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A loss-of-coelant accident (LOCA) caused by pipe rupture at the high
pressure core spray (HPCS) line is equivallent to a LOCA with double fail-
ures on the emergency core cooling systems (ECCSs) in a boiling water
reactor (BWR) system by assuming single failure on another ECCS. This
report presents the ROSA-III experimental results of RUN 992, which simu-~
lates a 107% main steam line break (MSLB) LOCA with double failure
assumption on the BPCS and the low pressure core spray (LPCS) systems.
The ROSA-TIT test facility simulates a BWR system with volumetric scale
of 1/424 and has the principal systems, i.e., four half-length
electrically-heated fuel bundles, two active recirculation loeps, four
types of ECCSs, and steam and feedwater systems.

The report clarifies effectiveness of ECCS even for this double
failure assumption in a 10% MSLB LOCA and also clarifies effects of the
automatic depressurization system (ADS) on core cooling. In addition to
these, mass balance and mass distribution in the system were investigated

to clarify the core cooling condition in the small MSLBE LOCA test.

Keywords: BWR, LOCA, Steam Line Break, ECCS, ADS, ROSA-ITIT Program

Integral Test, Core Cooling, Mass Inventory, Data Report
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1. Introduction

The rig-of-safety assassment {(ROSA)-III programﬂl)_(3) was initiated
in 1976 to study the thermsel-hydraulic behavior of a boiling water reactor
GNNR)(4} during a postulated loss—of-coolant accident (LOCA)Y with actua—
ticn of emergency coere cooling system (ECCS), and to provide the data base
to evaluate the predictability of computer codes developed for reactor
safety analysis. To meet these objectives various kinds of ROSA-III tests
have been performed and those results have been published.{s)_(SI) The
ROSA-IIT test facility simulatas a 1/424 volumetrically scaled primary
gystem of a 3800 MW BWER/6(251-848) with an elecirically—heated caore,
break simulators, steam and feedwater systems, Instrumentations and
scaled ECCSs.

In the ROSA-Il{ program, six tests of main steam line break (MSLB)
LOCA have been performed (references 1, 14, 34, 35, 41 and 46). Clarified
are the characteristic features of MSLB LOCA phenomena, such as the high
dewncomer water level, typical pressure responses and average void frac—
tion in dewncomer related with the total steam discharge flow area.
However, mass balance and mass distribution in the system are not guanti-—
tatively clarified in these studies.

In additicn to these, a 10% MSLB LOCA test (RUN 992) was performed in
the ROSA-III program to simulate a high pressure core spray (HPCS) line
break with an assumption of low pressure core spray (LPCS) failure. This
test was initially studied on a2 view point of break location effects by
comparing with the test results of a jet pump drive line break (RUN 891)
and two recirculation line breaks (RUNs 927 and 930).(15) Heowever, this
test can be studied on apcther view point of ECCS double failure and ADS
actuation trip on Li level in a 10% MSLB LOCA test.

The primary objectives of this report are to experimentally clarify
(1) characteristic features on mass balance and mess distribution related
with major events and {(2) effects of ECCS double failure and delayed ADS
actuation on core cocling conditions in small MSLE LOCA phenomensa. The
RCSA-IIT test facility and instrumentations are described in chapters 2
and 3, respectively. Test conditions and test procsdures are described in
chapter 4. Chapter 5 shows test results of pressurs responses, mass

balance, mass distribution, and core cocling condit:ons related with the

major events.
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2. ROCBA-I1II Test Facility

The ROSA-II] test. facility(3) is a volumetrically scaled (1/424) BWR
system with an electrically-heated core designed t¢ study the response of
the primary systerﬁ, the core and the ECCS during the postulated LOCA. The
test facility (s instrumented such that various thermal-hydraulic parame—
ters during the test can be investigated.

The test facility consists of four subsystems;{a) the pressure vessel
(PV}, (b) the steam lines and the feedwater line, (¢) the recirculaticn
loops and (d) the ECCSs. Figures 2.1, 2.2 and 2.3 1llustrate configuration
of the test facility, the PV internals and the piping schematics, respec—
tively. Table 2.1 compares the major dimensions of the ROSA-IIIl test
facility to the corresponding dimensions of the reference BWR system.

The ROSA-II! PV includes various components simulating the internal
structures of the reactor pressure vessel (RPV) in the BWR system as
gshown in Fig.2.4. Interior of the vessel is divided into the core, core
bypass, lower plenum, guide tube simulator, upper plenum, downcomer
annulus, steam separator, steam dome and the steam dryer simulator.

The core consists of four simulated fuel assemblies of half length and
a control rod simuiator. Fach fusl assembly contains 62 heater rods
(Fig.2.5) and 2 water rods spaced in & 8 x 8 square array and supported by
spacers and tie plates. The heater rod is heated slectrically with chopped
cosine power distribution aleong the axis as shown in Fig.2.6. The effec—
tive heated length is 1880 mm, one half of the active length of a BWR fuel
rod. A high slectric power was supplied to the heater rod bundie "A” with
radial pesaking factor of 1.4 and another power was supplied to the other
three bundles "B”, "C” and "D” with radial peaking factor of 1.0. The
total electric power is limitted below 4.24 MW. The heater rods in each
bundle are divided intoc three groups with respect to heat generetion rate
as shown in Fig.2.7. The local peaking factors in each group are 1.1, 1.0
and 0.875. The orifice plate with 44 mm [.D. in one assembly is inserted
2t each core inlet toc contrel the core inlet [low.

The steam line is connected to top of the steam dome (see Fig.4.1).
[n the first steam line branch, an orifice and a quick opening air valve
(AV165) are installed for break simulation. A control valve (CV-130) s
installed in the third branch to control the steam dome pressure in the

steady state before the test initiation and to meintain the pressure above
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§.7 MPa after the break time as a pressure contrcl system (PCS). The
second branch has an eir valve (AV169) and an orifice to simulate the
gutomatic depressurization system (ADS). The MSIV closure is simulated
by quickly clesing an air valve (AV168) in the third line on trip signals.
{(These valve characteristics and trip conditions sre shown in chapter 4.)
The fesdwater is supplied from the feedwater tank (FWT) through the feed-—
water line (Fig.2.8) and the feedwater sparger (Fig.2.9) below ths steam
separator.

Figure 2.10 shows ths whole piping schematiecs including the main
steam line (MSL) and two equal recirculation loops. The break is initi-
ated by gquickly opening the bresk valve (break unit B) and the AV-165 in
the first branch. The break unit A is isolated both from the steam line
and the recirculation loops in thig test,

The ROSA-III test facility is furnished with &1l kinds of the ECCS's
available in the BWR system, i.e., the high pressure core spray (HPCS),
low pressure core spray (LPCS), low pressure coolant injection (LPCI), and
ADS. The HPCS apnd LPCS spray cooling water ontc the core. The LPCI
injects cocling water into the core bypass. Xach ECCS consists of a pump,
& tank, pipings, and & conirol system. The water level in the upper down-—
comer, which s measured by a differential pressure transducer between EL
3.90 m (abave the PV bottom)} and EL 6.04 m, is ussed for the actuation

trips of MSIV and ECCSs (see chapter 4).
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3. Instrumentation

Instrumentation of the ROSA-III system is designed to obtain thermal-—
hydraulic data during a simulated BWR LOCA. Table 3.1 summarizes the
instrumentations for No.4 assembly. The measuremant list and the core
instrumentation list are presented in Appendix I. Instrumentation loca-—
tions are shown in Fig.3.1 through Fig.3.10. Typical measured parameters
in the ROSA-I1] are pressure, differential pressure, flow rate, electric
power, pump speed, fluid and metal temperatures, collapsed liquid level,
two—phase mixture lgvel, fluid density, trip signels and sc 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 ca—
pabie of the circulaticn of ccoling water to prevent flashing of the [luid.

The flow rate is measured bv four types of instrumentations, {.e.,
turbine flow meter, orifice type [low meter, Venturi type flow meter and
momentum flux measurement equipment depending on the {luid condition and
measuring location. The turbine {low meter is used for subcocled water
filow such as ECCS injection flow and feedwater flow. The orifice type
[low meter is used for both flows, cne is steam line flow including ADS
flow and another one is jet pump discharge flow in the blowdown loep. Thse
Venturi flow meters are usad for recirculation flows .in both loops and jet
pump discharge flow in the intact loop.

The temperatures of the fluid, structural material and heater rod
cladding are mesasured with chromel-alumel thermocouple (CA T/C) of 1.6,
1.0 or 0.5 mme. The thermocouples for heater rod cladding temperatures
are imbedded at the surface of the cladding as shown In Fig.2.5. There are
seven (maximum) thermocouples for one heater rod along the axisal
direction.

Liguid levels are measured by either differential pressure transducers,
described above or needle type electric conductivity probess (CP) developed
in the ROSA-III program. The probes are distributed along the vessel hei-
ght to detect the existence of water or vapor at different levels.

The electric power supplied to the heater rods is controlled to follow
the predeterminad power curve with function of time and measursd by &

fast response electric power meters. The pump speed is measured by a
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pulse generator integral of the pump. Trip signals such as selescted valve
positions and pump ccastdewn initiations and so on, are detected in order
to record the exact actuation times of trip signals.

The fluid density in the pipe is measured by means of gamma densito—
meters. Preliminary studies indicate that two—beam and three—beam densi—
tometers should be used to determine the flow regime. Figures 3.7 and 3.8
show the beam directicns of the three—-beam and two—beam gamma densitome-—
ters, respectively. The gamma-ray source s 137Cs and the detector is a
water cooled Nal(Tl) scintillation counter. The momentum flux is me%u—
red by a drag disk as shown {n Fig.3.9. The combination of signals from a
dreg disk and a gamma densitometer is used t{o determine the two-phase
flow rate as shown in Fig.3.10.

The data acquisition system { DATAC 2000B, Iwasaki Tsushinki Co. )
scdns all of signals with the frequency up to 30 Hz. The data recorded on
magnelic tape were processed by the FACOM MZ200 system computer at JAERI
by cff—line control. After evaluation, for example by comparing the ini-
tial and final pressure values with standard values for the density and
momentum flux data, the data were reprocessed using the correct conversion
factors as determined from the cornsistency examination. Reduction af
mass balance and mass distribution in the system is shown in chapter 3.
More detailed information on the data processing procedure is available in

reference (52).



JAERI-M 89-034

4, Test Conditions and Procedure for RUN §92

The test RUN 992 is a type of 10% main steam line {see Fig.4.1) bresk
LOCA t.est with double failures on HPCS and LPCS diesel generators. The
break orifice area (Fig.4.2, 10.1 mm [.D.} simulates a 1/424 scaled BWR
HPCS line flow area and it corresponds to 15% of the scaled BWR recircula-
tion-line piping flow area. The test conditions are shown in Table 4.1.
The@neasured initial test conditions were; steam dome pressure of 7.36
MPa, total core power of 3.868 MW (44% of 1/424 scaled BWER rated power),
core -inlet mass flow of 15.7 kg/s, core inlet subccoling of 10.6 K, main
steam flow of 2.07 kg/s, feedwsater flow rate of 2.05 kg/s, and pressure
vessel water level of 4.82 m above the PV bottom. (Actual downcomer
water levael was obtained as 4.89 m by taking account of the frictional
pressure loss term of 0.07 m.) The initial core inlet {low was lowered to
this value in order to establish the same initial enthalpy distribution as
in the raference BWR for the ROSA-III system with the limitted initial
core power. The initial average fluid gquality in the upper plenum was

estimated as 13.0%.

RUN 992 was performed by the following procedures {(ref. Table 5.1).
Break was initiated by quickly opening boih the break vaive (QOBV) at
break unit B and the air valve {AV165) in the first steam line branch (see
Fig. 4.1). At the same time, the power supply te both recirculation
pumps was terminated and the pump speed rapidly coasted down. The steady
state core power was maintained for 7 s after the break and then decreased
along the power curve shown in Table 4.2, which was modified from the oid
MSLB LOCA tests (reference 53) to simulate a heat transfer rate cof
average—power fuel bundles to coolant during a hypcthetical BWR/LOCA . {(54)

The steam flow to heat up the feedwater f{rom the third steam line
branch was manuslly stoppsd immediately after the break by clesing the
valves CV-1 and CV-2. The [eedwater line was closed between 1.5 and 4 s
after the bresk. The MSIV was assumed to close at the steam dome pres—
sure lower than 5.8 MPa or by the L1 level trip (EL 3.9 m) with & time
delay of 3 s by quickly closing the contrcl valve (CV-130). The pressure
control system (PCS) was initiated at the system pressure of 6.6 MPa by
closing the pressure control valve (CV-130). These valve characteristics

are shown in Table 4.3 and 4.4. In this test., MSIV closure did net affect
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the steam line flow or the pressure responses because the PCS completely
closed the steady steam line before the MSIV trip lagics were satisfied.

