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Post test calculations for the Slab Core Test Facility (SCTF) Test
$3-15 which had an inclined radial power distribution were performed to
assess the TRAC-PF1/MOD1 (MODL) and the TRAC-PFL/MOD2 (MOD2Z) codes for
the thermal-hydraulic behaviors including two-dimensional behaviers in
pressure vessel during reflood phase of a PWR-LOCA. In this report, it
was mainly assessed whether the predictability of the MOD2 code was im-
proved compared to that of the MODI code or mot. In the MODZ code, the
core thermal-hydraulic model during reflood and the numerical scheme for
pressure vessel have been changed from those in the MOD1 ccde.

The predictions by the MODZ code was improved qualitatively for the
hydraulic behaviors in pressure vessel although the characteristics of
water accumulation in the upper plenum was different from measured re-
sults. The quantitative difference between the MODZ code predictions and
the data was large for the void fraction in the lower half of core. The
predictability of the MODZ code for the core heat transfer was degraded
compared to that of the MOD1 code.

Time step size in the MOD2 calculation was larger than that in the
MOD1 calculation due to the change of numerical scheme for VESSEL compo-
nent and the calculational speed in the MOD2 calculation was almost 1.5

times faster than that in the MOD1 calculatiomn.

Keywords: Reactor Safety, Heat Transfer, Void Fraction, Two-phase Flow,

Reflood, Film Boiling, Numerical Simulation, TRAC Code



JAERT-M 93-138

ERHE NS EET 5 S C T FRBOTENERAICE T 5 BRKEBKIFHERHIET 5
TRAC-PF1,/MOD1IKRUTRAC-PF1,/MOD2Z2a~— F@?‘iﬂﬂ‘@ﬁ%éﬂi{fﬂi

SESES ST e AN
K& Rk BEONE RBR

(1993%: 6 A 8 H=H)

PWR — L OC ABFEGBIETO, EHESENICET 2 RIABHEEUHKIEGITNT S
TRAC—PF 1. MOD1 (MOD1) RUTRAC—-PF 1 /MOD2 (MOD2) I—FD
TRIMAERSHET 700, LK@ AEIER L AamE bR CHEBREE(SCTE)
SRS 3 - | 5 iodtd ARBREIRN AT - 72, ABE T, MOD 2 2 FOTFRIERESMOD 1
T— FD LDz~ EEXNAGHEZICFE L/, MOD 23— F3MOD 12— Fizkb,
H KO E LRSS EF LR OTENEENOBIERRENER SN TN S, |

B L AHOEKEHEIRERRE SRS -2 b0, EABBNOKIERITSMOD
9 09— FOFAMEEIIMOD 1 27— FO L0 X D EHENICRRES N, ERIGICE, FLPREK
NIz BIF B EA NRICHT 3 FRIEENRE N 1o, P 0EEICHTHMOD 2 3 N
FHHEEIIMOD 1 a—FO DX DHLLI,

MOD 2 2— FIt X 2HETD I A LRF v 7414 XiFEVESSEL 3 vH—x > TOHIERE
HEOEHICEIOMOD 1 2—-FR&2b0LDKEL, MOD2Z22— FOFEFEEISMOD 1 3—
KO SEEE T,

B s - TI0-11 RMBIEAHREHNOTFEEZY



4,

J.

