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Double failures on the emergency-core-cooling systems (ECCSs) can
be resulted in a case of loss-of-coolant accident {(LOCA) of a boiling
water reactor (BWR) by assuming an ECCS line break and the single failure
criterion on another ECCS.

In the Rig-cf-Safety Assessment (ROSA)-III program, twe BWR LOCA
simulation tests with intermediate break areas were performed to experi-
mentally study influences of the ECCS double failures on core cooling
phenomena. As there was no break unit in the ROSA-ITII ECCS lines, two
break locations were selected above and below the ECCS line elevation.
Namely, one is a main steam line (MSL) break test of RUN 992 which was
previously reported. Another one is a single-ended jet pump drive line
(JPDL) break test of RUN 991, And this break location effect on the
system responses was briefly studied in a report of JAERI 1307.

This report presents precise experiment results of RUN 991 with
respect to the core cooling phenomena related to transient system mass
and also presents additional findings on the influences of ECCS double

failures in some intermediate break LOCA tests including above two tests.

Keywords: BWR, LOCA, Intermediate Break, ECCS Double Failures

ROSA-III, Experiment, Core Cooling, Break Location
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i. Intropduction

The rig-of-safety assessmont (ROSA)-III progranﬂi)_ﬁ3) was initiated
in 1976 to study the thermal—hydraulic behavior of a boiling water reactor
(BWHR)(d) during a postulated loss—of-coolant accident (LOCA) with actua-
tion ol emergency core cooling system (ECCS), and to provide the date base
to evaluate the predictability of computer codes developed for reactor
safety analysis. To meet these objectives various kinds of ROSA-III tests
were performed during five years until March, 1983 and most of the results
have been already studied and published.(5)_(58) The ROSA-III test faci—
lity simulates a 1/424 volumetrically scaled primary system of a 3800 MW
BWR/6(251-848) with an elactrical ly-heated core, break simulaters, steam
and [eedwater systems, instrumentations including water level trip logics
and the ECCSs.

One of the test parameters is variation of primary system break loca-
tions. Three typical break locations were available in the ROSA-111 faci-
lity, i.e., the suction and discharge lines of the main recirculation pump
(MRP) and the main steam line (MSL). In addition to these, investipated
at the last phase of ROSA-III program were ECCS line break tests, which
might result in severer core heat—up than the previous test results because
ECCS double failures were accounted according to the single failure crite-
rion on the cther ECCS.

As there was no break simulator in the ROSA-I111 ECCS lines, two break
locations (see Fig.1.1) were selected above and below the high pressure
core spray (HPCS) line elevation. Namely one is a 10% MSL bresk test of
liUN'992(48) with failures on the HPCS, low pressure core spray (LPCS) and
iow pressure coolant injection (LPCI) (available ECCS was two LPCI syst-—
ems). Ancther one is s singlo—ended break test of RUN 991 at the jet
pump drive line (JPDL) assuming Lhe same ECCS failure as RUN 992. As
the fluid discharge from the pressure vessel was limitted at the jet pump
drive nozzles (JPDNs) in the broken recirculalion loop, &an effective break
aron of RUN 991 was 21% of the scaled MRP suction line flow area. 'Thus
the break elevation of RUN 9391 was at the jet pump (JP) suction line
level. 'Thesc break areas are comparable to the scaled HPCS line flew area
(approximately 13% of the MRP suction line area). The break location
effects on the intermediate break LOCA.phenonwnﬁ were previously studied

in the summary report(ST) and were also analyzed(59) by using the
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RELAP5/MOD1(CY1) code.

Principal objectives of this report are to present {A) precise expe—
riment results of RUN 991 including transient system responses of pres—
sure, mass inventory and core cooling behaviors (Chapter 5), and (B3) adi-
tional findings on the influences of ECCS double failures and break loca-
tion on the peak cladding temperature {PCT) in the intermediate break LOCA
tests (Chapter 8). A core spray line break (CSLB) LOCA test(60),(61) g4y
the Two Bundle Loop (TBL)Y is refered in Chapter 6 to discuss influences of
the ECCS double failures.
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2. ROSA-1II Test Facility

The ROSA-II] test facility(a) is o volumetrically scrled (1/424) BWR
system wilh an electrically-heated core designed to study: the response of
the primary system, thE; core and the ECCS during the postulated LOCA. The
test facility is instrumented such that various thermal-hydraulic parame-
ters during the test car be investigated.

The test facility consists of four subsystems ; (&) the pressure vessel
(PV), (b) the steam line and the feedwater line, (c) the recirculation
toops and (d) the ECCSs. TFigures 2.1, 2.2 and 2.3 illustrate configuration
of the test lacility, the PV internals and the piping schematics, respec—
tively. Table 2.1 compares the major dimensions ol the ROSA-TIIL test
facility to the corresponding dimensicns of the reference BWR system.

The ROSA~1II PV includes various components simulating the internal
structures ol the reactor pressure vessel {(RPV) in the BWR system as
shown in Fig.2.4. lInterior ol the vessel is divided into the core, coere
bypass, lower plenum, guide tube simulator, upper plenum, downcoemer
annulus, steam separator, steam dome and the steam dryer simulator.

The core consists of four simulated fuel assemblies of hall length and
e control rod simulator. Fach fuel assembly contains 62 heater rods
(Fig.2.5) and 2 water rods spaced in a 8 x 8 square array and supportted by
spacers and tie plates. The heater rod is heated electricaltly with chopped
cosine power distribution along the axis as shewn in Fig.2.6. The el lTec—
tive heated length is 1.88 m, = half of the aclive length of a BWR fuel
rod. A high electric power was supplied to the heater rod bundle "A” with
radial peaking 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 clectric powsr is limitied below 4.24 MW, The heater rods in each
bundle are divided into three groups with respect to heat generation 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
al each core inlet to control the core inlet flow.

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

steady state before the test initimtion and to maintain the pressure above
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6.7 MPa after the break time as a pressure contrel system (PCS). The
second branch has an air valve (AVI169) and an orifice to simulate the
automatic depressurization system (ADS). The MSIV closure is simulated
by quickly closing the control valve (CV-130) in the third_lihe. (These
valve characteristics and trip conditions are shown in chepter 4.) The
feedwater is supplied from the feedwater tank (FWT) through the [eedwater
line (Fig.2.8) and the feedwater sparger (Fig.2.9) below the steam
separator.

FFigure 2.10 shows the piping layout of the broken recirculation loop,
which has two jet pumps (JP3, JP4) and a main recirculation pump (MRP2).
The break units for RUN 99! are installed at the MRP2 discharge line.
Although = 100% break nozzle (26.2 mm 1.1.) is installed in the break unit
A, the primary fluid discharge [rom the vessel is limitted at Lhe nar-
rower flow area st the JP drive nozzles (two nozzles of 8.4 mm 1.D. for
eazch one).

The ROSA-IIT test facility is [urnished with all kinde of the HECCS's
available in the BWR system, i.e., the high pressure core spray (IIPCS),
low pressure core spray (LPCS), low pressure coolant injection (LPCI), and
ADS. The HPCS and LPCS spray cooling water onto the core (however, these
are not used in RUN 991). The LPCI injects cooling water into Lhe core
bypass. Fach ECCS consists of a pump, a tank, pipings, and a control
system. The water leve! in the upper downcomer, which is measured by a
differential pressure transducer between DL 3.9¢ m (above the I’V bottom)
and L 6.04 m, is used for the actualicn trips (see Chapter 4) of MSIV and
LECCSs.
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3. Instrumentation

Instrumentation of the ROSA-I11 system is designed to bbtain thermal-
hydraulic data during a simulated BWR LOCA. Teble 3.1 summerizes the
instrumentations for No.4 assembly. Ho.wover, almost a half of the 698
instrumentation channels were not used nor measured in RUN 991 as shown
in Teble A.1 in Appendix I. The meassurement list and the core instrumen—
tation list are presented in Appendix I. Instrumentaticn locations are
shown in Fig.3.1 threough Fig.3.10. Typical measured parameters in the
ROSA-111 are pressure, differential pressure, [low rate, electric power,
pump speed, lluid and metal temperatures, collapsed liquid level, two-
phase mixturc level, fluid densily, trip signals and soc on.

Presgure 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 pols, or dual concentric cylinders ca—
pable of Lhe circulation of cocling water to prevent flashing of the fluid.

The flow rate is measured by four types of instrumentations, i.e.,
turbine flow meter, orifice type [tow meter, Venturi type [low meter and
momentum [ lux measurement equipment depending on .the {luid condition and
measuring location. The turbine flow meter is used for subcooled water
[low such as TCCS injection flow and [eedwater flow. The oriflice type
[low moter is used for both [lows, one is steam line flow including ADS
[low and mnother cne is jet pump discharge [low in the blowdown loop. The
Venturi flow meters are used for recirculation [lows in both Ibops and jet
pump discharge flow in the intact loop.

The temperatures ol the fluid, structural material and heater rod
cladding are measured 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 ms shown in Fig.2.5. There are
seven (maximum) thermocouples {or one heater rod along the axial direc—
tion.

Ligquid levels arc measured by either differential pressure transducers,
described above or needle type electric cenductivity probes (CP) developed
in the ROSA-111 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 cantrolled to follow
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the predetermined power curve with function of time and measured by a
fast response electric power meters. The pump speed is measured by a
pulse generator integral of the pump. Trip signals such as selected valve
positions and pump coastdown initiations and so on, are depec‘ted 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 [low regime. Figures 3.7 and 3.8
show the beam directions of the three—beam and two-beam gamma densitome—
ters, respectively. The gamma-ray source is 137Cs and the detector is a
water cooled Nel(T1) scintillation counter. The momentum flux is measu-
red by a drag disk as shown in Fig.3.9. The combination of signals [rom a
drag disk and & gamma densitometer is used to determine the two-phase
[low rate as shown in Fig.3.10.

The data acquisition system ( DATAC 20008, Twasaki Tsushinki Co. )
scans all of signals with the frequency up to 30 Hz. The data recorded eon
magnetic tape were processed by the FACOM M200 system computer at JAERI
by off-line control. After evalustion, for example by comparing the ini-
tial and [inal pressure values with standard values [or the density and
momentum [lux data, the date were reprocessed using the correct conversion
factors as determined from the consistency examination. Reduction of
mass balance and mass distribution in the system is shown in Chapter &.
More detailed information on the data processing preocedure is available in

reference {(H2}.
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4. Tesi Conditions and Procedure for RUN 991

The test RUN $91 is a single—ended jet pump drive li_ne‘(JPDL) break
LOCA test with double failure assumption on HPCS and LPCS diesel genera—
tors. The test conditions are shown in Table 4.1. The measured initial
test conditions are; steam dome pressure of 7.36 MPa, total core power of
3.96 MW (44% of 1/424 scaled BWR rated power), core inlet mass flow of
i6.1 kg/s. core inlet subcooling of '10.5 K, main steam {low of 2.07 kg/s,
feedwater [low rate of 2.04 kg/s, and pressure vessel water level of 4.80
m above the PV bottom (Actual downcomer water level was obtained as 4.87
m by correcting the frictional pressure loss). The initial core inlet
flow was lowered to establish the same initial enthalpy distribution as in
the relerence BWR. The initial average [luid quality in the upper plenum
was eslblimated as 12,5%.

RUN 991 was performed by the following procedures (refl. Table 5.1).
Break was iniltiated by quickly-opening the break valves (QOBVs) at break
units A and B, and quickly closing the quick shut valve (QSV) between the
break units A and B. As a blind orifice was used at the break unit B,
fluid in PV discharged only through the break unit A being limitted at the
jet pump drive nozzles (JPDNs) of JP-3 and JP-4. Structure of the jet
p‘ump and details of the drive nozzle are shown in Figs. 4.1 and 4.2, respe—
ctively, ‘The suction part of the ROSA-1II jet pump is different [rom the
actual BWR jet pump. DBreak nozzle of 26.2 mm 1D (see Fig.4.3) was used
at the break unit A.

At the break time, the power supply to both recirculation pumps (MRP
1, MRP2) wag terminated and the pump spoed rapidly started to coast down.
The steady state core power was maintained for 7 s after the break and
then decreased along the power curve shown in Fig.4.4, which was modified
from the old power curve (reference 56) to simulate heat trensfer rate of
the average—power fuel! bundies to coolant during a hypothetical BWR/LOCA.

The steam {low to heat up the leedwater {rom the third steam line
branch was manually stopped immediately after the break by closing the
valves CV—1 and CV—2. The feedwater line was closed between 1.5 and 4 s
after the break. The MSIV Ltrip was the same as that of the BWR/6, 1.e.,
it is actuated by the low-low downcomer water levei (L1) trip with a time

deiay of 3 s by quickly closing the control valve {CV-130). The L1 level

_7*
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is 4.0 m above the core bottom in RUN 991. The pressure conirol system
(PCS) was operated between the pressure of 6.6 and 6.7 MPa by closing the
pressure control valve (CV-130).

The ADS was actuated by Ll level trip with time delay_of‘ 122 s. The
ADS crifice (19.0 mm I.D.) was used to take account of the excess steam
generation through the structural metal surfaces of the facility in the
later blowdawn phase. The LFPCI injection flow rate in RUN 9391 was ass—
umed to 2/3 of the 1/424 scaled BWR LPC] {low rate because one of the
three LPCI pumps is assumed to fail. The LPCl was actuated at 265 s after
the break (at 1.6 MPa of the system pressure}.

The test was performed cn March 14, 1983 as a test befare the last
ROSA-ITI test (RUN 992). Most of the measured instruments functioned

successlully.
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5. Test. Results of RUN 991

Presented in this chapter are typical test results of RUN 991, i.e.,
system pressure responses with timings of major events, boundary condi-
tions of fluid mess inventory, and core thermal responses related to the
fluid mass inventory. Timings of major events are listed in Table 5.1.
Typical experimentel data are shown in Figs.5.1 through 5.20 and Tables 5.2
through 5.4. All the experimental and calculated data are included in
Appendices I through 111 with their measurement list and data processing

method.

5.1 System Pressure and Major Events

Shown in Fig.5.1 are system pressure responses in the break f{low path
through the jet pump drive nozzles (JPDNs) at JP-3 and JP—4 in the broken
recirculation loop,.i.e., pressures at steam dome, JP-3 drive line,
break-A upstream side and break-A downstream side. Timings of major
svents and core dryout period of RUN 991 are alsc shown in Fig.5.1.

After the break initiation, the steam dome pressure, which was a re-
presentative of the primary system, began to decrease gradually due to the
increased steam flow through the MSL (see Fig.5.2) and water discharge
through the JPDNs in the broken loop {see Fig.5.3}. This break [low rate
was measured by the low-range drag-disk flow meter located at the downsi—
ream side of the JPDNs (upstream side of the break—-A unit). After ini—
tiation of core power decay (sece Fig.5.4) at 7 s after the break, the sys—
tem pressure decreased faster until initiation of the pressure control sys-—
tem (PCS) cperation at 15 s alter the breank. Thereafter, the system pres-—
sure was maintained above 6.6 MPa by this PCS operation. The MSIV was
tripped to close by L1 level signal (25 §) with a time delay of 3 s and
was completely closed a few seconds after this time.

The system pressure began to decrease again at 40 s after the brezk due
to an increased volumetric flow through the JPDNs because the downcomer
water lovel reached the JP suction line elevation (DL 2.814 m). This cha—
nge is shown in [luid density data at the break-A (ref. Fig.A.119) and the
break flow data (ref. Fig.5.3). The ADS actuation (147 s) resulted in

steam discharge through the MSL and caused further depressurization in the

_9_
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system. The feedwater [lashing was observed at 215 s after the break {see
Fig.5.5) and resulted in slightly slower depressurization. The LPCI injec-
Lion started‘at 265 s after the break and slightly influenced the system
pressure responses. ) )

The core dryout started at 42 é after the break at the top of average
power bundle DD and the whole core was uncovered within 80 s alter this
time. The injected LPCI water (see Fig.5.6) into the core bypass region

gradually cooled the heated core from bottom to top and completely guen-

ched the core at 462 s after the break (187 s alter the LPCI actuation).