The ADS was actuated by Ll trip level with time delay of 118 s. The
ADS orifice (19.0 mm I.D.) was changed from the standard ROSA-III tests
{15.5 mm I.D.) to take account of exXcess steam generation through the
structural metal surfeces of the facility in the later blowdown phase.
The LPCI was actuated at 720 s after the break (at 1.7 MPa of the system
pressursa).

The test was parformed on March 30, 1983 as the last ROSA-III test.

Most of the instruments functicned successfully.
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5. Test Results of 10%¥ Steam Line Break LOCA with ECCS Double
Failures, RUN 992

Shown in this chapter are typical test results of RUN 992, i.e., sys—
tem pressure responses with timings of major events, boundary conditions
and fluid mass inventory, and core thermal responses related to the fluid
mixture level. Timings of major events are listed in Table 5.1. Experi-
mental data are shown in Figs.5.1 through 3.29 and Table 5.2 through 5.11.
All of the experimental data and calculated data are included in Appen—
dices I threugh IIl with their measuring list and data processing method

(see Tables A.1 through A.5 and Figs.A. 1l through A.147).

5.1 System Pressure and Major Events in RUN 992

Shown in Fig.5.1 is a representative pressure response in the system
measured at the steam dome and timings of major events. The system pre-
ssure was mainly controlled by & steam balance as shown in the previous
test results{4l) i.e., steam generaticn by the core power generation and
in the whole fluid system after the lower plenum flashing (LPF) initia-
tion, and steam discharge through the MSL (initial steady flow, break flow
and ADS flow).

After the break initiation, the pressure began to decrease due to the
steam discharge both from the break orifice (10.1 mm [.D.} and the steady
steam flow line {ithe third MS3L branch), which was fully opened immedi-
ately after the break. The steady steam f{low was ceontrolled by the pres—
sure control system (PCS) cperation between 12 and 18 s at 6.6 MPa. The—
reafter steam discharced only through the break orifice until initiation of
the ADS opening at 394 s.

The core power (see Fig.5.2) was maintained constant at the initial
power (3.366 MW : 44% of the 1/424 scaled BWR power) for 7 s and then
started tc decrease along the predetermined power curve. The rapid core
power decrease resulted in rapid decrease of the steam generation rate in
the core. Namely, the steam generation rate of 2.87 kg/s in the initial
condition decreased to 0.84 kg/s at 18 s (1.2868 MW : 14% of the scaled
power) and tc 0.35 kg/s at 30 s (0.54 MW : 6% of the scaled powsar).

Reason of the system pressure decrease at 20 s after thes break can be asc—
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ribable to the decreased steam generation rate lower than the steam dis—
charge flow rate at this time (ref. Fig.5.3).

The downcomer water began to [lash at 21 s, which was detected by a
decrease of the lower downcomer differential pressure (DP) data. The
lower plenum f{lashing {(LPF) started at 29 s, which was confirmed by the
conduction probe level detectors and alsc by a DP increase across the steam
separator (PD 22, see Fig.5.13). On the onther hand, the recirculation line
fluid began to flash at 35 s as shown in the PD 37 (see Fig.5.7) data.
Local fluid temperatures at the jet pump cutlet and lower plenum bettom
showed a little subcoocliing even after 35 s. Thus system water did not
start to flash at once but started gradually within a certain time period
more than 14 s. Therefore, the effect of LPF was not so strong in this
test as In the large MSLB LOCA tests. (34).(38) The system pressure after
the LPF initiation showed a long depressurization as shown in Fig.3.1.

Actuation of the ADS, of which area was 37.6% cf the Vscaied MSL flow
area, increased the total steam discharge flow rats to 2.90 times as large
2s the steam break flow rate at 594 s and it promoted the depressuriza—
tion. A total steam {low area became 48.2% of the scaled MSL flow area
alter the ADS actuation (4.35 times as large as the break area). However,
the total steam flow rate did not correspond to this total steam flew area
probably due to a flow limitaition a2t a narrow air valve (AV169) located
upstream the ADS orifice. An effsctive choking area in the ADS line was
derived from the steam {low data as 20.1% of the scaled MSL area because
the break area was 10.6% of the scaled MSL flow area.

If the ADS wsre not actuated or significantly delayed (more than 460
s) in the test of RUN 992, the LPCI would be actuated at approximately
1050 s after the break, which is later than the zctual test result by 330 s
as shown in Fig.5.1. This indicates an efflectiveness of ADS on early LPCI
actuation. The LPCI injection started at 720 s (at the system pressure of
1.7 MPa), and contributed to promote the depressurization by condensing

steam and vaper mainly in the core bypass region.
5.2 Boundary Fluid Conditions and Mass Balance in System
Shown in Fig.5.3 are the total steam discharge {low rate measured by

the low-range orifice {low meter (FM 711) and the volumetric feedwater

flow rate. The orifice flow meter can give an accurate mass [low rate
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within the nominal accuracy for a single—-phase steam flow. The large
steam flow rate in the first 18 s was obtzined from the middle-range
orifice flow meter (FM 713). Although the accuracy of the steam flow
measurement was not di— rectly determined by other method, it could he
sxpected to be the same order of the nominal accuracy {(£0.92% of full
scale, i.e., £0.016 kg/s) due to the following reasons.

Fluid temperature in the steam line showed super—heated steam temper—
ature in most test period and showed tempecrarily saturated temperature.
Water entrainment into the steam line is expected to be very small in
most of the test period in this test because the downcomer mixture level
was far below the PV top (see Fig.5.9). And the c¢orifice flow datas was
accurate even in a 100% MSLB LOCA test (RUN 852, reference {14)) except
for & short time pericd, in which the swelled mixture level reached top of
PV. Thus, the steam flow accuracy can be expected as the same order of
the neminal value, i.e2., £0.02 kg/s. The data scattering cbserved was
within this range. Therefore, this accuracy can be adcopted as a represen—
tative for the total steam discharge flow data.

The initial steam flow of 2.07 kg/s increased to 2.32 kg/s at the time
of break by full opening of the steady steam line as in cther ROSA-III
tests. The steam break flow rate was obtained as 1.18 kg/s at the time of
break, 0.73 kg/s at 18 s and 0.69 kg/s at 30s, respectively. The steam
discharge [low rate became larger than the steam generation rate in the
core at approximately 20 s after the break. The steam break flow rate at
the time of ADS actuation was 0.30 kg/s and the ADS steam dischargs flow
rate was 0.38 kg/s. By assuming the same ratio between these two steam
flows, the steam break flow rate was obtained even after the ADS actuation
time as shown in Table 5.2, On the other hand, the steam break {low was
also measured by the drag—disk and densitometer at the break B as shown in
Fig.5.4. This flow data agree well to the orifice flow data shown above
exeept for the initial 18 s and the time period after the ADS actuation.

The fesedwater supply was terminated betwsen 1.5 and 4 s after the
break. Total amount of injected feedwater mass was 6 kg for this periocd.
After flashing initiation in the feedwater piping line (fluid veclume is
0.035 mS) at 2.1 MPa, some amount of remaining water flowed into the
downcomer. Approximately a haif volume of the remaining feedwater was
assumed to flow into the downcomer as shown in Table 5.2. Injected LPCI

water [low rate is shown in Fig.3.5.
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Mass balance for the total system is shown below by using these mass
boundary conditions and an initial system mass (Mg), which was modified
from the initial conditions of large MSLB test (RUN 952, reference 14)
accoding to the lower initial downcomer water level, as My = 851 kg. The
remaining fluid mass in the total system (M) is calculated at each time
as,

M =M, + Mp ~ Mp + Mg (5.1,
where Mp, Mp and My are the injected feedwaster mass, discharged steam
mass and injected LPCI water mass, respectively. This results are shown
in Table 5.3.

It is shown that the least fluid mass in the total system was 42% of
the initial fluid mass at the time of LPCI actuation {720 s). Timings of
the major events can e related te this system mass inventory. Namely,

the core dryecut initiation in the average—power bundle (425 s) started at

the mass ratio (M/Mg) of 64%, the ADS actuation at M/M, = 53% and the
final core quech (760 s) at M/M, = 47%.

The system mass inventory rapidly increased by the LPCI water injec—
tion because the LPCI injection flow rate was approximately 7 times as
large as the total stsam discharge flow rate during 720 anld 1000 s after
the break. 1In order to shew the effect of LPCI injection on ths total
mass recovery, an ECC water accumulation efficiency (Ea)(55) was derived
as,

E, = (Mg - Mp) / Mg (5.2),
and E; = 85.5% for the above LPCI injection pericd in RUN 992. Thus, the
system mass recovery was prominent even in the case of double failure on
the HPCS and LPCS diesel generators and the LPCI contributed to the com-

plete core cocling as shewn later.

5.3 Downcomer Water Level and Fluid Mass Digtribution in System

Described below are responses of water level and average void fraction
in the downcomer, and {luid mass distribution in the total system. The
fluid masses remaining in the downcomer, jet pumps and recirculation
loops are derived from their differential pressure deta, and thet inside
the core—shroud and steam deme 'is obtained by subtracting the other region
masses {rom the total remaining mass. In this chapter, the downcomer

region is defined between the bottem (EL 0.50 m) and top of the steam
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separator {(EL 5.37 m), and it is different from a definition for the large
MSLB test analysis (reference 14}, in which the downcomer was defined
below the normsal water level. This analysis result is refered for estima—

tion of the initial total mass inventory.

Shown in Fig.5.6 are the collapsed water levels both in the upper down-—
comer (EL 3.90 - 6.04 m) and in the lower downcomer (EL ¢.94 - 3.90 m).
Shewn in Figs.5.7 and 5.8 are differential pressures measured in the recir—
culation loop (between MRP! discharge side and JP1 drive side, elevation
change is 5.80 m) and in the jet pump (between JPl discharge side and the
lower plenum, elevation change is 2.14 m), respectively. These DP data
are used for estimaticn of average void fraction in each region by neglect—
ing the frictional pressure loss.

Average void fraction () in the lower downcomer is calculated from
the lower downcomer collapsed water level (LM 89 = L)) by using following
relations, as

DP = pgeH + p'gi{l-a)H (5.3),

Ly =DP 7 (p'g) + 0.84 (5.4),
where 27, o', g and H are saturated steam density, saturated water densi—
ty, gravity constant and DP measuring height of 2.86 m, respectively,
Void fraction in the lower downcomer between 480 and 594 s, in which there
was no water level in the upper downcomer region, was assumed to be the
same as in the previcus time period, because the veid fraction was closely
relatad to the total steam discharge flow area {see reference 41), which
was kept constant until the ADS actuation time except for the initial 18 s
in RUN 3892,

A downcomer mixture level (L, ) is calculated from the downcomer col-—-
lapsed water level (L, or L) by assuming a uniferm void distribution in
all the downcomer regions. Validity of this assumption, however, is not
vet confirmed. As the steam mass contribution to the level is negligiblly
small for this test condition,

Ly = (Ly — 3.80) / (1.0 - a) + 3.90, for L, >3.90 (5.5},
Ly = (Lp — 0.84) / (1.0 — a) + 0.54, for L, =3.90 {5.6).

Results are shown in Table 5.4 and Fig.5.9. The downcomer veid frac-—
tion began to increase at 21 s after the break and reached almost constiant
value of 0.17 — 0.18. This value is consistent with the previous test re-—
sults for total steam flow area of 10.6% of the scaled MSL area (reference

41). 1t rapidly increased to 0.35 after the ADS actuation and reached &



JAERI-M 86-034

maximum value of 0.43 after the LPCI actuation. The void fraction after

the ADS actuation is close to an expected value in the previous test resul-—
ts for the total steam f[low area of 30.7% of the scaled MSL flow area (see
section 5.1). Thus, these downcomer void fraction data are consistent in

all the ROSA-III MSLE LOCA tests., Void fraction became zero approxima-—

tely at 1100 s.

The mixture level was higher than 3.60 m (elevation is just above the
core top level} and lower than 3.37 m (top of the steam separator) for
most of the test periocd. The mixture level response is compared with a
total downcomer collapsed level (Lg), which is calculated as,

Lqg =L, + Ly — 3.80 (5.7},

Difference between L,; and Ly is the level swell caused by void for-
mation. The difference was appreximately 0.5 m for the blowdown phase,
1.0 m after the ADS actuation and diminished approximately at 1100 s
afte‘r the break. @I’luid mass remaining in the dowﬁcomer {Mpc) at each
time 1s calculated by using the mixture level, average void fraction, fluid
densgity and the downcomer configurational data as shown in Table 5.5. The
lower and upper downcomer volume are 0.1144 and 0.3560 m°. The steam

mass is included in the total remeaining fluid mass of Mpc.

