ONE 37001W 30 TINYMATANDD ONY F0MBHISIO v*E-dP |
NIIMIAE 3MNSS3IHd WIININIGHI0 &1 "S78ld N3IMLIE J¥NSS3dd TWIINIWAL4I0 L1 57914
S 3JunL S AWll
06 0oB 0oL Doy aos anr ane Doz [} a on1-= 006 Dae oD 009 nos. apv onE i3 ool .‘: 1] |_n
" )y mt §

!
|
]
ooz
Wd JNNSSIH TBILNIWIZII0

oany-

0
dd 3JuNSS3Md HIINIHI4410

|

0o0%E
ogov

:

E}
00086

166 NM4d

156 NMY :
98 Dd @ 15 d@ 08 04 @

2]



:
3
W

JAERI-M B85-202

0 3313740 L3TINL I3NNGHID

SG0HIH JHNSS3Hd MHILNIWIAAT0 ¥é '5-901
S 3JWIL
606 noe v noy ey a0 g vz ool 0 ot
— L BT WTTY WERY ﬁ/«;
156 NNY

£9 04 @

3 3014140 L33NI TT3INNGHD

SS0MIH 3MNSS3¥d WILNIYIAJIIO €2 -5-91
S 31l
ao|m| oop oos _ 003 ang by OQE anZ ast 0 ocl
— mwaﬁmwuamszsz;rﬁhkgj
ISE My

28

ad o

E|

DoOE-

noast 200zt oooR otor o Gook-
Hd 3IWNS53Yd WILINIYWIALIO0

002

E

oacet

a0 -

oozt 0Do& ondr Q

Bd IWNEEIud THILNIWIJAID

oooa1

gopaz

El

oozt oo oooy [ anor- DOow

o008t

8 3714180 LIINT TINNHHD
qoOYIY 3MNSS3¥d WILNINASAID 22 -5 Al
g Ml
[11s] 1 (1] ] not onos o0s ooy DocE oneg D_u—\ _ Q ool
; :9?ass>fj
T
_ ]
156 NNY
19 OdW
H 3314180 13IND T2NNHHD
S50MJY 3UNSS3I¥d THIINIWIAAIA 12 5701
5 3JWIL
[ oba (TR oos fo;_,ulm! ooy ope anz ont ] oot
b, =
TPy
! .
i
TS6 NNy
09 0d @

o0z

E|

[N

i1

noagt noo2t 000 [ 8
Hd JYNSS3Nd THILNIWISAIA

Hd JYNES3Nd ToliNIHIILIT

—115—




JAERI-M B5-202

ISW N1 3ldY MD14 SEUM 8¢ G014

8 dWil
006 oop Ofe oee [iliL] 0oy 0oE o2 unl ]
x
2
..IC_
.t’ m
-3
- &—f—1 LD
N 5
/{ =
-
| ac
G o
ZL M4 W 1L W4 @ oL W4 3 v
WAWODNMOO NI 13A37 0INBI1 Lg "S-9l4
5 JHIL
1117 aog nog neg oos L] DDE b0z ool o boL-o
— I
-
I o
y s i
' =
z
n
h o2
g
\&!&liﬁi " m
_.\ Ftﬂ!.ﬁf.b Py Tz
o
TS5 NY o
69 W1 @ 89 W@

gyNHL §2233 NI §73A37 01nofn 92 "St0ls
5 3JWil

086 oo p:mi . ana ons oot [l nuul ool . n _5_\.-_

N ] O
m
m!ﬁ!df@iﬂf! i qm
w
oE
z
z,
Y2

JIJD N ”

56 NMY \\ww

19 W1® 9% W1@
. JI0H SSHAAB

cGoNIY I¥NSSINd THIININIA4I0  S¢ "5°O1d

g 3JHllL .

006 009 (111X oea ons aor 00€ oz oot a ao_u....u.

|

[S6& NNd

*9

0d ™

dd 3NGSAU THILNIYILLAI0

o4002-

oopat-

0000z Q08T

0000E

poooy

—-116—




IMD14-50d) S41Uy MO4 JOYBHISIO ¢ E£-dlr ¢ "5-0I4 dlHY MO14 W31ldmMaoidd 0E 894

)
§ INIL 5 Il
113 o8 oo mos  ous om  one 0oz o001 ] S_r.._u oos 0B oat 509 pos woy  00E o0z o1 o o n.:M
I
T a1 i 8 ‘ “ : g
- -
L 26 O 3o
NXE "—"
E-l =
n =+
= o
%3 i3
& >
™ 5 5
o 2
X B
l . .
Ty - g g
2 TS6 NMY L T56 NNy g I
) 20 MO 08 M@ 9 MDD -
= =
o (MB14-S04) S3i1HY MOT4d ITHHHISIO 2° [-dr 1€ ~§-014 ' ) S3L1d¥ MDTd NOILJ23ACrNI 223 £ "5'914
a3 S 3N =19
A b Do BoL ngs n_uM ooy DoE anz ot o BoE-! O0E o0p ane nog apg oGr 0BE onz 1] o oar-}
— ] 8 - g
, g — 5
. - -
5 o
=} oo
Ry ~E
x =
z 3
s .
&o ~+ F i
: 2 \n\ w
i i wn
! o Qlu.ﬂ.l\n 5
- 5 §
¢
; g &
; 56 NNy o 1S6 NAb LS
: BL AO BL A D S. Ad@ L AR

S
3



JAERI-M 85-202

503345 dHd dul g€ -5-014
S 3WIL
(213 oo 0. cos ogs or one 2114 oal n D“:w..-
) - )
o3
g
oW
g%
o
£2
b .
&
156 NMY em
SOl 46 @  $01 HS @
¥IMOd 3H0J J2I1¥LI3N3 56 5913
S WL
o0& oap (112 i) [LE] a0k noE anz 01 13 a0t
afﬁf¢MMMM 2
.
r a
52
2
£
g
R
g
[SE NMAY \\%m

201 IM @

0T 3¥ @

a

S310Y MDd FDUHHISIO d¥M yE SO0l

S FHIL

ons noa onL bo9 oone ope aoE obz t13] 4] oal-}
g

i

=2

E]

&

<

5

156 NNy ew

B8 A4 @ BB AL
(MOT4-93N) S3LEY MO 3D9¥HHISIO v E-dl ge -9-0I4d
g AWl

e ook noL fLE] oes oo¥ DAE ooz an1 [] a1
o g

S

o

a9

NH

E

i

e

186 NMY o

EB A4 Q@ 18 AdD

—118—




amindaghg b s’ e e 29 A0 L st

O EY 117

MEV 116

M EY 112 A EY 113 + EV L4

M Ev 107

JAERI-M

a
[ ! ¥
— ]
w X )
=r] | H
| S
= T <
k=] i i
o H
[ i
I ) g
! : B
' . o
+ (=]
E $ =
g L4
P ; 2
5
q .
g
a
E: E
g [
g
=
-} {
i g
g I A
\ |
[ : .
g _ El
g !
g
T B
2
2
oot ] o0ol- 0apz- oage- [ DOos - upe-
440 YIMBd 1-d¥k
al 1 1 1 e L 1 I3
toae onz 201 2 0004 - apnz- 900E - apar -
440 ¥3IMOd Z-duk
s
a
—
[Bp/
[y
=
=z =
=
24
g
o
3
g ¢ =
1
a
2
P (=]
8
r 1 <
[
o
E
[ J 1
[ L
8
] ~
L 1
3 8
] 4 1
4
T e
g
002 oot oogl- cooz- ooE- GoO¥- aoogt
8 TUNEIS WW3INE
E:l 1 i L 11 | L I
(2T noot 0o0% nool o 00T~ 003~ 000E-
TOY¥LINDD H3LBM 0334
::I 1 L L A 1 A 4
008 aoor nopE 002 LT 0 ot~ ooz~
IHNIIE AISH
‘;L ul 1 L L 1 L J
gone o003 o1 o0 oogr ] ooot-

s onuT
3A7EA 3INLT WY3LS

TIME 5

S

TINE

85-202

o

&
[5p]

It

2
= =
>
o

| s
I =
i
2
— -8
I~ 1
Lo}
_ 2
les — R
= -
5] I
= [
w = g
g
=
=1
ot
= B
s 8
x, e
s
o ,
=} H
H
(s
5 !
= !
T | =
o e =2
g = % x 2
™ " !
fes) "
™ =

. E - =
[ip]
= Ie
[Th oozt oogt oca oos oor ooz ] pazt

EW/OM AL)ISNIT

s

g

8
L
.

5
= =
=
=

| 3
I 2
i
2
P 2
“ § ‘
O ] i:
I L
= g
— i)
w
= i g
=] o ® H
—_— — —
— - #
@ w
a
5 < R
o [ * {
o - .
= [ p 1
w = g
> B ’ :
] :
a 2} B i L)
ES ;
= ! E
= ['u
- =
o w ]

. B =]
w2 i
&1
— o ]
[F oooe ooaz onat a onot- oooz- J00E- pagr:

IATHA 8247

ru'\L i L 1 1 1 1 i

coca ooy ROQE ooz poot ] Qoat- napz-
InTHA 133

at . 2 " L 5 1

oooL ooog opog noor aoas aooz oGOt o
IAT8A SOy

-119—

TIME 5
FLUID DENSITY AT JP-1.2 OUTIET,

5

TIHE
ECCS QPERATION SIGNALS

BEAN A

40

FIG.S.

38

FIG.-5.



R e A

JAERI-M 85-202

DOk

toWE 3

e

e

g WHAR L3N0 v E-dr tY ALISNIO dintd

006 o4e

nae

-

PN prE-dro Ly ALTESNI

5 dll

i nyt nor

I,

5 3Ll
oby

vy "GOl

Ly 501

4

a 001,
e B
Bl
o
w
b4
JES I 1
=2
&m
1 87
w
=
2
ax
S R -1
<
x
w
o -
2
[ W —
a
2
2
_ "
nEl
kA0 )

4

aiz

AT

109
EW/sON A1ISN3O

acw

Ul |
¢
A

3 OHEAB C

1 311H)

Sl 1 AT TSN

i AUl

oW
ang g M npy o nn n y
L SRR - i
.
o i [}
i
, ]
| _ A Loz
i
[
-9
3
. L a3
2
"
:
B
- i n | 82
g
5
3
p -
,,,,, S - - 8
=
) g
Tg6 N
A1 30 W

Z¢1-dr LY ALL1GNIO OLINT3 A A D

5 I
L] nng ans [[Li1] DOE T4 ant ] nol-Y,
o u i S el e i i 3
®
_ 5
_ Al . [P I -
i
44
! =
oMm
) B S § -1
wr
: F =
d -
7v 3=
R S - T T B - a...u
H
w
d o
4_ i, _ S I -3
. A - : 1 im
| !
[S6 NNY =
(21 14 w

—-120—




H W48

10045 L1TLN0 214 1Y X4 WNINIWDKW gy "9-90Id +d007T 40 3018 Ad LY ALISN30 QINT4 9% 5014
S 3IHIL 5 JWIL
006 ase - ooc a M Om o poE o6z eol " nEw DOE oo8 LI one ooy DDE obe nul 2 a_:..u
_TF.a 3
Pt M W
i =]
S — &= 80
c .
= o)
L =
e o=x
S S — B =T~
o S
- x
lﬂ}u E
o& d z
-1 = gr S
o - :
<
[aN]
! i = M
i [S6 NAY TR "T86 NfE ? |
4K I 821 30 —
= o3
S 8 WH3g ._1
o *d007 40 3018 Ad 1Y ALISN3IO0 OINH4 i S 9I14 J WH3IE 137100 ¥E-dr LY ALISNIO QIR S “S-014
[£3] [T S FMlL .
A oag nuﬂ 0o nos L ,..Io.um ooy e [T Dat G _ |c_u_ LW e ooe 004 Das oDs ane DOE ooz oot 0 Qa_lw
L} a a
I _ _ :
» _ »
L_ 53 53
oz T =t ==
¢ ¢
- -
-~ e gz —BZ
3 3
i 2 o -
o _.__|E } g
TS6 NNy o] 156 NnY .
621 0 @ 521 30




A e T

JAERI-M 85-202

JYNLEYALWIL ¥31YM0334 25 "6 3l4d
5 AWIl
[ poR one o9 oos oar ili3 noz nat Q opTae
r ,_ - Y #
)
i
5
Bt - @ i ac
ax
m
=
TSE NOY s
va1 31 @
5K ONY 0SS N1 83¥nludadi3l aInid 15 -5°9104
s Ll
one DHE m.E.. 503 _ ans aoe QoE LileFS opt " o Eu_..m
nHMf;a )
nl
Hﬂﬂlf 3
2c
L=}
A
S B
| g
g
1SE NNH wn
6SI 31 @ 0¥l 31 I

Ad NI S3HNIHYIJWIL DINTs s 57914
g Awl
(1013 ali]'} nns oos aonr ong ane nnt o an_..m
LR R Ca g
&
m
_ gm
m
2
D
ac
I . gs
m
=
N °
1SB6 NNy au
11 AL ¥ GE! 31 @ g1 31 @ v
0048 137100 $rE-4M 1d XNd WALNIWOW gy "G6-0I4
5 ML
OOE _ [0]] U178 []11:] a0s aps 0GE ong apl [ _—D_LM
§
_ ] °
1" 2
oW o pdolipial o 8
[=
=
-
sc
OH
[~]
5
ga
{56 Nd g
1ET 44

—-122—




JAERI-M 85-202

900

—
Tp]
m
o
=z 2
'
1.4
wn g
o =
o~
w
—
° g

e
=]
™~

g
m n
+ xﬁhhw m\\&\

fam I g
m = 1 7 — m
8 N < N
- / / N
-
] / Jr./ 8
o
o
XY hMI/‘!II w \ a
Wl P 53
-

a
~— 0 (=]
=y &\\ =
o e
L
[ =
B¢ t t + t o

a

2

oL aogs oas ooy DoE ooz oot o oot~ oa2- DDE- o0~ [H-T ao0g- [ifs Tl DO~ a06-
M JENLUYILNIL

ot 1 1 1 1 1 L i 1 i 1 1 1 i 2 1 I

o8 ool 0L 009 oos oor age ooz oot a opi- 00z~ DOE- a0k - Dos- Dog- 0L~
¥ 3BNLEYIWAL