The pressures (PA 5 and PA 12) at downstream sides of the JPDNs in
broken loop were significantly lower than the steam dome pressure (PA 3)
for all the lest period. Moreover the downstream side pressures were
independent of the steam dome pressure. These mean & critical two-phase
flow choking occurrence at the broken loop JPDNs (totnl flow area is 20.6%
of the scaled recirculation loop flow area, ref.Tigs.4.1 and 4.2). The
pressure change between PA 12 and PA 13 (across the break-A nozzle of 26.2
mm 1D, 100% area) also suggests choking occurrence at this location. How—
ever, the PV [luid discharge was controlled by the upstream side choking
at the broken loop JPDNs.

5.2 Boundary Fluid Conditions and Transient System Mass

TFirst, a transient [luid mass in the primary system is estimated by
calcufating the fluid boundary conditions of the feedwater, steam flow,
break Flow and FCC flow. Secondly, the estimated system mass is checked
by a tota! remaining fluid mass obtained by ancther method. Lastly, the

fluid mass distribution inside and cutside the core shroud is discussed.

A trangient [luid mass (M) in the primary systenﬁ was controlled by an
initial total mass (Mg), a temporarily injected feedwater mass (My),
steam mass discharged through the MSL including the ADS flow (Mg), fluid
mass discharged through the broken loop JIPPDNs (Mg) and injected ECC mass
(Mg) according to the following equation:

M = Mg, + My + M, - Mg - My, (5.1)
where M, is obtained from the previous report{48) of RUN 992 by slightly
modifying the initial downcomerr level (M, = 646 kg), and My, My, Mg and

-
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M, are obtained from each mass filow rete (ref.Figs.5.2 through 5.6}.
Table 5.2 shows the estimated remaining mass of RUN 991. The feedwater
flow income after the feedwater flashing (215 s) was ass— umed as shown
in the table. Namely a kalf of the remaining feedwater of "30 kg could
contribute to the system mass during a time period (215 -s to 340 s) of

larger depressurizing phase.

A reliability of this transient fluid mass is checked &t two points,
i.e., one is the initial phase before the break and another one is a time
peint at the lowest mass inventory after the whole core dryout and beflore
the LPPCI injection. The initial system mass was previously studied in
Relerences {13) and (48). The last time point was chosen at 220 s after
the break, at which the mixture levels were measured in the lower plenum
(DL 0.73m), guide tube (DL 0.87m) and lower downcomer (DL 1.85m) as
shown in Fig.5.7. Thermal properties at 220 s (sleam dome pressure of
2.25 MPa and saturategi temperature of 4§1.8 K) were saturated fluid densi-
ties of water and steam of 842.4 kg/m3 and 11.3 kg/ms, respectively. Dy
assuming the following, remaining {luid mass in each primary region was
caleulated by using the experiment data of differential pressures. Down-
comer water levels of ML 68 and ML 69 are shown in Fig.A.27 in Appendix
11. Average void fraction in the lower downcomer (see I'ig.5.8) increased
above 50% after the ADS actuation (147 s}.

The assumptions are:

(a) Frictional pressure loss included in the dillerentinal pressure date
across Lhe core {PD 21, see Fig.5.9) is estimated alfter the ADS actua-—
tion by assuming that steam flow through the core is proportional to
the MSL steam flow (see [Fig.5.2). By using an increased value of P
21 at the ADS actuation time (147 s), the pressure loss included in PD
91 at 290 s was estimated as 1.4 kPPa. The remaining fluid mass and
average void [raction in the lower plenum are calculated by eliminat—
ing this frictional pressure loss from PD Z1.

{(b) Void [raction in the guide tube is assumed to be the same as that of
the lower plenum.

(¢) Main recirculation loops are assumed to be covered by two—-phase mix—
ture because the downcomer mixture level existed above the recircula-
tion loop inlet nozzle elevation (DL 0.94m)7. Average void [raction in
the intact recirculation loop is represented by that of the MRFPL suc—

tion line obtained from PD 36 (see Fig.A.12), i.e., 73%. Void frac—
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tion in the broken recircuilation loop is assumed toe be the same as that
in the intact loop.

(d) Collapsed water level in the intact loop JP is obtained from the difl-
erentia! pressure data of PD 41 (see Fig.A.15) by neglecling friction—
al pressure loss in PD 41,

(e) The broken loop JPs are assumed to be covered by two—phase mixture.
As the differential pressures of PD 60 and PD 52 (see Figs.A.19 and
A.20) include frictional pressure loss caused by the uprizing (reverse)
two-phase flow, actual void fraction is higher than an estimated value
of 70%, which was calculated by assuming no pressure loss in the PD 50
data. Thus, the average void fraction in the broken loop JPs is assum-
ed to be a mean value ol 70% and 100%, i1.e., 8% £ 1&%.

(f) Accuracy of each differential pressure data is considered as £ 0.32% of
the {fuil scale range. Uncertainty ol void fractions in the guide tube,

intact loop JPs and broken recirculation leop is assumed to be *+ 20%.

Thus, the total [luid mass remaining in the primary system at 220 s
was obtained as shown in Table 5.3, i.e.,

M¥ = 171 = 26 (kg) (5.2).
This is also expressed by using the initial system mass (Mgy) as
M*/M, = 0.265 £ (¢.040 : (5.3).

The transient system mass dat 220 s in Table 5.2 (M=186 kg) is consis-
tent to this value of M* within the accuracy of * 4% of M,. Thus the
transient system mass estimated from the mags balance in Table 5.2 is
congsistent Lo the actual remaining fluid mass at two time points (1 £ 0
and t = 220 s). The largesl uncertainty factor of the mass balance is that
of the drag—disk [low rate. Ilowever, this consistency suggests that the
uncertainty of the discharged {luid mass (Mg) derived from the low-range
drag-disk [low data is very smalil and is comparable to those of the other
terms in Lguatien (5.1) at any time during the test period. Thereclore
this consistency also suggests that the transient system mass (M) can be
accurate at other time points during the test period of RUN 991.

On the other hand, the discharged mass measured by the high-range drag
digk {low meoter (see FFig.A.121) was largely different from the low-range
data as shown in Fig.5.10. The high-range mass data was approximately 20
to 30% higher than the low-range mass data. Thus, the high-range mass

drta could not be used for the transient system mass calculation in RUN

981.
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Fluid mass distribution inside and outside the core shroud is shown
below. Shown in Fig.5.11 are the collapsed water levels in downcomer and
inside the core shroud. This downcomer water level (LM 727) is & sum of
the upper and lower downcomer levels of LM 68 and LM 69 in Fig.A.27. The
collapsed water level inside the core shroud (LM 728) was obtained from
the differential pressur:e between the top and bottom of PV (PD 25 shown in
Fig.A.68). The rapid decreass of LM 727 just after the break initiation
does not mean the level-decrease but a rapid decrease of the pressure loss
due to the core flow coast—down after the break.

It is shown that the collapsed shroud level was maintained above the
top ol core during the first 40 s while the downcomer level linearly dec—
reased to the JP suction elevation (DL 2.81m). Thereafter the shroud level
began to decrease faster than the downcomer level. As shown in Fig.b.7,
the downcomer mixture level was maintained at the JP suction level [or a
long time until the ADS actuation. Thus the mass distribution in PV was
changed alter the dowqcomer level reached the JI* suction elevation (JP suc-
tion uncovery). After this JP suction uncovery, f[luid mass discharged
mainly from the core shroud through the broken locp JPs and the downcomer
water level was maintained higher than the shroud water level. Fluid mass
remaining in the downcomer, inside the core shroud and in both of JPs and
recirculation loops were 120 kg (70%), 18 kg (11%) and 33 kg (29%) at 220 s
alter the break, respectively {ref. Table 5.3). These water levels comm-
only started to increase after the LPCI actuation.

It should be noted that the pressure balance inside and cutside the core
shroud is held in RUN 991 as in that of RUN 992 and that the differential
pressures in the JP discharge regions are small. The collapsed.water
levels in the intact loop JPs were DL 0.56m above the PV bottom and this
agreed well to the lower plenum collapsed water level of DL 0.60m. Thus
the shroud water leve! did not correspond Lo the downcomer water level but
to the JP collapsed water levels alter the JP sucticn line uncovery {(under

the condition of significantly degraded system mass inventory).

5% Core Thermal Responses Related to Transient System Mass
Presented below are system mass responses in the blowdown and refloo-

ding phases, heater rod temperature responses, and core mixture level

responses related to the dryout and quench trajectories in RUN 981. The
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core thermal responses are releted to the transient mass inventory.

The transient system mass are shown in Fig.5.12 with respect to time
and pressure. The JP suction uncovery (40 s) started at a system mass
ratio (M/Mg) of ¢.75 and therealter the mass decreasing rate became
slower. The ADS actuation {147 s) started at the mass ratio ol (.48 and
resulted in faster mass decreass. The LPCI was injected at a system pres—
sure of 1.57 MPa (265 s)-at a mass ratio of 0.22 and thereafter the system
mass increased. The core bottom was uncovered at a mass ratio of 0.53.
The mass recovery alter the LPCI actuatien was, however, slower than the
total amount of the injected LPCI] water mass {see broken line data in
Tig.5.12). This indicates that same amount of the injected ECC water
mass discharged threough the broken loop JPDNs. An ECC accumulation effi-
ciency (By),(8%) which is delined as

Ey = (My - Mg — Mg) / Mg (5.4),
is estimated as 0.61 between 300 and 500 s after the break. Namely, it is
equivallent to the LPCI accumulation of 61%. This accumulation efficiency
is controlled by the FCC flow rate and also by the break location as shown
in the next chapter.

The core dryout started at the top cf the average power bundle at a
mass ratio of 0.74 and the healed core was [inally guenched at a mass
ratio of 0.57. A core dryout range is shown in the itransient system mass
and pressurc domain (mass—pressure map). The core dryout started at =
pressure of 6.63 MPa (P/P, = 0.90) before the tower plenum flashing initi-
ation and the lina! core gquench was observed at a pressure of 0,81 MPa
(P/P, = ¢.11). These data are also compared with those of the other tests
in the next chapter.

Shown in Fig.5.13 are celculated system mass inside and outside the
core shroud by using the collapscd water levels shown in Fig.5.11 (see
Appendix 1I1). As only the collapsed water levels were used for this sys-—
tem mass calculation, a sum of these data is slightly different from the
transient system mass shown in Fig.5.12. For example, the total system
mass increased alter the ADS actuation in Fig.5.13, whereas the actual
system mass decreased by the incroased MSL steam flow as shown in TFig.
5.12. However, the mass inventories shown in Fig.5.13 are uselul to know
qualitative trend of the system mass distribution across the core shroud.
Namely, most of the remaining [luid mass existed inside the core shroud

than in the downcomer in RUN 9891.
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Shown in Fig.5.14 are the calculated flow rates at the core inlets and
bottom of the guide tube. These flow rates are related Lo the maess trans—
port across phe core shroud and core ccoling behaviors after the ADS and
LPCI actuations. It is shown that the core inlet flows wefe positive in
the early blowdown phase and that they temporarily became negative just
alter the JP suction uncovery at 40 s. These [low data, however, can be
used to know only the relative [low behaviors alter the lower plenum
{lashing {LPF) initiation. It is also shown that strong uprizing steam
[low was induced in the [our channel inlets after the ADS actuation and
that some flow distribution was observed after the LPCIl actuation among
the four channels. After the LPCI injection, clear downward flow was

observed at the bottom of the guide tubs.

Shown in Figs.5.15, 5.16 and 5.17 are heater rod surface temperatures
measured at seven vertical elevations of A—-11, A-22 and C-22 rods, res—
pectively. Similar d;yout and guench phenomena were observed among these
rods. Shown in Fig.5.18 are water rod surface temperatures of A—45 rod.
The peak cladding temperature (PCT) was observed at 344 g after the break
(79 s after the LPCI injection) at position 3 of A-22 rod (see Table 5.4).
The PCT was not observed at the high power rod of A-11 (peripheral rod in
channel A} but at the average power rod of A-22 (inner region of channel
A). All the heater rods were quenched between 320 s and 462 s by the LPCI
actuation.

Shown in Fig.5.19 are mixture level fronts in channels with high-power
and average-power compared with collapsed water level (refl. Fig.5.11).
Shown in Fig.5.20 are dryout and quench fronts of heater rods ih four bun—
dles (A-22, B-22, C-22 and D-22 rods). The dryout and quench [ronts of
four rods agreed well each other. Morcover, these agreed well to the core
mixture level in the blowdown phase as shown in Fig.5.19. The quench
fronts are slightly delayed from the cere mixture level recovery. Conse—
gquently, the top—down dryout phenomena in the blowdown phase and the
bottom-up quench phenomena in the reflooding phase almost perfectly agreed
in all the rod bundles in RUN 9%1. The heater rod thermal responses were

mainly contrclled by the mixture level responses in each rod bundle.

i 15 —_
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6. Influences of ECCS Double Failures cn Core Cooling

First, two ROSA-TII tests of RUN 991 and RUN 982 are compared on the
point of break location effects on system mass inventory and PCT.
Secondly these results arﬂe compared with an HPPCS line break test performed
at the TBL facility(so)_(ﬁz) to discuss the HPCS line bresak LOCA phenomena
in the ROSA—I1I. The break lccation effects were previously studied in
the summary report(57) by comparing these two tests results with other
two intermediate break LOCA tests (RUN 927 of 15% break test and RUN
930(51) or 25% break test}. Additional findings with respect to the break

location effecls are shown in the Section 6.2.

6.1 Effects of Break Location an Intermediate Break ROSA-IIT Tests
(RUNs 991 and 992)

In the ROBA-III program, the two intermediate break LOCA tests (RUNs
991 and 992(48)) were performed to study the efflects of break location and
TCCS double failures as mensiconed in Chapter 1. As the test conditions of
these two tests were similar except for the break condition, break loca-—
tion é['fects can be obtained [rom these comparisons. The break location
of RUN 992 is at the main steam line (MSL, DI 6.04m above the PV bot—
tom) and the break area simultates 10% 6f the 1/424 scaled BWR MBI [low
area (14.9% of the scaled MRP suction line {low area). On the other hand,
the effective break location of RUN 891 is at the J'DNs in the broken loop
(the break elevation is DI 2.81m) and the effective break area is 20.6% of
the scaled MRDP suction line [low area. Major event timings of the two

tests are shown in Table 6.1.
(1} Tffects on Pressure Responses and Water Levels in PV

Shown in Fig.6.1 are stcam dome pressures of the two tests. As the
breik area of RUN 002 is 72% ol that of RUN 891, the time scale of RUN
992 is shortened [or comparison.

In RUN 992, steam discharged through the MSL and the depressurization
rete became loewer with time. The ADS actustion at 594 s caused f[aster

depressurization and lfollowed the LPCI acluation with a time delay of 126
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s. On the other hand, the system pressurc of RUN 991 remained rather
higher than RUN 892 in the early blowdown phase and started to decrease
alfter the JP suction line uncovery (40 s). The ADS actuastion caused rather
fuster depressurization in RUN 991 than in RUN 892.