Fluid mass remaining in four jet pumps and twa recirculation loops
{(M1,) is caleculated as follows. An average void [raction {(¢1) in the jet
pump discharge line is derived from the corresponding DP data (- PD 41,
see Fig.5.8) and is assumed to be a representative of all the jet pump
fluid veid fraction. Similarly an average void fraction (gg) in the MRPI
discharge line is derived from PD 37 {see Fig.5.7) and is assumed to he 4
representative void fracticn of all recirculation lecop [luid. Namely, the
void fractions are calculated as,

-PD41 = p"gHqaq + p'gH{(1.0 — ay), Hy = 2.14 m (5.8),
P37 p gHoag + p'gHo (1.0 — 29), Hy = 5.80 m (5.9).

Water mass Iin the jet pumps (M;) or recirculation loops {Mg) is cal-

il

culated by using the void fraction, water density and fluid volume for each

region as,

It

My = 0 (1.0 - ¢;)Vy, V= 0.0637 m?3 (5.10),
My

M;, My and a sum of these (Mp) are shown in Teble 5.6. Steam mass is

p7(1.0 — ag)Vy, Vg = 0.1083 m3 (5.11).

included in the total remaining [luid mass (My). By subtracting Mpc and

My, from the total system mass (M), remaining {luid mass inside the core-—
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shroud and steam dome (Mg) is derived as,

Mo =M - My, - Mpo (5.12).

Fluid mass distribution in the total system is shown in Fig.5.10 and
Teble 5.7. Following are found from these data analyses.

In the jet pumps and recirculation loops, fluid mass more than 100 kg
remained until actuation of ADS at 394 s, and thereafter decreased dus to
increase of void fraction. The mass recovery after the LPCIl actumrtion was
gcbserved in the jet pumps, whersas it was significantly delayed in the
recirculaticen loops. This delay may indicate occurrence of the counter—
current flow limiting {(CCFL) at the inlets of the recirculation loops.

The downcomer f[luid mass decreased rapidly after the flashing initia—
tion and en the contrary, the remaining {luid mass inside the core—shroud
slightly increased in the same time. This indicates a mass transfer after
the flashing initiation between the downcomer and in-shroud region. After
150 g, fluid masses in these regions decreased similariy due to the steam
mass discharge through the MSL.

The ADS actuaticn caused faster mass decrsase inside the core—shroud
(62 kg hetween 554 and 720 s), whereas it caused less mass decrease out—
gside the core—shroud (23 kg for jet pump, recirculation locp and
downcomer} in the same pericd. This indicates a mass transfer from the
in—-shroud region to the downcomer through the jet pumps, and it s also
shown by the net negative flow rates at the core inlet orifices (see
Figs.5.18 and 5.20). Thus the ADS actuation changed both the pressure
balance and mass distribution in PV.

The LPCI water injection caused rapid mass recovery inside the core—
shroud and in the downcomer with a time delay of approximately 80 s. And
the LPCI water flowed down intc the lower plenum through the cere inlet
orifice and core bypass holes. Thereafter the LPCI water flowed into the

downcomer through the jet pumps.

The transient mass inventory is related with the system pressure res-—
ponses as shown in Table 5.8 and Fig.5.11. This mass—pressure map shews
cheracteristics of the 10% MSLB LOCA test, RUN 982. It is shewn that
fluid mass inside the core—-shroud was aimost & half of the system tota}l
mass inventory for all test period before the LPCI actuation. The core
dryout initiatien in the average—pewer bundle C started at the mass ratio

(M/Mg) of 0.64 and the final core quench was observed at 0.47, respec—
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tively as shewn previously. Although these two velues ars much different,
the in-shroud mass ratios (M ;/M,) for these events were similar as, 0.32
and ¢.28, respectively. Thus, a critical condition of the caors dryout
occurrence was observed approximately at M,/M, = 0.3 for this 10% MSLB
LOCA test.

5.4 Pressure Balance and Internal Fleows in Pressure Vessel

Descrived below is a pressure balance in PV along two steam uprizing
flow paths (one is from the lower plenum to steam dome through the core,
bypass and separator, and another one is from the lower plenum and recir-
culation loops to the steam dome through the jet pumps and downcomer).

PV internal flow induced by rapid decrease of the core power and actuations

of ADS and LPCI is shown later.

Shown in Fig.5.12 are locations of differential pressure (DP) measure—
ments around the PV. There are DP measurements to check the pressure
balance betwsen the two steam—uprizing paths. As shown in Table 5.9, a
sum of PD 21 and PD 22 (Fig.5.13) agreed well with PD 25 (Fig.5.14) with—
in a discrepancy of 3 kPa, which i{s much less than a nominal accuracy of
+5.2 k¥xPa [er PD 25. This indicates that these DP data are sufficiently
acourate for pressure balance estimation. Similarly, PD 25 data was com-
pared with a sum (DP,,;) of —PD 41, PD 2§, —PD 39 and PD 58 (ses Fig.3.
12) for the steam flow path outside the core—shroud in Tabie 5.10.

DP,,¢ = PD 41 + PD 26 — PD 39 + PD 36 (5.13).
A small difference between PD 25 and DPyy; (less than 5 kPa) was also

within the neminal accuracy of PD 25.

The following are derived from these data analyses.

PD 22 in the initial conditicn included large contributicon of frictio-
nal pressure loss of approximately 40 kPa across the steam separator,
which rapidly decreased immediately after the bresk due to the rapid core
flow coastdown. On the other hand, frictional pressure loss included in
the initial condition of PD 21 was less than 13 kPa and became almost zero
immediately after the break. It is clear that pressure loss across the
separater was gignifiecantly larger than that across the core in the initial

condition. Rapid decrease of the forced circulation flow changed the pres-—



JAERI-M B89-034

sure distribution in PV so that a natural circulation was established
corresponding to a new condition. Rapid decrease of PD 22 immediately
after the bresk largely affected this changse. PD 22 increased after the
LPF initiation (29 s) upto 7 kPa in maximum.

PD 21 recovered at 7 s after the break due to rapid decrease of void
fraction in the core, which was caused by the core power decrease after 7
3. This recovery was promoted after initiation of downéonmr fluid flash-
ing (21 s8). This increase of PD 21 shows mass transfer from the DC
region to the in—shroud region correspeonding to the core void decrease and
downecomer fluid {lashing initiation.

In a later LOCA phase, PD 22 was slightly influenced by the ADS actua-
tion at 584 s. After the LPCI actuation, PD 21 increased rapidly due to
mass recovery inside the core—shroud, whereas PD 22 became negative show—
ing reverse [low across the separator probably due to condensation in the
bypass and core. PD 22 began to increase after 960 s due to mass recovery
also in the separator and steam dome region. PD 25 was nearly the same
to PD 21 as PD 22 was very small except for the initial short time and
later reflooding phase after the LPCI actuation.

PD 28 rapidly decreased immediately after the break and became almest
zero until the LPCI actuation. After 7350 g, PD 28 rapidly increased upto
approximately 5 kPa, which corresponded to water fulfill in the jet pumps.
As there is no elevation change in the PD 39 mesasurement, PD 389 can be
used as a flow direction meter at the jet pump sucticn line. The f{low di-
rection was positive (from DC to JP) between 7 and 31 s after the break.
This correspcnds to mass recovery time period inside the core-shroud,
which was clearly shown in the PD 21 data. On the other hand, PD 3§
became slightly negative after the ADS actuation and largely negative
after the LPC! actuation with a short time delay of 30 s. These negative
responses indicats reverse mass transfer from the in-shroud region to the
DC region caused by the ADS and LPCI actuations. These are slsc described
in the system mass distribution in section 5.3.

It is shown from these DP data that mass distribution inside and out-—
side the core—shroud are largely changed by the terminaticon of forced cir—
culation flow, core power change and ECC water injection, and slightly

changed by operation of the ADS.

Shown in Figs.5.18 through 5.20 are core inlet flow rates for the four

channels, core bypass flow rate through the bypass holes and total core
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flow rate of these, respectively. As these data were derived from corre-
sponding DP data, they are adequate only for the water single—phase flow
{(before the LPF and after the LPCI actuation timings) and can be used for
gqualitative flow characteristics outside the adequate periods. The mass
transfer between outside and inside regions across the core—shroud are also
observed in these core floew data. In addition to this internal circulation
flow in PV, local circulation flow iaside the core~shroud and flow distri-
bution among four channels were obserbed in these flow data as shown
below.

Flow distribution were abserved between the high—-power bundle flow
rate and average—power bundle flow rates as shown in Fig.5.18. Namely, a
constant uprizing flow was found in bundle A inlet fcr a long time before
the core dryout initiation (455 s). On the other hand, the core inlet flow
Lecame almost stagnant after 80 s at inlets of average—power bundles (B, C
and D). The bypass flow (see Fig.3.19) showed negative value (downflaw at
bottom of the guide tube) for the time period of bundle A upflow. This
indicates that there was a circulation flow inside the core shroud (from
channel A to upper plenum, core bypass, guide tube and to the lower
plenum ), and it continued as long as the core mixture level covered the
too core regicn. It should be noted that another small circulation f{low
was possible between the channels and Lhe bypass through the leak holes
iocated at the lower end of each channel box. However, there was no meas—
uring instrumentations for the leak hole flow.

The total core inlet flow was positive as long as the intermal circula—
tion flew existed between the core and bypass. These core inlet {lows
began to oscillate similarly after the ADS actuation and showed a net
negative (downward) flow. After the LPCI actuation, the same fliow
distribution was observed between the channel A and other channels. There
was a negative [low rate in the average-powsr bundles and at the bypass
flow holes, but a positive flow at the inlet of high-power bundle. And

the net core flow rate was negative after the LPCI actuation as shown in

Fig.5.20.

5.5 Heater Rod Temperature Responses Related with Core Mixture Level

Shown in Fig.5.21 are the temperature data at seven axial locations on

the A—11 heater rod with the maximum heat flux. These temperature res—



JAERI-M 89-034

ponses are representative of all the heater reods. Initiation of the heater
rod temperature excursion started at 455 s at the top of this heater rod
"due to decrease of core fluid mass. This dryout region gradually extended
to lower part of the cere. The ADS actuation at 394 s caused the core
mixture level swell (see Fig.$.27) and immediately quenched this heated
region.

If the ADS were not actuated or significantly delayed in RUN 982, the
first heater rod temperature excursicn would continue until the LPCI
actuation, which was expected approximately at 1050 s (see section 5.1},
and the maximum heater red surface temperature would esxceed 1100 K at
A—11 rod Pes.3 as shown in Fig.5.21. Thus, the ADS effect on core cooling
is prominent for the small MSLB LOCA.

The heater rod temperature began to rise again as the mixture level
decreased. This second core dryout was observed above Position & (EL 2.17
m above the PV bottom) and diminished by reccovery of the core mass inven—
tory after the LPCI actiuation. The peak cladding temperature {(PCT) was
obgserved an this A-1l rod Position 3 at 744 s (24 s after the LPCI actua—
tion) as 649 K (Fig.5.22). The PCT in the whole core is listed in Table
a.11.

Heater rod surface fernperatures in 2ll the rod bundles showed the si-
milar responses as those of the A-1! rod as shown in Figs.5.23 and 5.24.
In the bundle C, the core dryout initiation was the sarlisst among all of
the heater rods as 425 s (30 s earlier than in bundle A). Although there
was a little difference of core dryout initiation timings, there was no
apparent difference of quench timings between the four bundles. The final
core guench was observed at 760 s after the break (40 s after the LPCI
gactuation).

The dryout and quench timings of heater rods in bundle A and f{or the
four bundles are shown in Figs.5.25 and 5.26, respectively. Shown in Fig.
5.27 are mixture level responses detected by conduction probes located at
the same elevations as those of the heater rod thermocouples in the core.
It is clear that the mixture level transients agreed well with the trajec—
tories of the dryout and quench timings of the heater rods (dryout and
gquench fronts). Namely, the heater rod was completely ccoled as far as
the rod was covered by the mixture level even at the highest heat flux rod.

It is also shown that the mixture level in the high-power bundle was
slightly higher than that in the aversge-power bundle due teo difference of

their void distribution in the rod bundles. The mixture level was swelled
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largely after the ADS actuation and almecest covered all of the core (a part
of the bundle C top was an exception of the complete quenching). In Fig.
5.27, the collapsed water level inside the cecre-shroud was compared with
the mixture level transient. The collapsed water level corresponded well
to the mixture level transients. Difference between them was less than
0.8 m in the blowdown phase except fcor a shert time after the ADS actu-—
ation, in which it became approximately 1.0 m. The difference was large
in the reflooding phase (less than 1.4 m at 753 s).

[t is concluded that the core dryout was temporarily diminished by a
core mixture level swell, which was caused by the ADS actuation (169 s
after the core dryout initiaticn), and finally quenched by the LPCI water
.injection even in a case of double failure assumption on the HPCS and LPCS
diesel generators. It was confirmed that the core dryvout front agreed

well with the core mixture level responses.