JAERI—M 93—138

Contents
1. TntroducCtion ceeesssnnesrsensssnrsontrsnsanrssnsssorsosssrsosssss 1
2, Facility and Test Descripfion ...c.secsceenceccasransacacasnanse 2
2.1 Test Facility v iavssessestessasssoreaseanssnessessessenses 2
2.2 Test Conditions and Procedure ...c.eceerecrercencaronascrnenees 2
3. Code and Model Descriptioll ceeeevessssescsnrensanse e easreanaas 3
3.1 Input SchemalfiCS sieevesreasstonsssescoarsacssacsarnassasens 3
3.2 Initial and Boundary Conditions ..eieeriererencrsvensnsesnnes 4
4, Results and DiscuSSiON .cueeseesnssanersasnacasenacsssnansarsanss 4
4.1 Hydraulic Behavior in Pressure Vessel except Core .......... 4
4,2 Hydraulic Behavior in COTE +ueerrscsanscosersscarsaasnnaanns 6
4.3 Thermal Behavior In COFe  weeiestacasssosensssnarsassnsosssssans 7
4.4 Runl StatistiCS cesesscesessssrosssscsscsssasvasnessnenssassas 8
3. Summary and RecOmMendations «.eeueeeeeeaeeeaseeeassoarvsosansas 9
AcknowledgmentS .. ieiieiseirieisetnscascassassasnasenseussteststus s 10
REfEIEINCES s eenesoesoancsnoensoasscsensesassnassnnsasscosssscsssesasesos 11
H X
FEZE e
SESEERR N TRERESAL I ooiriii
2.1 %ﬁ%ﬁ{?ﬁ_ ............. e e e e e e et e ik a s i i e ie R e ar el e e st et e aenes
2 9 E}tﬁ%{#&@ﬁﬁ%ﬂﬁ .................................................................................
E N R N ST 2 o VT S O PP PR
G 1T A TJETIL  crerene e
3.9 %}]Eﬁ%ﬁ:& Ui—%ﬁ%ﬁ: ......................... e et a e e e e tbe e e atbetaa e
;’ﬁg%& U\%ﬁ ...................................................................................................
4.1 'Jﬁlﬂ‘%ﬁ%ﬂ%( Ejjgé‘%m@]‘kj]g@j ...............................................................
4, 2 KUOP@IRITESR] oo
4.3 AELPIOBYLIEEEBY oo
4.4 EPEEBRME  cverererrerr
F LD L ATBMDIRET  veererrreaee e e
E}? ..................................................................................................................
= 7 QTS T T T LA TUIRTTTITIPTRTPITPPIY

i



Table 1
Table 2.1.1
Tabie 2.1.2

Table 2.2.1
Table 2.2.2

Fig.2.1.1
Fig.2.1.2
Fig.2.1.3
Fig.2.1.4
Fig.2.1.5
Fig.2.1.6
Fig.2.1.7

Fig.3.1.1
Fig.3.1.2
Fig.3.2.1

Fig.3.2.2

Fig.3.2.3

Fig.4.1.1
Fig.4.1.2
Fig.4.1.3
Fig.4.1.4

Fig.4.1.5
Fig.4.1.6
Fig.42.1.

JAERI—M 93—138

List of Tables
ICAP assessment matrix — Japan
Principal dimensions of SCTF core-1II
Comparison of dimensions between the SCTF core—Il and the 1300 MWe
Siemens PWR
Test conditions for Test S3-15
Chronology of major events for Test S3-15

List of Figures
Vertical cross sections of pressurc vessel
Bird's—eye view of SCTF
Arrangement of rod bundles
Relative elevation and dimension of the core in SCTF
Dimension and configuration of heater rods
Axial power distribution of heater rods

Horizontal cross sections in upper head and in upper plenum

Noding mode!l for SCTF pressure vessel

Noding model for hot leg and for ECC injection line

Comparison of liquid mass flow rate (upper figure) and integrated liquid
mass (lower figure) at core inlet

Comparison of ECC water temperature (upper figure) and pressure at exit
of hot leg (lower figure)

Comparison of core power in calculations with TRAC-PF1/MOD1 code
(upper figure) and with TRAC-PF1/MOD2 code (lower figure)

Comparison of pressure in pressure vessel

Comparison of fluid temperature at core inlet below bundles 1, 4 and 8
Comparison of radial distribution of fluid temperature at core inlet
Comparison of integrated carry-over liquid mass out of core (upper figure)
and at exit of hot leg (lower figure)

Comparison of steam mass flow rate at exit of hot leg

Comparison of differential pressure in upper plenum

Comparison of core differential pressure in bundle 2 (high power bundle)



Fig.4.2.2

Fig.4.2.3
Fig.4.2.4
Fig.4.2.5
Fig.4.2.6
Fig.4.2.7

Fig.4.2.8

Fig.4.2.9(1)
Fig.4.2.9(2)
Fig.4.2.10(1)
Fig.4.2.10(2)
Fig.43.1
Fig.4.3.2

Fig.4.3.3
Fig.4.3.4
Fig.4.3.5
Fig.4.3.6
Fig.4.3.7
Fig.4.4.1

JAERT—M 93—138

Comparison of core differential pressure in bundle 4 (middle power
bundle)

Comparison of core differential pressure in bundle 8 (low power bundle)
Comparison of sectional void fraction in bundle 2 (high power bundle)
Comparison of sectional void fraction in bundle 4 (middle power bundle)
Comparison of sectional void fraction in bundle 8 (low power bundle)
Comparison of radial distribution of sectional void fraction in the region
of 1.365-1.905 m

Comparison of radial distribution of sectional void fraction in the region
of 2.03~2.57 m