4l 1 1 1 1 i 1 1 1 i 1 i 1 i 1 ! |

oott ooot 006 008 opL ooe oos oy oog 002 001 [} 0ot~ qoz- Do&- 00K~ 008~
M 3¥NLl0Y3JHIL

pL L 1 L 1 I L I 1 L 1 1 I i i L )

1143 [erx 4} 0011 ooar 008 [+1:]] ooL i1 00s oor ooe ooz oot [] oot- [ Fg oog-
M FHNLIBY3ILHIL

ol L { I L 1 L I 1 L L 1 { I 1 L )

o8t ook [ 00& 1 oozs oatn 2001 aos foe QoL ons bos 0oy oo 802 not 1] oor-
¥ JUNLIEYIIWIL

&L 1 | i | i 1 1 1 i 1 1 1 1 1 1 J

ooLt onst oras oor | DOET oozl ooTe Lilili b4 008 bog oL 008 L liL] [ilil g 113 ooz oot
¥ FUNLBY3IIWIL

L 1 1 { 1 1 L 1 1 t L 1 i L I t 1

[:[:]13 T081 ooLt oot oos1 oor1 dosr L1 A pott poot 006 ooe ooL ooe oos oor oo

M 3¥NIBYAdHIL

5

TINE
FUEL ROC SURFACE TEMPERATURE OF A1l ROD

03

FIG.S.-

—123 -




e R

JAERI-M 85-202

™ TE 208 A TE 210 + JE 211 ¢ TE 212

O TE 208

3

a
—
[Ep
(e 2]

2
= ]
-

o

8

R

a

Hw. wm ”w ”M hw n
. ; ¢ &
ﬁ\ \ -
—f : o
3 v - Sw
NI { ﬂ < ¥
/P // q =
- //llflll fl{llflf
~
- [=]
=
X
o g
o~
w
—
+ ¥ T ¥ o
a
a
[1:13 aa8 111 oor als -3 002 act 0 ooi- b2~ QoE- o0+~ Qog- opa- opL- ooe- oost
M ANNLUY¥IdWAL
o L 1 ) | 1 1 | i 1 L 1 L 1 " 1 4
[ 2] e 0L 009 oos ooy Q0E ooz 11i] 1] ool- opz- 006~ Q0 - Dos- bo9~ opL-
LRELHICEERTETY
4L t : : 1 L 1 L i L ) 1 L ) 1 1 J
oot 0901 006 Lalsi ] oeL oos [11}-] ooy o0c oo ool 1] 0G1- aoz- oDg -~ oor- oos-
¥ JENLBYALHIL
4l L ] ) 1 L L 1 L i 1 i ) L L L 1
[ 44 oozt oot 000t ooe Qoe 0L o008 ocs Qor GoE 003 oo o ogi- [+ r2d ooe-
¥ JUNIHYILHIL
ol n 1 L 1 1 1 1 | 1 1 L i I 1 L 1
[i1+]-F oort 0OEL DoZ1 [+1:18] oant oos oos aoL oos [:L] DO¥ aos oz gt o oot~
FREEDICEEETESS
&L 1 i L L L 1 L i 1 1 L I 1 1 1 -
ooLt 0091 poat oarl ils] 4] ooz1 0011 0001 006 ood 0oL i]1]:} ops oor QOE ooz2 ooy
M 3BNLEYIdWTL
o 1 i L 1 i | 1 ] 1 L i I i L i |
008g ooet Q0L1 vt Lili 4} oorl [+ oozZY ool opo T DDB ooa aoL oo8 oos oG [:1:}4

LN EELED

FUEL ROD SURFACE TEMPERATURE OF AiZ RCD

o4

FIG.5.

—124—




JAERI-M 85-202
©TE 216 ATE 217 + TE 218 o TE 213

m TE 215

oA B T T 0 T

.
5 o
— ©
LN o
m
g o
= s 4
=2 o
o
w
g ©
ul
a
o
3 =
L ' A @ e sl
) 1 3 M i
. ¥ wﬁ.
3 g »ﬂ uﬂ 2 =
R
_
uwr
. wl
=
i =] ¥ g
- o
o
N, s
T
/ / "
/ o
o
o
i g _
0 &
=2 v
o |
(=]
- 8
: \ \ 1
o
- o)
- "
Aw T T B A T L] T (=] 0
w
o ]
=] —
aoL ooa (1] oor DOE 06z oot 9 ogt- 002~ apg- []1] o 00g- 009- poL- ooe- oest b
¥ JEN1BHA4WIL
Q 1 i 1 1 1 1 1 1 i ] 1 1 1 1 i ]
006 008 oL 008 00s oot uoe 00z 201 0 001~ 00z- ooE- o0t - Dos- noe- 00t-
¥ JHNLEY3HIL
Au 1 1 1 L 1 ! 1 ) i 1 i 1 'l 1 i J
oort 0gat oos oo oo Dog ans oor o0k ooz o 0 oot~ 00&- [11i] 38 Do - o0s-
LREENIEERREN
+—| 1 I 1 L 1 1 i 1 L L Il 1 L L 1 l
[ 14] oozt ooty 0001 Do ooe coL Q0B o4s oor ooe poz o3 a bot- Coz-~ ope-
M A¥NIHYILHTL
<_ 1 i i i 1 1 1 i 1 1 L 1 i 1 L ]
oost on¥t ODET eoz aott oont [0t ooe coL [+11}:] oos 0% OnE ooz a1 1] 0ar-
M JUNLIHYI4KHIL
A.r 1 1 I 1 | 1 1 1 1 1 1 1 1 i 1 5
Q051 [T 0Ll 009t noal oarl [T gzt patt poot 066 ool oL o0 o ook 00e

¥ JUNLIUHIdW3EL




et

JAERI-M B5-202

O TE 223 & TE 224 + TE 225 ¢ TE 226

B TE 222

n.
2

a
Ly
o)

3
= [}
]

o

2

2

=

g

s { { { )

b 3

3 £ £ { s

\\s \ : "

L ——— g

/ & // / A\l\q =

by N e, w g

/ / "

4 ™~ / 2

3 o

/ﬁ |

- g

& x\\ -
o~
w
—

¢ 3 1 o

@
3 g
3
. oaL o8 008§ ooy e anz oot o a1~ ooz- one- oor- aog- 003~ ooL- o0a- ot

PR NICEEEERD
Or ] 1 1 1 I 1 il i L L 1 i 1 | i §
008 00 0oL oes oca aor o0e noz 001 o opr- ooz- DOE- 00y~ 008~ 009- 0oL-
. ¥ 3NNLIEY3dW3)
A— i i 1 i 1 1 1 L 1 1 1 1 1 H 1 1
oorr 2001 s 208 05L 00s- 008 oor noe 00z 001 o o1~ aoe- 006 - Dar- aoe-
M 3MNiBY3dWAL
". 1 1 1 L 1 1 1 L 1 1 1 i 1 1 i i
00EL o0z nott bat 08 0oR 00L 00m 008 oy 208 Doz oot D 001- noz- coe-
A IMNLIHEEIWIL
<_ 1 i 1 i L i A L 1 1 1 1 1 1 i J
dost oort 0061 oozl on11 acet o8 60R 0L nog nos oy 00§ oz 001 [} 0ai-
. ¥ JUNIHY3dHIEL
ﬂ_ )3 1 1 1 1 L 4 1 | | 1 1 1 i 1 1
0oLl 0081 o081 oort 0DE+ 021 Dot agat 006 008 0oL 009 ohs oar 00E ooz oot

M 3HNLIHHIKWEL

5
FUEL ROD SURFACE TEMPERATURE OF Al4 R3O

TINE

5. b6

FIG.

—126—




JAERI-M 85-202

O TE 235 A TE 235 + TE 237 © TE 238

O TE 234

o
T &
—_
L0
@
[=3
= 2
o
e
o
g
[=]
L=}
=zl & r Lw\ w W a
| g {
i b Fi :
3
\% KM ”
[
\!l\m Ao w. g
g
N Y ../ <*
/ ./ - w .
~ ~ ;///11/ zxzz; "
I / /‘ll N o
S
JP/MW tJHN a
o 2
m ”
LY}
& \ M
(= ) !
‘l T T T [~}
o
m m
008 008 oL nog 008 i) 0DE oz oot 0 toi- ooz~ ooe- uox- D08~ 00s- oot
M OJdNidE3dNaL
O_| 1 1 1 1 1 1 L 1 i i 1 1 1 1 i |
oot oot (il [T Do 009 003 oo 00§ 00z oot 0 0o1- ooz~ noe- ooy- 00g-
X 3UNIHYIINIL
A— 1 1 1 | 1 i 1 1 ‘_ L 1 i1 i 1 1 1
0ogl nezy bo11 oo oBs ocae aoL [1h]-] aos ooy ooE 00z oo 1] oa1- 002~ ooE-
¥ JUNIUHILWIL
4:' 1 1 1 i L 1 1 i 1 i 1 I ] 1 H 1
oosi ooyt DOgt ozt oot o0a1 208 008 oL 008 oog oy aos ooz oot 0 0si-
¥ JMALEYIdKIL
P J. 1 i 1 1 1. L 1 i i | 1 i i 1 ]
QeLT opar 0091 0o¥L ooel coz1 oart noat [*+] 3 Do Dod bog ons ooy [+]+14 ooz aor
4 JYNLIHYIJWIL
¢_’ 1 1 1 1 1 1 Il " L i " L 1 1 i 13
0051 0081 noLt DO o9 oo¥t 00E! 00z7 o1t 0001 008 008 oo 008 0aa oo¥ ooe

H FUNLYE3dW3L

S

TINE
FUEL ROD SURFACE TEMPERATURE OF AZ2 ROD

)

FIG.5.

—127 -



@O TE 254 & TE 255 + TE 286 © TE 257

JAERI-M 85-202
o TE 253

RUN 951

-

/1

e

~wil

® TE 259

+ TE 258

S

H

ae

)

009

cog

] ooi- onz-
¥ JHNidy3duidl

it it |

0og-

a0a-

ooL-

3,
oos

4t

008

L
a0t

g2 oot 0

¥ JUNld¥3dHalL

GOE-

on¥-

00s~

agry

ooot

anr Q0& oz

LI IIREEEER

oot -

ooz-

006 -

T
ogst

o—.

QoZ1

oort

L 1 L
oos 0ag oy

LEEEINLEEETEN

1] ! i

ent

pot-

60%1

o1

QoEt

aoe 00L o152

M 3uNLBYILUIL

ooe

002

oat

4\
oGLt

x_

]
009t

1 g
0051

oodi 006 aoe

M 3HNLOY3dKW3L

i i i

(hiE]

ooF

"
(1]

oot

uoat

poct

oozt oorr poot

M JUNiHEAdWIL

aoe

oo?

00s

584 g 700 800 s00

S

400

TINE
FUEL ROD SURFACE TEMPERATURE OF A33 ROD

300

200

100 -

- —128—

o8

FI1G.5-




+ TE 301 ¢ TE 302

A& TE 300

JAERI-M 85-202
© TE 299

O 7€ 294

g e T

aen

1
1s)
m
a
=z 5
=
[rs
o
=]
2
g
]

500

5
FUEL ROD SURFACE TEMPERATURE OF A77 ROD

1
7
/ ~
%—-JAL
TIRE

7

4 TE 303

I
[ g o)
8 ]
—t
I
a
g
m
L
j { / } f o .
L
a [ de]
3) I
ona 0oL oos nos oo+ OQE o002 oot o pgei- oG2- ORE~- anr- oos- [thi-Rg 0od - n_nm,u L
. P T E R
O—‘ ! 1 i 1 i 1 i 1 i 1 1 | 1 1 | i
0a01 0de 208 004 o0% 0o acr 0oE 002 oot 1] oni- 0gz- 00gE-~ oo - 06s- ooo-
¥ 3UNLYHIdNIL
ﬁ—l 1 i 1 L Il L L L 1 i 1 i 1 L 1 1
coar oot ooot (11 [v] 117 aog bos oor Qo&E 1471 oz 0 oot- ooz~ Dog- Qor-=
¥ 3HNIHYIJNIL
t. 1 d 1 i 1 i | 1 1 1 i 1 i L i i
oor} oD&E 1 oozt oot anar Qos aog ooL [al+]-] 0o0s oor DOE ooz [1]:}} 4] na1- GoZ-
M 3UNLILHIANEL
L J 1 1 1 1. L 1 1. 1 1 | L 1 1 1 i
oast o0qat Dar1 Dokt ooz port oant 008 ooe {LiTA Dos ohe on¥ (i1 002 oot 0
M JMNIWYIdWNAL
sh_ 1 1 | 1 i 1 1 1 ] L L 1 1 1 . |
(L H aoet poat [LEN oo OOE1 oozl Q011 oot [+]:] ooe 0oL ons Qo9 oor 00E 0oz
: ¥ IMNLHYI4NIL
]




S R

JAERI-M 85-202

© T¢é 317 A TE 318 + TE 319 ¢ JE 320

o TE 316

o
.8
H
—
[Sp]
D)
=
= @
-
0.4
o
(=3
[
g
L8
hs %
& .
]
\ s
M\LT; ] \l|1+\l\ htlll\ ] =
I//df/ A// M///l// nn“ )
e, f// ////Jr Mo /w 2
/Idf/ A// A )lljff A/!/P b
o l///lﬁ/ N
o /
7] - a
us =
=
i N
o
. g
3 ]
m
w
=
+ f f o
i f=]
=
0oL 00s oas 00¥ o€ anez opt B oat- oo2- ODE- 0De- ons- oeg- DOL- ooe- obs*
M 3HNIBYIdNIL
ol L 1 : s 1 1 1 L 1 1 1 ] L ] )
006 ael:] 0ot 009 Dos oor opg ooz ot a Got- obz- DOE- [CO 0os- o8- oGL-
EREEIIGEEETENS
P L L A L i L ] ) L L L L 1 | . i
[ 11 000t [+11:1 ooa DL oos 008 nar QoE ooz oot 0 oot- oog- 00§ - CO¥- aos-
A JYNIHYIHUIL
H 1 L L n 1 1 L I L I 1 1 L \ L I
DOET qozt bott poGt 008 ase aoL [ls]] 008 ao¥ Dos 0oz oot ] op1- ooZ- ooe-
¥ IENLEY3ILNAL
(8 1 1 L J1 1 1 1 1 1 1 L 1 i i 1 J
004t aort boet bozt aotl ooat [+l ] oce ool o8 DGY ooy ape 0oz oot o ani-
MOJHALYHIWAL
oL 1 | 1 ] i ; 1 1 1 I L i 1 1 !
ooLS gost opat o0+t 0BE} ooz aotl oot ooe ooe oL oo ona ooy 60E aoz [+]+h8
ERELEHIL-EEETTET
» L L i 1 L I I 1 1 i ) 1 1 L i )
[ 1 oces DoLY oog1 OD5t Q0r] QQE} oozt o1t goat 00B oo oL 0ae oos oor obE