Fluid temperatures at the core top region (across the upper tie plate)
are shown in Figs.5.28 and 5.29. Detection of the super—heated tempera—
ture for the bundles A and C corresponds to core dryout peried in each
bundle. And large subcooling was observed after 850 s indicating the LPCI
water overflow from the core bypass region to the core top region. The

lowest fluid temperature above the upper core plate was 336 K (23 K higher

than the LPCI water temperature).
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6. Conclusions

Characteristic features and effectiveness of ECCSs are investigated for
a 10% main steam line break {MSLB) LOCA test {(RUN 98%82) performed in the

ROSA-II1 program. The follewing are major conclusions.

(1) Total mass inventory and mass distribution in the system were investi-
gated for the whole test period to clarify characteristic features of a
small MSLB LOCA in a BWR system.

(1-1) Initial total mass (Mg) inciuding steam mass was estimated as 651
kg for the test of RUN 8592 by medifying the initizl downcomer water
level of the standard MSLB LOCA test (RUN 952(14)). In most of the
blowdewn phase, [luid mass inside the core—shroud (M,) was maintained
at approximately a half of the total mass inventory (M) and 1t was
slightly larger than in the initial mass ratioc of 44%. In the recircu-
iation lcops and jetpumps, [luid mass (M) remained at Mp/M of 20 -
30%. On the other hand, fluid mass ratic in the downcomer region
(Mp/M) gradually decreased from the initial condition (36%) to less
than 20% at the ADS actuation time of 594 s.

{1-2) These mass distribution in the system was changed by termination of
the forced circulation flow, rapid core power decrease after the reac—
tor scram trip, ADS actuation and ECC water injection. Void dimin-
ishing in the core resulted in mass transfer from the downcomer to
in—shroud region. ©On the contrary, the ADS actuation resulted in re—
verse mass transfer between these regions.

(1-3) A critical condition of core dryout initiation was obtained by the
in—shroud mass ratioc of My/Mo = 0.3 for this 10% MSLB LOCA test. The

total mass ratio at the core drycut initiation was M/M, = 0.64.

(2) The LPCI injection flow rate, which was approximately 7 times as
large as the total steam discharge flow rate including the ADS flow
during the LPCI injection period, was sufficient for the early mass
recovery in PV and complete quenching of the heated core. The PCT was
observed as 649 K at 24 s after the LPCI aciuation. Thus, the doubls
failures on the HPCS and LPCS diesel generators did net result in any
severe core hestup in the 10% MSLB LOCA test.
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(3) The ADS actuation, which was tripped on L1 level with a time delay of
118 s (169 s after the core drycut initiation), caused not bnly the fast
depressurization for early LPCI actuation but also the temporary core
cooling for most of the uncovered region. By extrapcrating the test
results, the maximum heater rod surface temperature was expected to
exceed 1100 K at a time of LPCI actuaticn (1.7 MPa) in a case of no
ADS actuation. Thus, effects of the ADS actuation were confirmed in

present small MSLB LOCA as in a small main recirculation line break

(MRLB) LOCA.

(4) Other characteristic features of the MSLB LOCA phenomena shown pre-—
viously in reference (41) were also observed in this test. Namely,
the system pressure responses, mixture level swell and average void
fraction in the downcomer were controlled by the total steam discharge

flow area in the MSL.
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Table 2.1 Primary chracteristics of BWR/6 and ROSA-IT11

Items Unit BWR ROSA-TIL | —mm

ROSA-III
Number of Recirc. Loops - 2 2 1
Number of Jet Pumps - 24 4 )
Number of Separators - 212 1 2i2
Number of Fuel Assemblies - 848 4 212
Active Fuel Length m 3.76 1.88 2
Total Fluid Volume o 621 1.42 437
Maximum Core Power MW 3800 < 4.40 > 864
Steam Dome Pressure MPa 7.23 7.23 1
Total core Flow Rate kg/s 15400 < 36.4 > 424
Recirc. Flow Rate/Loop kg/s 2240 < 5.26 > 524
Total Steam Flow Rate kg/s 2060 < 4,86 > 424
Feedwater Temperature K 489 489 1

* BWR/6 (251-848)
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Table 3.1 ROSA-III instrumentation list
ITEM SENSOR NUMBER NOTE
Pressure Pressure Traunsducer 20
Differential DP Cell 60 PV and Loop 44
Pressure Level Measurement 5
Flow Meter 11
Fluid CA Thermocouple 129 Primary Loop 23
Temperature DTT 4
Tie Rod 28
Upper Plenum 1C
Lower Plenum 10
Tie Plate 40
Bypass 14
Fuel Rod CA Thermocouple 213
Temperature
Slab Surface CA Thermocouple 70 Core Barrel 24
Temperature Pressure Vessel 3
Channel Box 35
Shroud Support 8
Siah Inner CA Thermocouple 9 JP Diffuser 4
Temperature PV Wall 3
Volumetric Turbine Flow Meter 3 ECCS Loop 3
Flow Rate Venturl Flow Meter 4 Primary Loop 10
Orifice Flow Meter 6
Mass Turbine Flow Meter &4 Recirculation Loop &
Flow Rate Orifice Flow Meter 3 Main Steam Line 3
Liquid Conductivity Probe 138
Level Capacitance Probe 2
Density Gamma Densitometer 10 2 Beam GD 2
3 Beam GD 2
Momentum Drag Disk 4 JP Spool Pilece 2
Flux Break Spool Piece &
Break Orifice 1
Signal ON/OFF Switch 14
Pump Speed Revolution Counter 2
Elecctric VA Meter 2
Core Power
TOTAL 693
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Table 4.2 Normarized new power curve simulating BWR average
power rod heat ftransfer rate inte coolant
NO TIME NORMALIZED NC TIME NORMALIZED
S PoWerR (P/R) S Power (P/R)
1 1.0000 36 20.0 0.1104
2 0.9267 37 21.0 0.1016
3 0.8344 38 22.0 G.0929
4 0.7694 39 23.0 2.0857
5 0.7044 490 24.0 0.0784
6 . 0.6718 41 25.0 0.0731
7 0.6392 42 26.0 0.0677
8 3.5 6.6017 43 27.0 0.0638
9 4.0 0.5642 44 28.0 0.0599
10 4.5 0.5374 45 29.0 0.0572
11 5.0 0.5106 46 30.0 0.0545
12 5.5 0.4874 47 32.0 0.0335
13 6.0 0.4642 48 34.0 0.0526
14 5.5 0.4428 49 36.0 0.0513
15 7.0 0.4214 50 38.0 0.0498
16 7.5 0.4035 51 40,0 0.0482
17 8.0 0.3856 52 42.0 0.0473
18 8.5 0.3624 53 44.0 0.0465
19 9.0 0.3392 54 46.0 0.0457
20 9.5 0.3214 55 48.0 0.0449
21 10.0 0.3035 56 50.0 0.0440
22 10.5 0.2813 57 55.0 0.0419
23 11.0 0.2590 58 60.0 0.0398
24 11.5 0.2368 59 65.0 0.0376
25 1z2.0 0.2145 60 70.0 0.0355
26 12.5 0.2055 61 80.0 0.0338
27 13.0 0.1965 62 90.0 0.0321
28 13.5 0.1875 63 100.0 0.0304
29 14.0 0.1785 64 200.0 0.02%9¢0
30 14.5 0.1689 65 300.0 0.0273
31 15.0 0.1592 66 400.0 0.0255
32 16.0 0.1400 67 500.0 0.0245
33 17.0 0.1320 68 1000.0 0.0208
34 18.0 0.1240 69 2000.0 0.0170
3s ig9.0 0.1172 70 30090.0 0.0152
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Table 4.3 Characteristics of steam discharge line valves
Valve Close to Open Qpen to Cleose

AV165 (Transient Line) 0.1 1.5 s
AV16S8 (Steady Line) - 0.1 s
AV169 (ADS) 0.3 2.0 s
Takle 4.4 Control seguence [or steam line valves in RUN 9§52
Valves Simulation Before Break After Break
CV-130 PCS open Control
AV-168 MSIV open Close by trip logic
AV-165 Break Close Open by break signal
AV-169 ADS Close Open by L1 + 120s
cv-1 Open Close
cv-2 Open Close
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Table 5.1 Major events and test procedurss of RUN 992

Time (s) ' Events
-120 * Initiation of data recording
-18 * Initiation of data plotting

0.0 * Initiation of break.
(QUBV & AV~165 Open)

* Initiation of recirc. pump trip (MRP-1,2)
Initiation of valve closure {CV-1,2)

1.5 ' Feedwater line closure (— 4s)

7.0 * Initiation of core power decrease

12 * Pressure control system (PCS) actuation

18 * Completion of PCS

21 * Downcomer water flashing

29 ' Lower plenum flashing

81 P = 5.8 MPa (for MSIV closure)
425 * Core dryout at top of av. power bundle C
455 * Core dryocut at top of high power bundle A
476 " L1 level trip
594 * ADS actuation
520 * Second core dryout at top of hi. power bundle
720 * LPCI actuation
744 * PCT recorded at A-11l rod, Position 3 (649 K).
760 * Completion of core quench
1182 * Completion of data plotting
1372 * Completion of data recording
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5.2 Steam flow rates in MSL and total discharged steam mass

for RUN 8§92

Time Steam Flow Rate {(kg/s) Discharged Mass
TCs) W steady W break Y aps W totalKL My (kg)*2
0 2.32%3 | 1,18 0.0 3.50 0.0
10 1.897% | 0.96™% " 2.85 32,
18 0.0 0.75 g 0.75 46 .
50 g 0.66 g 0.66 69.
100 " 0.58 . 0.58 100.
150 | o.s1 " 0.51 127.
200 . 0.46 " 0.46 151.
250 8 0.43 | " 0.43 174.
300 " 0.40 . 0.40 194.
400 " 0.36 " 0.36 232.
| 500 " 0.33 " 0.33 267.
é 594 " 0.30 0.58 | 0.88 206.
650 . 0,247 | 0.45%2 0.69 340.
720 . 0.20 0.37 0.57 384,
300 . 0.14 0.27. 0.41 424.
850 . 0.11 0.21 0.32 442,
900 " 0.10 0.19 0.29 457.
950 " 0.09 0.17 0.26 471.
1000 " 0.08 0.15 0.23 483.
1080 0.07 0.13 0.20 500.
N

*1

*2

*3

#4

*5

Measured by orifice flow meter (FM 711 and FM 713).

Time integrated total steam flow rate after the break.

As steady steam line is fully opened from 29.3% to 32.94 scaled
MSL flow area, initial steam flow of 2.07 kg/s increaced to
2.32 kg/s immediately after break.

Total steam flow at 10 s rate is distributed by a flow ratio at
T=0 s.

Total steam flows after 600 s are distributed into two parts

(break flow and ADS flow) by their ratio at T=594 s.
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Table 5.4 Water level and void fraction in downcomer for RUN 882
Time Pressure Fluid Density Collapsed Level™!| void Mixture
T P p' o U.DC L.DC Fraction | Level
(s) | .(uPa) (kg/m®) | (kg/w®) | Ly(m) | Ly(w) o*2 L (m)™3

0 7.36 (754} (39) 4.89%4 3.90 .0 4.89
18 6.58 (754) (34) 4.82 3.86 0.0 4.82
50 6.19 755 32 4.59 3.55 0.123 4.68
100 5.50 768 28 4.57 3.44 0.161 4.69
150 5.00 778 25 4.50 3.40 0.174 4.62
200 4,62 786 23 4,40 3.39 C.177 4.50
250 4.27 793 22 4,32 3.3% 0.177 4.41
300 3.99 799 20 4,25 3.39 C.177 4.32
400 3.51 810 18 4,12 3.39 0.176 4.17
500 3.11 820 15 <3.9 3.34 0.176 3.84
594 2.79 828 14 {3.% 3.18 0.176 3.63
650 2.20 B44 11 4.11 Z.89 0.345 4,22
720 1.70 860 9 4.09 2.86 0.355 4.19
800 1.14 881 6 4,19 2.64 0.428 4,40
900 0.79 897 4 4.51 3.04 0.292 4.76
1000 0.64 907 3 4.93 3.43 0.159 5.12
1480 0.57 911 3 5.4C 3.83 0.024 5.44
L

%] Level is calculated from DP data as L = DP/(p'g).

*2

*3

distribution at each time for the whole downcomer.

*4 Frictional effect on level data is corrected at T =

mass as shown below, DP = p"ogH + p'(l-@) gH, H = 2.96 m.