Two-dimensional steam mass flow rate distribution in core at 200 sec
Two~dimensional steam mass flow rate distribution in core at 400 sec
Two-dimensional liquid mass flow rate distribution in core at 200 sec
Two—dimensional liquid mass flow rate distribution in core at 400 sec
Comparison of clad surface temperature in bundle 2 (high power bundle}
Comparison of clad surface temperature in bundle 4 (middle poWer
bundle)

Comparison of clad surface temperature in bundle 8 (low power bundle)
Comparison of turnaround temperature in bundles 2, 4 and 8
Comparison of radial distribution of turnaround temperature
Comparison of quench time in bundles 2, 4 and 8

Comparison of radial distribution of quench time

Comparison of total time step (upper figure) and time step size (lower

figore)

vi



JAERI—M 83—138

1. Introduction

The International Thermal-Hydraulic Code Assessment and Application Program
(ICAP) was conducted by several countries and coordinated by the United States Nuclear
Regulatory Commission (USNRC)." The purpose of ICAP is to make qualitative and
quantitative statement regarding the accuracy of the current thermal-hydraulic computer
programs developed under the auspices of the USNRC.

Japan's contributions to ICAP include the assessment of TRAC-PWR®,
TRAC-BWR® and RELAP5® codes. The asscssment matrix is shown in Table 1. The
assessment calculations were conducted by Japan Atomic Energy Rescarch Inmstitute
(JAERI) and Japanese industrial groups.

In this report, the predictive capability of TRAC-PFI/MOD1 (Version 12.5)® and
TRAC-PF1/MOD2 (Version 5.3)® codes is presented for the thermal-hydraulic behaviors
including two-dimensional behaviors in pressure vessel during reflood phase of a
postulated Large Break Loss—of-Coolant Accident (LBLOCA) in a PWR. Ohnuki et al.
reported with data of the Slab Core Test Facility (SCTF) test with a steep radial power
profile that the TRAC-PFI/MOD1 (MODI1)} code predicts transients of clad surface
temperature well including the radial distribution caused by different bundle power but the
MOD1 code predicts poor agreement for the void fraction in the core.” In the
TRAC-PF1/MOD2 (MOD?2) code, a new core thermal hydraulic model for the reflood is
incorporated and the numerical scheme for VESSEL component is changed to save
computational time, the component which has a capability to calculate three-dimensional
thermal-hydraulics of two-phase flow. In this report, the predictive capability of the
MOD1 code is further assessed using data of the SCTF test S3-15® which has an inclined
radial power distribution and we also assess the predictability of the new reflood model
in the MOD2 code by comparing with the data and the results with the MOD1 code.

This report is organized as follows: Chapter 2 describes the test facility and test
conditions and Chapter 3 describes the TRAC input model used to simulate the test. In
Chapter 4, results from the simulations are presented and discussed. Summary and

recommendations are presented in Chapter 5.
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2. Facility and Test Description

2.1 Test Facility
The SCTF was designed to properly simulate the two-dimensional core heat transfer

and hydraulic behaviors during refill-reflood phase. The pressure vessel is of slab
geometry as shown in Fig. 2.1.1. Full scale radial and axial section of a reference PWR
is provided as a simulated core with single bundle depth. The reference reactor of the
SCTFE Core-Tl test is the Siemens type reactor in Germany which is a four loop 1300
MWe PWR. The simulated core consists of 8 bundles arranged in a row. On the other
hand, simplified primary coolant loops are provided. Bird's-eye view of pressure vessel
and the coolant loop is shown in Fig. 2.1.2. The scaling of flow area and fluid volume
of cach component is in accordance with the core flow area scaling. The principal
dimensions of the facility is shown in Table 2.1.1, and the comparison of dimensions
between the SCTF and the referred PWR is shown in Table 2.1.2.

Each bundle has 236 electrically heated rods and 20 non-heated rods. The
arrangement of rod bundles is shown in Fig. 2.1.3. The dimensions of the heater rods are
based on a 15x15 type fucl bundle and the heated length and the outer diameter of each
heater rod are 3.613 m and 10.7 mm, respectively. The dimension, configuration and axial
power distribution of each heater rod are shown in Figs. 2.1.4, 2.1.5 and 2.1.6. The axial
peaking factor is 1.4. The heater rods and non-heated rods are fixed at the top of the
core allowing the rods to move downward when the thermal expansion occurs. For better
simulation for flow resistance in the lower plenum, the simulated rods do not penetrate
through the bottom plate of the lower plenum.

The design of upper plenum internals is based on that of the referred reactor. The
arrangement of the internals is shown in Fig. 2.1.7.