In order to quantitatively compare these depressurization rates between
the two tosts with different break [low areas, an average depressurization
rate per unit break area (P/A in unit of BdPa/nlzs) is calculated as shown
in Table 6.2. This value of RUN 891 between the pressure confrol system
(PCS) termination time {30 s) and the ADS actuation time (147 s, P = 4.83
MPa) is almost the same as that of RUN 982 (see their similar depressuri-
zation curves in Fig.6.1). However, the depressurization rate ol RUN 981
became slightiy higher with time, which was contrary to Lhat of RUN 992.
The average depressurization rate (P/A) of RUN 8982 in the lower pressure
range before the ADS actuation time (4.83 MPa =2 P = 2.77 MPa) decreased
to approximately 42% of the value in the higher pressure range. Thus the
praessure resposes in the lower pressure range becanuflargely dif{ferent
between the two tests as a result of break location effects (i.e., fairly
degraded mass inventory and overall core dryout in RUN 991, whereas large
mass inventory, high steam quality, and better core ccoling in RUN 992).

An average break mass f{low rate per unit breek arca (My/A)} was calcu-
lated for the two tests to compare the break lccation effects on these
break flow rates (see Table 6.3). DIstimated mass balance for the two
lests were refered (Table 5.2 for RUN 981 and Table 5.3 of Reference 48
for RUN 992). Ii is shown that the value of (Myg/A) in RUN 981 was 81%
higher than that of RUN 8982 in the same pressure range (P =z 4.83 MPz) and
their discrepancy became larger in the lower pressure range. This larger
break mass flow rate in RUN 991 than in RUN 992 is also a result ol the

hreak location effects.

Shown in Fig.6.2 and 6.3 are calculated collapsed water levels and
[luid mass inventories in PV in RUN 992, respectively. These are com-
pared with those of RUN 991 (see Iigs.5.11, A.133 and A.134). Shown in
Fig.6.4 are the mixture levels inside the core shroud in RUN 992, which
are compared with those of RUN 991 (see I"igs.5.7 and 5.19). The down-—
comer collapsed water level (LM 727) is compared to the core mixture
levels for Lhe two tests in Fig.6.5. The core dryout period (from the
earliest rod heatup initiation time to a final rod quench time) for each

test is also shown in Figs.6.1 and 6.3.
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[t is shoewn in these figures that the PV water levels in RUN 831 were
significantly lower than those of RUN 982 in the blowdown phase and that
the core cooling conditions between them were largely different. The
whole core was uncovered in RUN 981 even belore the ADS actudtion at 147
g (P = 4.83 MPa), whereas the core of RUN 992 was completely covered by
mixture leve! in the same pressure range. And the mass recovery process
after the LPCI actuation was slightly longer in RUN 991 than in RUN 892.
Thus conlribution of the core power generation on the system pressure
responses was vory smalil in the blowdown phase of RUN 991 in comparison
with RUN $92.

It is alsc shown that the swelled downcomer level in RUN 992 delayed
the LI leve! trip and therefore it delayed the ADS actuatiocn (476 s). On
the other hand, the L1 level of RUN €91 was tripped at 256 s alter the
hreak (451 s earlier than that of RUN §92). Thus the LI level trip timing
was signi[’ica.ﬁtly affected by these two break locations.

On the other hand, it was commonly found in these two tests that the
core mixture level, which controlled the core cooling conditions as shown
later, decreased lower. than the downcomer water level in the blowdown
phase (excepi for a short time period alter the ADS actuation). This
indicates that it is necessary to detect the decreased core mixture (or
collapsed) level rather than Lo measure the downcoemer. water level in the

degraded mass inventory condition during the intermediate break LOCA.
(2) Comparison of Transient System Mass and PCT

Shown in Fig.6.6 are time respcenses both of the system mass inventory
(M} and the injected ECC mass (Mg) normarized by the initial system mass
of M, for RUNs 991 =nd 992. The break location effects on the system
mass responses are clearly observed in the blowdown phase and slightly in
the reflooding phase. Namely, the least mass inventory ratio (M/Mg) of
RUN ©91 was observed as 0.22 at the LPCI actuation time, at which the
shroud mixture level decreased to approximately a hall of the lower plenum
height. ©On the other hand, the least value of RUN 992 was 0.42 at the
LPCI actualion time, at which the shroud mixture level was in the lower
core region (approximately 1/3 height of the core).

The mass recovery rate after the LPCI actuation was slightly slower in
RUN 691 than in RUN 992, Namely the system mass inentory became lower

than the total amount of injected ECC mass in the later reflocding phase
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of RUN 991. This means that some amount of the injected ECC mass dis~-
charged in addition to mass depletion of the remaining mass. On the other
hand, most of the injected ECC mass contributed to the mass recovery in
RUN 992. This is clearly shown in the comparison of the ECC accumulation
efficiency (Eg), which is delined by equation {5.4) in Chapter 5. Bhown in
Fig.6.7 are ECC accumulation efficiencies of the two tests (ref. Table 5.2
for RUN 991 and Table 5.2 in Reference 48 for RUN 932). Iz of RUN 991
was approximately 1/2 to 2/3 of that in RUN 992. As the time responses
of Mg are almost similar in the two tests, difference of this efficiency
is o result of difference of (Mg -+ My) between them. Especianlly the break
mass flow rate (My) after the LPCI actuntion largely differed between
them.

it should he noted that the break location effects consist of two
compeonents, i.e., one is an effect of break elevation in PV wall and
another one is an effect ol special break location, such as the jel pump
drive nozzles in RUN 991. The latter efflect contributed to promocte the
fluid mass decrease inside the core shroud because the break flow through
the JPDNs caused larger depres-surization in the jet pumps, which were
oponed to bottom of the core shroud, and resulted in increase of mass
transport from the lower plenum to the broken loop JPs. However, these
two brenk location eflects on the iransient system mass and system pres—

sure responses can not be separated in Chese test results.

Shewn in Fig.6.8 are mass-pressure trajectories of the two tests. The
mass inventory ratio (M/Mg) of the tests can be compared at the same ays—
tem pressure ratio (P/P,, P, is the initial system pressure) by using this
figure. The core dryout region of each test is nlso shown in the [igure as
4 shaded area. It is clear that the system mass inventory in RUN 981 was
fairly fower than that in RUN 982 at the same pressure (M/M, of RUN 991
was approximately 50 to 70% of that in RUN 892) during the blowdown phase
after the lewer plenum (LP) flashing initiation at P/Py = 0.87.

The core heatup of RUN 891 started at M/My = 0.75 and P/P, = 0.90,
whereas that of RUN 992 started at M/M, = 0.64 and P/P, = 0.46. The core
helatup initiation times of the two tests are significantly diflerent as

shown in Table 6.1. The final core quench of RUN 991 was cbserved at

(M/M, = 0.57 and P/P, 0.11), whoreas that of RUN 992 was observed al
(M/My = 0.51 and P/P, = 0.19). Thus the final core quench was slightly

delayed in RUN 991 than in RUN 952.
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Shown in Fig.6.9 are tho measured heater rod temperatures of the two
tests, which recorded the PCT. The temperature of RUN 992 is shown on a
shortcned Lime scale for comperison with RUN 891, As a result ol the
signilicantly different system mass inventories between @he‘two tesis,
their heater rod temperature responses and PCTs became also significantly
dilferent. The PCT of RUN 991 was 336 K higher than that of RUN §92.

The PCT of RUN 991 was observod 79 s after the LPCI actuation, whereas it
was observed 24 s aflter ‘the LPCI actuation in RUN §92. It took 187 s to
accomplish the core quench alter the LPCI actuation in RUN 991, whereas it
took only 40 s in RUN 982.

Thus these two break locations largely influenced the core ccoling con-
ditions in the blowdown phase. Namely, the JPDL break test ol RUN 991
resulted in a severer corc heatup but the heated core was f[inally cooled by
the 2LPC1 actuation. The 10% MSL break test of RUN 992 resulted in less
severc heatup in the 2/3 core region despite of the same ECCS double

(ajlures and the heated core was cooled soon after the 2LPCI actuation.

6.2 Discussion on KCCS Line Break LOCA Phenomena

(1) Literatures of Experimental Studies on Other Piping Break
LOCA TPhenomena

A BWR system with jet pumps has many kinds of reactor vessel nozzles
for pipings as shown in I'ig.6.10. Msajor pipings are main steam lines
(MSLs), feedwater line, ECCS lines, and outlet and inlet lines of the
MRLs. The stub tubes for the conbtrcl rod driving system and minor
nozzles [or instrumentation are alsc provided on the vessel wall. The
MSLs and feedwater line are located at higher eievations than the core top
jevel, whereas the MRLs are located at the downcomer wall lower than the
core hottom level. On the other hand, the ECCS lines are opened to fluid
inside the core shroud above the core top level. The control rod stub
tubee, drain line nozzle and instrumentation stubs are also cpened to [luid
iﬁside the core shroud. Thus, both break locations inside and cuiside the

core shroud have a possibility of pipe rupture, which results in a LOCA.

There are many literatures reporting the BWR LOCA simulation tests

with respect to the MRL breaks, whereas there are a few with respect to

— 20_
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the other piping breaks. In the ROSA-III program,(57) seven MSL break
tests and one JPDL single—ended break test were performed, and all the
remainings (44 tests) were MRL break tests in the RUN 900 series. Refe-
rence 63 shows a FIST Phase—] test for large MSL break LQCA‘. Reference
64 shows FIST Phase-11 tests including an LPCI line break test [or the
BWR/6 system with IIPCS failure assumption. The FIST facility is a 1/624
volumetrically scaled BWR system with one full-height heater rod bundle.
Reterence 65 shows FIST -Phese-I11 tests of one MSL break, one HPCS line
break and two PV bottom head breaks for an advanced BWR, which has some
different design featurss such as the internal cocolant pumps instead ol the
jet pumps, and the high pressure f[looders (IIPFLs) instead of the low pres—
sure FCC systems comparing to the jet pump type BWRs.

In additien to these, three other piping tests were reported as to the
TBL-I! program, of which lacility simulated 2/764 volumetrically scaled
BWR/5 system with jet pumps. Namely, Reference 60 shows one HPCS line
break test (RUN 315), one feedwater line break test and one PV drain line
break test on the view point of anmlytical code assessment (the presented
experimental data are only the system pressure and PCT rod temperature for
each test). And one large MSL break test was brieflly reported in Refer-—
ence 66 on the view peint of the code assessment. Reference 61 presents
more experiment data of the HMPCS line break test (RUN 315). As the TBL
facility has a similar scaling ratio to that of the ROSA-TII facility, the

TRI, HPCS line break test is refered below for comparison.
(2) Reported Results of TBL HPCS Line Break Test

Figure 6.11 (2) shows schematic disgram of the TBL facility presented
in Reference 61. The TBL has a pressure vesscl with internals including
two heater rod bundles, steam and (eedwater systems, all ECCSs, two re—
circulation loops and two jet pumps, which are provided in the downcomer
as shown in Fig.6.11 (b). The TBL facility simulates & full-height vertli—
cal scale between the elevations of jet pump bottom and upper plenum. The
steam deme and the lower plenum simulate those of the BWR on the point
of volume scaling. The HPCS line is connected to a break unit A and iso-—
lated from the HPCS pump. Table 6.4 shows region volumes of the TBL
facility and is compared with those of the ROSA-III [acility (see Table
6.5), which simulates the BWR/6-281 system (818 fuel bundles) by a volu-

metric scaling ratio of 1/424. It is shown that these two test facilities
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have the similar volume distribution in the primary system.

Shown in Table 6.6 are test conditions of the TBL HPCS line break.
The break dia_meter is 10.0 mm 1D, which corresponds to 10.4% of the
scaled BWR MRL flow area {(31.0 mm ID break area correspgnd‘s to 100%
scaled BWR MRL area). As loss of off-site power is assumed and a single
failure is assumed on the diesel! generator f{or both of LPCS and 1LPCI
pumps, the available ECCSs for the HPCS line break test are 2LIPPCI and
ADS.

The reported HPCS line bresk test results are briefly shown below.
Timings of the major evenis are shown in Table 6.7.

Shown in Fig.6.12 (a) are system pressures of the experiment and
analysis which was performed by using Lhe SAFER cede. The system pres—
sure started to decreasse immediately after the break due tc ¢wo-phase flow
discharge through the FPCS line and turned to increase at 10 s after the
breank due te initiation of MSIV closure. The systen; pressure started to
decrease apain at 200 s after the break due to steam (or high quality
two—phase flow) discharge through the HPCS line alter the mixture level
fell below the HPCS line {(break uncovery). The ADS actuation at 288 s
after the break caused faster depressurization and temporary mixture level.
swell inside the core shroud as shown in Fig.6.12 (b). It is shown that
the core lop was covered by the mixture level until the ADS actuation
timing.

The core dryout started approximately at 360 s after the break (app-
roximately 70 s after the ADS actuation) due to the mixture level {all
inte the core, and the dryout rapidly extended te the whele core. The LI’CI
injection started at 506 s alter te break (218 s after the ADS mctuation)
and resulted in complete core quench wilhin approximately 160 s. Thus the
break uncovery continued from 200 s to some time aflter the final core
quench except for & short time period after the ADS actuation. The core
dryout time period was approximately 310 s for this test. The heater rod
showed temperature excursion during this period as shown in Fig.6.12 (c)
and the PCT was obscrved as B71 K (598 C) at 612 s after the break (106 s
after the LPCI actuation). This PPCT is obviously higher than the TBL MRL
break tests with break diameters of 7 and 20 mm I!D and with an HPCS sin-
gle failure assumption. The reason of higher PCT (the difference is less
than 100 K) in the HPCS line break test than in the MRL break lests iz the
additicnal lailure mode on the LPCS and 1LPCI for the [ormer.
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The core power curve for this test is not shown. Only one power curve
of Lhe TBL tests is reported in the reference (62) as that of the large
break LOCA tests (see Fig.6.13). However, this power curve is fairiy
diflerent [rom the updated ROSA-IIIl power curve {(average—pdwer rod-based
power curvo(87) shown in Fig.6.14). Moreover, this TBL power does not
simulate the decay poWe.r after 30 s {rom the power control initiation.
Thus it is supposed that this power curve was not used in the IMPCS line
break test, which was performed for approximately 800 s after the break.
Effect of the power generation rate is indirectly checked by the heater rod
temperature increasing rate alter the dryout initiation in each test as

shown later.
(3) Discussien on HPCS Line break LOCA Phenomona in ROSA-TI1I

Test results of the TBL HPCS iine bresk and ROSA-ITI tests of RUNs
991 and 992 are compared with each other on the point of core dryout behav—
iors caused by the ECCS double failure. Moreover, these results are com—
pared with Lhose eof ROSA-ITI MRL break tests with intermediate break
arcas (5, 15 and 25% break arca ratiocs) on the point of break location
eflects. These MRL break tests are RUNs 922, 927 and 930, which werse
performed by assuming an HPCS single failure and by using dilferent power

curve. These inlluences are also discussed below.

Shown in Table 6.8 are an equivallent break area (A/V) in two diffe—
rent test fuacilities, where A is a break area (in m2) end V is a total
system {luid volume (in m3), timings of the core dryout initiaticon, final
coro quench and PCT, a core dryout time period and a PCT value of each
test. Shown in Fig.6.15 are timings of events including the ECCS injec—
tion, core dryout periods and PCT values of the six tests related with
their equivallent break areas. Fig.6.15 {(a) shows that the break mrrea
slightly influenced the major event timings in the MRL tests. It also
shows that core dryout initiation time of RUN 992 was fairly later Lhan
those of the MRL break tests, whereas that of the JPDL break test (RUN
991) was rather earlier than the MRL break tests. The TBL test shows
slightly léter dryout initiation than the ROSA-IIT MRL tests. Thus the
TBL test results lcoceate at an intermediate position between those of
ROSA-IT! tests of RUNs 991 and 992.