S

Void fraction is calculated in the lower downcomer by correcting steam

Level is estimated from collapsed level by assuming an uniform void
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Table 5.5 Estimation of downcomer mass inventory for RUN 992
Time Void F. Mix. Level Remaining Fluid Mass (kg) Ratio
T(s) e L_(m) L.oC™ T | u.DC™? | Total(Mpe) | Mpe/Mpeo

0] 0.0 4.89 86.3 142.3 235.1 1.000

18 0.0 4.82 86.3 128.5 221.1 0.940
50 0.123 4.68 75.7 91.2 174.9 0.744
100 0.1l6l 4.69 I 73.7 90.2 171.1 0.728
150 0.174 5.62 73.5 79.1 159.4 3.678
200 0.177 4.50 j 74.0 59.6 140.5 ¢.598
250 0.177 4.41 J 76.7 45.1 126.8 0.539
300 0.177 4.32 75.2 30.3 112.3 0.478
400 0.176 4.17 76.4 14.4 97.2 0.413
500 0.176 3.84 73.4 0.0 79.1 0.336
594 0.176 3.65 61.5 0.0 67.0 0.285
650 0.345 4.22 63.2 14.2 8l.6 0.347
720 0.355 4,19 £63.5 12.9 79.8 0.339
800 0.428 4.40 57.6 33.5 93.3 0.397
900 0.292 4.76 72.7 99.3 173.1 0.736
1000 0.159 5.12 8§7.3 202.6 290C.4 1.235
1080 0.024 5.44 101.7 327.6 l 429.3 1.826

%1

*2

*3

Water Mass is calculated as M = p%l—a)vl for Lm 2390 m and M =
o (l-)Vy - D'A1(3.9O-Lm), for 3.50 { L _ < 3.90 m where V, = 0.1144 m

and Al = 0.0801 m*.

2

3

Water Mass is similarly calculated depending on the mixture level

height and corresponding downcomer flow area.

a = 0.3560 m~.

3

Steam mass in downcomer (V = O.A70m3) is added and Mp., = 235.1 kg.
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Table 3.6 Estimation of fluid mass in jetpumps and

recirculation loaps for RUN 8§82

Time Jet F‘umps‘k1 Rec. LOOPS*2 Total | Mass
T(s) | -PD4l oy My | PD37 % M, | Mass | Ratio
*3
(kPa) | (=) | (xg) | (kPa) | (=) | (k@) | My My /g
0 - 0.0 48.0 - 0.0 81.7 129.7 1.000
i8 - 0.0 48.0 - 0.0 81.7 129.7 1.000

50 15.0 0.055 45.4 40.4 0.061 76.8 122.5 0.945
100 i3.3 0.181 40.1 35.5 0.194 67.0 108.0 0.833
150 13.3 0.191 40.1 35.7 0.199 67.5 108.4 0.836
200 13.3 0.199 40.1 35.8 0.205 67.7 108.6 0.837
250 13.3 0.206 40.1 36.4 0.198 68.9 109.8 0.846
300 13.3 0.212 40.1 36.9 0.192 69.9 110.7 0.853
400 13.5 0.210 40.8 37.1 0.199 70.3 il1.7 0.861
500 13.1 0.243 39.5 37.3 G.203 70.8 110.9 0.855
594 12.9 0.262 38.9 35.7 0.246 67.6 107.1 0.826
650 8.6 0.521 25.8 27.1 0.441 51.1 77.8 0.600
720 6.1 0.669 18.1 27.5 0.442 52.0 70.9 0.347
800 9.2 0.506 27.7 15.1 0.703 28.3 56.7 G.437
500 12,0 0.364 36.3 16.8 0.673 31.8 68.5 0.528

1000 19.1 0.0 57.8 2z2.9 0.558 43.4 | 101.4 0.782
1080 19.6 0.0 58.0 28.2 0.457 53.6 111.7 0.862
3

*1 Total fluid volume (Vy) is 0.0637 m~. Void fraction (o} is
calculated from (-PD41) by assuming no frictional loss and using a
following relation, -PD4l = gHy {D"Ul + DTl—ﬁl)} , where H, =
2.14 m. Water mass 1s calculated as My o= p%l—al) e

*2 Total fluid wveolume (VZ) is 0.1083 m3. Void fraction is calculated
in the MRP discharge line (PD37) as a representative. H, is 5.80 m.

Water mass is calculated as, My = D'(l—uz) Voe

*3 Steam mass in the mixture is included and M o= 129.7 kg.
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Table 5.7 Fluid mass distribution in total system for RUN 842

Time Totral JPs and Loops Downcomer In-Shroud & S$D
T{s) Mass Mass My Mass Mpe Mass*l ; M Ratio
M(kg) | M(kg) | X MpeCkg) | M | Molkg) | M| (/M)
0 651 130 0.200 235 0.361 286 0.439 1.000
18 611 130 0.213 221 0.362 260 0.425 0.909
50 588 123 0.207 175 0.298 290 0.493 1.014
100 577 108 0.187 171 0.296 298 0.517 1.042
150 530 108 0.204 159 0.300 263 0.496 3J.920
200 506 109 0,215 141 0.279 256 0.506 C.895
25C 483 110 0.228 | 127 0.263 246 0.509 0.860
300 463 111 0.240 112 0.242 240 0.518 3.839%
400 425 112 0,264 97 0.228 216 0.508 0.735
500 390 111 0.285 7% 0.203 200 0.512 C.699
594 361 107 0.296 67 0.186 187 0.518 C.654
650 317 78 0.246 82 0.259 157 0.495 0.549
720 276 71 0.257 80 0.290 125 0.453 0.437
800 395 57 0.144 93 0.235 245 0.621 0.857
900 624 69 0.111 173 0.277 382 0.612 1.336
1000 873 101 0.116 290 0.332 482 0.552 1.685
1080 1084 112 0.103 429 0.396L 543 0.501 1.899

*] Fluid mass including steam mass inside core-shroud and steam dome is
calculated by a fellowing relation, as Mo =M - M; ~ Mpes

*2 Mg = 286 kg.
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for RUN 992

Table 5.8 Transient mass and pressure

Time Pressure Total Mass’kl Shroud IS*Iass*2
T(s) P{MPa) P/P, M{kg) M/ My Mo (kg) M/ My
0 7.36 1.000 651 1.000 286 0.439
18 6.58 0.894 611 0.939% 260 0.399
50 6.19 0.841 588 0.903 290 0.445
100 5.30 0.747 557 0.856 298 0.458
150 5.00 0.679 530 0.814 263 0.404
200 4.62 0.628 506 0.777 256 0.393
250 4,27 0.580 483 0.742 246 0.378
300 3.99 0.542 463 0.711 240 0.369
400 3.51 0.477 425 0.653 216 0.332
500 3.11 0.423 390 0.599 200 0.307
594 2.79 0.379 361 0.555 187 0.287
650 2.20 0.299 317 0.487 157 0.241
720 1.70 0.231 276 0.424 125 0.192
800 1.14 0.155 395 0.607 245 0.376
900 0.79 0.107 624 0.959 382 0.587
1000 0.64 0.087 873 1.341 482 0.740
1080 0.57 0.077 1084 1.665 543 0.834

*] Includes steam mass.

%2 Fluid mass inside core—shroud and steam dome above top of

separator.
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Table 5.5 Pressure balance inside core-shroud fer RUN §92
Time PD21 PD22 PD25 PD21+PD22 PD25-PD21-PD22
S T(s) (kPa) (kPa) (kPa) {(kPa) (kPa)
0 37.9 45.4 85.0 83.3 1.7
18 24.6 3.2 30.7 27.8 2.9
50 25.0 6.1 32.3 31.1 1.2
100 24.6 2.8 28.0 27.4 0.6
150 24.0 2.2 28.0 26.2 1.8
200 24.0 1.3 26.9 25.3 1.6
250 23.9 1.1 27.1 25.0 2.1
300 23.8 1.1 25.7 24.9 0.8
350 23.0 1.1 25.7 24.1 1.6
400 22.1 1.0 24.6 23.1 1.5
450 20.9 1.0 23.3 21.9 1.4
500 19.8 0.8 22.1 20.6 1.5
550 19.1 0.6 20.7 19.7 1.9
594 18.1 0.7 20.9 18.8 2.1
630 16.1 1.1 18.6 17.2 1.4
720 i13.6 0.6 15.3 14.2 1.1
800 23.1 -0.1 25.0 23.0 2.0
300 33.9 -0.2 34.7 33.7 1.0
1000 36.5 5.4 44,9 41.9 3.0
1080 38.2 10.9 50.4 49.1 1.3

Elevation change for the DP measurements are PD21 :

and PD25 :

5.95 m.

4.06m, PD22 : 1.89 m
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Table 5.19 Pressure balance ian PV for RUN 992

Time PD25 DP through JP and Downcomer (kPa) Difference*l
T(s) (kPa) -PD41 PDZ6 | -PD39%9 | PD56 Total (kPa)
0 | 85.0 15.0 77.2 | -20.4 14.3 | 86.1 -1.1
18 { 30.7 15.0 0.0 | -2.9 14.5 26.6 4.1
50 | 32.3 13.3 1.2 | -0.2 12.5 | 26.8 5.5
100 28.0 13.3 -0.3 | ~G.2 i2.1 24.9 3.1
150 28.0 13.3 ~0.3 | -0.2 11.5 | 24.3 3.7
200 | 26.9 13.3 -0.8 | -0.2 11.0 | 23.3 3.6
250 27.1 13.3 ~0.8 | -0.1 10.4 | 22.8 4.3
300 | 25.7 |13.3 | -0.8 | -0.1 9.9 | 22.3 3.6
350 25.7 13.3 -0.8 | -0.1 9.7 22.1 3.6
400 24.6 13.5 -1.0 | -0.1 9.0 | 21.4 3.2
450 23.3 13.5 -1.0 | -0.1 8.0 | 20.4 2.9
500 22.1 13.1 -1.0 0.0 7.2 19.3 2.8
550 20.7 13.0 -1.1 0.0 6.5 18.4 2.3
594 20.9 12.9 -1.5 0.0 5.8 17.2 3.7
650 18.6 8.6 -0.9 0.2 7.4 15.3 3.3
720 15.3 6.1 -1.2 0.2 7.3 12.4 2.9
800 | 25.0 9,2 3.8 2.3 8.5 | 23.8 1.2
900 | 34.7 12,0 4.6 3.3 13.0 32.9 1.8
1600 44.9 19.1 4.5 1.7 17.8 | 43.1 1.8
1080 50.4 19.6 4.6 0.5 24.0 | 48.7 1.7

*1 Difference is PD25 - (-PD41 + PD26 - PD39 + PD56).

Elevation change for each DP data is,
PH25 : 5.94 m, PD41l : -2.14 m, PD26 : 0.57 w

PD3% : 0.0 m, PD56: 3.23 m.
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Takle 3.11 PCT list for RUN 982

x% Order of PCT (RUN 992 *xx

No. 1 A-11 rod  Pos. 3 PCT =  648.7 (K) Time = 744.0 (s)
No. 2 A~22 rod  Pos. 3 PCT = 636.7 (XK) Time = 742.8 (s)
No. 3 A-88 rod Pos. 3 PCT = &34.3 (KD Time = 744.0 (s>
No. & A-87 rod Pos. 3 PCT = 632.4 (KD Time = 740.4 (s)
Ne. 5 A-11 rod  Pos. 2 PCT = 631.9 (X Time = 750.0 (s)
No. & A-12 rod Pes. 3 PCT = 430.7 (K) Time = 742.8 (s)
No. 7 A-13 rod  Pos. 3 PCT = 628.3 (KD Time = 740.4 (s)
No. 8 A-77 rod Pos. 3 PCT =  4620.9 (K) Time = 742.8 (s}
Ne. 9 A=22 rod  Pos. 2 PCT = 619.9 (KD Time = 744.4 (3)
Nc.10 A-12 rod  Pos. 2 PCT = 612.7 (KD Time = 745.2 (s)
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DL 6205
4 .
DL 6040 Stceam Line 5V Top oL 5995
ﬁ Steam Drver DL 5657
;
; Steam Seperator DL 5365
L3 Level DL 5000
L2 level DL 4760
DL 4293 Feed 1 3
seddacer Lone = Ul Level DL_4250
fr—J__ HPCS, LPCS Nozzle DL 4080
DL 3900 HPCS,LPCS Line
Connector DL 3744
OL_3660 LPCI Line .
Upper Tieplate DL 3550
; Spacer DL 5218
DL 2814 Jet Pump qn ! .
Suction Tins = ‘”“fé& " Spacer DL 2742
1 : Soacer OL 2332
Spacer DL 1856
Lower Tieplate OL 1524
Channel Inlet DL 1284
Orifice
DL 938 Recic. Pump
Suction Line
Tie Grid oL 513
DL 400 Jet Pump 3
Disch. Line
DL Y] PV Bottom DL 0

Fig. 2.4

Pressure vessel internals arrangement
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CHAMNEL 80X "A" CHANNEL BOX "Do“

v

< B I ////
o

. :-‘::. . i. 1~:- Lc 3] ::ll"':

—— .
) - o
424
(8]

B L R

LA

\

‘ A

Z

L8g°
CHANNEL EBOX "3©

E.A.W EL 30K "C"

Regleo

ga | owms | owe 1o ] o3 ] e | ow

Local peaking fzczav

Lo je.gars) 1l ] oo lo.srs | oo.o

L.l

No, of Rads

| I

Leness Heat Rare (kW /m) | 18.5 | 16.81] 14.41 | 13.21] 12.01] 10.29 0.0
i
i |

20 28 | 14 | 0 | 84 | 42 | g

* note

Fig.