LEEENIL-EEETEN

S

TIME

FUEL ROD SURFACE

TEMPERRTURE OF A87 RGO

50

FIG.5-

1
i
H

~130—




SPNPENT—

JAERI-M 85-202

300

T
—
L
[wp]
8
z @
=
o
- ]
~ R
m
w
=
o g
4
w
5 4
o
w \EWW a
s
w il . g
& & ' = 2
N 7 <
= / /N
P N b N g
/ // / )
& R /
o~ //ﬂl//( !/Il?{f
mm
o
il ]
[
O x k%
o
m w
o N
mm
Wi
[may—
B¢ 1 T T ¥ T 1o
a
m m
oL o3 008§ ooy DOE voz a0l o 0g1- 002- ooE- tor- ons- 008- oL~ DOB- onst
M 3UNLH¥3dKW3L
ok 1 1 i \ 1 L ) I . i L | | ! 1 ]
DDE 00n 1114 oog nog 0oy 00g 002 001 "] ant- aoz- 0TE- ooy~ 009- Dos- apL-
LEE- IR EPTE
A— Il 1 i i L L L L l L i 1 i 1 L ]
oarr oooi #1]3 (I} DoL ooR apg oo 00E ooz om o oor- 0oz~ 006 - ooy~ 00§~
M 3¥n1YY3du3l
ot | 1 1 1 1 1 1 1 i i 1 i 1 " | J
[+[:}4] oozl [12 8 [rr/e1 GGB ooe ooL Q08 pas oo+ Do oo oot o Bor- Daz- ape-
M AUNIHYIIHAL
ol 1 1 L 1 L 1 Il i 1 L 1 L 1 | 1 1 §
ooyt oor1 201 oozt oort 0001 008 ooe oL 009 oog ooy 0ae noz oat o ooi-
' ¥ JUNIHYIMHIL
4l 1 1 1 1 ! L I L 1 1 1 L | 1 i
0oLt 0081 post ool 0DE1 oczt oott ooar 008 008 oL 11:1:] ans Gor 00E 60z oot
M 3¥N16Y3dW3L
n_ 1 1 11 1 1 | i 1 i i i 1 I 1 i J
0BT 0081 DoLi cogs oost oor oogt 00Zy 0011 ooot 008 ooR oL oce oos 00 00E

LEEE LT EETEN]

S

TIME
FUEL ROO SURFARCE TEMPERNTURE 0OF A88 ROD

61

FIG-5.

—131-




e A L s g, Lt

JAERI-M 85-202

O TE 331 & TE 332 + TE 333 ¢ TE 334

0O TE 330

a
2
&
—
[Ip]
w
2
= @
o
o
o
g
2
a
8
v\% .vn.u i s a
S ' .
2
w
o
P r I/l - s
™. q g
o
/ / ]
o
o
~
L=
n (=)
n =}
m
wl
[=
L 1 o
a
. g
[T o0 oog ooy 0oE ooz act 1 Dot~ oz- o0E- ook~ bag- vog- nae- o0g- noe*
¥ JUNLIHE3dWAL
m_ 1 1 i i L 1 1 1 1 1 1 L N Il 1 F
008 o008 0GL oo nog ooy 00E 002 001 0 aoi- up2- o0E- 0o - 008- 00~ ony.-
¥ A¥NIHY3dHIAL
A— 1 1 1 1, i Il 1 t " i 1 1 1 i 1 p—
oott ooct 06 oo 0oL oog ape oor une ooz bai 0 ooi- ooz- i oor- 0D~
M 3¥NIBYAdHAL
“ L 1 " L L 1 i i Il I i 1 1 1 1 L 13
0061 anzt pott naat Dos 008 oL ooe 08 oor oot o0z oot o 0Gi- ooz- 00g-
M JHNLHEIJHIL
L . 1 i i ! 1 i 1 i J. ) 1 1 L. Il d
gagt oor1 OE 1 auzI oot 0001 ooe ooe ooL 00 oos ooy ooE noz oot 0 aos-
M 3YNIHYIALHAL .
& 1 1 1 " i 1 1 i | i 1 i L 1 ] L 1
otet oog1 nog1 00y 1 OCE} 00z1 oLl cool 006 ool ooL nes oos o0y a0E 002 oot

N BNLEYIdHIL

5

TIME
FUEL ROD SURFACE TEMPERATURE OF B11 ROD

62

FIG.5-

—-132-




A b AT

JAERI-M 85-202

Mo 3UN1HYIdWEL

=]
T 1 7 3
— |
L2
m
g
= @
-
0.

=
& 2
]

]
—

o

a
© o = - 3
< ] “
kit !
™ =
w 2
—

+

o
= 2
S % Q Y
w m ///l i//l
- \

o
< o AN -
o //}//l .

o -
mm A M 2
W) ~
- =
Ox

g
frelyy} a
m =
mm
W oo .
==
[3R 3 f 1 o

s :
i
-]
g L -8
ooL oas 0as oo+ Goe ooz aol o oai- ooe- one- aD¥- nos- oog- ooL- DoR- ans=
¥ JUNLbY¥3I4WIL
ol—u i 1 1 1 1 I I 1 1 ) 1 I I H L ]
1) 08 ogL aog 0os Doy 0oe 00 oot 1] a0~ 002- 00E- aor- 005~ 0os- 0oL-
LTI EE S
g 1 . 1 i i 1 L b ! 1 . P L 1 I
ooti [FIFIHhY OB Qe 0oL oos oos oor 0oE 20z om i} oar- co2 - DDE- agr- 00s-
A JENLHEAJWIL
HL L L L 1 I L ] L i I I ! L L L )
0GET 0021 oott poot 006 ooR QoL oia Q0S5 oor DOE noz Q01 o Dor- 0oz~ one-
M JHNLHYAdMT)
L I i I L L I L It L 1 i 1 L L L 1
goat Q0¥ 1 0oEt oozt ann aogr nos oam aot alal:] 009 Do 0o 002 601 a aor-
M FUNLENAdW3L
¢l 1 L L ] L L 1 1 I H L 1 i | I} i
OgLy 0oat Dosi SorT agel 002! 00T caoy 0CB 008 00L nas 008 [ {111 00 oar
A 3YI110HIdR3L
o I I i L 1 L I 1 L L 1 1 1 L I
b]+1:3 Q0@ 1 poLt oost oSt oGr: QoEt oozr oerl 0oot 006 coe 0oL o0g 0os aor Dok

S

TINE
FUEL ROU SURFRCE TEM

RGD

OF B22

TURE

- RH

=

63,

FIG.5-

—133 -




S N

JAERI-M 85-202

O TE 351 & TE 382 + TE 353 ¢ TE 354

M TE 350

o
S
a
—
L2
[er]
o
z @
=
o
a
Q
©
(=)
B
a
a
&
i 3
- Fa A/I n%L B
N u :
(=]
/ / -
w /f/l
]
N ™ 8
i ~
—
X
o
w =)
n =2
o
L
=
+ { | -
ﬁ, =]
£} 2
ooL 008 oog ooy DOE noz o1 1] oo~ onz- OGE- DO+- 005~ 009~ 0oL~ aoe- one*
EREENICEERREN
o L L 1 ) 1 1 I 1 i 1 1 i 1 £ I 1
aos ooa 06L 009 Doy oor 00k ooz agl ¢ aot- on2- QgE-~ o0k~ Dos- 008- 0oL~
M JENLBYIdKIL
Pt 1 I L i I I I L I I I i I 1 1 1
oot ooy LD i) DOL oo 00s oor 0oE © 002 oo 0 oor- 00z~ [1]+] -1 00y~ oos-
Ll EE-EE NN
+L i 1 1 1 It It . i L L 1 i 1 i H 1
QCE! oozt pott ooot 0og oce aoL 008 005 oor oot ooz aot 0 01— ooz~ ooE-
¥ JUNLIEYIHW3L
o 1 ! ) i 1 X 1 1 1 1 i 1 L i L I
oast oort 0og1 pozt apts GOQ1 ooe a08 ooL [+13:] [i11:}:] oo* ooe one aat o onr-
M AUNLBYILHZL
&L i 1 1 1 I 1 1 1 1 1 1 I L 1 ! |
0oLl ooat 009t Co¥t 00E1 00z1 oot coat 006 008 voe 009 09 oor gog 002 oo
LREE-LICEEETEN :
n_. 1 L L L ) 1 i 1 L L L L L i _. 3
vost ooes 0oel a091 Qos* o1 Q0BT 00Z1 apti o0t 006 ih]] a0L 009 0os Co¥ ooe

¥ 3UNLIHYILHWAL

5
FUEL ROD SURFRCE TEMPERATURE OF B77 ROD

TIME

64

FIG.5.

—134—-




JAERI-M 85-202

o
3
8
—
D
e
o
= 2
=
@
a
o 2
m
wl
—
© me‘ wlw L ﬂ\ ~ 2
© J . p { m H )
g
¥
= 7 ]
+
{ g
(=]  — -
(s
9 / / q
= q
— /
& B ///f ///}
o =
[Te =] 1
mm o
[=]
Lt w (3]
- -
o X
a
mm m
wm
mm
[FTE)
-
El ¢ T * T o
o
8
oL Bosg Q9 ooy 0oE ooz ool 1] cot- opz- 00E~- Co¥~ bosg- oo9- Doz - age- 008t
M FHNLYEIAWIL
OF 1 1 1 1 A i i i i 1 1 L 1 Iy 1 |
1[5 noe oL oos 008 cor ooe ooz oot 1] oot~ anz- 00E- 00 - Dog- oos- 0oL-
: M J¥N1BYIdWIL
A—’ 1 1 1 i 1 1 1 1 i 1 i 1 L i H J
0ati ooot oos ooe oot [1li]] oos (11 CGE ooz 001 0 Qo1- ooz~ Qpg- oar- 0os-
W IWNLBNIdWIE
“ L 1 1 1 1 i L Iy L 1 1 L 1 1 1 1 ]
(1144 0ozt ooTT noort [+111 3 coe oL oo 008 aor 0DE noz aor r] por- poz- ooe-
¥ 3UNLBYIdHIL
AV_I 1 1 1 'l 1 1 L 1 ' L 1 1 L i i ]
oaar [Hi) B [i1+1-39 noz1 ogre ooot oo roe oQL nag ild] oo¥ JDE onz aat o aoi-
FEEPOICTEREN
A.—l )] 1 1 A i L 11 ! 1 1 11 1 1 1 1 I
0oLl Qo9rt 0091 DO¥ I ooel 0oz 00Tt ooat 006 oos 00L cos ooa oGy GOE ooa ool
MO AMILYNIdWTL
x_r 1 1 i 1 i 1 1 1 1 i 1 1 i i 1 I
DOBT uogr 0oLt Do aps oor1 [1e]9 Qaz1 gt oon: oos ooe oot ooB 00s ooy OoE

H JUNLHYIGHIL

5
FUEL ROD SURFARCE TEMPERATURE OF C11 ROD

TIKE

€5

FIG.S.

—135—



JAERI-M 85-202

& TE 367 + TE 368 ¢ TE 368

O TE 366

o TE 365

a
=
B
—
LD
[e)]
2
=z o
=)
2.4
=3
[=3
2
3
W‘q | » L L v 3 *
a
[
g
< N < :
I— ///f ]
— A
-
- g
w ~
-
X
o
o a
2 =
m
]
-
+ t t o
o
2
anL Qos 008 oox aoe aoz ol o 001~ [Hrr 0Dg- ote- ooo- 009- 0oL~ 008~ oos*
M 3HNLHY¥3dHIL
o 1 ! £ . 1 i 1 1 1 1 1 L 1 i I ]
006 008 ooL 009 D09 0oy ace oz oot Q ooi- onz- 00e- Q0¥ - oGS~ 009~ 0oL~
LIEL I ERTEN
4l 1 1 L L | 1 i i Il 1 i | 1 1 L —
oot oot o0& ooR falef A cos aos oor 00B oz oot o oot- onz- 006 - og¥- 00%-
¥ JUNIHESIHZL
n L ! 1 { i i 1 I 1 L 1 L 1 1 i J
oot oozt oot ooot ooe oog oot 0w oas ooy ooe poz oD o Qat- 002- oDE-
EREEUI-EELTETT
<~ i 1 1 i 1 1 1 1 1 1 1 1 1 i I —
[s163:1) Q0¥ noet oozt oot 201 oos [3]:0] 0oL o00s ong oot 0ok Qoz oat a oot~
N 3HNIHY¥IGWIL
et 1 i L ! 1 ! i 1 1 i I 1 1 i { 1
A 0033 0037 Do¥ 1 O0ES 0oz 001l 0001 006 00§ 114 o9 004 Hi0 g O0E 0oz oot
M 3UNLBYIdWIL
L ! L 1 1 L 1 1 1 0 1 1 i ! L 1 —
00EI oDg1 0oLt D081 0os1 oorrY 006l opz1 ooty 0001 Do& e ] 0oL oo 008 oox ooR

M 3WNLHYIdWIL

5
FUFL ROD SURFACE TEMPERATURE OF C13 ROC

TIME

66

FIG.5-

—136—




ot i e

JAERI-M 85-202

g
o
—
LD
m
g
= ®
2
2.
™~ 8
b 1
bl
w
—
=
o 3
__\b-u A - o o o )
2 | 4
hid (=
w &
-
+
]
Ed 2 o = 1 ﬁ/ P *
™
- / N\ w
-
[=]
< /ﬂ/ //i ;//s B
o
~~
ze I//l// /#/If -
ww =
-
OxX
o
mo g
e
mm
L Lt
-
E+ f t t + a
o
g =
aby, [114]] 1:}-] ao¥ aoe ooz oat o oot - ooz~ 0DE- Q0¥-~ 008~ aag- ooL- oog- aost
M JHNLIHYIdWIL
o i i L 1 i 1 L I L L i £ L i I I
006 008 0oL 008 oos aor 00E 0ae 001 1] aor- apz- 0QE- oor- Das- bog- 0oL~
MO3ENLEYIdWEL
4L 1 A A i L i 1 A s 1 1 L i L | I
oote goot 1113 o0o0R ooe [=]r}] cos oor 0OE ooz om 1] do1- 00z~ D&~ oor- 00s-
LRI EEF D]
4L I A L 1 ! J I 1 I 1 1 I 1 L t )
0OEY ozt bot11 ooot oce Do ool 003 oes obr ooE 002 oot o Boi- ooz~ QGe-
¥ AYNLBYIdWIL
klv_y L I 1 1 i 1 L L 1 1 L, i 1 L 1 ]
aost agr1 okt oozt epiy acos aoa ooe 0oL 209 oos bor aog ooz o1 Q oot~
LRECNIEEEMER
¢ ) 1 1 1 I 1 L L 1 i 1 1 i 1 ! I
0oLt 0091 ooat por1t 0oE1 0Dar oot ooat Q06 oea ooe Wik} opg oor DOE ooz i)
EREET-EEETEN
m I . 1 i 1 1 L i 1 1 1 1 1 i 1 J
0081 111 ] 0oLt 0991 oos: por) 00E1 [1rr 41 [+ FE] oot oos oog 1 =17 Qe - oos oor 00&

M J¥NLIBHIALKIL

5

TIHE
FUEL ROD SURFRACE TEMPERATURE QOF C?2 ROD

67

FIG.S.