A time period between the core dryout initiation and the LPCl injec—
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tion of the TBL test is slightly shorter than the MRL bresk tests and that
of RUN 992 is shortest among them. And this period of RUN 991 is the
longest as & result of the break location effect. Namely, mass decrease
inside the core shroud was earlist in RUN 991 and eariier_in‘tho MRL
break tests rather than the higher break elevation tests of TBL test and
RUN 992. Although the break elevation of RUN 991 was higher than the
MRL break tests, mass decreasing rate of RUN 991 was higher than the MRL
tests because water inside the lower plenum was continuously extracted
through the jet pumps for all the test periced.

Figure 6.15 (b) shows Lthe core dryout time pericod (between the timings
of core top dryout initiation and the final core quench) of each test. The
core dryvout period of the TBL test was clearly longer than those of the
MRL bresk tests. This reason can be attributed to lack of LPCS and ILPCI
injections. This is also applied to RUN 991 and the core dryocut period of
IRUN ©91 became almost twice as large as those of the MRL break tosts.
Thus the core dryout pe;iods of these intermediale bresk tests were influ—
enced by both of the break location and TCCSs [ailure meode. The core
dryout period of TBL test was at an intermediate position between those of
RUNs 991 and 992.

Figure 6.15 (c) shows the PPCT values of these tests. The PCT is
affected by both ol the core dryout period shown sbove and a heat flux of
the PCT-recorded heater rod. The heat [lux ig, of course, controlled by
the powor distribution sleng the vertical axis and between the rod bundles,
and also by the decay power simulation curve ol cach test.

An average temporature increasing rate of the PCT rod, which is prin—
cipally controlled by the average heat flux and slightly influenced by tLhe
steam flow cooling, is obtmined in each test ms ahown in Table 6.8 (sce
items K/(H-L), where K shows increased temperature aflter its dryout ini-
tiation and (II-L) shows a Lime period between the drycut initiation time
and PCT recording time). The PCT recorded position along the vertical
axis is shown in the item N except for the TBL test {(the TBL PCT position
is guessed -al the upper core region {rom the dryout initiation time and the
mixture level data), Tt is shown that the average temperature increasing
raté is higher in the MRL break tests with 15 and 25% break areas than the
cther tests. The temperaturc increasing rate of RUN 981 was rather lower
than the others beceuse of the temporary cooling effect of the ADS, which
actuated belore the LPCI injection. The increasing rate of the TBL test is

rather lower than the ROSA-II] tests (this also suggests the PCT location
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at the upper core region with lower heat flux).

Consequentily, the PPCT value of each test was determined as a result of
break location effects and ECCS failure mode. The PCT of TBL HPCS line
break test showed an intermediate value between those of KUNs 991 and 892.
An analysié(Sg) based on the RELAPS/MOD1(CY1) code alsc showed that an
HPCS line break in the ROSA-I1I system resulted in an intermediate PCT
value between those of RUNs 991 and 982.

The PCT value of TBL HPCS line break was, as a result, close to those
of the ROSA-T11 MRL break tosts with an HPCS single failure bocause of
the slightly lower temperature increassing rate and the leonger core dryoul
period in the TBL test than those of the latters. This sugrest that a PCT
of a ROSA-I11 HPCS line break will be rather higher than the TBL test
result due to the higher temperature increasing rate in the former, and
also higher than the results of ROSA-I1I MRL break tests due to the longer

core dryout period in the fermer.

’
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7. Conclusions

An intermediare break BWR LOCA simulation test ([{UN_le) was per—
formed at the ROSA-TII program to experimentally study influences of an
[IPCS line break with & mulfunction of another ECC5. RUN 881 was &
single-ended jet pump drive line (JPDL) break test and the effective break
area was 20.6% of the scaled MRL flow area. In crder to study the break
location eflfects on the core cooling phenomena, the 10% main steam line
(MSL) break test (RUN 892) and main recirculation line (MRL) bresk tests
with bresk area ratios of 5, 15 and 25% (RUNs 922, 927 and 930) are com—
pared with this test. Morecover, the HPCS line break test at the TBL (Two
Bundle lLoop) facility was compared with Lhese intermediate break ROSA-TTI

tests. The following are concluded.

(1) The PCT of 985 K in‘RUN 691 was observed at 79 s mfter the LPCI ini-
tiation at the high power bundle. The heated core was completely
cooled by the Z2LPCI sysLonis within 197 s from its initiation. Transi-
ent system mass of RUN 891 was estimated from mass balance of the
initial system mass (M, = 646 kg), the injected mass of the leedwater
and the LIPCI, and the discharged mass through the MSL and the break.
A reliability of the caleculated system mass was conlirmed at a time
point (L = 220 s) by a dif{ferently estimated remaining mass wilhin an
uncertainty of AM = * 26 kg (4M/M, = * 0.04). The core dryout star-—
ted at M/M, = 0.74 and finally diminished by refloeding at M/M, =
0.57 in RUN 991.

(2) The PCT in RUN 991 was higher than in the MRL break tests (RUNs 922,
927 and 930) mainly due to the earlier core dryout initiation and later
LPCI injection. The earlier core dryout in RUN 981 is due to the spe-
cial break Jocation at the jet pump drive nozzles, through which water
inside the core shroud was extracted. The later LPCl! injection is also
due to the eflect of breazk location, which resulted in slow depressu—
rization,

(3) On the other hand, the 10% MSL break test (RUN 992) showed signifi-
cantly lower PCT than those in the MRL break tests because of the
larger remaining mass inside the core shroud. The core dryout of RUN
992 started at M/M, = 0.64 and the final core quench was observed at

M/Mg, = 0.51. These are clearly lower than those of RUN 981. Thus
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the break location significantly alfects core cooling conditions and the
PCT in the intermediate break BWR LOCA simulation tests.

(4) The TBL HPCS line break test showed later core dryout initiation and
longer core dryout period than those of the ROSA-T11 MRL break tests.
Conseguently, the PCT in TBL test was similar to those in the MRL
hreak tecsts at the ROSA-ITI. The reason ol later core dryocut initia—
tion is the larger romaining system mass as in the MSL break test.

The longer dryout period is mainly due to the sssumption of the LPCS
and 1LPCI failure. The TBL test results showed intermediate trend
between those of RUNs 991 and 992.
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Table 2.1 Primary chracteristics of ROSA-II1 and BWR/6

Items Unit BWR ROSA-I1I bR

ROSA-III
Number of Recirc. Loops - 2 2 1
Number of Jet Pumps - 24 4 6
Number of Separators - 212 1 212
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 kgls 15400 < 36.4 > 424
Recirc. Flow Rate/Loop kg/s 2240 < 5.26 > 424

Total Steam Flow Rate kg/s 2060 < 4.86 > 424‘
Feedwater Temperature K 489 489 1

* BWR/6 (251-848)
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CTable 3.1 ROSA-II! instrumentaticre summary list
ITEM SENSOR NUMBER NOTE
Pressure. Pressure Transducer 20
Differential DP Cell 60 PV and Loop 44
Pressure Level Measurement 5
Flow Meter 11
Fluid CA Thermocouple 129 Primary Loop 23
Temperature DIT 4
Tie Rod 28
Upper Plenum 10
Lower Plenum 10
Tie Plate 40
Bypass 14
Fuel Rod CA Thermocouple 213
Temperature
Slab Surface CA Thermocouple 70 Core Barrel 24
Temperature Fressure Vessel 3
Channel Box 35
Shroud Support 8
S$lab Ianer C4 Thermocouple 9 JP Diffuser 4
Temperature PV Wall 5
Volumetric Turbine Flow Meter 3 ECCS Loop 3
Flow Rate Venturi 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 Plece 2
Flux Break Spool Piece &
Break Orifice 1
Signal ON/QFF Switch 14
Pump Speed Revolution Counter 2
Electric VA Meter 2
Core Power
TOTAL 693
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Table 4.1 Test conditicns of RUN 991

Test Parameters Unit RUKN 991

Break Conditions

Break Location JP Drive Line
Break Diameter/Area mm/ % 2x8.4/20.8
Initial Conditions
Steam Dome Pressure MPa 7.38
Lower Plenum Temperature K 552.7
Lower Plenum Subcooling K 10.5
Core Inlet Flow Rate kg/s 16.1
Total Core Power MW 3.96
Max. Linear Heat Rate kW/m 16.63
Upper Plenum Quality ) 12.5
Downcomer Water Level” m 4,80
Steam Flow Rate kg/s 2.07
Feedwater Flow Rate kg/s 2.04
Feedwater Temperature K 489
Transient Conditions
MEP Trip s 0.0
MSIV Closure Trip s [1+3
ECC Conditiens
HPCS Actuation Failure
LPCS Actuation Failure
LPCI Actuation Logic S L1+40
LPCI Actuation Pressure HPa 1.57
ECC Water Temperature K 313
ADS Actuation Logic S L1+120
ADS Orifice Diameter mm 19.0
L1 Level m 4.00
L2 Level m 4.48

% Actual downcomer level is corrected to 4.87 m.
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Table 5.1 Major events and test procedures of RUN 991

Time {s) Event
-1186 - Initiation of data recording
-10 + Initiation of data plotting
0 « Initiation of break at BU-4,

MRP trip, closure of QSV and
valves (CV-1,2)

7 - Core power decay
15 . Pressure control (P2 6.7 MPa)
25 - L1 level trip (4.0 m)
30 + Completion of MSL closure
40 < DC level at JP suction level
Steam discharge at break
42 » Initiation of core drycut
147 + ADS opering
215 « Feedwater line flashing
265 - LPCI injection
344 . PCT at A-22 rod Position 3 (984.7 K)
462 « Completion of quench
B30 - Completion of data plotting
981 « Ccmpletion of data recording
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Tahle 5.2 Mass balance in RUN 981

Time P P/P, | M1 | Mg™® | Mg™® | Mp™* M= M/ Mo
(s) | (MPa) | (=) (kg) | (kg) | (kg) | (k) | (kg) | (=)
0 7.37 | 1.00 0 0 0 0 g46 | 1.00
20 6.58 | 0.89 8 0 38 66 548 | 0.85
40 6.66 | 0.80 B 0 40 132 487 | 0.75
g0 6.37 | 0.88 6 0 40 176 436 | 0.87
80 6.06 | 0.82 B 0 40 z10 402 | 0.62
100 5.88 | 0.77 6 0 40 242 370 | 0.57
120 5.28 | 0.72 B 0 40 268 344 | 0.83
147 4.74 | 0.64 6 0 40 300 312 | .48
160 4.09 | 0.55 B 0 53 318 281 | 0.43
180 3.32 | 0.45 B C 71 338 243 | 0.38
200 2.68 | 0.36 s 0 88 354 210 ¢ 0.33
220 2.25 | G.31 10 0 102 368 186 | 0.28
240 2.06 | 0.28 16 0 115 382 165 | 0.26
265 1.72 | 0.23 17 0 128 395 139 | 0.22
280 1.55 { 0.21 18 21 137 402 146 | 0.23
300 1.34 | 0.18 19 54 147 412 160 | 0.25
320 1.15 | C.16 20 g2 1568 422 180 | 0.28
340 1.03 | 0.14 21 134 163 432 206 | 0.32
360 0.97 | 0.13 21 177 170 444 230 | 0.36
380 0.2 | 0.12 21 222 176 4586 257 | 0.40
400 0.88 | 0.12 Z1 287 183 468 283 | 0.44
420 0.86 : 0.12 21 314 189 480 312 | 0.48
440 0.83 | 0.11 21 360 196 492 339 | 0.52
480 0.80 | 0.11 21 407 201 504 369 | 0.57
480 0.75 | 0.10 21 455 207 514 401 | 0.62
500 0.71 | 0.10 21 504 212 524 435 | 0.87
550 0.62 | 0.08 21 628 223 549 523 | 0.81
600 0.60 | 0.08 z1 753 234 584 602 | 0.83

x]1 Mass income from feedwater line

¥2 Injected LPCI water mass

x3 Discharged steam flow through MSL

*x4 Discharged mass through break

*5 Remaining mass in system
M=M,tMrtMe-Hg—Mp
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Table 6.1 Comparison of major event timings belween RUNs 991 and 982

Time (s)
Major Events
RUN 9891 RUN 992
Break Initiation 0 0
L1 Level Trip 25 476
PCS Termination 30 18
First Core Dryout Initiation 42 425
ADS Actuation 147 594
LPCI Actuation 265 720
PCT Occurrence 344 744
Final Core Quench 462 760

Table 6.2 Compariscn cof depressurization rates per unit bresk area

between RUNs 891 and 992

RUN 991 RUN 992
Time Period (s) 30 - 147 18 - 172 172 - 594
Pressure Range {(MPa) 6.63 - 4.83 6.60 - 4.83 4,83 - 2.77
Break Area (A)  (m?) 1.108x1074 8.01x107° 8.01x107°
P/A (MPa/m2-s) 139 143 51

Table 6.3 Comparison of average break mass flow rates between RUNs

991 and 992

RUN 991 RUN 992
Time Period (s) 0 - 147 0 - 172 172 - 594
Discharged Mass (Mg, kg) 0 - 300 0 - 138 138 - 296
Break Area (A, m2) 1.108x1074 8.01x1073 8.01x10°5
Mq/A (kg/m%-s) 1.84x104 1.00x104 0.47x10%
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Table 6.4 Region volumes of TBL pressure vessel! {Reference 643

2

Symbol  Region name BWR/SX—%&I— TBSL
(m?) (m?)

A Lower plenum 0.142 0.148
B Guide tube 0.114 0.111
C Fuel channel 0.091 0. 094
D Core bypass 0.075 0.075
E Upper plenum 0.071 0.072
F Downcomer 0.128 0.140
G Annulus 0.189 0.193
H Saturated liquid region 0.132 0.134
I Separator 0.021 0.021
J Steam dome 0.538 0.529
K Jet pump 0.018 0.018
L Stand pipe 0.03C 0.028
Total 1.549 1.563

"""""" —Feed
5 Water
-4 G
F

Table 6.5 Volume disrtibution of ROSA-IIT1 pressure vessel

2

Symbol Region Name BWR/6x§Z§ ROSA-III
(m3) (m3)
A Lower Plenum 0.186 0.166
B Guide Tube 0.103 0.056
C Fuel Channels 0.083 0.096
D Core Bypass 0.058 0.060
E Upper Plenum 0.124 0.124
F Downcomer below JP Suction 0.115 0.059

G+H Annulus below Water Level 0.175 0.281*%1
1+l Separator & Stand Pipe 0.066 0.032
J Steam Dome 0.486 0.372
K Jet Pump 0.016%% 0.052
Total 1.412 1.298

*1.
*2.

Water level is DL 5.0 m.

24 jet pumps are provided in BWR PV.
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Table 6.6 Test conditions of TBL IIPCS line break test (Reference 61)

Items Unit Test Data
Break Diameter mm 10.0
Available ECCS - 2LPCI + ADS
Initial Dome Pressure MPa 7.0
Initial Core Power MW 4.0 + 5.7
Initial Water Level m 9.9
Initial Steam Flow (kg/hr) 17.3 x 103

Table 6.7 Timings of major events and PCT in TBL test (Relerence 61)

Events Time(s)
Break Initiation 0
MSIV Closure 10
Break Line Uncovery 200
ADS Actuation 288
Core Dryout Initiation (~360)%
LPCI Injection 506
PCT Recorded 612
Final Core Quench (~f670)*

PCT Value 871 K

* Timings are roughly estimated from Fig. 6.12 (b).