2.

: Radfxzl pesking faccor Ls L.4

7 Radial and local power distribution in core
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lo Feed water Pump

Unit in mm
(Total Length 18.58 m Y

\ Inside Volume 3.5 x EG_Hm;)

Fig. 2.8 Feedwater line between PV and AV-112

Pv
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Fig. 2.8 Feedwater sparger configuration
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Fig. 2.10 Details of ROSA-III system piping
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DL 6040
53) 0L 5910
oL 5510
DL 4320 @ DL 4158
DL 3900
DL 3750
DL 3660
DL 3660 e
DL_3325
nl_3165% 05
0L 2814,
DL 2625
oL 2614
DL 1925
DL 1851
DL 1454
pL 1314
oL 1225 ——
DL, 1088 DL 11838
DL 938 DL 938
pL 525
DL__400 DL 400
100
0L 100 @DL C
—DL 350 bL - 0
—DL 210
Fig. 3.2 Instrumentation location in pressure vessel
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Heater rod 0.0. is 12.27mm

AS54,854,C54 and D54 are water rod simulators with void probes,
C.D.= 15.01mm

A45,B45,C45 and D45 are water rod simulators with thermocduples,
C.D.= 15.0Imm

Fig. 3.5 Core instrumentation {(cf. Table A.3)



JAERI-M 89-034

. % =\
e -D-D-P-P-DH-D-DP--
19 g
oD mu ﬁvlmu .
A €0
a2 0| -
e alasab || 8 &
D A o 8
\_JOtmm fa Akumv JAVNJQ\ O Z T
SN GRS ,/m - e °
N SPTd T - 3
( [.nli K\ FM..IJiJ\l—.Hk -—
ﬁvimw ﬁw ﬂ/f\// ﬁw ﬂw %u a vy / %
SO ™
QLI DI 5
< | - : )
OISO I
o O-DD mwvﬂulm DD o t N N
g \JAV\JAV\_ Alv N ,\JAV\rA%v‘ Aiv! b R
& DD DAPAED DXDb- v
© \JAV\JAV\JAV OIS, JAV\J & —
(NPERNPSANY m%mwnmwlmx Y]
Awﬂv‘JO\JAv}AV\JAv AN NV RN
MWrx \ZPNNE /N NP AN 30 0 T, N
@uooooooo%ooooﬂ N |
== 2 5

DL 3530

TG1l ~ TG20 {Channel &)
TG31 ~ TG40 (Channel C)

L

tieplate Iinstrumentations
— 56—

Upper

3.6

Core
Fig.



JAERI-M 89-034

Ij0W0) 15Uep BWWES

WiBog-0om) JO UCIIBINIT JUOD wesg 8¢ A1

ww 5y = Q

T Iaj3werq dvuu]

18t

ped™

JBjOWO]15UBP BWWES

urseg-os8Jdy] Jo uUoilwaIndijuod weag L¢ 813

av

ww g-gs = J

: Iaawetq Iduu)

A A

o



JAERI-M 89-034

==t
14 - #6
. L“-/ -
\ %
et
$30 418
$50 P46
(a) .High Range Drag Disc (b) low Range Drag Disc
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to Recirculation Pump - . to Pressure Vessel
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Fig. 5.12 location of differential pressure measurements around PV
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Appendix [ List of Measurements and Calculated Datas in RUN 962

All of the measurements (Channels 1 through 698) in RUN 992 are
listed in Table A.1. The blank data mainly mean that the recorded data
were not shown in this report because theose data were similar and could be
represented by the other datsa shown in this report. Shown in Table A.2 is
a list of calculated data by using the experimental results. The cors
instrumentations including the heater rod surface temperatures and fluid
mixture level are listed in Table A.3. In this test, metal temperatures
were measured at inner surface, inside and outer surface of metal struc—
tures in order to investigate stored heat release both into the primary
fluid system and the outer atmosphere. Their measuring locaticns are

listed in Table A.4.

Table A.1 Measurement list for RUN 892

Table A.2 Calculated data in RUN 992

Table A.3 Core instrumentation list

Table A.4 Metal temperzture measurement list for PV wall,

jetpump and recirculaticn line pipe wall
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Table A.2 Calculated Data in RUN 592
No. Item Symbol Location Fig. No. Unit
1 | Density DE 701 { JPl,2 Qutlet, Average kg/m3
2 Density DE 702 JP3,4 OQutlet, Average kg/m3
3 | Demnsity DE 703 | MRP-Side Break, Average kg/m3
4 | Density DE 704 | PV-3Side Break, Average A. 132 kg/m3
5 | Flow Rate FM 705 | MRP-Side Break, (Low) kg/m3
6 | Flow Rate FM 706 | PV-Side Break, (Low) A. 133 kg/s
7 | Flow Rate FM 707 | MRP-5ide Break, (High) kg/s
8 | Flow Rate FM 708 | PV-Side Break, (High) kg/s
9 | Flow Rate FM 709 Total Break Flow (Low) kg/s
10 | FLow Rate FM 710 | Total Break Flow (High) kg/s
11 | Flow Rate FM 711 Stean Flow (Low) A. 134 kgls
12 | FlLow Rate FM 712 | Steam Flow (High) A. 134 kg/s
13 | Flow Rate FM 713 Steam Flow (Middle) A. 134 kg/s
14 | Flow Rate FM 714 | Channel A Inlet A. 135 kg/s
15 | Flow Rate FM 715 | Channel B Inlet A. 136 kg/s
16 | Flow Rate FM 716 | Channel C Inlet A. 137 kg/s
17 Flow Rate FM 717 Channel D Inlet A. 138 kg/s
18 | Flow Rate FM 718 | Bypass Hole Flow A. 139 kg/s
19 | Flow Rate FM 719 | Total Core Flow A. 140 kg/s
20 | FLow Rate FM 720! JP1 Outlet (Pos. Flow) A. 141 kg/s
21 | Flow Rate FM 721 { JP2 Cutlet {Pos. Flow) A. 141 kg/s
22 Flow Rate FM 722 JP3 Outiet (Pos. Flow) A. 142 keg/s
23 Flow Rate ™M 723 JP3 Qutlet (Neg. Flow) kg/s
24 Flow Rate M 724 JP4 Outlet (Pos. Flow) A. 142 kg/s
25 | Flow Rate FM 725 | JP4 Outlet (Neg. Flow) kgls
26 | Flow Rate FM 726 | Total JP Outlet Flow kg/s
27 | Water Level | LM 727 Collapsed DC Level A. 143 m
28 | Water Level LM 728 Collapsed In-Shroud Level}] A. 144 ™
29 Fluid Mass EV 729 Downcomer Mass A. 145 kg
30 | Fluid Mass EV 730 | In-Shroud Mass A, 146 kg
31 Fluid Mass EV 731 Total Mass in PV A. 147 kg
32 Fluid Mass EV 732 | Mass Balance in BV kg
33 Fluid Mass EV 733 Discharged Mass kg
34 | Flow Rate FM 734 | Discharged Flow Rate kg/s
35 | Flow Rate ¥M 735} Discharged Flow Rate kg/s
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Table A.3 Core Instrumentation list

Item p;S' gﬁi?et Pos.l |[Pos.2 |Pos.3 | Pos.d | Pos.5 [Pos.6 |(Pos.7 Egi:t
igf 3660 | 3417 [3114.5{2879.5 2527 | 2174.5/1939.5|1637 | 1454
Surfacel All TF 1 {TF 2 |TF 3 |TF 4|TF 5 |TF &6 |{TF 7
Temp. | 412 TF 8 |TF 9 |TF 10 TF 11! TF 12 |TF 13 |TF 14
Al3 TF 15 |TF 16 |TF 17 | TF 18 | TE 19 |TF 20 |TF 21
Ald TF 22 ITF 23 |TF 24 | TF 25 | TF 26 |TF 27 |TF 28
Al5 TF 29 TF 30
Al7 TF 31 TF 32
A22 TF 33 |TF 34 |TF 35 | TF 36 | TF 37 |TF 38 |TF 39
A23 TF 40 |TF 41 |TF 42 | TF 43 | TF 44 |TF 45 |TF 46
A24 TF 47 |TF 48 | TF 49 | TF S0 | TF.S1 |TF 52 |TF 53
A26 TF 54 TF S5
A28 TF 56 TF 57
A31 TF 58 TF 59
A33 TE 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
A3S TF 74 TF 75
A37 TF 76 TF 77
A42 TF 78 TF 79
f}gﬁg_ Add TC 1 {TF180 (TF181 |TF182 | TF183 | TF184 |TF185 |TF186 | TC 2
Surface] A45 TF 80 TF 81
Tem. | a4 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TF 87
AS3 TF 88 TF 89
AS4 TE 90
AS7 TF 91 TF 92
A62 TF 93 TF 94
AG4 TF 95 TF 96
A66 TF 97 TF 98
A6 8 TF- 99 TF100 |
A7l TF101 TF102 r
A73 TF103 TF104
A7S TF105 TF106
A77 TE107 TF108
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Table A.3 Core Instrumentation list {(Cont’'d)
Iten ;L Sigiet Pos.1 |Pos.2 [Pos.3 |Pos.4 | Pos.5 [Pos.6 | Pos,7 %gigt
ng 3660 | 3417 | 3114.5/2879.5/2527 | 2174.5/1929.5/ 1637 | 1454
Surface] AR2Z TF 109 TF110 |
Temp. | 84 TE111 TF112
A86 TF113 TF114
A88 TF115 TF116
B11 TF117
B13 TF118
B1S TF119 | TF120 | TF121 | TF122 | TF123 | TF124 | TF125
B31 TF126
B33 TF127
B35 TF128
TrexS | Bas | TC 3 |TF187 | TF188 | TF189 | TF190 | TF191 | TF192 | TF193| 7C 4
Surface| BS1 TF129
Temp- ooy TF130
B8S TF131 | TF132 | TF133 | TFi34 | TF135 | TF136 | TF137
11 TF138
13 TF139
C15 TF140
C31 TF141
€33 TF142 | TF143 | TE144 | TF145 | TF146 | TF147 | TF148
35 TF149
FIAd | cas TC S |TF194 | TF195 | TF196 | TF197| TF188 | TF199 | TF200| TC 6
Surface| (51 TFL158
Tem. M cs TF151
c77 TF152 | TF153 | TF154 | TF155 | TF156 | TF157 | TF158
D1l TF159 |
DL3 TF160
D27 TE161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
D31 TF168
D33 TF169
D35 TF170
Froad | pas TC 7 |TF201 | TF202 | TF203 | TF204 | TF205 | TF206 | TF207| TC 8
Surface| D51 TF171
Temp- [ hss TF172 |
i D88 TF173 | TFL74 | TF175 | TF176| TF177 | TF178 | TF179
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Table A.3 Core Instrumentation list (Cent'd)
Item Pos. 88€§et Pos.l [Pos.2Z |Pos.3 |Pos.4 | Pos.5 [Pos.6 |Pos.7 ggf:t
ng “lse60 3417 [311¢.52879.5 2527 | 2174.5119%9.5| 1675 | 1454

Void | ASS VE L |VF 2 |VF 3|VF 4lVF 5 |vF 6 {VvF 7

BSS VF 8 |VF 9 |VF 10 {VF 11 | VF 12 |VF 13 |VF 14

Cs5 VF 15 {VF 16 |VF 17 |VF 18 | VF 19 {VF 20 |VF 21

D55 VF 22 |VF 23 |VvE 24 |VF 25 | vF 26 |vF 27 |vF 28
Channel| Al* TB 1 |TB 2|T 3{T8 4/T8 5 (T8 6 |T8 7
giifacu A2* T8 8 |TB 9 |TB 10 |T8 11 {TB 12 |TB 15 |TB 14
Temp. | B* T8 15 |TB 16 |TB 17 |TB 18 | 1B 19 |{TB 20 |TB 21

c* TB 22 |TB 23 |TB 24 iTB 25 | TB 26 |TB 27 |T® 28

D* TB 29 [TB 30 |TB 31 |TB 32 | TB 33 |TB 34 ITB 35
Liquid | Al* 13 1B 2 (1B 3|1B 4(LB 5 |LB 6 (LB 7
;ﬁvi;e A2+ LB 8 |L3 9 |CB 10 |LB 11 |LB 12 |LB 13 |LB 14
Channel| 3+ LB 15 (L3 16 |LB 17 |LB 18 | LB 19 |L3 20 |LB 21
Box Cc L8 22 |LB 23 |LB 24 |LB 25 |18 26 |LB 27 |Lp 28

D* LB 29 |LB 30 |LB 31 |L3 32 | LB 33 |LB 34 |LB 35
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Appendix Il Dsta Processing and Experiment Data for RUN 942

In the Appendix Il, the experiment data of RUN 992 are presented with
their data processing methods. The data acquisition frsquency was 5 Hz.
The test data were processed and reduced to 1000 data points in each data
channel for computer plotting. The test data of RUN 992 are shown in
Figs.A.1 through A.147. In these figures, the measured guantity is iden—
tified by the channel number and the alphabetic charsciers (ref. Table

A1)

Figure A.l shows the representative pressure data in the pressure ves—
sel (PV). Figures A.2 through A.29 show differential pressure data
between various positions in the pressure vessel and the recirculation
lacps. Figures A.30 and A.3! show the liguid levels in the ECCS tank and
downcomer. Figures A.32 through A.38 show the flow rates for MSL stesam
flow, ECC water, feedwater, jet pumps discharge flows and main recircula-
tion pump {(MRP) discharge f{lows.