Mode detailed information on the SCTF Core~1II is available in reference (8).

2.2 Test Conditions and Procedure

Emergency core cooling (ECC) water was injected into the lower plenum in the test
examined in this report, Test $3-15. Since the bottom of downcomer in the test was
opened, the test was performed under so-called gravity reflood condition. In the test
S3-15, the radial power distribution was inclined, i.e. the normalized radial power factor
in bundles 1, 2, 3, 4, 5, 6, 7 and 8 were 1.36, 1.2, 1.1, 1.0, 0.9, 0.86, 0.81 and 0.76,

respectively. Major measured test conditions are listed in Tables 2.2.1.
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The test procedure for the test was as follows. After setting the initial conditions
(pressure and saturation condition, etc.), core heating was initiated. When four cladding
temperatures exceeded 1038K, the accumulator (Acc) injection into the lower plenum was
initiated. The initial saturation water level in the lower plenum was about 0.519m below
the bottom of heated part. The maximum cladding temperature at the reflood initiation
was intended to be 1108K. At the initiation of Acc injection, the core power decay
simulation started from the value at 40s after shutdown of an actual reactor. The decay
curve was based on the "1.02 x (ANS standard + actinides)”. Chronology of major events

in the test is shown in Table 2.2.2.

3. Code and Model Description

3.1 Input Schematics

The TRAC input in this report modeled the pressure vessel, ECC injection piping
and a hot leg in SCTF. Intact and broken cold legs and steam/water separator were not
modeled because of thc following reasons:

(1) Main assessment subject is the two-dimensional thermal-hydraulic behaviors in the
pressure vessel in this report and

(2) Since the SCTF has the steam/water separator instead of steam generators to measure
carry-over flow rate accurately, the effect of the feed back from the exit of the hot
leg is negligible small on the core behaviors in the SCTF.

The pressure vessel was represented by VESSEL component as shown in Fig. 3.1.1.
The bottorn of downcomer was blocked to supply a specified flow rate at the core inlet
accurately. The noding consists of 18 axial levels, 11 radial sections and 1 azimuthal
section. Levels 4 through 9 and radial sections 1 through 8 represent the heated core.

The ECC injection piping and the hot leg were modeled by PIPE components as
shown in Fig. 3.1.2. Mass flow rate and fluid temperature of ECC water was supplied
by FILL component. The boundary condition at the exit of the hot leg was supplied by
BREAK component.

The ECC injection piping is connected to the cell of level 1 and radial section 9 of
VESSEL component as shown in Fig. 3.1.1. And the hot leg is connected to the cell of
level 16 and radial section 9 of VESSEL component as also shown in Fig. 3.1.1.

The TRAC input data for the MOD1 and the MOD2 codes were intended to be the

same for the geometry and the boundary conditions. However, the following modifications
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were made for the VESSEL component in the MOD2 code input:

(1) Friction factors multiplied by hydraulic diameters were adopted to meet the
requirements of MOD2 code input® and

(2) The clevations of grid spacers and the fraction of non-heated wall were added to
apply the new reflood model developed by Los Alamos National Laboratory®.

The model for the countercurrent flow limitation (CCFL) was not used in this MOD2 code

calculation.

3.2 Initial and Boundary Coenditions

The initial and time—dependent boundary conditions were determined based on the
measured data. The mass flow rate and the fluid temperature of ECC water which was
supplied by FILL component were estimated by a system mass balance and an energy
balance. The pressure at the exit of hot leg which was supplied by BREAK component
was represented by the pressure measured at the steam/water separator in the test. The
conditions for FILL, supplied core power and BREAK are shown in Figs.3.2.1 through
3.2.3. These values are plotted against the time after core power on.

The conditions for FILL are shown in Fig. 3.2.1 and the upper figure of Fig. 3.2.2.
The input values for TRAC calculations are found to agree well with the data. The
condition for BREAK is compared in the lower figure of Fig. 32.2. The initial and
time-dependent values agree well with the data. The total supplied power for bundles I,
4 and 8 is compared in Fig. 3.2.3. Radial distribution of supplied power and the shape

of decay curve are the same as those in the test.

4. Results and Discussion

4.1 Hydraulic Behavior in Pressure Vessel except Core

In this section, the assessment results are discussed on the pressure in the pressure
vessel, the core inlet fluid temperature, the mass flow rate at the exit of the core, the
mass flow rate at the exit of the hot leg and the amount of water accumulation in the
upper plenum.