JAERI-M 90-073

vd ‘Z8Y vd ‘Z8-V vd ‘LT-V ¢d ‘22-v gd ‘11-V - pod Idd N
11°2 26°1 Ly 1 95" 1 vLT (S%¥°7T ) (s/¥) (T-H)/4 'K
61T ¥61 922 89 2g9 (89¢g ) (s) poy I0d I0 Inokig 1
62€ 0z¢ 10€ 15242 091 (gse ) (31) poy Idd 30 LV Y
198 8¥8 0€8 586 69 L8 (%) eleq IDd P
1€2 922 BEZ 0Z¥ 0¥ (01g ) (s)(d-9H) ouwrl Inok1q 10l I
GLZ 19¢ 18332 44 144) Z19 (s) swiL IDd H
1€€ €68 8Eh 29¥ 094 (0L9 ) (s) SWTL Yyouend Teutd 9

00T ‘(S¥)| LOT “(L8) 002 2y 029*(52¥%) (09g ) (s) ewrl jnokaq doj s10) ‘4

IDdTE+8DdT | IDATE+SOdT | I0dTE+80d'T 10412 12412 10d'12 $00d oTqeIIBAY "4
TIH TR TIH Tade TSH SUIT SOdH uoT}BO0T Weadd ‘d
6¢°0T LT°9 012 758 LT 9 Z20°¢ (1-w) cOT X (4/¥) D
862 T 8621 863" T 8621 862" 1 €96°T (g) SUMTOA PTNTI Ad 9
0°62 6 %1 19 9'02 6°¥T ¥ 0T (%) 0T1®Yy ®BAIV ¥ealq
8% €T 10°8 €L 2 8011 10°8 S8 L (ZU1) gOT X ®aly yeadg -y

0€6 NNY LZ6 NNY 226 NNY 166 NNY 266 NNY 6T€ NOY
8189L IT1I-VSOY 4L

Juowr s]g puw sporJed JnoLap 2409 jo uos1Juvduio)

s1881 VOO Awaiq

plRIpsULID UL

89 8198l



JAERI-M 90-073

£317109) J11-VSOH Ul [[¥m Ad ydnoayy sduidid puw
766 PUB 166 SNM 40)] SUO11WI0] YBOIq Jo UOLjBIISN{(]  [°1 "BL4

IR TEH
(Z66 NNY¥) 3Is9] ¥DOT eaag
TSH 103 Wa1SAS [1I-VSOd (166 NN¥) 1895 ¥DOT Aee1d
Tadr 10J wais&g ITT-VSOd
_ : r { 1 d \1J
oy — L e o N\ \
f Amv . B Al_m mv
[ _ 1 T
R - L— *7 09} il uF
uorlong woT39Ng
ar dar ar dr
L/
| - —|
B ___
1041 nﬂp | 10471 n_.._\._.h !
S0dT1) & ; o] (@] monﬁwm @] D
S§0dH —
T ! 040

g
-

TSH

Ny
]
N
=



JAERI-M 40-073

I11-VS0OH JO0 198504
aanssaad mc alnjonials A.GG.HQQGH

$apo133213

aur] 1e11np damg a3

U4 13AT)

doo uoTIEINDITDAY 01 F[IT

Yoq suunyy

(sag]) saTpung 1304 pILEINEIS

su1q uotiong dung 1af IIll@-lL

13WOIUMDG

prioIys 210)

atzzoN uotadafu} 1ur(o0) InsEald Ao

123axdg Aeads 9107 2InS$3id AO] ~ ]4;
za81edg Aeads ase) azmseard YIy MMQ..:
wnualg Jaddn T =

2UTT 133eApaI4

103vxedag weals§

awo WEI1S

rakig
3{7ZON JUT] WEILG UITH

e

Aj1yt1omy 18919
I11-VSQY Jo weidsip 211RWAYDG (A R |

aLuNa
U0 DINDII08Y

)

Bul| JOJOMPadd \\»
=

doo| joojul

[essan ainssald

aul) woas



JAERI-M 90073

i dMdH
¢ dMdH

(

BriA
BS1A
imd

—

60l AHD
—

GZL AHD

|¢g|¢o|b|

991AHD €01 AD
1004 0]
CAD f
m m m
» - um
r - =

oryewayos duidid 1]

dooy 135juf

| dHNW

S

- K4

T

JawoIumoq

| ¥Q
el '}

2 BIfl

€U AHD

euIY  JBiDMpESY

W SOV

sioydsowly 0f

(AISHISo Y B2 guo B

wnals\

OCIAD  89IAV  EHO
Bl ,. ) Bi
pHO

10j0indag

s
LAY

[-VSOH g8 HI
dooy ueyoig
Z dyH LA
2
BISSEA .
[
eansse.ld

QU0

700d

BILAHD

soup  woes

N
awo(] woalg

Ha
OIH0

JF

sour

5023

5
] ¥
H ... 8 oy
L3 A —t—po—F
] 8 ABOD .
3 5 »]
3 by
]
- -]
A 1
s
&
=
W O
&2 -3 £
- |7 @ —
H_ 3 AHD  GRIAY 20IAD
el o P D — =)
TIND pua




JAERI-M 90--C73

DL 6205
DL 6040 Steam Line PV Top DL 5995
A Steam Dryer DL 5657,
E Steam Seperator DL 5365
E L3 Level DL 5000
dg L2 Level DL 4760
DL 4293 Feedwater Line L1 Level DL 4250
w
f HPCS,LPCS Noztle DL 4080
DL 3900 HPCS,LPCS Line {3 B
. __,“'E 3 Connector DL 3744
DL_5660 LPCI Line M {# Upper Tieplate DL 3550
Spacer DL 3218
DL 2814 Jet Pump
Suction Line Spacer DL 2742
Spacer DL 2332
i f Spacer DL 1856
2 | Q.E Lower Tieplate DL 1524
LR 25
r% Channel Inlet DL 1284
_[] ‘ Orifice
DL 938 Recic. Pump
Suction Line
Tie Grid oL 513
DIL.L. 400 Jet Pump ) &
Disch. Line
DL 0 PV Bottom DL 0

Fig. 2.4

— 47

Pressure vessel internels arrangement
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CHANNEL BDX "A"

CHANNEL BQX "D"

/

0.
f— I <\ | (7 N\
HA HA LA LA
A
W HB w LB
v |uc . Lelwv
| na HA LLA LA
\ - INS —~/
= = . B 2 90°
7 N (7 N\
LA LA LA LA
v 1B * W 1B
| w w |
\14
LA LA LA A
> — N A/

180°
CHANNEL BOX "33//1

\\\\_CHANHEL BOX "C"

Region HA HB HC LA LB LC L
Lenear Heat Rate (ki /m) | 18.5 | 16.82| 14.41 [13.21] 12,01} 10.29 | 0.0
Local peaking factor 1.1 1.0 J 0.875] 1.1 1.0 | ¢.875 | 0.0
No, of Rqds 20 28 14 60 -1 42 8

* note

: Radial peaking factor is 1.4

Fig. 2.7 Radial power distribution of core
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N

5P

7\ Unit in mm

g (Total Length 18.58 m )
= inside Volume 3.5 % 107m>

to Feed water Pump

TFig. 2.8 Feodwater line between PV and AV-112
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18o* 40A  Sch 103

[ DL 4283

Fig., 2.9 Feedwater sparger configuration
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DL 5510

DL_4220

750
DL 3660

DL 3325

DL 3162

DL 2625

DL 2614

DL _1925
DL 1851

DL 1225
nL 1088

pL_938

DL 525
DL 400

pL 100
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DL 6040

%3 DL S910

L2

3

=

;

8

LS

Fig.

3.

T3
@
7
&3
- ~ | @ DL 4158
> DL 3900
153 g DL 3660
T4 ﬁ
o 7
o= |32
2 3
: Dé)
3 { 3 (;
| } DL 2814
= '
TS3 ¢
- @1)
23 4 [
. ),
7533 E @@
2: DL 1454
--% (pag~0D43) DL 1314
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Fig. 4.1 Structure of jet pump in ROSA-III facility



JAERI-M 90-073

/f ‘
/ SRR
Al |
jﬁ\__,-f/_“‘
\ VAN 5
T
$38.4 5
, |
~F_\__\_\. i NN N
1 ; | \
N \ $34.0+—pk t
17 0 |
N e N t
IR D -
2 | N
- 5‘ i ;
= \ h ; M Y] N o
. y | VU
AN i Ta e b
. N
| N b $60.0 ]
i q i
| —$22.2 =
{ ™ ;
N M ; ™

o\ | [
= \\ ; /
!
s AN/ ;
v N | A |
1 "’; \ HL / . |
] \—l A
Yy le8.4 r";" i
-

Fig. 4.2 Netails of jet pump drive nozzle in ROSA-III facility

— 64 —



JAERI-M 80-073

Octagonal Ring

$180

R35
10
o FLOW > re I
N ]
% DIRECTICN
( (
e @
- - - - S Y . <
- . Py ~ r~
p=S - - ha

NORMALIZED POWER

50 310 65
< >
Material SUS304 Break area d
Dimension in mm ratio (%) (mm)
100 26.2

Fig. 4.3 Break nozzle details

9,09
1.0 3

Electric Power Curve

( Pini = 3.96 MW )

0 1 1 1 | 1
0 100 200 300 400 500 600
TIME {s)

Fig. 4.4 Normalized power transient for ROSA-TII test

¢ )

POWER



JAERI-M 90-073

T2c

+
gg M PA 3 O FPA 5 A PR 12 + PA 13
g RUN 991
g8 JP Suction
§ Uncovery
a| FCS l l IADS 1LPCI
o8
ng
g D
%8 : Core Dryout
g k —
a8
2 3
o -1
wo Steam Dome
£
Oo
eg
éI.D
pug = . JP3 Drive Line
U)E i
? . Break-A Upstream
g |- Break—A Downstream
o0 0 80 160 240 320 400 480 - BED 640
TIHE 8
Tig. 5.1 System pressures and events in RUN 991
M FM 713
m RUN 991
w
S~
[da]
X
P mﬂﬁ&ﬂwﬁ
cx:c\l
o
=
a
P |
I A
@d \B\&
e Mm & W -
o 112
-84 1} BO 16d Z40 320 400 430 560 540 - 720
TIME 3
Fig. 5.2 Steam discharge flow rate through MSL in RUN 891



JAERI-M $0-073

O M 705
0 RUN 891
w
w02
\*'
o]
x
ud
T o A
o
=
o]
—
[T
2] .
& i
= i .
AL LTI .
- i | ’w
it s
1
o
T 80 160 240 320 400 480 B0 B40 720
TINE &
Fig. 5.3 Jet pump side break [low rate in RUN 991
(low—range drag disk data)
o O WE 101 O WE 102
Ul RUN_ 991
g hain!
8
~
8
=S
h =4
o
o
=z O
oX
o
[ ]
=g 1
[
SR
-
w
o
&
= L
\L R D N i . ) i i |
B — A B -
r’ = L= 1= = * 8
80 ) 80 160 240 320 409 480 550 540 R 13
TiHE §

Fig. 5.4 Core power for bundle A (WE 101) and
other three bundles (WE 102) in RUN 891



JAERI-M 90-073

RUN 991

.0036

.0030

.0026

M3/S

-poz2o

FLOK RATE

-0016

vaL .

-0D10

-0006

I0ana m 7y o) 2

-00o0

£ £
=80 0 80 180 240 320 400
TIME S

Fig. 5.5

MFY 75

Feedwater flow rate

B
10

640 720

in RUN 991

RUN 981

.0038

0030

.002E

FLOW RRTE M3/5
0020

Q0l6
™|

VoL -

«001¢
H

.0D05

O

& -5 =x £
B0 0 80 180 240 320 400
TIME S

-0000

Fig. 5.6

Injection flow rate of LPCI

480 560 &40 720

in RUN 991



(m)

Height above PV Bottom

JAERI-M 80073

|
|
|
|
L
\
|
|
L

Mixture Levels in PV

A

_ﬂJ\ < JP Suction Line

Lower

\
‘//’Downcomer /
\ 1

Core \

Channel A %

I

I
\ J
/

Upper
Plenum
L

3

e
i

A
I
I

/l[

Downcomer

%

Ceore
7] ||Bypass

\'//\

Rod

- Bundles
\! \ Core Inlet ; — !E
\ 0
Guide Tube'—h\ ! |
a}
! . _J Core Inlet
3 J
Plenum Guide Tube
- Lower
P1enum
] I i I _I/ \l,
100 200 300 400

Time (s)

Tig. &.7 Mixture levels

ROSA-TIT FV

in PV in RUN 9§91



4 1 | 1 T 7 g
\ '
Downcomer Level and Void //
g 1\‘ Fraction in RUN 991 /"
g 3 I o
: b,
b ~ae w Mixture Level 4 panem"
@] . e
o ‘\~\ \( / ',"
= Teud s~
4 “.‘ \ // ’.'
o 2 - \x\ Ao 41.00
O ~ — ’l
0 > — ’
© Collapsed/ N L é
o Level s .~ &
= R ¢ 3]
E &
. H
@ L 0.50
s 1 30 g
’ 3
Average Void Fraction g
0 1 1 I 1 0.0
0 100 200 300 400 500
Time (s)
Fig. 5.8 Water level and void fraction in downcomer in RUN 991
g 2 RUN_991
M ° mPO 21 OPD 22
c8i 8
o a
LLID LL’D
& a [+t
e =0 mo
wg w e
[4p] L]
L (5]
o o
¢l W
wel W8 '
[Vl L
a a
. B SR - S "
o E \-\_‘ o T~ o =2 -5 __—O.
| H\&J\
‘ ; Mw}:ﬁjf
3 B =80 [=[8] 160 240 320 400 480 5E0 540
TIME S
Fig. 5.9 Diflerential pressures inside core shroud in RUN 991

JAERI-M 90-073




JAERI-M 90073

720

1000
Time-Integrated Break Flow Data .
- 0 in RUN 991 e
= -
. L
= 500 |- e .
o PR
) -
b0 L
:
< e High-Range Drag-Disk
-~ D
ﬁ 250 L . Flow Data a
’ Low-Range Drag-Disk
P Flow Data
'l
/,
0 | | 1 ! I
0 100 200 300 400 500 600
Time (s)
Fig. 5.10 Compariscn of discharged mass between low and high
range drag—disk data
v} 0 & RUN 891
WM 727 O LH 728
= = Jdb
| @ ..MN
ul wl
Tl Gm i
— -
218
S Vs
< T .
.| —
[ 5 i
Lo s}
« (-] W
e TR L
:m Ll
o =
£ o \\w !,M
w =
2]z i p
T \\J\
! V\“\,A
- 0 \mw
o - -80 80 160 240 3zo 400 480 E60 §40
TIME 8
Fig. 5.11 Ccllapsed levels in downcomer and shroud in RUN 981



1.0
T I I | i /
/
Transient Mass Inventory in RUN 991 //
/
. /
L
0.75 L - Core Dryout Period——m—m—m— /, ]
!
/7
o) /
= JP //
= Suction System Tctal Mass 7
0.50 Hincovery 4 .
E 4
/
o %
@ ADS Y
I 0.25 | < .
// Injected
/ LPCI Mass
LPCI
M = 646 kg s
o s
y
0.0 ] l A | 1 I
0 100 200 300 400 500 600
Time (s)
1.00 ]
Trajectory of Mass and
Pressure in RUN 991
0.75 I~ ]
oult
= gore VY
-
=
0.50 ]
Q
o
p
©
=
wn
3
= 0.25 -
PO= 7.37 MPa
M= 646 kg LPCI IADS LPF
0.0 : ll ] | i l ]
0.0 0.2 0.4 0.6 .8 1.0 1.2

JAERI-M 90073

Pressure Ratio P/PO

Fig. 5.12 Transient mass inventory related to time end pressure
in RUN 9891



KG/S

MRSS FLOW RATE

JAERI-M 90-073

CEV 729 O EV 730

2 RUN 991
il M
% 4
cg E/Mm
(VW)
p=-2
=
=g <
R ™
a
L "a\ A

3 AW

] i

® \‘B‘ Q'”M

)
—__B_\-E— ’/E'/J
o880 G 80 160 240 320 400 480 BEO 540 720

TIME &

Fig., 5.13 Tluid inventery in downcomer and shroud in RUN 891

0FM 714 O FH 715 A FM 716+ FM 717

< FM 1718

RUN 3991

1z
T
10

10

B
B
&
2
1)
]
e

€
4
2
c

CHANNEL R FLOW

CHANNEL B FLOW

CHRNNEL C FLOW

4
2
[b]