Figure A.39 shows the glectric powers supplied te the heater rod bundle
A and other three bundles (B,C and D) with the maximum capacities of 2100
and 3150 kW, respectively. The pump speed of the recirculaticn pump
(MRP2) is shoewn in Fig.A.40. The trip signals such as the break initia-—
tien signal and the ECCS actuation signals are shown in Figs.A.41 through
A.43.

Figs.A.44 and A .45 show the fluid densities measured by the gamma
densitometer at the break B. The fluid density data are corrected at two
known points, one is the initial condition and another is a steam-phase
condition. Figures A.46 and A.47 show momentum fluxes measured by
drag-disks at the outlst of jetpumps. The drag—disk data are corrected at
two known points, one is the initial condition, in which the volumetric
flew rate for the initial water flow is known, and another one is the
final test ceondition, in which the recirculation flow was terminated by
closing the @SV after the end of test period. Figure A.48 shows momentum
flux at the break B, which was corrected similarly at the two points. One
is the initial condition, in which no break flow exists. Another is a

steam flow condition, which is determined by the orifice flow data and the
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fluid density data for a single-phase steam flow just before the ADS actu—
ation at 594 s.

Figures A.49 through A.58 show the fluid temperatures at various posi—
tions in the system.. Vessel and pipe wall temperatures are measured and
compared with each corresponding fluid temperature as shown in Figs.A.39
through A.64. As the data processing was inadequate for the metal temper-
atures of TE 240 through TE 247, correction should be necessary by using a
following relation, as

T, = 0.51545 X T + 127.2 (A.1)
where T, and T are correct temperature and data value includsd in the data
file, respectively. In Figs.A.58% through A.64, this correction was com-—
pleted for each metal temperature.

The heater rod cladding temperature and the surface temperatures of
the water rods and the channel boxes are measured at positions 1 through 7
as given in Figs.A.85 through A.81. Figures A.82 through A.105 show the
heater rod clddding temperatures in a different manner. Figurss A.106
through A.119 show the fluid temperatures at the ocutiet of the channel
boxes. The liguid level signals in the core., the upper and lower plena,

the guide tube and the downcomer are shown in Figs.A.120 through A.131.

Quantities reduced from these test data are shown in Figs.A.132
through A.147. [igure A.132 shows the average [luid density calculated
frem the data shown in Figs.A.44 and A.45. The average density is calcu—

lated as an arithmetic mean of the densities in multi—directions with the

welght of each cord length.
For the two—beam densitometer at the break spool piece,

Pey = 0.5863p, + 0.413705 (A.2}

where,

Poy: average density obtained from the two-beam gamma densitometer,
pa @ density measured by beam A (bottom},

pa ¢ density measured by beam B (top).

Figure A.133 shows steam break flow rate calculated by using the
momentum f{lux data (see Fig.A.48) of the low-range drag-disk flow meter
and the average steam density (see Fig.A.132).

Figures A.134 through A.13¢% show the fluid flow rates at the main
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steam line, channel inlet orifices and the bypass hole. The fluid flow
rates are calculated from the test data which are the pressure drop scross
the orifices or venturi flow meters and the liquid density obiained from
the temperature and the pressure cendition. The equaticn used for the cal-

culation is as follows

G =Cp-A J2g o8, 4P (A.3)
where,
G : flow rate,
4P @ pressure drop across the orifice,
Cp : discharge coefficient,
= 0.658582 ( the orifice to measure the steam discharge {low
rate }
= 0.4761 { the channel inlet crifice )
= (0.8032 ( the bypass hole )
A . flow area ( m® )
= 2.875 X 107® ( the orifice to measure the steam discharge f{low

rate )

1.521 X 107* { the channel inlet orifice )
1.758 x 107" ( the bypass hole )

g : gravitational acceleration { = 9.807 m/s’ )

#; : density of the single—phase liquid ( kg/m® 3,

This calculation method is not applicable for two-phase [low condition
after the LPF initiation at the channe! inlet orifice and the bypass hole.
Those calculated values show only a trend in the two-phase {low condition.
Total channel inlet flow rate presents the sum of four channel inlet flow
rates and a bypass hole flow rate as shown in Fig.A.140. Shown in Figs.
A.141 and 142 are the calculated jetpump outlet flow rates, which are
derived from the corresponding differential pressure data in & similar

way .

Figures A.143 and A.144 show the collapsed water levels in the down-—
comer and inside the core-shroud, respectively. Each level is obtained
from the corresponding dif{ferential pressure. The differential pressure
includes an effect aof flow resistance, which becomes negligible after

slowdown of the recirculetion pump speed, lower plenum flashing and ADS

actuation.
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Figure A.145 shows the fluid mass inventory in downcomer. The fluid
mass inventory is determined from the density and configurational data

cutside the core shroud,

M= p ¢ (A.4)
where,
M ¢ fluid inventory,
p; o ligquid density estimated from the satulation temperature and/or
pressure,
¢ : liguid volume calculated from the ligquid level.

The volume § { m® ) inside the shroud is also given as & function of

collapsed water level in dewncomer (L),

g = 0.0 ( L = 0.4%4 )
@ = 0.0228L — 0.0111 { 0.494 = L = 1.384 )
& = 0.0697L — 0.076% { 1.384 <= L = 1.518% )
& = 0.0228L — 0.0048 ( 1.519 = L = 3.355 )
& = 0.0801L — (.1880 ( 3.365 = L = 4.280 )
& = 0.2443L — (0.8859 ( 4.260 = L = 4.413 ) (A.3)
& = 0.2611L — 0.970¢0 { 4.413 < L = 4.378 )
& = 0.2504L — 0.8211 { 4.678 <« L = 4.654 )
¢ = 0.2375L — (.8610 { 4.6564 < L 5 4.815 )
& = 0.2866L — 1.0874 ( 4.815 < L = 4.5158 )
@ = 0.2396L — 1.3580 { 4.915 = L = §5.143 )}
& = 0.3607L — 1.4685 { 5.143 = L = 5.365 )
& = 0.3848L —~ 1.596¢C { 5.365 = L = 5.99¢& )
Q = 0.7111 { 5.995 < L )

Figure A.l146 shows the fluid mass inventory inside the cecre—shroud.
The fluid mass inventory is determined from the density and configura-

tional data inside the core-shroud,

M= o1& (A.B)
where,
M . fluid inventory,
2, : ligquid density estimated from the saturation temperature and/or

— 100 —
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& liguid volume calculated from the liquid level.
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The volume @ ( m® ) inside the shroud is also given as & function of

collapsed water level
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inventory in PV, which is a sum of

fiuid mass in the downcomer (see Fig.A.145) and inside the core-shroud

{see Fig.A.146).
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Pressure in PV (pressure vessel)

Differential

pressure between lower plenum (LFP)

and upper plenum (UP)

Differential-

pressure between UP and steam deme

DC (downcomer) head

Differential
Differential
suction

Differential
Differential
suctiaon

Differential
Differential
Differential
MRP1 suction
Differential
JP-1,2 drive

Differential

pressure between PV bottom and top

pressure bstween JP-1,2 discherge and

pressure bhetween JP-1,2 drive and suction

pressure between JP-3,4 discharge and
pressure between JP-3,4 drive and suction
préssure beetween MRP delivery and suction
pressure between DC bottom and

pressure between MRP1 delivery and

pressure between DC middle and

JP-1,2 suction

Differential
Differential
Differential
drive

Differential

pressure between JP-1,2 discharge and LP
pressure between DU bottom and break B

pressure between MRPZ dilivery and JP-3,4

pressure between DC middle and

JP-3.,4 suction

Differential
confluence
Differential
loop and LP
Differential
Differential
Differential

Differential

pressures between JP-3,4 discharge and
pressure between confluence in broken
pressure between LP and DC middle
pressure between DC and LP bottom

pressure between DC bottom and DC middle

pressure between DC middle and steam dome
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Fig. A.24 Differential pressure between LP bottom and LP middle
Fig. A.25 Differential pressure across channel inlet crifice A
‘Fig. A.26 Differential pressure scross channel inlet orifice B
Fig. A.27 Differential pressure across channel inlet orifice C
Fig. A.28 Differential pressure across channel inlet orifice D
Fig. A.29 Differential pressure across bypass hole

Fig. A.30 Liguid level in ECCS tank

Fig. A.31 Liquid level in downcomer

Fig. A.32 Mass flow rate in MSL

Fig. A.33 ECC injection flow rate

Fig. A .34 Fesdwater {low rate

Fig. A.35 JP-1,2 discharge flow rate

Fig. A.36 JP-3,4 discharge flow rate {normal)

Fig. A.37 JP-3,4 discharge flow rate {reverse)

"Fig. A.38 MRP discharge flow rate

Fig. A.39 Electric core power

Fig. A. 410 MRP pump speed

Fig. A.41 Valve operation signal

Fig. A.42 ECCS operation signal

Fig. A.43 MRP operation signal

Fig. A.44 Fluid density in MSL down the break crifice, Beam A
Fig. A.45 Fluid density in MSL down the break orifice, Beam B
Fig. A.48 Momentum flux at JP-1,2 outlet spool

Fig. A.47 Mementum flux at JP-3,4 cutlet spool

ig. A.48 Momentum flux at break B (low range)

Fig. A.49 Fluid temperature in lower plenum and upper plenum
Fig. A.50 Fluid temperature in steam dome and MSL

Fig. A.51 Fluid temperature in downcomer

Fig. A.b2 Fluid temperature in intact recirculation loop

Fig. A.33 Fluid tempserature in broken recirculation loop

Fig. A.54 Fluid temperature at JP-1,2 ocutlet

Fig. A.35 Fluid temperature at JP-3,4 outlet

Fig. A.56 Fluid temperature near brezk B

Fig. A.87 Fluid temperature in MSL
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Fig. A.58 Feedwater temperature

Fig. A.38 Metal temperatures of filler block C, Pos.3 and §
cecmpared with DC fluid temperature

Fig. A.60 Metal temperatures at inner and outer surfaces cof middle
DC PV-wall compared with DC fluid tempersature

Fig. A.61 Metal temperatures at inner and ocuter surfaces of lower
DC PV-wall compared with DC fluid temperature

Fig. A.62 Metal temperatures at inner and outer surfaces of DC
bottom PV-wsall compared with DC fluid temperature

Fig. A.53 Metal temperatures at inner and outer surfaces of LP
PV-well compared with LF fluid temperature

Fig. A.64 Metal temperatures at outer surface of recirculation loop

and JP pipe wall compared with JP fluid temperature

Fig. A.60 Surface temperature of fusl rod All

Fig. A.68 Surface temperature of fuel rod Al2

Fig. A.67 Surface temperature of fuel rod Al3

Fig. A.68 Surface temperature of fuel rod AZ22

Fig. A.89 Surface tempsrature of fuel rod A332

Fig. A.70 Surface temperature of fuel rod A7T7

Fig. A.71 Surface temperature of fuel rod A87

Fig. A.72 Surface tempersture of fuel rod A88

Fi ALT3 Surface temperature of fuel rod B22

Fig. A.74 Surface temperature of fuel rod C1l1

Fig. A.75 Surface temperature of fuel rod C22

Fig. A.76 Surface temperature of fuel rod C33

Fig. A.77 Surface temperature of fuel rod C77

Fig. A.78 Surface temperature of fuel rod DZZ

Fig. A.78 Surface temperature of water rod simulator A45
Fig. A.80 Surface temperature of water rod simulator C45
Fig. A.81 Outer surface temperature of channel box A
Fig. A.82 Surface temperatures of fuel rods

Al7, A31, AB8, AT1, AB8Z at position 4
Fig. A.83 Surface temperatures of fuel rods
A28, AST, AT3, AB4 at position 4
Fig. A.84 Surface temperatures of fuel rods

B13, DI1, D13, D86 at position 4
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Surface temperatures of fuel rods
All, Al2, Al13, AB87, A88 at position
Surface temperatures of fusl rods
All, Al2, A13, A87, A88 at position
Surface temperatures c¢f fuel rods
All, Al2, Al3, AB87, A88 at position
Surface temperatures of fuel rods
All, AlZ, AI3, A87. A88 at position
Surface temperatures of fuel rods
All, Al2, Al13, AB7, A88 at position
Surface temperatures of fuel rods
All, AlZ, Al3, A87, AB88 at position
Surface temperatures of fue! rods
All, AlZ, A13, A87, A88 at position
Surface temperatures of fuel rods
A2Z, B22, C2%, D22 at position 1
Surface temperatures of fuel rods
AZZ, B22, C22, D22 &t position 2
Surface temperatures of fusl rods
A22, B22, €22, D22 at position 3
Surface temperatures cf fuel rods
A2z, B2z, €22, D22 at position 4
Surface temperatures of fuel rods
A22, B22, C22, D22 at position 5
Surface temperatures of fuel rods
A22, B22, C22, D22 at position 8
Surface temperatures of fue! rods
AZZ, B22, C22, D22 at position 7
Surface temperatures of fuel reds
ATT, B77, C?7 at positien !