—137—




A TE 383 + TE 384 ¢ TE 385

O TE 382
T w TE 387

JAERI-M 85-202

0 TE 381

bt

+ TE 386

LRI EETEN

a
8
a
—
Ty
m
2
=z &
o
o
a
8
£
2
.\u » P * v ¢ x “
8
a
e
— AI@ - s
.W y g
b+
h L
“ w =4
o
~
a
8
1 —
— :
2
ooc oas oas an+¥ oog ooz oot bot- Boz- Q0E- ao+- oag- o0oa- ooL- bog- oDe-
M 3unlby¥3duial '
Q 1 L 1 L 1 ] L ! 1 1 1 I L 1 1 —
08 ooe 0oL 008 003 00r ane 00z 00} 0 oot~ 002- a0e- ook~ oos- 009- ooe-
¥ JYNLIBY3dWIL
A- i i 1 1 1 L 1 1 1 1 L 1 1 1 1 1
2011 aoot 0u6 ooB oo, 098 408 ooe OoE a0z o001 o 001~ 0oz - ons- oor- oos-
M JUNLIHYESHIL
n_ 1 A 1 L ] 1 L Il A L " 1 1 i L |
oost 00Z1 ot boat 008 0os ooe oo8 a0s ooy coe ooz ool ] oot~ Q0T - 008~
M 3NNLUYAdUIL
L 1 1 1 1 1 i 1 1 1 1 1 1 1 i i i
ags1 aort 2081 oozt oort [ilsl}] Q06 a8 0oL oof oos aov Q0§ Doz oot a Qot-
M FHNIBYIAWIL
»»1_. 1 L 1 L . 1 1 1 | - 1 1 1 1 L 1 |
oLt 0081 oust 0081 opes ooz! 0011 001 008 o8 0oL 008 008 oor DOE oz 001
PREEUTCEEETED
K_ L 1 1 1 1 1 1 1 1 A 1 Il 1 1 1 —J
Gos! oot o0L1 0091 onsi ot ]34 oozl poty ooo1 ODE ooz oo o9 ons ooy ooe

5

TIHE

FUEL ROD SURFACE TEMPERATURE ©F C33 ROD

—138—

68

F1G-5%.




O TE 392 & VE 393 + TE 394 ¢ TE 395

JAERI-M 85-202

o TE 381

A PP

X TE 397

4 TE 386

2
15

-—| H [u]

un o

)

a r~
= o —
= @]
v'd

L

g ]

&

Lt

[as

i}

g —

: “ =

{ =
€ “ | :

2 p

n i

—
w
fell . i Lt
{ g { | Sw O
+r -
\ N \ 9 S
[
/ S

2 2

@

//ﬂ/z ///f ///ﬁ =
: o
./ o

o

a

g8 _

wl (o]

- (3]

L —
=

g _

jop]
w
T T T Ll T T (=] 0
[Ep]
i .
i i o o
[, b | 1 £ | =4 —
aoL poa aes oor DaE oaz oar o ant- ooz- CDE- ooy ons- onsS - oL~ 00g- oost il
¥ JUNIHEILHIL
o i i 1 I I I L 1 1 L L ! L L 1
on6 nos 0L 009 005 ooy [1li] ooz 6] 0 ani- o0z~ 00E-~ aor- 00s- Dos- ooL--
¥ AUNLIHEIdW3L
gL 1 L L i ( i L I I 1 L I L L }
ooyt Q001 006 e 0os 0D3 ons oar aue ooz oatl 1] og1- apz- Dog- oor- bos-
A 3UNLHY3dEAL
+—| I | a4 1 L i 1 i . 1 1 A 1 L | i |
aget oz gort D001 oos oce oL 008 005 Q0r 00% Doz oor o 0ot- 0o2- oDe-
¥ JYN1EY3dH3L
ol 1 1 | i L 1 1 2 ] 1 1 L 1 1 ! J
0091 oot O0ET [2[+F 14 oot 2001 006 oce 0oL oRg oes e QDE ooz oot Q ooi-
M IUNIHY3ISWIL
&L i 1 1 1 1 1 1 I L i L 1 1 i L
00L1 0091 D0og1 nort oneEt ooz1 0ol 00t a0k o]} 0oL o039 ans oor 0ge 40z Dot
M 3H11HY34MW3L
L L ! 1 ( L H i 1 1 1 1 I i ! I I
oost coetr ooL? 0os1 cost Gor1 006} oozt oort poot DOG bog 0oL 008 Q08 oor 0oE

¥ AUNIYEILNIL




+ TE 403 © TE 404

& TE 402

401

O TE

JAERI-M 85-2(02
m TE 400

AR AT S k¢ e S

H TE 40B

4 TE 405

LREENRE-EEEET

-
i
I
=
5
o
y
—
k & AJ g A///: r/// prs
+ f f
aoL coa 008 0oE ooz ] oo1- Doz- aog- on¥- 008- 008~ ooL- oog-
M 3MNiYHIdWAL
O_ I 1L 1 1 1 1 1 L L 1 L 1 i
06 s oL 5og ) 00z 00t [ ool- 00Z- 06E- oov- 008~ 5og-
M JUNLHY3dH3L
A— " 1 1 1 1 1 1 ] 1 1 L L A
g011 oot 05 noL ons or 0o 00z 001 0 no1- 0z- 006 oy
¥ JUNIYYIJHTL
LA_ 1 Ny oy 1 " 1 i i i A i 1 1
0051 acz1 oott uos ooe ooe oag ooy o0& 0oz ool [ 001- oo2-
LR NILLEELTEN
Q—I 1 1 1 1 ! 1 1 1 1 . ] A 1
taar oow1 ooet 0011 [ [T oot wap 00 Doy 0% ez oot 0
¥ JUNidH3dWalL
4 | L 1 I 1 " 1 L i L i 1 i 1
nacl a0t naat o€ 60z 000t 00B ) oot cog ocs gor a0g 0oz
. M 3HNIHY3IdHIL
nr 1 i 1 1 1 L 1 1 1 L L 1 1
s o0e 0021 oog1 ook oozt oot oot 006 o0m oo g oo oor

SaC

710 800
OF Dz2 ROD

=
=

gad

400 500
3

TIHE
FUEL ROD SURFACE TEMPERATUR

3on

108 200
— 140 -

70

FIG.5.




B A T e S * L T

JAERI-M 85-202

oo

—
L0
[wy]

(=}
= Bl
|
o

i=}

o g
«
w
[t
o
© &
-
—
- o
=
18] w
—
+
o
o s
—_
-+
L
[
a
4 3
wo
-
- - e
Ll &
—
ax
=
- m e
<
[NET
[mags
B¢ + d o
)
a
Q0L oas _oae ooy 0oE ooz oot 1] pet- 0oz- oog- oor- oog- a09- oaL- Doe- ane*
W JdNiHY3dWAL
o L t L 1 1 i " 1 1 I 1 1 1 I L
006 ood 0L o0s 0nsg eI 00E ooz 0ot 1} op1- 002~ 0aE- 00¥- 00s- 00g- aoL-
¥ JYUNIK¥IdW3IL
qt i 1 1 I i L L ! 1 L i I L I I )
oot oot 0GB ooe 0oL [vr]:] ans oo boE ooz oo ] agt- nazT- 006~ ocor- ons-
W AMNIHEIdWIL
4L 1 1 1 i i 1 i I 1 L L L 1 1 I I
CoEt oozl oot 0001 s3] 008 aod ong oos oor Dog ooz ool 1] o0otT- oge- GoE-
bR EEER
ol 1 1 I . L L L I 1 I L L 1 n L :
008t Qa¥1 [11:]-3 0oZ1 onrt pog1 oo8 boe 0oL oos 3251 ] oov one ooz oot a oot-
M JENIEY3ILNIL
@ 1 . i 5 1 I I 1 i i 1 { 1 " I i
0oLt 0081 0087 i3 24 QoET 0021 011 0001 006 ] BoL ot9 oos ooy [11i[4 Q02 ek
LREETCCEERTENS
x— 1 i i 1 1 | 1 1 I i 1 1 A 1. L ]
006t ooat 0oLt 0083 oost 01 00E} ooz 0011 [il:]:] 008 aoe aoL ool oog ooy nog

H AUNLHYISHIL

5

SURFACE TEMPERATURE OF

TIME

71

FIG-5.

WATER ROD SIMULATOR AA4G

-141—~




SPTI———

JAERI-M 85-202

™ TE 429 & JE 430 + TE 431 & TE 43¢

[0 TE 428

.u
2
2
n
fes!

8
= @
o
o

(=]

2

[54

o

a2

b n t F

2

n

o

8

g

o

(=)

0
~
m
i o

o
w ~
w
). 4

o
" 2
e g
-+
w
—

& } t a
_
| ;
| 1
o
B | | M _ | \\\_m
QoL 003 08 ot [ onz oot 0 no1- t0z- ooe- o4~ D08~ o8- oL~ [ 06t
M IHNLEYIdWAL
Oﬂ 1 1 i " 1 1 i 1 1 1 1 L 1 )1 L 4
006 008 ool 008 008 oor 00E 002 001 [ o003 - obz- 00E- ook - pos- 009~ oL~
¥ FUNLUYIJHEL
A— i 1 1 1 1 1 1 1 1 A H 1 1 1 il J— |
o011 T 005 toe Dot nos uos oar 50E 0z oot ] 001- o0z~ DoE- oot~ oG-
¥ 34NLB¥3dW3L
»_ (- 1 L 1 A L 1 i 1 1 i 1 i 1 b 1 J
(1Y ozt oot} ooer 006 ooa oL o008 00§ nor 008 oz [T ] not- ooz- 006~
¥ JMNLHE3dHIL
J\w 1 1 i 1 i 1 1 1 1 1 1 1 1 1 1 —_—
ooat 0045 DOES bzl [T 0001 008 o0B oatL o008 [ oy 0RE 0z 001 0 cot-
¥ JUNLHE3GHIL
ﬁ— 1 1L 1 1 1 1 1 1 i i 1 1 " | " -
oCLS 03! o043 (713 00E1 00zt o001 ot 006 008 oot 008 () 0¥ 00E 0z oot
¥ JuNidE3dWal
x. 1 1 i 1 i 1 1 1 1 1 1 i 1 1 1 |
D061 [Tl et oog1 0§t 0011 bOES 0oLt et vt 0o oos oo 008 oS ooy oo

H JUNiHYISHIL

5

TIRE
SURFACE TEMPERATURE OF

X4

F1G-5.

WATER ROD SIMULATOR C45

—142—

!
[
i




it B

JAERI-M 85-202

g
B
—_
w
m
s
N o
=
o
a
g ?
[z}
w
=
° - © i < g
] < = : g ! d g
o r «d
v Iz it 4 3
Wl w
¢ -
+
3
a o~ *
-r
w
=
< &
[l ]
oo
-+ > W
w ~
—
Ox
o
0~ a
[= =]
-
W ous
— -
m ’1 T T T T o
i
— =]
E? _ ]
oL ooe uos oor nog ooz oot o 001~ noz- ooE- a0¥- o0~ o009~ poL- boR- ooet
MoJUNiHY3I4WAL
O_ i 1 L i i L i 1 1 1 1 i 1 1 1 i
006 ooe 00t 09 003 oot ooe oz oot [} ani- ooz- 006~ oar- nos- 008~ 00L-
ERERIEEE TN
Aul i i 1 1 A i 1 L 1 i J 1 1 1 il ]
oott 0001 006 08 oL i1 oog agr a0E o002 01 [} op1- ooz- 006~ Do+- oog-
M JHNLIHH3WAL
u_ 1 " i i i L AL A 1 1 | i 1. i 1 S
00+ nogs ootr oot o008 L) oL 00p 005 ooy ote oz ot ] cot- Do2- aoe-
H Funiby¥adWll
AV— 1 1 1 L 1 1 1 1 i | 1 L 1 1 1 |
oot oot DO T noz1 ocn 000! o08 08 9L oog oos 0t oog oz oot a oot~
¥ FUNLIHYILWIL
ﬂ— 1 1 L i 1 | 1 | i 1 1 1 1 | i i
0L 003t ongt 0041 o0t 0021 o011 0605 0GB 008 oac 003 009 0¥ o0t 00z il
LEEERIN-EERTEN
x-y 1 1 i 1 i | i 1 L 1 1 1 i 1 1 }
0G5 oot bogt o0t nos 00¥} ooCt o023 [T 0001 0O 009 oo (1] oL ot ooe

LIEL TN EET

S

TINE
INNER - SURFACE TEMPERATURE OF

73

FIG.5.