' ' SO e iy W il

CHHNNEL 0 FLOW

i
11

L 1. L L ¥ |
e ’ VTR fos #‘MWM
S f
BRI e LA A S (i s e
GUIDE TUBE FLOKW
Ty @ Te T a 8s 160 240 320 400 480 560 E40 720

TIME S

Fig. 5.14 Tlow rates at core inlet orifices and bottom of

‘guide tube in RUN 991



K

FUEL ROD TEMFERRTURE

K

FUEL RODD TEMPERRTURE

JAERI-M 90-073

=4
4&
T
A M TJE 201 o TE 202 A& TE 203 + TE 204 ¢ TE 205
g% 4+ TE 206 X TE 207 RUN 991
3 /jf:
| i}/}?/ . \
/"/’* L

. /5 / vl
E W 4
| /M “
w

=
[=3
3
o %’\
I 0 80 166 240 3zo 400 480 . B0 E40 720

Fig. 5.15 Surface temperatures at All rod in RUN 881

M TE 234 @ TE 235 & JE 236 + TE 237 <& TE 238

A

[Gk+e+

1000

AN

K;/ N
il
| T

400

B-80 ] 80 180 240 320 400 480 560 640 720

TIHE &

Fig. 5.16 Surface temperatures at A2Z red in RUN 891



JAERI-M 90-073

*
<
A O TE 374 O TE 375 A TE 3786 + TE 377 ¢ TE 378
o + TE 378 RUN 991
g
=]
o
= /’i i\
(=]
2 L
E -3
@
z P
o e
o Pl
-
] x//
oo
1 - Y
5 uV/,’*)
I-I._I'.'l
g LL
)
H
a
(=)
=T G 80 160 240 320 400 480 550 640 720
TIME S
Fig. 5.17 Surlace temperatures at C22 rod in RUN 981
x
4.
o
8 M TE 414 O TE 418 A TE 416 + TE 417 & TE 418
o 4 TE 418 H TE 420 RUN 991
[
o
&
X
w8
=
—
4
i
o8
::l"-
i
[—
- T
28 EV/
ﬁ weﬂ—”/
= w——
g vl
o
w
“‘“{%@E
2
o
8—80 3} B0 160 240 3Z0 400 480 BED 540

TIME S

Fig. 5.18 Surface temperatures at A45 red in RUN 891



(m)

Height above PV Bottom

(m)

Height above PV Bottom

JAERI-M G0-073

hundles in RUN 891

3.5 i T T i
Water levels inside
3.0
core shroud (RUN 591)
9.5 L ~+Bfe+ Channel A
=~&-- Channel B,C
—&— Collapsed
Level
2.0 d
]
!
\ {
1.5 ! \ 1 1 1 1
0 100 200 300 400 500
Time (s)
Fig. 5.19 Liquid level signals in four channel boxes in RUN 891
3.5 T | T | T
Dryout and quench fromt
3.0 in four bundles (RUN 991)
\
2.5 Dryout Quench
—0~— A22 rod
2.0 |- -- B22 rod
- C22 rod
—Q— D22 rod
1.5 ] 1 | i 1
0 100 200 300 400 500
Time (s)
Fig. 5.20 Dryout and quench timings of heater rods in four



JAERI-M 90-073

xf
o8
LR
Zo
Eé RUN 951
=S - — @— RUN 992
we ADS
=
EE |
% AN l
@
Hg ADS
wg |
S ]
- e | l
g lLPcS[\E'\\E\ LECI
'-____-_
i S
-80 0 80 169 240 320 400 480 650 640 720
TIRE S RUN 891
-120 0 128 240 360 480 600 720 840 980 1080
TIHE S RUN 982
Fig. 6.1 Comparison of pressure responses between RUNs 991 and 992
M LK 727 M LM 728 .
oY I RUN 887,
[l 7] r\'
© ~ liar NN M
= = M w
- -
R W~ Wwww
Wy i
- .}
a o
a | @ ™
a. - [\ 1
T, «u v \H f
— -
= e, *
gﬂ'; g--- %‘\w
5| ¢ h,
= | B AL,
o B !
L
o t;j-IZCI [} 120 240 360 480 600 728 B40 960 1080
TINE 3 ’
Fig. 6.2 Collapsed levels in downcomer and shroud in RUN 992



KG

MASS INVENTRY

JAERI-M 90-073

0 EY 728 o EYV 730
& RUN 992

560

}

489

400
]

gf
|

240
—r
/—
S
=

ety

ol A

a0

=120 0 120 240 360 480 BOD 720 - BAD &0 1080
TIME 8§

Fig. 6.3 Fluid inventory in dewncomer and shroud in RUN 992

5 T I | | ) |
ADS l lLPCI

a— ’ E
E, Collapsed Water Level E

~ \ Inside Core-Shroud ~ 7
=3 ~ a\/\ .-"" [} .
o ~ [=%
5 \ . / > —— Pos.1
o - —— Pos.2
= 3 I -
e \ ' — Pos.3
s3]
3 \\\\\ ' // ¥  —— pos.4
3 . : S
2, Core Mixture Level \\ ' —— Pos.5
CIE —— P0s.6
Iy — Bundle A )
el —— Pos.7

""" Bundle C
1 ] | I | ] |
0 200 400 600 800 1000 1200

Time after Break (s)

Fig. 6.4 Mixture levels in PV in RUN 8992



JAERI-M 90-073

¢66 PUB 166 SNNOY UY!

[8AB] ©INIXIW @I0D PUB [0AD[ 4998 lowooumop jo uosijasdurod  §°9 "8Lg
() Purl (s) swry
096 0tL 08Y ave 0 0%9 08% 0Z¢ 091
1 | i ] ﬁ |
wnusaTg I9MoT~,.’ | %
LS LN
1249 2INIXIK T 13887 v
Ay
= 210) - BINIKIW 2109 Y, -
I Q
"N o
[ o

anoiig
(266 NN¥)

2107

Ad BT ST2A27T 1231EM

[2a27 193BM
I2WODIUMO(]

(166 NO¥) Ad UT STSA97T I331BM

In0Laq 92109

|

I0d1 210399 Pres

T [
o A T
LB
*qray s AR L AN
«w®~k..
woraons 7] .4« Gl
ar b ar
=) Ry .
N.u..-*.“N. Hc V
1241 el
R . .. Al
5241 .
3048 =
ghtl

uoTIING

SaQv s103=q j

wolioyg Ad 240de T2A37]

(w)



JAERI-M 90073

1.5 1 | I Tr 7
Transient Mass Inventory /,j
and Injected ECC Mass / ‘.'
F_:O /! '-'
S 1.0 / / I .
~._ Mass Inventorylf // J
’ /
.E \Z\\ / s
&5 Mass — ‘.'
® 0.5 b Inventory — ",’ 1
w
b
=
/ RUN 991 ; RUN 992
/LPCI APCIT
/ K
0.0 ie l P 1

0 250 500 750 1000 1250
Time (s)

I'ig. 6.6 Comparison of mass inventory between RUNs 991 and 992

1.00 T ¥ ) T T
/.—-"’, —
0.75 F _~="" 10% MSL Break with i
) ~ 2 LPCI (RUN 992)
/

- 7
=
> 0.50 I 21% JPDL Break with -
g 2z LPCI (RUN 991)
i
o~
b
o 0.25 |- Efficiency of ECC Accumulation

Ea N (Me_Md_Ms)/Me
0.0 | | 1 1

0 100 200 300 400
Time after LPCI Actuation . (8)

Fig. 6.7 Compariscn of ECC accumulation in system between
RUNs 991 and 892



JAERI-M 90-073

1.00 T
. Initial
10% MSL Break //, State
0.75 (RUN 992) ﬁ
o
=
=
0.50F -
8 21% JPDL Break
- (RUN 991)
o .
% C Heat
- ore Heat-up -
o
= 0'25 M/Range
ADS ADS LP
LPCI 1 lRUN 992 lRUN 9911 Flashing
0.0 ] 1 ] | 1 ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Pressure Ratio P/PO
IFig. 6.8 Comparison of mass-pressure trajectory between
RUNs 991 and 982
2 l !
/q 985 K, 344 s
r 21% JPDL Break
S 7 (A22 rod, Pos.3)] |
X7 /
% 7 \
o
=2
[am
/
a. &~
5
b 'ﬂ*649 K, 744 s
= / 10% MSL Break
=2
g _\=B==f (All rod, Pos.3)
b e
z TE— =
E ~&r]
MM
,.g-.—au v} BQ 160 240 TI;ZEU 5 400 480 BEO 640 RUN 991
-120 0 120 240 380 TI;I?EU . 600 720 840 % RUN §g92
Fig. 6.8 Comparison of PCT between RUNs 891 and 992



JAERI-M 90-073

List of Vessel Nozzles

] I TTTTE]ITI

: Vent Nozzle (Instrument)
: Main Steam Line

: Feedwater Line

ECCS Line (HPCS,LPCS)
ECCS Line (LPCI)

: Rec. Coolant Inlet Line

E

o, H o © = M@= g o @ =

: Rec. Cooclant Outlet Line
Stub Tube (Control Rod)

Stub (In-Ceore Monitor)

: Drain Line Nozzle

\QQ/

Fig. 6.10 Illustration of various nozzles through a jet pump type
BWR/5 vessel



JAERI-M 90-073

o %snv{:}___

. AD35
= ]
p——
BUNDOLE
I [
ok

(a) Schematic diagram of TBL (Ref .61}

Filler Block{AL)

——— Thermal
Insutator
—— Vessel

—— Shroud

Channel Box

Core Bypass

Jet Pump

Vessel

Filler Block(AL)

Thermal
insulator

Control _Rod
Guide Tube

Lower Plenum

m - )>-]
—
—_—
o+ »-l

Jet Pump

B-B View

(b) Arrangement ol vessel internals {Reference 62)

Fig. §.11 Test facility ¢f Two Bundle Loop (TBL)
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Normalized Power in ROSA-III

JAERI-M 80-073

100
50
< 20 Electrical Power Input to a Heated Bundle
o
2
& - Constant Power due
e 10 - to Limits of the
& -_J_Control System__
ng. 5 ANS+20% Decay Meat
2}
1 ] 1 1 1 1 ! L L ! 1
0.1 0.2 05 1 2 5 10 20 50 100 200
Time after Break(s)
Fig. 6.13 Tlectrical power input lo a heated bundle of TBL test
{Reference 62)
T I 1 ¥ I 1 1 i 1 3
Criginal Power Curve -4 1.0
Average-Power Rod-Based Power
Curve
Peak-Power Rod-Based Power -4 9.8 =
Curve g
ANS Decay Power Curve =
0.6 u
o
x
&
1.0 -]
0.4 %
0.3 o
£
0.6 so.‘
0.2 =
0.4
.2
c.0 0.0

.14 Updated core power curve in ROSA—-I11] tests
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Appendix 1 List of Measurements and Caleculated Data in RUN 991

Almost all of the meesurements (Channels 1 through 698) in RUN 8981
941 are listed in Table A.1 (in figure numbers of A.l through A.137).
However, approximately a hall of the total measurements were not used or
not measured in RUN 991. Some measurcments are shown in Chapters & and
6. The biank dntﬁ in Table A.1 mean that the recorded data were not shown
in this report because those data were similar and could be represented by
the other data shown in this report. Shown in Teble A.2 is a list ol cal-
culated data by using the experimental results shown in Table A.1. 'The
core instrumentations including the heater rod surlace temperntures and

fluid mixture level are listed in Table A.3.

Table Al Measurement List for RUN 891
Table A.2 Calculated Data in RUN 991

Table A.3 Core Instrumentation List
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Table A.2 Calculated Data in RUN 991
No. [tem Symbol Location Fig. No. Unit
1 Density DE 701 JP1,2 Qutlet, Average NU kg/m3
2 | Density DE 702 | JP3,4 Outlet, Average NU kg/m3
3 | Density DE 703 | MRP-Side Break, Average 4.118 kg/m®
4 Density DE 704 PV-Side loop, Average kg/m?
5 | Flow Rate FM 705 | MRP-Side Break, (Low) A.120 kg/s
8 | Flow Rate FM 706 | PV-Side Break, {Low) NU kg/s
7 | Flew Rate FM 707 | MRP-Side Break, (High) A.121 kg/s
8 | Flow Rate FM 708 | PV-Side Break, (High) NU kg/s
9 | Flow Rate FM 708 | Total Break Flow (Low) NU kg/s
10 | Flow Rate FM 710 | Total Break Flow (High) NU kg/s
11 | Flow Rate FM 711 | Steam Flow (Low) A.122 kg/s
12 | Flow Rate FM 712 Steam Flow (High) 4.122 kg/s
13 | Flow Rate FM 713 | Steam Flow (Middle) 4£.122 kg/s
14 | Flow Rate FM 714 | Channel & Inlet 4.123 kg/s
15 | Flow Rate FM 715 Channel B Inlet 4.124 kg/s
16 | Flow Rate FM 718 | Channel C Inlet £.125 kg/s
17 | Flow Rate FM 717 | Channel D Inlet A.128 xg/s
18 | Flow Rate FM 718 | Bypass Hole Flow A.127 kg/s
19 Flow Rate FM 718 Total Core Flow £.128 kg/s
20 Flow Rate FM 720 JP1 Outlet (Pos. Flow) A.128 kg/s
21 | Flow Rate FM 721 | JP2 Qutlet (Pos. Flow) A.128 kg/s
22 | Flow Rate FM 722 | JP3 Outlet (Pos. Flow) 4.130 kg/s
23 Flow Rate FM 723 JP3 OQutlet (Neg. Flow) 4.131 kg/s
24 | Flow Rate FM 724 | JP4 Outlet (Pos. Flow) A.130 kg/s
25 Flow Rate FM 725 JP4 OQutlet (Neg. FlLow) A.131 kg/s
26 | Flow Rate FM 726 i Total JP Cutlet Flow A.132 kg/s
27 | Water Level LM 727 Collapsed DC Level A.133 m
28 | Water Level LM 728 Collapsed In-Shroud Level A.134 m
29 | Fluid Mass EV 729 Cowncomer Mass A.135 kg
30 | Fluid Mass EV 730 { In-Shroud Mass A.136 kg
31 Fluid Mass EV 731 Total Mass in PV A.137 kg
32 | Fluid Mass EV 732 | Mass Balance in PV kg
33 | Fluid Mass EV 733 | Discharged Mass kg
34 Flow Rate FM 734 Discharged Flow Eate kg/s
35 | Flow Rate FM 735 Discharged Flow Rate kg/s
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Table A3 Core Instrumentation List
Item Pos.[Cote |poo 1 Ipos.2 |pos.3 | Pos.4 | Pos.5 |Pos.6 |Pos.7 | SOT8
Cutlet Inlet
ggf 3660 | 3417 |3114.5/2879.5| 2527 | 2174.5|1939.5[1637 | 1434
Surface All T 1|TF 2 |TF 3 |TF a|TE S5 |TF 6 |TF 7
Temp- | 412 TF 8 |TF 9 |TF w0 |TF 11| TF 12 {TF 13 |TF 14
Al3 TF 15 |TF 16 |TF 17 |TF 18 | TF 19 |TF 20 |TF 21
Al4 TF 22 |TF 23 |TF 24 | TF 25 | TF 26 |TF 27 |TF 28
ALS TF 29 TF 30
Al7 TF 31 TF 32
A22 TF 33 |TF 34 |TF 35 |TF 36 | TF 37 |TF 38 {TF 39
A23 TE 40 |TF 41 |TF 42 | TF 43 | TF 44 |TF 45 |TF 46
AZ4 TF 47 |TF 48 [TF 49 |TF 50 | TF.51 |TF 52 |TF S3
A26 TF 54 TF 55
A28 TF 556 TE 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 | TE 71 |TF 72 |TF 73
A3S TF 74 TF 75
A37 TE 76 TF 77
Ad2 TF 78 TF 79
f};ﬁg, Ad4 TC 1 |TF180 |TF18l |TFis2 | TF183 | TF184 |TF185 |TF186 | TC 2
Surfacel A4S TF 80 TF 81
Temp. | 446 TF 82 TF 83
A48 TF 84 TF 85
AS1 TF 86 TE 87
AS3 TF 88 TF 89
AS4 TF S0
AS7 TE 91 TE 92
AG2 TF 93 TF 94
AG4 TF 95 TF $6
A66 TF §7 TF 938
A68 TF- 99 TF100
AT1 TF101 TF102
A73 TF103 TF104
ATS TE10S TF106
ATT TF107 TF108
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Tablo A.3 Core Instrumentation List (Cont’'d)
Item ;. 83§§et Pos.1 |Pos.2 |Pos,3 [Pos.4 | Pos.5 |Pos.6 |Pos.7 | §OTS,
28? : 3660 | 3417 | 3114.5(2879.512527 | 2174.5[19359.5] 1637 | 1454
Surface| A82 TF 109 TF110
Temp - | 484 TFill TF112
ABS TF113 TF1ll4
A88 TFL115 TF116
Bll TF1L7
B13 TFli8
B1S TF119 | TF120 | TF121 | TF122 | TF123 |- TF124 | TF125
B3l TF126
B33 TF127
B35S TF128
F%S;g! B44 TC 3 |TFL87 | TF183 | TF189 | TF190 | TF191 { TF192 | TF193, TC 4
Surface| BS1 TF129
Temp- | geg TF130
B85 TFL3! | TF132 | TF133 | TF134 | TF135 | TF136 | TF137
C1l TF138
C13 TF139
C15 TF140
€31 TFl4}
€33 TE142 | TF143 | TF144 | TF145| TF146 | TF147 | TF148
€35 TF14%
F%Eﬁg_ Cad TC 5 | TF1S4 | TF19S | TF196 | TF187 | TF198 | TF199 | TF200{ TC 6
Surface| (51 TF150
Tem- | o3 TF151
c77 TF152 | TF153 | TF154 } TF1S5 ¢ TF156 | TF157 | TF158
D11 TF159 '
D13 TE160
D27 TF161 | TF162 | TF163 | TF164 | TF165 | TF166 | TF167
D31 TF168
D33 TF169
D3s TF170
F%E;SL D44 TC 7 | TF201 | TF202 | TF203 | TF204 | TF20S | TF206 | TF207| TC 8
Surface! 051 TF171
Temp. | pss TF172
3 D88 TF173 | TF174 | TF175 | TF176{ TF177 | TF178 | TF179
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Table A.3 Core Instrumentation List {Cent'd}
Pes.| care Core
Item Gatler Pos.l |Pos.2 |[Pos.3 | Pos.4 | Pos.5 [Pos.6 |Pos.? Imlet
L
:8d 36460 3417 3114.5|2879.5) 2527 2174,5(1939.5(1673 1454