Surface temperatures of fuel rods
ATT, B77, C77 at position 2

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

Surface temperatures of fuel rods
A77, B77, C77 at position 4

Surface temperatures of fue! rods

AT77, B?77, C77 at position 5
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Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

O

h=

e

e 4

L A A

>

e

.104

.105

.106
L1067
.108
.109

110

2112
113
.114

L1135

.116
117
.118
119

.126
121
.122
123
.124
.125
.126
L1127
.128
.129
.130
2131

.132

JAERI-M 89-034

Surface

ATT,

temperatures of fuel rods

B77, C77 at positicn B

Surface temperatures of fuel rods

B77, C77 at position 7

Fluid
Fluid
Fluid
Fluid

temperatures
temperatures
temperatures
temperatures
10

openings 1, 4,

Fluid temperatures
openings 1, 4, 10

Fluid temperatures
Fluid temperatures
Fluid temperatures
Fluid temperatures
cpenings 1, 4, 10

Fluid temperatures

openings 1, 4, 10

st channe! inlet

at channel A ocutlet
at channel C outlet
above UTP
below UTP of channe
at UTP in
at UTP in
at UTP in
above UTP

below UTP of channe

channel! A,
channel A,
channel A,

of channel

of channel A,

1 A,

opening 1
opening 4
cpening 10

C,

1 C,

Fluid temperatures at UTP in channel C, opening 1
Fluid temperatures at UTP in channel €, cpening 4
Fluid temperatures at UTP in channel C, copening 10
Fluid temperature in lower plenum

Liguid level signals in channel box A, location A2
Liquid level signals in channel box B

Liguid level signals in channel box C

TLiiquid level signals in channel A outlet, leccation A2
Liquid level signals in channel A outlet, center
Liquid level signals in channeil C outlet, location CI
Liquid leve!l signals in channel C outlet, center
Liguid level signals in channel A inlet

Liguid level signals in channel C inlet

Liguid level signals in lower plenum, north

Liquid level signals in guide tube, north

Liquid level signals in downcomer, IJ side

Average density at PV side of break
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Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

TS S R S S

. 133

.134
.135
.1386
137
.138
L1398
.140
.141
.142
143
144
148
. 146
147

JAERI-M 8¢-034

Flow rate at PV side of hreak

(based on low range drag disk data}

Steam discharge flow rate fhrough'MSL

Fiow rate at channel A inlet

Flow rate at channel B inlet

Flow rate at channel C inlet

Flow rate at channel D inlet

Flow rate at bypass hole

Total channel inlet flow rate

Flow rate at JP-1,2 outlet

Flew rate at JP-3.4 ocutlet

Collapsed liguid level in downcemer

Collapsed liquid level inside core—shroud
luid inventory in downcomer

Fluid inventory inside core shroud

Tatal fluid inventory in pressure vesecel
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Appendix [I! Maximum Cladding Temperature Distribution of RUN §92

Meximum surface temperature at each thermo-couple is searched during
a time period after the break and data plotting time, and is recorded with

its observation time as shown in Table A.5.

Table A.5 Maximum temperature distribution for RUN 952
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Table A. D

A-11 rod
FCT (K>
Time (s}

A-12 rod
PCT (KD
Time (s)

A-13 rod
PCT {K>
Time (s}

A~14 rod
PCT (XD
Time (s)

A-15 rod
PCT (K}
Time {3}

A-17 rod
PCT (K>
Time (s}

A-22 rod
PCT (K3
Time (s)

A-24 rod
PCT (K2
Time (s}

A~26 rod
PCT (K3
Time {2)

A-28 rod
PCT (K>
Time (s3]

A-31 rod
PCT (K3
Time (s5)

A-33 rod
PCT (K2

Time (s)

A-34 rod
PCT (K>
Time (s

A-37 rod
PCT (K3
Time (s)

A-42 rod
PCT (K3
Time (53}

A-44 rod
PLT (K)
Time (s)

Maximum temperature distributicn

TE 234
619.9
Y-

Pos.3
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for RUN 992

Pos.5

Fos.é

FPaos.7
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Table A.S Maximum temperature distribution for RUN 992 (Cont’'d)

Pos_1 Pos.? Pos .3 Pos.& Pos.5 Pos.5b Pos .7
A-4B rod TE 278 TE 279
PCT (K) = e
Time (5  ---=?"-  =—=—=-
A-51 rad TE 280 TE 281
PCT (K)  =meme=  mmeeas
Time {5}  ~==c==ee  me=——-
A-53% rod TE 282 TE 283
PCT (K)  =rmem=e mmmmme
Time (s)  ~=-eoer . meee—-
A-57 rod TE 284 TE 285
PCT (K>  =—===—- 574.9
Time (8  ————-- 736.8
A-~62 rod TE 286 TE 287
FCT (K)  ~—=—ee e emeee—
Time (8  -—=-=7>— =eee--
A-66 rod TE 288 TE 289
PCT (KY = === mmme
Time (s5)  =—=====-  =m===—=
A-68 rod TE 290 TE 291
PCT  (K)  —mm—me 581.6
Time (s5)  —=—==- 738.0
A-71 rod TE 292 TE 293
PCT (K}  mmwee- 598.0
Time {5} = —===—= 738.0
Pos.1 Pes.2 Pos.3 Pos.4 Pes.5 Pos.é Pos.7
A-73 rod TE 294 TE 295
PCT (K}  —===—- 582.6
Time (8)  =oce—- 73&.8
A-75 rod TE 294 TE 297
PCT (K)  ~=mee e emmm———
Time (5) @ ==cecw=. e
A~77 rod TE 298 TE 299 TE 300 TE 301 TE 302 TE 303 TE 304
PCT (K2 589.3 606.6 620.9 567.2 566.5 566.0 W ~mwee-
Time (s 592.8 Thé, b 742.8 736.8 0.0 0.0  ====--
A-82 rod TE 305 TE 304
PCT (K) === ==
Time (8)  w=—wwwe.  mmm———
A-B4 rod TE 307 TE 308
PCT (KD 598.0 590.3
Tinme (s) 738.0 73¢6.8
A-85 rod TE 309 TE 310 TE 311 TE 312 TE 313 TE 31t4 TE 315
PCT  (K)  —m——mm mmmmem mmmmme emmmen mme ememmn e
Time (8)  ----—-=  ———==-= —e————-  emu-cu-  —-ec-—e comaas ————a-
A-87 reod TE 316 TE 317 TE 318 TE 319 TE 320 TE 321 TE 322
FCT (KD 592.2 610.4 632.4 584.5 569.1 567.8 566.8
Time (s) 594.0 745.2 740.4 738.0 0.0 0.0 0.0
A-88 rod TE 323 TE 324 TE 325 TE 326 TE 327 TE 328 TE 329
PCT (K3 592.2 611.4 634.3 588.4 56%.0 567.2 567.3
Time (32 594 .0 7460 744 .0 736.8 0.0 0.0 0.0
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Table A.3 Maximum temperature distribution for RUN 999 (Cont'd)

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

B-11 rogd TE 330 TE 331 TE 332 TE 333 TE 334 TE 335 TE 236
PCT (KD 593.2 596.1 606,46 566.3 567.2 S67.2  —==—--
Time (s) 735.6 595.2 745.2 0.0 0.0 .0 —--——
B-13 red TE 337
PCT  (X) 567 .4
Time (s5) 0.0
B-22 red TE 338 TE 339 TE 340 TE 341 TE 342 TE 343 TE 344
PCT (XD 586.4 588.4 598.0 568.3 568.4 567.1 570.7
Time (s) 72%9.6 594.0 746 .4 0.0 0.0 0.0 0.0
B-31 rod TE 345
pCT k> e
Time (s>
B-33 rod TE 346
T S e,

Time (s>

B-51 rod ' TE 347
RPCT oK
Time Cs3

B-53 rod TE 348
PCT k> e
Time ¢y ______

B-66 rod TE 349
PCT k> L
Time ¢s) ______

Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Fos.é& Pos.7

B-77 rod TE 350 TE 351 TE 352 TE 353 TE 354 TE 355 TE 2584
PCT (K §91.3 59B.9 403.7 567.2 5467 .6 567.9 S66.2
Time (s} 732.0 595.2 745.2 c.0 0.0 0.0 0.0

B~8& rod TE 357
pCT ok .

Time (s L.

C-11 rod TE 358 TE 35% TE 360 TE 361 TE 382 TE 363 TE 264
PCT  (K)» 572.5 588.4 601.8 565.8 S363.2 569.0 561.5
Time (s 0.0 745.2 741.6 0.0 0.0 0.0 0.0

C~13 rod TE 365 TE 366 TE 367 TE 348 TE 369 TE 370 TE 371
PCT (K} 562.3% 581.6 598.0 567 .4 568.1 568.1 565.3
Time {(s) 0.0 747 .6 742.8 0.0 C.0 0.0 0.0

C-15 red TE 372
PCT 4. e,

Time ¢s> L ___

£-22 rod TE 373 TE 374 TE 375 TE 376 TE 377 TE 378 TE 279
PCT (K> 566.2 584 .5 5¢3.2 347 .2 5368 & 5368 .4 563.3
Time (33} 738.0 TLb .4 7L2.8 0.0 0.0 0.0 0.0

{-31 rod TE 380
PCT k>
Time ¢« ______

{-33 rod TE 381 TE 382 TE 383 TE 384 TE 385 TE 38s& TE 3287
PCT (K 563.7 566.8 569.1 5646.5 566.2 564.5 561.2
Time (s) 0.0 0.0 742.8 a.0 0.0 0.0 ] 0.0
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Table A.5 Maximum temperature distribution for RUN 992 (Cont'd)

Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.& Pos .7
C-35 rod TE 388
PcT (K o emmmaa
Time (s === ———
C-66 rod TE 389
PCT (K  emeee- -
Time (s>  =————
{-68 rod TE 390
PCT (XK  me=-e-
Time (s m—e—ee—-
=77 rog TE 391 TE 392 TE 393 TE 394 TE 295 TE 396 TE 397
PCT (KD 581.46 392.2 597.90 567.2 567.5 565.4 563.8
Time (s} 735.6 5¢2.8 745.2 0.0 0.0 C.0 0.0
b-11 rod TE 398
PCT (X) 568.1
Time (52 7368
D-13% rod TE 399
PCT (KD 568.9
Time (s 0.0
D-22 rod TE 400 TE 401 TE 402 TE 403 TE 404 TE 405 TE &Q8
PCT (K2 572.0 588.4 598.0 568.9 567.7 S68.1 56646.3
Time (52 745.2 TL5.2 747 .4 6.0 0.0 0.0_ c.0
D-31 red TE 407
pcT XKoo mmmme
Time (s  mm=—==
Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.6 Pos.7
D-33 rod TE 408
PLT ok o =
" Time (s  mmme—-
D-51 red TE 409
PCT (x> s
Time ¢s>  eeme———
D-53 rod TE 410
PCT ey e
Time (s =meeae
D-46 red TE 411
PCT (k> ===
Time (s S e
D-77 rod TE 412
PCT (XY e
Time (s) S
D-84& rod .. TE 413
PLT (k> 547.8
Time (s 0.0
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