LOCATION At

CHANNEL BOX A,

—143—




JAERI-M 85-202

O TE 505 & TE S06 + TE 5§07 ¢ TE 508

M TE 504

=
(=
2
K]
[wp]
2
=z 2
-
o
8
2
o
2
M 2
E ;
mmmmn waW\ nhkwn u
2
E
g
E
o
o
]
(=3
@ g
o ]
[T}
(1Y)
=
4+ T T o
o
B g
3]
o8 ooe oL o8 003 [ a0g oz oot o ot- ooz- [ ooe- nos- nos- ooc!
M 3YNLIBYILWIL
o | ) L L ] 1 1 L 4 L L : ] 1 L |
da11 0ot 006 008 00 o008 o3 ooy 00€ 002 i1 [ n01- 00z- 00g- ooy~ oos-
LRI EEERS
A_ 1 1 1 i 1 1 1 L 1 L 1 i A 1 1 J—
DOE! 2021 oLl 0001 [ une aoL. o8 s aor 008 oz 60t o oo1- oz~ ooe-
M 3HNLEY3IIHIL
4 L 1 A 1 L L 1 H i L 1 1 1 i L 1 J
[T oot oo o0zt P 0001 ons 008 004 [T} DO% oor o0k o0z LT [ onr-
¥ JHNLIHEEdWIL
J\_ 1 1 1 1 1 1 1 1 1 i | L 1 1 1 }
oot 08t ooat o+t og1 0021 patl oot 006 [ oo o008 o8 nor ooE 00z 201
M IUNLHHIALKIL
& I L i 4 i i ! 1 L L ! 1 L ) : j
QOBT 0081 oLt Dog1 o031 oor1 Q0ET 0021 Go11 poat 008 nos coL aos 008 oo 00E

¥ 3YilldyIdual

5

TIHE
INNER SURFACE TEMPERATURE OF

74

FIG.5.

LQCATION RZ

CHANNEL BOX R.

—144 -




ki gt L e g

JAERI-M 85-202

)
@
ip]
lop]
o
=z 2
=
o
=
= 2
iy
w
-
o
° = > . 5 3 ¢
w h \ 3 L s hv k a
ud b > a
—
+
o
o 2
us
w
™
o
q a
—~ 0
——
L wn o
w wl ]
- -
ax
o
ow a
—_—
ww
wr
[
B+ T T ¥ ¥ o
o
- =1
£ =
ooL oo [t L] 00# Q0 o2 oni o opi- ogz- ooE- Qo¥- ocs- o8- 0oL~ ooe- ooe*
¥ JUNLHEIdNIL
(=] L L i 1 1 i . L 1 L ! { 1 L i |
i1 ooa 0oL oog fale] ooy G0E 002 00t 0 cat- Opz- COE- ooar- oos- Doe- 60L-
. ¥ AHNLYYILWIL
q- 1 1 { 1 I 1 L 1 1 1 i 1 L ! L. 1
aakc oont ogs oog Q0L cng gos ook 3 002 001 o oat- bo2- 006~ oor- ans-
A JUNLHYIdRIL
4L 1 1 1 L L A 1 1 1 1 L 1 1 " 1 |
QORL 0021 oart paot nge ooe anL [il:]:] ong Qor Dog bz oot o ogr- boz- ooe-
N JMNLIBYIdUIL
P — { i 1 £ 1 i A 1 Fl i 1 n 1 Lo 1 J
113 Qod 1 oog1 ooZ1 oort ooo1 ans 008 00L nog Doy o 0Dg& 00z ogt Q oot-
M 3HNLIHYILHIL
ﬂ._.| 1 L ] L | 1 1 i k I 1 1 | L L J
ooL{ oogr oo RO+ ooET 0nzt 00Tl Loo1 006 o008 oL [1:k:] (1] oor 00E uoz a1
M AUNiHYAdWIL
ML 1 1 i 1 t 1 i 1 1 L { 1 1 i 1 )
ausl ooRty 1174} ooat aos1 oor [+r1 %] [se2 21 ooy oot oos ooe oot ane ans oor oog

LRELLIFR-HEE TR

)

TIME
INNER SURFACE TEMPERATURE OF

CHANNEL BOX B

75

FIG.5.

—145-

o



R AT St

JAERI-M 85-202

8
T 2
—
ip
[ep)
s
= w
=
o
o
— S
~ =
e
wi
-
o ' &
| i
2 , i
o L
n i o
w i =
—
+
o
o E
%)
wl
—
(=]
4 R
wn
—
v in o
w ol h &
-~ P '
S
4 o
™~ o =]
Y
w0
L) b
[y !
B4+ ¥ mn
| “
i
| e
5 2
aoL oos eos aov ooE 002 113} o pat- a0z~ nog- Gor- nas- o009~ boL- Do oo6*
EEERIEEEERES
ok i i L L L 1 1 1 I i 1 I I L I |
006 008 Q0L 0og oos ooy aoe 002 aot [} ooL- opz- DOE- ooy~ 005- 009~ 0oL
W 3UNLBYIAW3L
qt 1 L L L L 4 L i ) I L 1 { L I . i
oors aool 006 age ooL ooy ops oor 00E ogz ool o oot - onz- 00&~ oor- aos-
N 3YNLHYIdHEL
+. 1 1 | 1 -1 1 1 1 L 1 i 1 L i 1 J
0ogl oot oottt 000§ 0o ooe GoL Dop 05 ooy 1] ooz ant 0 ooi- poz- one-
¥ 3ANLE¥IIUIL
o ) L I 1 L L i L 1 I 1 i 1 I 1 |
0ast oo¥1 DCE S oDzt 6071 oont 111} oge oot aopa 009 nn¥ 1] o0z oot o Q-
e T LEERER
pal 1 1 I ) 1 1 1 L ) 1 ) 1 1 L L I
0oLl ong1 oogt ooyt ape! oget ooty oot 006 008 00 009 oDna aor 00E qaoz 001
AP -EEE NS
o L i L L L ) 1 ) i L L L It L 1
DOG1 ooat ooLt oogt oos! aces angt oozt oott ooe1 ngs oog aoL 0os oos filil g 00E

M 3HNLUY3IdHAL

N}

TIME
[NNER SURFARCE TEMPERF

CHANNEL BOX C

0F

URE

0T
1

16

FI1G.5.

—146—




JAERI-M 85-202

—
L)
o
8
= a
-
5.4
o
@ g
w
w
=
© En 8
o W e
e & K o g
W 7
: T = :
+ =
e :
& g
wn
i
-
< 8
no
o™
W g
W B
gy
X
o
<« o 3
o N
w i
[FERTH )
(==
B 4 t T g o
(=
3, =
0oL cos 009 oor 0DE aoz oot 1] oot- poe- ODE- oo - 005~ 008~ poL- ooe- oost
EREE LI EEEEN
IS L 1 1 1 I L 1L L 1 i 1 . 1 1 1
[1]2:] one ooL 009 oos 1l:1 [Hl g2 0at ] aoi- o02- 00e- oo¥- Dos- 0gs- 0oL~
Ho3YNLYY AWl
4b i i 1 i 1 L L 1 L L 1 1 ) i 1 |
oote ooot Q0B oog [+ ]A oop aos oor OCE 00z om a oot- ooz~ DDE- agr- aps-
M 3YNLIHYILHIL
4 i L 1 : 1 L L L L ) 1 L L i L f
[ 4] oozt bo11 Doot oos one 0oL oos 00g - oor DOE ooz ool b o0t~ 0oz - 00e-
¥ JUNLIBY3HN3L
P i L I i 1 ' i L 1 L L L L 1 i j
ogac QD# Y GoE T Dozt aot) Qoal Qo8 Qo8 aaL oog ooy bor (1] onz aat o aol-
M JUNLIHYAdWIL
PN L L I 1 L i i i ) L 1 1 1 i i )
ooLL ooart [Hle: 24 ooet QOE! ang1 oart oon! 006 ooe oot 008 age- ] oar 00E ooz oot
N JYNLHEIdWIL
i L 1 i ( 1 1 s P L 1 1 1 ) L I 1
0DEt ooet oL 009t oDs1 oor1 ooet oozt oott oot 006 ooe [i1:TA 008 cos oor 0o%

LRI EEEED

5

TIME
INNER SURFACE TEMPERATURE OF

CHANNEL BOX D

1

FIG.S.

—147—




A

JAERI-M 85-202

@ TE 532 - A TE 533 + TE 34 © TE 535

M TE 531

a
g
g
—
[Np]
lep]
2
pd o
D
o
o
2
f=3
[=]
MVP o )
£
- =
o g = k. m
=y : i " I
%
(=]
g
a
[#]
g
~
m
L =]
a
Lt &
w
-4
a
[Ts) aQ
9 g
['r}
[T53
=
+ ! } °
o
E1 . a
g g
aoL ong [ oor ODE Doz act . ] cot- ooz- H0e- 00¥~ 0os- 0098~ 0oL~ oog- aps-
M JHNLIBYIdWIL
mV_ 1 1 1 1 1 1 1 1 1 L L 1 1 L 1 1]
o6 ooe oaL 0ag 003 oor 1] 4 [1]1}4 oot 1] o1~ ooz- Q0E- Oo¥ - 003- noa- aoL-
EREENIGEERER
A— i " L i L 1 1 1 1 1 1 i ] 1 ] }
oort 0oa1 006 ooe 0oL ooe uos oor oog toz oot [} ooi- 00z~ DBE - vo¥- pos-
W JYNLIgH3dWAL
" L 1 1 1 1 1 L L i 1 1 1 1 L 1 1 J
SOET oozt oot1 000t poa 008 ooL i [1]:] 00% oor ooe ooz oot 0 oot~ onz- [oha] g
H 3YNLIHHIJHEL
.4\_ 1 1 1 1 1 1 1 1 1 1 1 1 i 1 . 1
st oo¥?t OoE? oozt oot o001 [+11]:] ool 0oL ons oos Do+ aos 002 ooy Q oBi-
M ANNIHYALHIL
ﬂ_ 1 A 1 1 i 1 1 1 i 3 1 i 1 1 1 i
QaLl oost ooart 0okl [i[C ] [iFA oate Gooy 006 008 0oL pos ona (o] 00E oo not
A 3uNlud3IdWal
x_ L i 1 1 1 L i I L 1 1 1 1 1 I —
0063 gogt s+ TN} 008t oost oo¥1 ouEl gozt agit poot oos boe 0oL o008 BOs ooy 0os

M JUNLIHEIJWIL

5

TIME
OUTER SURFRCE TEMPERATURE 0OF

"CHANNEL BOX A

78

FIG-S.

—148 -




R i

JAERI-M 85-202

2
g
g
—
1)
(ap]
o
z B
)
o
o
o g
(1=}
[}
—
o
© z - A e : COENE
: i
Pl E: | b2 mww. .W v i
" = o =, . -
3 », — =3 js e =
af—— F Fy S s =
“ e - — <z = = 3 s
M — - — -—
+ ~ i
" a
g : s
2 !
= H
s
=]
il T a
o =
m =
W o
2
il ~
=
e X i
i
: e
o m + a
[l
ur U
[TH RS} H
—— A
B¢ ¥ t ¥ t t 1 m —1 5
! 1 §
_ w | ", .
! i i 2
opL oga nog ooy ol opz ool 0 0oi- ooz~ Gde- on¥- nga- 009- f0L~ nog- oos*
: ¥ IMNIEYIJWIL
O_ 1. 1 i 3 i 1 i ] 1 i | 1 1 1 i ]
0Dé ooa 0oL ulel:] DS (110 ] DOE 0oz 001 [} oor- onz- DOE- o0y - 00§~ 0d8- 0DL-
¥ 3YNLEYIdHIL
A—’ 1 L 1 L 1 1 1. ] i 1 1 1 i " 1 b
ooy oont hilvi ooa gL pos oos aor e ooz ool 0 o= 0Ge - o0& - oor- 0O0S-
M 3HALEYIIHIL
.ﬁ ! 1 1 1 i 1 1 1 I L L ] 1 1 L 1 |
Doet g2t ooty 0001 oo oons 0oL 0og oos cor OGE ooz apnt o gor- poz- ooe-
¥ 3NNIEYIAHIL
L. | i 1 L H 1 i 1 A 1 i 1 L ! Il ]
004t a1t oogl (T4 aort ooot oos ooe 0oL ooa nos oo+ age o002 ool [1] ont-
¥ JdNiHNISHIL
& L J 1 i L i 1 11 1 1 i 1 1 N i A ]
a0t o2l 008t Dor1 00ET ooz1 ootr 0oor [ulol:] ooe Do [I]1}:] oos ooy one a6z 0ot
¥ JuNIHYISWIL
Kp I ] 1 A 1 1 L. 1 i 1 L ] i 1 i i
oosi agel 0oLt Doglt oost 0o*¥1 0aEr 00Z1 oot ooot 006 Oog oot oog fule [ aor Do&

A JUNIHYI4HIL

5

TIME
E T

MPERRTURE OF

[ =
o

OUTER SURFR
CHANNEL BOX C

78

FIG.5.