Yoid ASS V¥ L {VF 2 |VF X3 |VF 4 |VF 5 |YF 6 |VF 7

BS5 VF B JVF 9 (VF 10 |VF 11 [ VF 12 |VF 13 |VF 14

C55 VF 15 {VF 16 lvF 17 |VF 18 | VF 19 |VF 20 |VF 21

D55 VE 22 |VF 23 |VFE 24 |VF 25 | VF 26 |VF 27 |VF 28
Channel] Al* ™ 1 |T 2 |TB 3I|TB 4!TB S |TB 6 (TB 7
Box
Surface A2 ™ 8T 9 (T8 10 (TB 11 | TB 12 |TB 13 |TB 14
Temp. B T8 15 |{TB 16 |TB 17 |1TB 18 |T1TB 19 |TB 20 |TB 21

cr T8 22 |TB 23 |TB 24 |TB 25 | TB 26 |TB 27 [TB 28

D* T8 29 |TB 30 [TB 31 47TB 32 |7TB 33 [TB 34 |[TB 35
Liquid | Al* B 1 {8 2 |LB 3 ¢LB 4|LB 5 {LB & LB 7
Level -
in the AZ B 8{LB 9 |LB 10 (LB 11 (LB 12 |LB 13 ;LB l4
Channel] B> LB 15 |1LB 16 /LB 17 !{LB 18 |LB 19 (LB 20 |LB 21
Box c* LB 22 LB 23 | 1B 24 | LB 25 | LB 26 |[LB 27 {LB 28

D* LB 29 (LB 30 |LB 31 |LB 32 {LB 33 |LB 34 {LB 35
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Appendix JI Dats Processing and Experiment Data f{or RUN 991
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List of Figures of Experiment Data for RUN 991 (Appendix II)

Fig Al Pressure in PV (pressure vessel)

Fig A.2 Pressure in broken loop JP (Jet Pump)

Fig.A.3 Pressure near MRP (Main Recirculation Loop)

Fig. A4 Pressure at MRP side of break

Fig.A.B {DCY Downcomer IHead

Fig.A.6 Differential pressure between PV bottom and top

Fig. A7 Dilferential pressure between JP-1,2 discharge and
suction

Fig. A. Diflerential pressure belween JP-1,2 drive and suction

Fig.A.D Dilferential pressure betwecen JI'-3,4 discharge and
suction

Fig. A 10 Dilffercntial pressure between JP-3,4 drive and suction

Fig . A.ll Differentiﬁl pressure beetween MRP delivery and suction

Fig. A 12 Dilferential pressure beiwecen downcomer betterm and

MRRP1 suction

Fig.A. 13 Differential pressure betwsen MRPL delivery and
JP-1,2 drive

Fig.A. 14 Nifferantial pressure belwesen downcomer middle and
JP-1,2 suction

Fig . A 15 Differential pressure between JP-1,2 discharge and
lower plenum

Fig A.I0 I3Yifferential pressure between downcomer bottem and

break
Fig A. L7 Diffarentinl pressure beiween MRP2 dilivery and JP-3,4

drive

Fig. A L8 Diflerential pressure between downcomer middle and
JI~3,4 suction

F'ig. A 19 Differential pressures between JP~3,4 discharge and

confluence

Fig.A.20 Dilferential pressure belween JP-3,4 conflluence in
broken loop and LP

Fig . A.21 Differential pressure between lower plenum and
downcomer middle

Fig.AL 22 Dilferential pressure between lower plenum and

downcomer bottom
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Fig.A. 23 Differential pressure between downcomer bottom and
downcomer middle
Fig.A. 24 Dilferential pressure between downcomer middle and

steam dome

Fig.A.2b Differential pressure between LP bottom and LP middle
FFig.A.26 Ligquid level in LECCS tank

Fig.A.27 Liguid level in downcomer

Fig.A.28 Mass flow rate in MSL

Fig.A.29 I'cedawter [low rate

Fig.A.30 JP-1,2 discharge flow rates (pos. flow)

Fig.A.31 JP-3,4 discharge flow rates (pos. flow)

Fig.A.32 JI’-3,4 discharge flow rates (neg. [low)

Fig A.33 MRP discharge flow rate

Fig.A. 34 MRRP pump speeds

Fig.A. 35 Valve operation signals

Fig.A. 36 [HCCS operation signals

Fig . A.37 MRP operation signals

IM'ig.A.38 IFluid density at JP-side of break A, beam A
Fig.A.39 Fluid density at JP-side of break A, beam B
Fig.A.A0 T'luid density at PV side loop, beam A

Fig.A.41 Fluid density at PV side loop, beam B

[Fig.A .42 Mementum flux at break A spool piece {low range}
Fig.A. 13 Momentum [lux at PV-side loop spool (low range)
Fig . A.14 Momentum [lux at break A spool piece (high rango)
Fig.A .45 Momentum [lux at PV-side loop spocl (bigh range)
IFig. A.46 Fluid temperatures in lower plenum and upper plenum
FPig. A 47 TFluid temperatures in steam dome and MSL

Fig.A. 48 Fluid temperatures in downcomer

Fig.A. 48 Fluid temperatures in intact recirculation leoop
Fig.A.50 Fluid temperatures in broken recirculation leop
Fig.A.bl Fluid temperatures at JP 1,2 outlet

Fig . A.52 IFluid temperatures at JP 3,4 ocutlet

Fig.A.bB3 IFiuid temperatures near break A

Fig.A .54 IFeedwater temperature

Fig.A.4b Surface temperatures ol {uel rod All

Fig.A.56 Surface temperatures of fuel rod AlZ

Fig.An.57 Burface temperatures ol fuel rod Al3

Fig.A.bB8 Surf{ace temperatures of fuel rod AZ2
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of fuel rod

of

Surlace temperatures

Surface temperatures fuel rod

Surface temperatures of fuel rod

of fuel rod

of
of

Surface temperatures
rod

rod

Surface temperatures fuel

Surface temperatures fuel

Surface temperatures of fuel rod

of fuel rod

of

Surface temperstures

Surface lLemperatures fus! rod

Surface temperatures of [uel rod

Surface temperatures of water rod

Surface temperatures of water rod

Surface temperatures of fuel rods

A87 and AB8 at position 1

Surface temperatures of fuel rods

AB7 and A88 nt position 2

Surlace temperatures of [luel rods

A87 and AB88 at posilion 3

Surface fuel rods

A87 and

temperatures of
AB8 st position 4

Surface temperatures of [uel rods

AB7 and AB8 at position 5

Surface temperatures of fuel rods

A87 and A88 at position 6

Surface temperatures ol fuel rods

A87 and A88 at position 7

Surface temperatures of fuel rods
A22, B22, C22 and D22 at position

Surfece Ltemperatures of fuel rods

A2, B22, C22 and D22 at position
Surface temperatures ol [uel rods
AZ2, B22, C22 and D22 at position
rods

Surlace temperatures ol fuel

A22, BR22, C22 and D22 al position
Surface temperatures of fucl rods
A22, B22, C22 and DE2 at position
Surface temperatures of fuel rods

A22, BB22, C22 and D22 at position
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Surface temperatures of [ue! rods

A22, B22, C22 and D22 at position 7

Surface temperatures of fuel rods

AT, B17 and C77 at position 1

Surface temperatures of fuel rods

ATT, B77 and C77 at position 2

Surface temperatures of [uel rods

A7T, B77 and C77 at position 3

Surlace temperatures of [uel rods

ATT, B77 and C77 at position 4

Surface temperatures ol [uel rods

A77, B77 and C77 at position 5

Surface temperatures of [uel rods

A7T, B77 and C77 at posilion §

Surface temperature of fuel rod

B77 and C77 at position 7

Fluid temperatures at channel inlet

Fluid temperatures at channel A outlet

Fluid temperatures at channel C ocutlet

Fluid temperatures above UTP of channel A,
openings 1, 4, 10

Tluid temperatures below UTP of channel A,
openings 1, 4, 10

Fluid temperatures at UT[* in channel A, opening 1
Fluid temperalures at UTP in channel A, opening 4
Tluid temperatures at UTP in channel A, opening 10
Fluid temperatures above UTI® of channel C,
ppenings 1, 4, 10

IFluid temperatures below UTP of channel C,
cpenings 1, 4, 10

Fluid temperatures at UTP in chennel C, opening 1
Fluid temperatures at UTP in channel €, opening 4
T'luid temperatures at UTP in channel C, epening 10
Quter surface temperatures of channel box at

pos.l through 7

Fluid temperatures in lower plnum, center

LLiquid level signals in channel box A, location AZ

Liquid level signals in channel box B
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Liquid level signals in channel

Ligquid leve! signals in channel

T.iquid level signals in channel

Liquid level signals in channel

Liguid level signals in channel

Liguid level signals in channel

IL.iquid level signals in channel

I.iquid level signals in lower plenum,
Liquid level signals in guide tube, north

Liquid lsvel signals in downcomer,

Average density a

box C
A outlet, location AZ
A outlet, center
C ouilet, location C2
C oullet, center
A inlet
C inlet
ncr th
D side

t MIRP side of break

Flow rate at JP side of break A (based on low range

drag disk data)

Flow rate at JP side of break A (based on high range

drag disk data)

Steam discharge f
Mass flow rate at
Mass {lew rate at
Mass [low rate at
Mags {low rate at

Mass flow rate at

low rate threugh MSL

channe! A inlet
channel B inlet

channel C inlet

channel D inlet ~

bypass hole

Total channel inlet flow rate

Flow rate at JP 1,2 outlet (pos.

Flow rate at JF 3,4 outlet (pos.

Flow rate at JI* 3,4 outlet {(neg.

Total JP outlet [low rate (pos.

Collapsed liquid level
Collapsed liquid level

Tluid inventory in downcomer

Fluid inventory inside core shroud

flow)
flow)

flow)

flow)

in downcomer

inside core—shroud

Total fluid inventory in pressure vessel
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Data P'rocessing and Experiment Data for RUN 851

In Appendix Il, most of the measured date of RUN 991 and their data
processing methods are shown. Some of the experiment data are also shown
in Chapters 5 and 6. The data acquisition [requency was 10 Haz. The test
data were processod and reduced to 1000 data points in each data channel
for coﬁlputer pfotting.

The tesl data of RUN 991 are shown in Figs. A.l1 through A.137. In
these {igures, the measured quantily is identilied by the channel number

and the alphebetic characters (refl. Tabie A.1).

(1) Experiment Data of RUN 891

Figures A.l through A.4 show the pressure date in the pressure vessel
{(PV)} and recirculation lcops. TFigures A.5 through A.25 show differential
pressure data between various positions in the pressure vessel and the
recirculation loops. Figures A.26 and A.27 show the liguid levels in the
ECCS tank and downcomer. Figures A.28 through A.33 show {low ratoes at
the main steam line (MSL), feedwater, jet pump discharge flews and recir—
culetion line flows. The pump speed eof the recirculation pump is shown in
Pig.A.34. The Lrip signels such as the break initiation signal and the
valve posilioning signals are shown in Figs. A.35 through A.37. Figures
A.38 through A.41 show the [luid densities measured by the gamma densito~
meter at Lhe bresk unit and the single—ended recirculation leop. The fluid
densiiy data at the bresk unit are corrected at two known peints, one is
the initial conditicn and another is a steam-—phase condition or & water
single phase condition and are used for calculation ol the average fluid
density {see Fig.A.119). Ilowever, the density data of DE 128 and DE 129
in Figs.A.40 and A.41 are not corrected and can be used as only the quali-
tative date to show the flashing initiation timing in the recirculation
loop.

Figures A.42 through A.45 show momentum fluxes measured by drug-disks
gl the break unit and the PV-side of the single—endod recirculation loop.

The drag—disk data are similarly corrected as the fluid density at two
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known points, cne is the initial condition, in which the volumetric {low
rate for the initial water flvow is known, and another one is the final test
condition, in which the recir;ulation {low was terminated by closing the
@SV after the end of test period. Tigures A.46 through A.54 show Lhe
fluid temperatures at various positions in the system. The surface tem-—
peratures of heater rods and water rods are measurcd at positions | through
7 as given in Figs. A.55 through A.70C.

Figures A.71 through A.91 show Lhe heater rod temperatures in the com-—
mon vertical axis. Figures A.92 through A.94 show the fluid temperatures
ai both outlet and inlet of the channel boxes. The {luid temperatures
above and belew the upper tieplate (UTP) in both A and C channels are
shown in Figs.A.95 through A.104 (thermocouple localions of these mre
shown in Fig.3.6). The channel box surface temperatures on the outer wall
are compared each other in Fig.A.1056. Fluid temperatures in the lower
plenum are compared in Fig.A.106. The liquid level signels in the core,
the upper and lower plena, the guide tube and the downcomer are shown in
Figs. A.107 through A.118.