— 149 -




JAERI-M 85-202

H

PONOTITS0d 18 SUDY RBU L8HEIH 21H  T1Y Z NOLLISOd 1Y GOOY 88U*L8H EIW Z1H° 114 i
10 MNLUNTIAWIL 30H48NS 008 1304 £8 *S"9I04 10 201U IANIL 304 4UNS 00Y 13Ind 18 "S5 314
[ S S IMiL m
_uunllnll.a.nwl w:wmswz . ops . 008 i=._= O0E num.lll . ool o :u._LW- —EW‘ .|Eu” - ln‘:u...‘ _ oo [ oo¥ E ong . aer ) 0 Eu_.m u
S NN B ‘ s 5 : :
] )..r.sf
a s "
Iu/f. 2 lfl{. 2
- | 3% | B . r — 5%
2 B
. i3 \ 185
= ””A =
i ] \ : i ;
~d
H 2
56 NNE us T e |
6926 AL ® BIE AL+ Blg At v 112 IO K0Z LD M yZE 1L © LIE AL+ DIZ A1l w S0Z LW 202 AW M o
& [ Lo
—
£ NDILISOd U S00¥ 6884Y'LBH'EIY EIY°TIH 1 NOILISOd 1Y SODY 88B*L8B*ETH ZTIH  11Y _
40 INLIHY3AJHAL 33B48NS 00Y 13Nd £8 -5 914 10 J¥N1Y¥3dK3aL 32448ns 00 1304 0B -5°9I4
s WL 5 auIL
o0k a08 ot [in:] no0s oor DOE onz oot [ 8_m 206 o008 ooz o 208 e 0BE ooz DOt ] a_:m
__l8 - i § - &
5}0{6
rh s L B
[ gn i EE
- - ax ax
o h )
m .m
A ]
] 3
ac ac
i &5 EH
- =
. n — & g
N/
g g
156 NMg , w_m TSE N am
S2E 3L e BIE AL+ 1231w 012G EZAUD Y ' g£2€ 11 ¢ 9IE Il + Slz3ale 9OZ L O (02 @ v
@ ¢



JAERI-M B5-202

I NBTELIS04 LW SO0Y gzU* 221 2ei ¢dd

0 TJINEUE A4WIL Q3G H4H0S 008 13N L8 "S5'914

S Wil
Dnm‘lf ‘:nm L :;.. . .u.mu nos n_:‘ o ang [ViiT mwn_wa‘ |= c—:m
- ; rfﬂpf. __|s&

bt
saa;\»Lx\nkwrnr-vir.
TS5 NN nE
a0¢ I + ELE JI w BEE L @ €EZ 31 @ M
L NOILISOd LY S00Y BSU*LBY*ETHZIH' [ B

40 JWNLEYI4WIL 3294uNS 0OY 1AN4d 98 8914

g ¥l
oos n..i.. LI obs Dami aor ; ooE 06z ooE a \‘_H_.m
Uflififiﬂdldliltﬂ#li g
156 NMY g

GEE 31 ¢ ZZE AL 4+ 122 AU v ¥IZ Al Q

£02 31 02

©+48

M JYNIYYEdW3L

W IWNIbH3dN3I!L

9 NOILLESDd @M 500y B38B'LBU'EIH"2IH 1B

J0 TUNIBYI4WTL JI0430S 00Y FIN4 S8 150914
5 AYIL
nn_m‘ .uaw - lﬁcn [is5] |Imn.m ooy o0e @‘N‘ . :nn_ i o an_m
fl‘r)d
1 / ] g
oo iz
i
ac
- #5
=
g
I56 NMd e
8ZE 31 + 18E W w Eizd 31 © 902 1 @I M
S NOILISGd 1Y 500Y 885*LBY*ETIH*ZIB ' TIH
40 38NLUY3ILAIL FOELNNS 00Y 13N3 #8 “S-9Id
S -IwIL
Smw 1] oL o003 ans oDk (‘amm oaw_ \‘\Sx_ ] oe_.m
- g
fi’fa‘
- \Lrur m
L |
pd
3g
=
g
- 8
156 NNY i s
LZe 31 & 02€ 31 + 6&l12 uu,.;d 2l 31 ® S0 11 G M
&

—151—




R TR

JAERI-M 85-202

GONLIISOd LY SUBY 220240 adH deld

0 AN A0648N8 0BY 1304 16 *8 D14
RN

En_\mlw - \nwunﬁ\ ) .ﬂn—. - :u. . . .ﬁ.u.nm B B oow ‘n_um . ane . IU.n.n|—....| B o nu—m
: nA“ [ gr
=x
3
2
ac
: e cE
B3

TS6 NiT . ] bE

0¥ 31 + LLE AL ¢ ZFE JL QO LEZ A1 W ﬂ

b NOTLISOd LY SO0Y 220°¢2d 228" 2es
40 3WALHYIAWIL 1JWINNS 00N 1904 06 ©§ 014
S 3HIL

_u_-lm! il ] c‘ah o nos ang [ (] _ az onl o Dﬂ—m

- - -- !’l:ll/ =
SR I S - mm
2o
L I 742 i
FA\ =

I P U - a
‘ 5

166 NMY
EO¥ L + 9LE 31w THE A O

e 11

+40

£ NOILISDd {H SUDY A AN R AA A

40 JMnluddId4WIL 32"H48Ns Qgd 1ind. GB *S-9Id
s WL
o os o ws  om oo ek e om 3 wig
| ]
. 1 [N _ _ S
I-r/a./banugﬂ
- 17 E
E:
\b\ mm
J n\n s
Uy
H
756 NOY e
Z0r 31 + SLE Al W GFE L @ GEZ 31 @ ﬂ
Z NOTLISDd IH SO0¥ 220°22)°228' 2324
10 J4NL1YY34WIAL 3JUJHNS 008 134 8B S 914
S dWll
HE Q08 Lil:1a ong 008 a0 DOE opz [1i]] 1] g—.m
.y, .
[ am
3
Mt..ﬂ\\ 2
H .
H
TS5 NNE o8
tor 3 + FLE 31 ¥ GEE 31 @ YE2 31 @ ﬂ

- 152 —




§

JAERI-M 85-202

& NOLEISOd {0 SO0 LL3*L49*LEY

10 JMALHYIJHIL 3384405 00M 1ANd SE g Ord
g 2L
n__u|m . ‘D\:D\ \\\\\lm_:hw .H._-W . nos L ook nne B.U.N o W—u_ . |w. . [g,—m
-1, .
I — 1 A [ 30
P ]
| 3c
“m
=
. g
“T56 NNY |mum
-E46E 3] w 16€ 41 O 662 I1 I 4u
I NOTLISOd 1H SOOM LLD*LL8*LLY
40 3dnlUd3dW3alL 3564¥NS 008 13nd v6 -G5-914
g ML
_uclw opa oot an.||_uum a0 . DOE |=DN gol 1] g_Lnl
| o s
L ] j_\w\huv\% s
] i g
e °%
o " BFE
=
156 NnE . wud
i6g Al w 0S€ 11 @ 862 1 @ w

L NQTLIISOd 1Y S00Y 44U°440 " ¢ai éal

40 JUNLHYI4HIL 3IW 48NS a0y 1104 £6 "S- 914
€ 31
0B nog 3 E.:. . nng \xx«_\nw oar DAE Gné Wn.ﬁ_‘ 0 a:—m
wrf.,f. L,
1 | 1 mm
hl
3
RS ISl
1. GH
& . g
- ]
155 NNy am
a0k 31 + BLE 1 v b¥E L @ BEE 31 [ ﬂ
9 NDILISDd LY S00¥ 220°222+228°'220
40 JYNIBY3IIWIL 3IB4dNS oM 13Nd Z6 "5-0I14
S Il
E_.ml (L] [T 3 DD nos aor 00E ouz 0at L] S_Lm
. ﬁf g
L W s
V ln/’.
) e
180
m
3
n
3c
—E5
x
g

156

NMH
S0 AL+ BLE Il w EYE AL D

8ed 31

+48

*153f




et e

JAERI-M 85-202

9 NOTLISOA Y S0 LLJ°LLE°LLY
iDOPINLEY TAWAL 3004dns 40y vdnd B6 "G 014

5 JHLL .
obE &oa agd oas n0s ooy J0E mez ot o an-.-ﬂ._
. ﬁ- s ! = i)_‘, R L iy
S 4 L. 5
- B ._N\‘ ‘.Hl.l.lv;ﬂ:r' g
i
. - —|&m
o
™m
x
3
l.l
ot
—— amx
m
=
-
3
g
- £
156 NN .Iwu
gE 31 w GSE 31 @ E0E 1 @ v

G ND113iS0d LY S00¥ LLD°LLB"LLH
40 FuNlBd3dWal 3o8.09nS 0CY 13n4d g6 -§-0I4d

e IL
oS . 08 oL 0og ons (U] ODE 03z o0l [ 0014
_- . 1=
- ) —{8
l.l/’/.r .
. _ om
-— 83
o
m
A
P
Ll
8%
m
x
-
g
-
- 8
L &
156 NNy em
S6E AL v KSE 3l @ 20E 3L W v

P NOTL1G0d 18 SODY £e2* it

40 ANNEHYISWAL m_ummv_:w noy 1In4d {6 "G 90la
& AWl .
one (1] api (1] ] nes +]13 ) Fitil noz oot ||=| _ .I.n_n-w_ -m
S T B b ;:1% %n
st =
[ Zm
| B )
3
n\\N :
L A 8%
7 E]
g
TGH NMY Wn
P6E 1 v ESE A © [oe A1 @ v
£ NOLLISOd 1Y S00Y LLI*LLBMLLY:
40 IMNLU¥IdWIL IDU4NNS 00W 13nd 96 t§-9ld
5§ Ml
006 ope ond woom ooy [i:1] 0ot ~ nog oo o oa_sm
. 7 "3
- r\\m —t —183
U "
L 3
156 NNy o
EBE 31 ¥ m.mn ETn) gog 3L @ v

— 154 -

i
i




LITLAG 3 TINNYMD 1 Zyniuyddqdd4r ginid E01-5°014 PHIND UINNEHD L6 28R LHHA4EYL 01N 4 1015914

$ 31l g AWl
. hos | Gns 00 bce baz \IE:‘:‘\\D jﬂm E‘m i oog uot sea ons abe A0E ooz w0 mn_J_m
_ _ e 1% - . b E
. s e
; Ml gg [, S LE
m m
= =
- ol vl —* L 5 — el H
o~ - : |z -
o
o3
4 o |8 . &
o IS6 NN Ty 156 Ny J
m GS8% L9 kSE L+ ESY L w Z5% Al @ [5¢ 31 @ v GHF 31 + PPy dl v EFF JL @ ZF¥F A1 I v _
. + + w
= & res
2 L NOTL1ISOd 1Y SO0Y LLD*LLE 4_1
o 131UDG o T3INNUHI 1Y U0 Ud36W3L OINT4 016914 40 AUNIBYIdWdL A0Y 48NS G0d 1304 goi-S-914
{1} 5 3L © 8 3WIL
A 006 [[:1:] nan. ; opg E..m. . oDe 0DE o2 ooy . 1] uu_m E__.ml! .aum . [ij:13 3] /e b wuon T4 oot a au_m
—
! s ) e e g
. el 3 g
T = 4 - ax
) n
™ _|ag SR R S R U S 1=
= =
| /-/Jr SN - Ao —
S N S e H I N R U R SN g
156 NTY @ TS5 NNy g

05F 31 ¢ BrF IL + 8%y 31w L¥Y JL O 9y L1 I LBE 31 © 9SE 3l @

©+ 4D




JAERI-M 85-202

i e

DL 0L 9 SONINIJD U 1iNNUHD 01 0L 5 SONLKIAD “H TINNHHI
I5GLN MO8 IUNLUNISWIL Uind 400757014 JO 400 1ADAH IMNLUNTAWIL 01014 501°%-914
¢ WL . S AWl
nos e goe  omos oows o oov o BOE B2 AL LY - oos coe one o o w0z ool 8 ar
| g
- Il
A {5 R 1 ~——] 8%
h m
2 ‘2
= x
] 8
- 2 S
1556 NNY i 156 NN o |
Sty 31 ¢ PL¥F AL+ ELr 1l w gir 3l @ v 31 Id M 5ar 3l @ FS¥ 3L + t9r N ¥ 29y 31 @ 9y 35 I M o
13 & [Tp]
5 0L 1 SIONIN3AD *H TINNBHI S DL 1T SONINIJO 'Y TINNEHD .ﬂ i
40 din MDT3E 3ANLHYALNAL OINT4 801-5°01d 40 dIn 3A09H 3unLE¥3I4W3IL OInTd - v00-5°9Id
S AMIL S WL
culm _..En.. oot .“‘mam o0y a0y jebm ooz oot ] nnn.m 006 ace a0t oB3 s anr DDE (117 0a1 a U—_—m
I . R o) ) , ] S, £
) . _.-J
lis, 7’
i L HER ‘ . 2 - — &
. d j&_ .
_ : &m : am
} B N : iz I . an
m m
m rﬁ.lll m !
A e R SN —33
R . ./n/-/ «
S g _ | — E
I . _ |8 g
i
L. ! - . 3 7
[56 NOY 156 NNy

Oty 31 ¢ GSF J1 + B9y Al v LO¥ IL @ 9% 1 @ par 31 & 65¥ 3L+ BSP Il v LSF T O 95¢ AL D

©+48
©+48



¥ ONINIJO Z ONINIH0

“HOTONNEHD NI din g 3dnigd3adu3il 0in4 111+5-014 THOTINNUHED NT 4LN iH JMnLiHy3dW3L 0ind HOT"S 914
S 3MIL g JWIL
ook T e S oos bor _ BOE gz 0« ol ane aoa o6e noa ane om  ooe oz ant 0 soi g

- "
— | .. L -
= H
] - -8
- -4
P b . &m sm
- o - ol da oy
£ il
m m
= a
= 2
. =
| 1 N ac 8c
—— i - 8% ea
m m
B = =

/
.

) =T - B hN
o3 g E
(o]
[an]
] > m
w RG] o TS6 Ny 5 w
69F 31 © B5% 31 O t9% 3L O - LS¥ 1 D —
= [T
. € ONIN3JO I GNINIdO .._1
o *Y CTINNEHD N1 JIn L8 J¥ALH¥3dKIL 8In14 011-5-914 ‘W TINNBHD N1 41N 14 J¥nL6¥3dW3l 0In1d 801°8-914
, m S AWl ' g Il
A 006 ooR 0L oa9 (5] ooy [ 0oz o001 [ =_:.m BOB ook noL ooa ans aer 6E i1 ool a a__?..m
< i
W ! E -
A sm
=3 - EE - e
3 o
d N -
= £
. g5 g5
m m
.9 // 3
n I H
_, QA
156 NNy L TSG NNy W
. 89r Il © a5y 31 W 99 31 Q a5y 31 @ i