Quantities reduced from the test data are shown in Figs. A.119 through
A.139., The average density of Fig.A.119 is calculated as an arithmetic

mean of the densities in multi~directions with the weaight of each cord

length {rel. Figs.A.38 and A.38).

For the three—beam densitomeler at the jet pump outlet speol (these

are not used in RUN §841),

oy = 0.3221p,4 + 0.43p5 + 0.2479p¢ (A1)

where,

Poy: average density obtained from Lhe three—beam gamma densitometer,
04 & density measured by beam A {bottom),
o5 : density measured by beam B (middie).

oc : density measured by beam C (top).
For the two—beam densitecmeter at the break spool piece,

P = 0.8863p4 + 0.4137pp (A.2)
where,
p.,: average density obtained from the two-beam gamma densitometer,

04 : density measured by beam A (bottom),
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density measured by beam B (top).

Figures A.120 and A.121 show flow rates measured by the low and

high-range drag-disks.

The flow raetes are computed {rom the drag—disk

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

where,
&
Cp
A

p[lU

pV?

G = Cp- A

oy - OV (A.3)

mass [low rate,

drag coeflicient ( = 1.13 ),

flow area { = £.923 x 107 m* ),

average density [rom gammsa densitomster,

momentum [lux from drag disk.

The fluid flow rates at the main steam line, channel inlet orifices,

bypass hele and jel pump outlets shown in Figs A. 122 through A.132 are

caleulated {rom the test data which are the pressure drop across the orif-

ices or venturi

flow meters and the liquid density obtained from the tem-—

perature and the pressure condition. The equalion used for the calculation

is as [ollows

where,
(;
4P
Chn

G =0Cp - A-lg-p1- 4P (A.4)

flow rate,

pressure drop across the orifice,

discharge coelflicient,

= (.6552
= 0.4761
= 0.8032
= 0.7383
= 1.126¢C

{ the orifice to measure the steam discharge flow rate )

(

(
(
(

the
the
the
Lhe

channel inlet orifice }
hypass hole )
orifice to measure jet pump outlet [low )

venturi to messure jet pump outlet [low )

flow area { m® )

= 2.875 X 107 ( the orifice to measure the-steam discharge [low

it

i

rate )

1,521 X 107% ( the channel inlet orifice )

1.758 X 107" ( the bypass hcle )
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= 1,133 X 107% ( the jet pump outlet orifice )}

= 6.095 X 10" ( the jet pump outlet venturi )

g © pravitational acceleration ( = 9.807 m/s® y,

e; : density of the single—phase liquid ( kg/nﬁ Y.

This caleculation method is not applicable for two-phase flow condition
after the LPF initiation at the channel inlet orifice and the bypass hole.
Those calculated values show only a trend in two-phase [low ceondilien.
Tota]:channel inlet flow rate presents the sum of four channel inlet [low

rates and & bypass hole {low rate.

Figures A.133 and A.134 show the collapsed water levels in downcomer
and inside the core—shroud, respectively. Eech level is obtained from the
corresponding differentinl pressure. The diflerential pressure mey include
the flow resistance effect, however, the [low resistance becomes negligi-
ble alter slowdown of the recirculation pump speed and lower plenum
flashing.

Figure A.135 shows the fluid mass inventory in downcomer. The [{luid
mass inventory is determined from the density and configurational data

outside the core shroud,

M = p:Q (A.5)
whore,
M . [luid inventory,
p; ¢ ligquid density estimataed from the satulation temperature and/or
pressure,
@ : ligquid volume calculated from the liquid level.

The volume & ( m® ) inside the shroud is aisc given as a function of

collapsed water level in downcomer (L},

G = 0.0 ( L = 0.494 )
§ = 0.0225L — 0.0111 ( 0.494 < L = 1.384 )
G = 0.0697L — 0.0769 ( 1.384 < L = 1.519 )
§ = 0.0225L — 0.0048 ( 1.519 < L = 3.355 )
§ = 0.0801L - 0.1980 ( 3.355 < L = 4.250 )
¢ = 0.2443L - 0.8959 ( 4.250 < L S 4.413 ) (A.6)
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Figure A.136 shows the [luid mass inventory inside core shroud.

L2611L
.2504L
L2375L
. 28661
.33561L
.3607L
38481,

[ B o B o T - TR - i~ N o B

L7118

[=-TE o B o}

.9700
L9211
.8610
L0874
L3080
.4665
.5960¢
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4.413
.78
.6564
.815
L9158
. 143

P e ]

.365
.585

LT <, Y, ST N N

A oa  dA DA A DA
[ B BN N N

1A

.578
.654
LB15
.815
.143
L3656
L8995

N U L N N T

The

fluid mass inventory is determined from the density and confliguraticnal

data inside

the core—shroud,

M= p @ (A.T)
where,
M ¢ filuid inventory,
p; @ liquid density estimated from the saturaticn temperature and/or
pressure,
0 : liguid volume caleulated {rom the ligquid level.

The volume § ( m? ) inside the shroud is aisc given as a [unction of

collapsed water level

Q
Q
Q

Q

D =D

&

Figure

fluid mass in downcomer (see FFig. A.135) and inside core-shroud (see

A

.0
.23560L

16481
18631
.0196L
.0186L
.0410L
.0196L
L0344

- o T o B oo B - v N - B - T v S v N

inside core—shroud (L),

.1245L +
.0898L +

+ 4+ o+ o+

[on- B i B o BN - S o N = = N o |

L0549
.1296
L2120
.3299
. 4198
L4244
L3201
L4292

( 0.0C

(.497
1.354
.H89
. 744
.243
.08
654
L0869
.365

PR > BN N gy

L

< L

< L

< L

< I

A A #A BA 1A BA A

[

(A.8)

.137 shows a total fluid inventory in PV, which is a sum of

Fig. A.136).
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Appendix 111 Maximum Cludding Temperature Distribution in RUN 991

Maximum surface temperature at each thermo—couple Is searched during

a time period alter the break and dats plotting time, and is recorded with

its observation time.

Table A.4 Maximum temperature distribution for RUN 8§61
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Table A.4
A-11 red
PCT (KD
Time (s5)
A-12 rod
PCT (KD
Time (=)
A-13 rod
PCT (K}
Time (s}
A-14 rod
PCT {(K?
Time (s5)
A-15 red
PCT (KD
Time (s)
A-17 rod
PCT (KD
Time (s)
A-22 rod
PCT (K}
Time (s)
A-24 rod
PCT (K}
Time (s)
A-26 rod
PCT (KD
Time (s)
A-28B rod
PCT  (XK)
Time {s)
A-31 rod
PCT (K)
Time (s)
A-33 rod
PCT (KD
Time (s)
A-34 rod
PCT (K)
Time (s)
A-37 rod
PET (K2
Time {s)
A-42 rod
PLT (K)
Time (s)
A-b44 rod
PCT (K}
Time (s}

JAERI-M 90-073

Maximum temperature distribution for RUN 981

Pos.1 Pos.2 Pes.3 Pos.4& Fos.5 Pes.b

TE 201 TE 202 TE 203 TE 204 TE 205 TE 206
743.5 ?16.3 961.9 958.3 BBS.3 760.3
391.3 382.2 366.8 315.7 331.1 ip1.0

TE 208 TE 209 TJE 210 TE 211 TE 212 TE 213
724.3 913.9 F43.9 519.9 B41.9 727.9%9
394.8 370.3 352.1 315.7 336.0 301.7

TE 215 TE 216 TE 217 TE 218 TE 219 TE 220
T4L.7 ?19.¢ 929.5 913.9 833.5 723.1
389.9 371.0 340.2 324.8 325.5 275.8

TE 222 TE 223 TE 224 TE 225 TE 226 TE 227

TE 229 TE 230

TE 231 TE 232

—————— e09.1

------ 291.2

TE 233 TE 234 TE 235 TE 236 TE 237 TE 238
846.7 960.7 984 .7 9346.0 880.2 732.6
387.1 369.6 343.7 348.6 333.9 301.0

TE 240 TE 241 TE 242 TE 243 TE 244 TE 245
Pos.1 Pos.2 Pos.3 Pos .4 Pos.5 Pos.6&
TE 247 TE 248

TE 249 TE 250

—————— 908.9

------ 340.9

TE 251 TE 252

—————— 944 .0

------ 337.4

TE 253 TE 254 TE 255 TE 256 TE 257 TE 258
814.7 B8B.6 ?06.8 885.8 BD1.3 687.5
390.6 371.0 367.5 354.2 339.5 303.8

TE 267 TE 268
TE 269 TE 270
TE 271 TE 272 TE 273 TE 274 TE 275 TE 276
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JAERI-M 90-073

Table A.4 Maximum temperature distribution for RUN 991 (Cont'd)

Pos.1 Pos.? Pos.3 Pos.4 Pos.5 Pos.é Pos.7

A-48 red TE 278 TE 279
PCT (K} - mmmees
Time (8  -—-———=w= me-——-

A-51 rod TE 280 TE 281
PCT  (K) — ——mmee ===
Time €Y  --—— /- mwe==-

A-53 rod TE 282 TE 283
PCT (K} e~ mmem———

Time (5  —-—————~ ===-—-=
A-57 rod TE 28B4 TE 28%
PCT (K) = =—==——- 925.5
Time {5} = —===—- 349.3

A-62 rod TE 286 TE 287
PCT (kY  —-——-—-—— ===
Time (8  -—-——-———-  me==e—--=

A-66 rod TE 288 TE 289
PCT  (KY === mmm==
Time ()  ---—-—7> ======

A-68 rod TE 290 TE 291
PCT (K) = —=-e—=- 922.8
Time (s) = ==--—- 306.6

A-71 rod TE 292 TE 293
PCT (K} ===~ 958.7
Time (s) = -~—-—--—- 304.5

Pos.1 Pos.2 Pos .3 Pos_4& Pes.5 Pas .6 Pos.7

A-73 rod TE 294 JE 295
PCT (K)  —=m—-- 252.0
Time (8} = ——+--= 340.9

A-75 rod TE 296 TE 297
PCT  (KY - e
Time (8}  —-——=-o- om———-

A-77 rod TE 298 TE 299 TE 300 TE 301 TE 302 TE 303 TE 304
PCT (K} 861.4 9234.9 ®55.8 920.7 843.5 723.3 —------
Time (s3 3B4.3 366.8 361.9 336.7 337.4 288.4 2 —-----

A-82 rod TE 305 TE 306
PCT (K) == meme——

Time (8)  —-———=-——  mme=—=-

A-B4 rod TE 307 TE 308
PCT (K} 971.0 45,4
Time (s 340.2 338.1

A-B5 rod TE 309 TE 310 TE 311 TE 312 TE 313 TE 314 TE 315
PCT (K}  —=—=—===  mmemne mmmmme | mm—eem me—mesm mwme——— Somemee
Time (s) —————— —————— -———— —————— —————— —————— ——————

A-87 rod TE 316 TE 317 TE 318 TE 319 TE 320 TE 321 TE 322
PCT (K] 817.2 899.9 935.9 929.2 BS53.9 761.2 590.3
Time (s) 365.4 368.2 338.1 312.2 326.2 298.2 283.5

A-88 rod TE 323 TE 324 TE 325 TE 326 TE 327 TE 328 TE 329
PCT (K> 771.3 870.8 909.4 g22.6 853.¢9 744.0 592.2
Time (s) 307.3 355.6 286.3 298.2 320.6 294.0 283.5
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JAERI-M 90-073

Table A.4 Maximum temperature distribution for RUN 981 {Cont'd)

Pes.1 Pos .2 Pos.3 Pos.4 Pos.5 Pos.6 Pes.7
B-11 rod TE 330 TE 33% TE 332 TE 333 TE 334 TE 335 TE 336
PCT (K2 622.9 B31.3 B61.4 852.%9 784.4 692.2 2 —--=—-
Time {s) 164.5 392.7 364 .0 3I67.5 347.9 302.6 2 —----=-
B-13 red TE 337
PCT (XD 855.7
Time (s) 362.6
B-22 rod TE 338 TE 339 TE 340 TE 341 TE 342 TE 343 TE 344
PCT  (K) 756.2 B51.0 B71.7 852.0 7731 672.3 561.4
Time (s) 4L09.5 384.3 370.3 365.4 350.0 Z284.2 0.0
B-31 rod TE 345
PCT (K . mmm e
Time ¢ m=--—=
B-33 rod TE 346
pcT (K . mem———
Time (s>  mm===-
B-51 red TE 347
PCT (XY . mmme—=
Time (s ===
B-53 red TE 348
PCT K e
Time (s  mmm—=-
B-66 red TE 349
PcT K  mme=e—=
Time (8 . me=——
Pos.1 FPes.2 Pes.3 Pes.4 Pes.5 Pos.é Pos.7
B~77 rod TE 350 TE 351 TE 352 TE 353 TE 354 JE 355 TE 356
PCT  (K) 756.2 B47.3 873.6 B57.6 779.7 681.8 566.2
Time (s) 315.0 335.3 3465.4 361.9 322.0 287.7 28B0.7
B-86 rod TE 357
PCY Xy . mmemmee
Time (8 =m——==
£-11 reod TE 358 TE 359 TE 360 TE 361 TE 362 TE 363 TE 364
PCT (K2 640.0 773.1 829.4 BSZ2.9 779.7 688.4 568.1
Time (s) 159.6 424.9 385.0 366.1 354.9 286.3 278.6
€-13 rod TE 365 TE 366 TE 367 TE 368 TE 369 TE 370 TE 371
PCT (KD 646.7 831.3 B853.9 854.8 788.2 6B8%9.3 571.0Q
Time (s) 368.2 375.9 373.8 361.¢2 350.0 284.9 281.4
C-15 rod TE 372
PCT (XK . mmmmme
Time ¢s  m==——=
c-22 rod TE 373 TE 374 TE 375 TE 376 TE 377 TE 378 TE 379
PCT  (K) 744.0 851.0 870.8 858.5 782.5 676.1 563.3
Time (s) 417.9 393.4 378.0 365.4 358.4 286.3 0.0
C-31 red TE 380
PCT (K . mmmes
Time (s>  T=-T==
C-33 rod TE 381 TE 382 TE 383 TE 384 TE 385 TE 388 TE 387
PCT (KD 630.5 B20.1 829.4 B06.0 733.7 643.8 562.3
Time (s) 173.6 394.1 387.1 371.0 352.8 287.0 0.7

— 159 —



Table A.4
t-35 rod
PCT (K)
Time (s)
C-66 rod
PCT (KD
Time {=}
L-68 rod
PCT (KD
Time (s)
C-77 rod
FCT (K}
Time (s}
D-11 rod
PCT  (K?
Time {s)
D-13 rod
PCT [
Time (%)
b~22 red
PCT (K
Time (s)
D~31 rod
PCT (K)
Time (s)
D-33 rod
PCT (K}
Time (s)
D-51 rod
PCT (X)
Time (s)
D-53 rod
PCT (K}
Time (s)
D-646 rod
PCT (K}
Time (s)
p-7?7 rod
PCT (XD
Time (s)
D-86 rod
PCT (K2
Time (s}

JAERI-M 90-073

Maximum temperature distribution for RUN 991 (Cont’d)

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

TE 391 TE 392 TE 393 TE 394
783.5 B64.2 878.3 864.2
3189.9 386.4 374.5 374.5

TE 400 TE 401 TE 402 TE 403
738.4 858.5 877.3 871.7
410.9 386.4 374.5 366.8

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

TE 395
789.1
354.2

TE 404
793.8
357.7

Pos.5

Pes.é&

TE 396
679.9
298.9

TE 405
683.7
333.9

Pos.&

Pos .7

TE 397
567.2
278.6

TE 406
565.3
275.1

Pos.7