8 ONIN140 9 ONINIJD

i
i
T
1
i
I

Y BEAET ONT JL0 LW J¥NIUYISEIL 0intd 81175904 sy TTNNUHD NID JLD jU 2¥NiBHIdWdl 0inid el1tstond
5 HILlL S 3JHIL :
bl nog noL Ll nog ooy aoE anz anl 4] aansn._. ooy DBE pod ool 2 g
o e M . St e 8 e e L
-t A ) a
B &m 25
o )
m ac g
: j 8% - ! 5%
AN ’ | AN )
L - x| g hY ;
o 8 E
o
o~
N . m m
: P 136 NITY o 196 NAd u |
H Etr A @ £9% L @ ey 1 @ 19y U @ o
= pis
| L ANINIdO § ONIN3IJD .ﬂ
—
o ‘W FINNGHD NI dIn LY 3¥ntg¥3dW3L 0ints #1057 01d ‘Y VINNYHD NI diN 1Y 3WALE¥ASHIL aip1d 211767004
[e3] 5 FMIL g AWIL
A Q0B ooe ooL Do% N a8 oo a0E oz ogr [ u_:.m (1] ooE oL (15 [11+:] ooy U0E ooz oat [} oe..m
—_
— E j £
- N B _ 5
- AN 2z &z
i m m
: 3 £
.-Q.Hwﬁﬁ? 8z a2 ,
. — - L EE -t 83 |
f = =
i /\
: - g £
[S6 NNY b 186 NIy °
ely 31 @ 29y i W 0Lk 31 @ 09F AL @

il



JAERI-M 85-202

O 01 9 ONINI40 =3 TINNBHD

0T ONIN140
1 410 3A08Y T8N1UYIJHIL P14 6115914 TR JIN 1Y AEALUEISHETL 0INTd L1105 914
g 3wt T .
B oM We e e e e B L ..aﬁ_m wE o e nos 008 oor noE o2 oo 0 Dot
- b B R 1 "V ER R N N i 8
I R e H . 5
o e
. I IS & 5m
. e N w 2
. 1 ) i !I/l{ — mm A mm
. =
S R - . //-( - e g
I ~
156 NY . - : e e - o _
S8k JL e ¥BF 3L 4+ E6r AL v ¢BY 31O [9y AL @ v Gy 31O 9y @
: B
S 0L [ ININ3ILO *3 T3NNHHI , 5 ONINIJD mﬂ
40 1N JAGEH JUNLHYADWIL dINI4 B11-5°914 ‘dOTINNYHD NI dIR LB 3§0iH¥3dW3AL aInTd 9715914
. S 3JulL s Wi
o6 008 LIliTA npg ops ooy ll_uuunl R ‘Dﬁ_N oal L] c_u—.m nn.ml ) ane 0oL . ang noa aoy OOE o0z ap1 Q acu.nn-
— N um Ny -1 — 8%
d[ifa = m
1] rdilr . o mm 22
m - b
N 4 =
- i LN} a a
TIEENMY £ 8

1S6 NNy
ger 31 ¢ ELF J1 4+ 0L 1 @ Lib 31O SLr 1 I Pir 31 Q@ ¥or AL Q

o+48
(2}




e e

JAERI-M 85-202

¢ UNEMAGD

“TOTNNUHD ONT 400 1y JHniey el 0intd £21°5°904
S Wl
c:m‘ !|nl_a= . ‘z‘_.z. B .._._E_ o9 ooy . nae E:\\ \\J\n \‘Em
—- - fll i DM
o ]
__ : 25
A
(36 NME o -
Ay 31 @ Liv AR
I SNINIJO
*3 IZHNBHD N1 dAn LW JUNLEHILNIE GINTd gEtt§told
s 3WIL
nnm,ri iy oL o009 o - oDk 00E ..maw ont 1} ant-g
- S wm
. nﬁr/n —{&s
I e - <] g
(55 Ny ) a“
98F 31 @ 9Ly 31 O

0L 01 9 ONINIJO “2 TINNUHD
10 L0 MOTIE FUNLUEIJWIL 0In1s 1815004
g WL

0B GoB [1]:'3 nes oos adw ope 002 a ool nm

SR S e L -
- N I ESU S wm
e
l’.ll..l!rtll mM
— D“
x| g

156 NNy au

a6y A1 ¢ ¥6F A1 + ESF Al & Z6¥ 11 @ sy 31 @ M

&

G gL 1 ONIN3J0 "0 TINNBHI
40 JLf MOT3@ JWNLg¥3IdWAL dInid 0el-5°901d
5 3Mll
BDE o008 ool X 008 [ ook ooE oz 0ol '] [e‘nl_._ LW.
%

i E
- ] uw
] I S S N . N 8g
]

TS6 NNy - o L

ngr 3% & ga¥ 3L + par 31 ¥ (8 3L @ §8F 31 O M

@

— 160 —




e

JAERI-M 85-202

3 ONINIJD

ol NI dIn 1Y J9nigsddudl 01014 £21'g-914
s WL ’
[ihil- ._u.uw . :QH.. B |QGW|.|. an\ ooy [ali] \‘\\‘A\-.BW“ _un_—..lll. D\ ﬁ_ﬂ:m
SN N . Y O s
2
Hi
Wl 3
A
;.!/.Gf.ml !M
- Dﬂﬂ
N ) N e
L . 3
[G6 NNY m
16 3 © 18 31 @
S ONIN3JD
“J TI2NNUHD NI d1N LH JHNLEY3dWEL dinid 91591l 4
S 3l
[11:]7 DB [i1:T3 . Bwos aog ooy DOE 002 B Dot o 2al m
- o o
. 3
,w.fﬁfn.fn/ni M
- - w/WWL; 83
I SR S - H
156 NAY ’ u®

06 31 ©

oar 31 [

3 TINNUHD NI

¥ ONIN1JO
JIN 1Y FENLHYIANIL BInT4

GZ1°§5°014

§ dHIL
006 oog oL 009 oos Ll g 0pE 09z _ IIm.n._:.:i B n\ whim
g
- - ax
=
e
gc
°A
S :
Al
g
156 NMd n®
BBF 31 ® G4y L D
€ ONIN34O0
"3 T3INNBHD NI dIN 16 JWNLBYIdWIL 9IN14 v2l S 9l4
S It
Q06 age 0oL opg 005 abe 00E ooz oov o uaTm
. HHE - &
- - .rDJ . mm
[Pty z
- B E
Me )
: = E
156 NNy u
BBY 31 @ ALk AL W

—161 —




01 141 3 GNIN1J40
13 NT 41N 18 J¥nLpyIduds 0intd £l-5°9104 S0V ImmNUbED NL 41N il Teiigy ddW3L 1IN T4 615904
S JHIL g Wl
ong oog [LlaT3 oor g€ ung ool o LUTR DOB nog and nea oons one aoE it ool o one-4
s _ . . e B s B L ML SIS S J 8
I S s _1gm
%) ‘ ; N I E
m m
.nlil.n 3 2
i85 R TS S - —|{8% ~,
m m
I . St g — T Vi N
] B 8 — s
o
[AN]
._.n_u _ﬂﬂ NMY o ﬁ g ,|T E :
st 56 o 166 Ny u |
S65¢ 31 @ GEF 31 I . €6y 31 @ £8f AL @
o]
p= 2% W
! 6 ONIN3dD L ONINI4D .ﬂ P
[t
o ¢ 13NNEHI NI 410 {8 J¥Nigdddu3dl aInid JET-S 314 *J TINNYHD NI 410 LH J¥01dd3dWIL arnid 321-6-914
x] - 5 Wl S AWIL
A nu|m oge oL : .uuu ons aoy - .w..,nn aneg oot o . Wca_m o6 1] ﬁ_an. B ons ona on¥ (]9 09z 001 L] 3_.m
- |
- ‘um - ]uw
(&g = m
_ l.!/df. . _ mw |8g
- — ot g _ —13
[SE NOY u 1G6 NNY &

¥EF 3L @ ¥Er AU D Z6r 3L @ zor 1 0

I
i



ZU NOT 11U

Joxng S0 ND TUNILS 1IADT 0163010 GE1-5°014 'HOXOH FANNHHD NT O TUNITS 14A401 GINBLIY  €E0°6 914
[T 5 3AWIL
:Dm. o .._u.:m oL Dpo3 _”_.B.n|||u|n1 \lw\_.cm‘ oo :_u_w.,l _ F - .r N .r _ L _ o _..n_n. ] .WEH \‘abw“\‘ m_m_‘m ‘ ‘ HoY nnz aal o ca—:ﬁ., F B ..l -"- _ i } o
. _ _A
g il B
#{7)& — - r - - - .fi}{a - - s - I -
b= a o G o 5 o = ° = S =
. . LS 8 j°E JvE [ [-= *5 ]S |°s ["E JME %=
M 1o l1le 1o 1o 15 ~ o o lel=2t=]e]=
s clelelelsls N slelalislnls
- - - - - - - - - - - -
M «am - »qm wm -m FRLALY = m - am wm -
- L. _ - - e ) 1 Jr 3 Te _ - 1 J - J 4 7 4 -
j_f@}v 1) w 2] w v I @E?Il. 0 w o w o w
pl @ I =) 2 o z I o o = % @
= = x z z = z = = x 4 z
LR 7R R =R (AR B A Rt = R I
"y
. o i ¥ = =1 A . | -1 -1 I o E B B =
S .?iéi fé..ﬁﬂ_
o Y
2 ' T A P R A A
) 86 NNY ’ - T In} v F % - T e W v E 3 3
0 988 W1 & [5G NNY ZLS W &
o0 SAS W1 ¢ 185 W1+ BG5S W1 W ZBS W1 D 0B W1 LS 1 $ 06 Wi+ BI% Wlw BIS W1 @ 495 W0 @ |
: o
[¥s]
i M 16 NOT Y201 —
— g X008 TINNUHI NI IHNDIS TJA37 0INDIA vET-5°014 ‘HoX08 TINNUHI NI T9RSI1S 13A37 O0Inpid CET-G6-914 -
P S JH1) € 3HIL
=1 005 o W ooos 0D s L - & _ A L " 006 DB i [iE) nos a0k ooe 005 A 5 L -
< R s B A - Lo - - . A
r L Lo _-l - - r — — - L r
, T s s |5l B |5 |8 1: T s |5 |5 |5 |5
i n.” Lu_! Le (=] = -c Lo = wC L ac - Lo = =
; 151515161 1c¢ - - 5151518 168
R Uil om - wm wm N alit —rmn mim wim wm
P R ke B o R o B i | Ll B N R B o
w w w o w w o w w o w o
T glzls|sie |3 |s Frag s |la|lz|2|%g
i % |od |~% [wD (uZ |+Z |z : -3 |wd |uE (&3 |a=®
| S LA B A R R | . [ (R I e B {1
fg.&_
| 1 . o - N.VZ x: ;._F Jl. lD HH... - ﬂui |l |l |vL
156 NNY 6LS WT X B3 WY+ ¥ - e TSENMY v

LLG M1 & SL5 W1+ SLS HIw PLS WT @ ELS WD S33 W1 & ¥IS HI+ EFS W1 v 296 WIQ 195 WY@

W



JAERI-M 85-202

MAINT)

SLILR0 Y IGHNUHD NT O HNITS 13A37 GInDiT GETTS 0ld
S IHIL
ons e we o pea s e o der | edE sary
a <j T\ e L
-
5
Lc
—_— T - —"s
b
7
B} ] : =R
I i mvl.m.lln T T - p «
g
I I N -2
TG6 NMY
¥09 HT + E09 H1 w Z09 H1 @ 009 Wi @
ZH NOT1YI01
©137LN0 Y TINNBHI NI UNOIS 13A37 a1n0I1 BEL-S 914
g 3RIL .
006 i3 [ TR oog (i1 oer O0E [(1F] et 1] co_n..c
|14| . ég‘ ad .2
e . - L
iﬁe?ﬁ

— 4 ——_— = = b
z
-
— —— - - 13
-
z
nE
o ™ 7 w
@
wi
U R 1 [

“TS6 NNy

665 W1 w 865 W1 @

L6S W1 DD

2 T

E
TENDLS T13A37 OINDIN

€ 2

¥

TENDBIS 13437 GINDLT

1

&
TENOTS 13A37 ainald

r

r &

s
TYNDIS 13A3T AINBIN

Pl

¥
THNOLS 13A37 0INDIT

I NOTLUIO0]

CUILN0 U UCINNUHD NT O TWNa1S 3A3% 010810 LET-G 004
g AMIL ’

oos  aoe o em ms o om o€ 002 oar 9w
]

o

-

T )

-

<

-

L B r

w

g

w2

156 NOY w

0 %08 TINNHHI NI TUNOIS 13A37 0QINDIT

565 W1 @ 69 WY R

9ET-5-914

G NI
(1117 [i]] 0oL +D] 004 ooy 00 (1] ili}] a o—:lr
Ll b1 |
¢1!+l|41/§
or;;;fc s
a2
35
I~ [=]
.olj[ m
-
1 M
: L
‘tp;l w
2
« D
-
a
- i
IS6 NNy £6S W1 XM 265 MY +

C (65 W1 ® O0BS W1+ €8S WY ¥ 685 W1 O i8S N o]

r
THNDIS 3437 gIneid

1- z- [= -
TWNDLS 13437 0INOLT

oL

1- z- [ -
THNOTS T13AZT 0LNOIT

a

1

13

APNOLS 13437 01neln

1

1-

1

z
TENOIS 1337 4lnaln

T

2

E
JUNOIS 13437 QI

\d

noIt

i

5 T
Auiate 17437 N1ARTA

— 164 -

T b b A1




JAERI-M 85-202

LITMNT i UHT NT UNDLS [3A37 01hold Ev1"S 914
S 3AWIL
c=m|||:qw. o _..=m . . ALk ) [uli4 D nGE . nne oot L] n._:..w
[S6 NAH T q
LI9WTO SBI3HT@E
H3IINID
“13TLN0 3 13NNGHD NI IUNQIS 13A37 01001 Zr1-S5-91d
S JHIL
006 . aw.i.. ..u.Eu [ DIE iu\am i oge-L
I
-— ffJ,/.{: - %
TN T
o ,__...f/z_ . .
RERGEE ir
Sl9 W1 & FIS HT+ E19 W ¥ Z19 H1 @ 119 W1 @

JENSIS 73437 4InOIT

JENOLS 13437 0INDIT

r €

]
TENGIS 13437 CINOQT

0

z
TgNDIE T13A37 JIN0IT

L

I

2z 3

[
TUNDIS 73437 4ING11

TWNJIS 13A37 QInoin

U

v i

L]
TdNQIS 13437 QInNo1

¢ NOTLHIY |

CLATL00 3 VINNUHD NI HNOIS 14A371 0innld Lk1-6'914
S ML
aam\‘\@_ww‘ ::EI\\ nog ons ‘ng- i ook Eu“.__.c
iy :
—_ . - 94\ PR R t..
j{
ﬂmfrwmxw
-
~-c
B S
[
z
M
||||| | |
o
g
G
[G6 NOY~
019 Wl w 60O HY @ B80S W
§0 NOI114297
“137L0N0 2 VANNUHD NE TYNDIS T3A3T 0IN0IT O¥[-S° 914
S 3HIL
. onm| » aoB _ 0oL fuli:] 008 oo il wz ook L] ol-4
— - — -
_ s .
| T 1
8
-
s
-
;
i
. L Lo __r
o
s

156 NNH

L0S H1 9w 908 W O

209 W1 D

o

Z

[
IENDIS 13437 QINBIT

r

C2
TUNDIS 13A37T 01Nl

E

¥

&t
<

» €

“UNOIS 13437 0INOINT

[
TGNDIS T13A37 O1N0Q7

—165—




R T MOT N THNDTS 1IAd T U1 [ AR RN LTIND D TIRRUHI NTOIUNILS THIAT oot cwlrg-and
5 aWil 5 ’
006 w‘:gm. .2: o [l nng nor .auml B aE. . ...S_ L] a0l L & s L ocm - |=.nm |I |=.=.ﬁ'.\ = B
| R |
| A
| 1 B E _m.r_, ’ B |‘ L i * a - B iy ] - | g
: : o HEE» cloin s s ol
] WL I £ LB B |-E |8 W2 |uE
— - ._ - s 1a1s5151s S
[ - - - - e o
— - = - o Jr 4 1 - 4 r
@ o |a o e EI
_ _ ! i _E@..F.), 212 |2 |2 L -W sm
[ - r L — p — 4 - d - 7 -‘
i} nm L L
. o .
; o
% 186 N4 o L ke - + ® [S6 NNY :
@79 W1 e LZI W F GZB MW G289 1@ ¥I% WD 29 M1 @ 028 @ I
M [ (=]
w
] —]
—
o' 19INT 0 TINNUHD NI TENDIS 14A37 0ILn0L7 qk1-5°914 13TINI & TINNBHI NI TUNDIS 3A3T ainein y¥1-G 004 W
3} s 4kil : § IMIL
A jiul -3 oo . [T D09 apg oo OOE onz ool 1) [N ELE o 605 ooe 0oL o (i ar 0CE ooz o L] Lol-L =
s s |
2 lu2 2 .2
; - 18 fb———1—"T1T—"7 1 | T s 1=
H ~ -
I N IO S _ I - 47 . . - |-
w W o bad
2 © g | @
R N s ‘ 2 a3 -2 |-2
T56 NNY [ 56 NNA - o

£29 W1 @ 229 W1 0D E19 HI1 @ A18 W1 @




HINTDLS  BEA LY it R IELMEN ® VR WD IONOTS TIA 1l 1 Lyl ol

1W1E ran mie \ X & IRl
I . .r vr r o e 1k ML ny 1H#S anr uny e (LY u ::—b ra L 4
7 1 o, : 7
g
O O O T L
] . ] "
g
P N R E : P L
R R E - . -+ R 1
— = - - - IR - - ' -
o S o e o ) 2 o e g
- LT It o R R = =] RPrE MU R R
a T ol e a o o | O o |l e
mojim e | R e modm | m
< < < P o < < < <
oin son ) - -3 - T wm wh
-- - - - = LA Rt S - r E Rt S R
m“- —n\“ o o wm wh w w w
) @ o @ @ @ ) @ <
F1 - z = F3 = =z =z F 4
- (e wD »D oD D wD =D CE:]
S — - - - 4 - J°r - = 1 - ——d v 77 17 TF
~ w - « = w - « -
. R S N SO AP - [ESIRN A R ] i ; ] I IO - E E p E
O -
o™
| SO T SOV JR - - e e - A - . v B
% P96 NOY T T B [n] ¥ + K- TTY NN TooTmmmmm ‘l T N | o] v +
By Wl @ L0 HT 2v3 Wl w GED WY W PEO WY I LES WY 4 RED W w LEY T D UE9 HY n.._nl
= o
N —
A H110S _
o HINODS * 3801 20109 NI O WUNILS i3A31 01001 s N51-6-913 WINT TG MAMO T NI HONGTIS 13A370 QNI grl-5 0K
€3] 5 JdI) S 3H1L
A 00 ooe eee o wes w03 ook e (1 LLTEN i * = 006 ooa oy, ong It Q oar-4, L & kS L a
= f[
, . o - , , \ ) o .
s - PRI NP . — 1= | . A 4= w ~ - 4 4
| e - &L&LL::, . I - » PR PR P R ~
— — — Iad [} r ~ L r e
I, . 5 s |5 |5 slals|s |6 s
JR — _ —_ErE L, ac. 4.2 |wed fuE R o2 .8 W8 uE
Ny, ! —g ERE B B L Rl = G 1a 116 106
r r [ — ~ L - — L r-
m ™ m m in rn ™ m ” ™
. p |l o le e le s s
..... N ‘ aoe Ayl e LI L Ti L L TS P O T Y I
o w w w w o w oW w w
@ I o = 9 = w ) o =3
=z = x = Fa - z Ed x x
~D wn -D oD o .- D o wD +D B
——— s e e ] . _ T SRR e A = N ~ R IR e I — [
- . o - - o » - o =
I R —_ JRP RS R A D ] 4 4 i booo——1 i — 1 1 B
| g . o @ - ~ - . - a >
LS6 Nhy T TIHENAE - S - S SR S
4
£r9 U7+ Zv9 W1 w 1#9 WT O Jr9 W1 @ LI U & EES W1 + 2ES W1 w €S W1 Q Jeg Wl @

;
i
§



JAERI-M 85-202

3018 8 *H3WOINMOO NI 8NAIS 13A37 ainoil 2505914
S I
-Em|' [14]) E:.# noa (1] [ 1114 ooz po1 1] 3—-.!
" »_% ..L%V.
il | c
i .aa: ) .
| ._.;M_. L2
i F 2
_ Lh ,?. 4? __; r um_
c;zﬁr, w
;.2 L . M
TS6 NNy

259 W1 +

169 H1w 0S89 W1 O

6¥9 K1 0

-

1

SENOIS 13A37 aIaln

z

4

z 1

<
IGNOIS 13A31 GINDIT

13

13
TeNalS 13A37 Al

]

—168 —




JAERI-M B85-202

Ad

(¢q) T®a®] pnoiys-uf

4L

($TM) T2a2T
IsWodUMOT ]

-

(9714) T9a91
lee————  ITJWODUMOJ " {]

P

uocTioRIg PIOA

kel

Tos889A 2anssadd UT ST8A9T PINbTT pojedtlsy £G1°'G 914

cz'o

0s°0

SL'0

00°T

(7) @url
009 oo% 00z 0
O
T T T T T T r
ouand a — ﬂ d
a10) jo uotiardwo) .
1041 S0d1 810) 30 dof
1e sansodxy
- 0" U UOTIDEIL PIOA ‘AY Ilc\\\\\
v oojuuey) 1w T e e
N OpuURgD 1B O7] e e

Tasa pasdeyion ng zaddp x

(50) T2A01
pasdetro)
pnoiys-uy

— (STM+YTM) .
IrIrJJl /‘(
— — —_
mgeg o 1A 95@\\/ -
peay 1RI0lL 24 -~

.

lf/

x
(7TH) fr:;wmwi*,:fff/;f

—

(u) mo3ljog Ad @Oij IYST3H T3A97

—169—



Elevation from PV Bottom (m)

Elevation from PV Bottom {(m)
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Dryout and Quench Front in A Channel

= Dryout j—= Quench EL (m)
Y/ il .. de 2 — Pl 3.417
1)/1.?, R A AT a—— P2 3.115
— P3 2.880
/ :
* /o z;/,k —_— P4 2.527
;’All rod (H) * X —— P53 2.175
- ¢ A4 o (M) — P6 1.940
Noa22 oM * K
— A3 v (L) ! A77 rod (M) LPCS LPCI — P7 1.637
7 Akﬁl n (L) S\ ABS " (H) l 1
1 l 1 1 1 1 1
0 200 400 600
T (s)

Fig. 5.154 Dryout and quench times of fuel rods in bundlie A

Dryout and Quench Front in Four Channels

b= Dryout b= Quench EL (m)
N 2 ) S —— P1 3.417
\/ / >\ 7 — P2 3,115
- re X 7 ——— P3 2.880
o » —— P4 2.527
y b3 ¢ X —— P5 2.175
N ‘;;2 rod » % ——  P6 1.940
S c22 v —— P7 1.637
D22 " LPCS LPCI
R T R
0 200 400 600
T (s)
Fig. 5.155 Drycut and quench times of fuel rods in four bundles
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Fig. 5.P795 Dryout and quench times of
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5 T T T T T T
Fuel Rod Behaviors in High- Power Channel
4 b
— 355 (UTP -
E ) Q ’ ‘k v H Pos. 1
I Pos. 2
§ st ?e X
E * _— Pos. 3
3} ) —_
gf A1l Rad Pos. 4
A13 Rod Pos. 5
oL O A22 Rod
o A3 Rod O Dryout Pos. 6
? AT7 Rod ——  Pos. 7
140 (LTP) ‘o A8 Rod ® Rewet
1 ! I 1 | | {
0 ¢ 200 400 600
Tis}

Fig. 5.434 Dryout and quench times of fuel rods in bundle A

5 ' ; T T T
Fuel Rod Behaviors and Mixture Level
Responsesin Four Channels
4 —
— 3.55(UTP)
: RIS N N ——  Pos. |
.S. 3k &* & ¥ Pos. 2
E; & % | ——— Pos. 3
2%
—— Pos. 4
o A22 Rod
B22 Rod . — Pos. b
2r R C22 Rod —— Pos. 6
1 D22 Rod O Dryout
1.40 (LTP) LLA- Charmel POS- 1
£ LLC - Channel ® Rewet
1 I | | L t I I
0 200 400 600

Fig. 5.435 Dryout and quench times of fuel rods in

T{s)
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gz L PA 3 O2 PR 3 A3 PR 3 +4 PR 3
20 '
=1
o —— RUN 954 (10%)
= —oO— RUN 956 (10%, MSIV on L2)
=" y S ——4— RUN 951 (34%)
g —A— RUN 953 (100%)
=3 )/\\1\ _ ¥— ADS
L \Nsﬁ\ ‘-
?g m\;ﬂ l LPC? LPCI
g \Bﬂ i
g S RS I
< \\chs. Tt
~LPCI ot
=108 1] 100 200 300 400 500 Bo0 700 800
TIME 9
Fig. 6. 2 Comparison of steam dome pressure respcnses
ROSE-111 STERM LINE BRERK TESTS COMPRRISON
é MOl FM 71 O2 FM 71 A3 FM 71 +4 FM 71
jul
’ \ [ ’ l |
* \\ Data of high flow range meter
S + : L i
) \\j —— RUN 954 (10%)
= Y ——O— RUN 956 {10%, MSIV on L2) _ |
2” ' ——+4— RUN 951 (34%)
= h“ —A— RUN 953 (100%)
z~ >
= NS
— [y
[ n— V\\B_‘ l'
& R {H .
tT‘AiE‘C 13 100 200 300 404 5G0 EDG 700 BOO
TImMz 8

JAERI-M 85-202

ROSA-111 STEAM LINE BREPK TESTS COMPRRISON

9q0

Fig. 8. 3 Comparison of steam discharge flov rates

measured by an orifice-type flow meter
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RO3A-111 STEAM LINE BRERK TESTS COMPARISON

E L FD 25 @02 PR 25 a3 PG 25 +4 FR 25

Em
Y
23
£g %
;gl,v AT,
ZE g e LS aa#ﬁ§$

2 T, O
Lz MWAH«M
- 1 RUN 954 (10%)
= —O— RUN 956 (10%, MSIV on L2)
T —+— RUN 951 (34%)

< —N— RUN 953 (100%)

= . | | | L .

T-inn c }00 2a0 3Go 400 SG60 BGO ) TLG ‘B{I]B ~ BOS

- i TIME 2 : : R ‘
tFig. 6. 5 Comparison bf differential pressure between
top and bottom of PV '
ROSA-111 STEAM LINE BREAK TESTS EOMPHRIS’QN

%" Mi PO 41 ®2 PO 41 43P0 21 +4 PO S o
S

. ——— RUN 954 (10%)
D§__ —O— RUN 956 (10%, MSIV on L2)

¥ ——4— RUN 951 (34%)

= —2A—  RUN 953 (100%)

= | ! I | i 1

109 a 100 200 00 400 Ehi g00 700 BOO ena

TIME 3
Fig. 8. 8 Comparison of differential pressure between

JP1 discharge-side and lower plenum
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ROSA-1I11 STERM LINE BRERK TESTS COMPRRISON

01 PD 56 ©Z £D S8 a3 PD 58 +4 PQ ab

HO b+

I ] I !
—1f1— RUN 954 (10%)
RUN 956 (10%, MSIV on L2) i, ..
—4— RUN 951 (34%) i
—N— RUN 953 (100%) (\f

35000

30000

A

25000

15000

BETWEEN DL MID-TOP (ELZ.B14-6.D4) PR
260800

imia, PN,
E% oo
W‘
m““’@f&&ﬁ; ,

i

D.P.
12008

000

o103 a 100 200 3c0 400 500 [es] 700 BOS oo
TIME 8

Fig. 8. 7 Compariscon of differential pressure in upper downcomer
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Fig. 6. 8 Comparison of differential pressure in lower downcomer
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Fig. 6. 9 Comparison of differential pressure between
downcomer hottom and MRP1 suction-side
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Fig. 8.10 Comparison of differential pressure between
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Fig. 6.11 Comparison of AZZ2 rod surface temperatures

in high power bundle A
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ROSA-111 STEAM LINE BREAK TESTS COMPARISON
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Fig. 6.13 Comparison of fuel rod surface temperatures
recorded the PCT in steam line break tests
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Fig. 6.14 PCT spectrum related with break area of recirculation
line flow area assuming HPCS failure
(Break Area is normalized by scaled rec. line flow area)
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Void Fraction
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Fig. 6.16 Average void fraction in the lower downcomer estimated
from diff. pressure data in steam line break tests
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Fig. 6.17 Maximum average void fraction in lower downcomer related
with total steam discharge flow area
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Fig. 6.18 Comparison of upper downcomer water level
. responses in steam line break tests'
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=
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D5 _=-D1+DZ-D3+D4

Measurement Lacation-of Differential Pressures

D5 : . DP between top and bottom of PV
( Ch.25, EL 0.10 - 5.91m )

D1 : DP between JP1 discharge and lower pienum
( Ch.41, EL 2.284 - 0.10m )

D? : DP between JP1 discharge and suction
{ Ch.26, EL 2.244 - 2.8%4m }

D3 : DP between DC middle and JP1 suction

( Ch.19, EL 2.874m )
D4 : DP between Dc middle and steam dome

( Ch.56, EL 2.814 - 5.91m )

Fig. 6.21 Pressure balance inside PV in terms of

differential pressure data
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Elevation from PV Bottom (m}

Elevation from PV Bottom {(m)

JAERI-M 85-202

Liguid Level Signals EL (m)
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Dryout and Quench Behaviors of Rods Compared
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Fig. 6.23 Comparison of collapsed level, mixture level and

fuel rod behaviors in PV in RUN 95t
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