Figure 4.1.1 shows the comparison of the pressure in the upper plenum, in the core
and in the lower plenum. The whole transients are almost predicted qualitatively and
quantitatively by both codes. However, the MOD2 code slightly underestimates in the

lower plenum after about 200 sec. The difference was caused by the underestimation for



JAERI—M 83--138

were made for the VESSEL component in the MOD2 code input:

(1) Friction factors multiplied by hydraulic diameters were adopted to meet the
requirements of MOD2 code input® and

(2) The clevations of grid spacers and the fraction of non-heated wall were added to
apply the new reflood model developed by Los Alamos National Laboratory®.

The model for the countercurrent flow limitation (CCFL) was not used in this MOD2 code

calculation.

3.2 Initial and Boundary Conditions

The injtial and time-dependent boundary conditions were determined based on the
measured data. The mass flow rate and the fluid temperature of ECC water which was
supplied by FILL component were estimated by a system mass balance and an energy
balance. The pressure at the exit of hot leg which was supplied by BREAK component
was represented by the pressure measured at the steam/water separator in the test. The
conditions for FILL, supplied core power and BREAK are shown in Figs.3.2.1 through
3.2.3. These values are plotted against the time after core power on. .

The conditions for FILL are shown in Fig. 3.2.1 and the upper figure of Fig. 3.2.2.
The input values for TRAC calculations are found to agree well with the data. The
condition for BREAK is compared in the lower figure of Fig. 3.2.2. The initial and
time—dependent values agree well with the data. The total supplied power for bundles 1,
4 and 8 is compared in Fig. 3.2.3. Radial distribution of supplied power and the shape

of decay curve arc the same as those in the test.

4., Results and Discussion

4.1 Hydraulic Behavior in Pressure Vessel except Core

In this section, the assessment results are discussed on the pressure in the pressure
vessel, the core inlet fluid temperature, the mass flow rate at the exit of the core, the
mass flow rate at the exit of the hot leg and the amount of water accumulation in the
upper plenum.
' Figure 4.1.1 shows the comparison of the pressure in the upper plenum, in the core
and in the lower plenum. The whole transients are almost predicted qualitatively and
quantitatively by both codes. However, the MODZ2 code slightly underestimates in the

lower plenum after about 200 sec. The difference was caused by the underestimation for



JAERI-M 93—138

core differential pressure as will be presented in Figs. 4.2.1 through 4.2.3.

Figures 4.1.2 and 4.1.3 show the cdmparison of the core inlet fluid temperature just
below bundles 1, 4 and 8. The fluid temperature predicted by the MOD2 code is higher
than the data during whole transients except in the early period. On the other hand, the
agreement between the data and the MODI1 code predictions is better but the radial
difference among the three locations is slightly larger than the data. Since the liquid
down-flow rate in lower power bundles into the lower plenum was higher in the MOD2
code calculation than that in the MOD1 code calculation as will be shown 'in
Figs.4.2.10(1) and 4.2.10(2), the higher temperature is considered to be caused by the
liquid circulation between the core and the lower plenum.

Figure 4.1.4 shows the comparison of the integrated camry-over liquid mass at the
top of core and at the exit of hot leg. For the liquid carry-over at the top of core, the
MOD2 code almost predicts the data but the MOD1 code underestimates the data. For
the liquid carry-over at the exit of hot leg, the MOD2 code almost predicts the data until
about 400 sec but after about 400 sec the MOD2 code overestimates the carry—over rate.
On the other hand, the MOD1 code predicts almost no carry—over until about 630 sec.
These results indicate that the MOD2 code predictions for the carry—over behavior are
improved compared to the MOD1 code predictions.

Figure 4.1.5 shows the comparison of steam mass flow rate at the exit of hot leg.
Both code predictions almost agree with the data although some differences are recognized
until about 200 sec. The MOD1 code underestimates the steam mass flow rate until about
200 sec. The MOD?2 code overestimates in ap initial period. These differences on the
steamn mass flow rtate until about 200 sec are considered to be caused by the different
characteristics for the liquid accumulation in the core because in each period the MODI1
code predicts almost no liquid accumulation in the upper half of core and the MOD2 code
overestimates the liquid accumulation in the central region of core as will be shown in
Figs. 4.2.4 through 4.2.6.

Figure 4.1.6 shows the comparison of differential pressures in the upper plenum
above bundles 1, 4 and 8 and the comparison of radial difference of the differential
pressure as (Differential pressure above bundle 8 - that above bundle 1). The MODI
code almost predicts the differential pressure above each bundle but the radial difference
is not predicted qualitatively and quantitatively. The MOD1 code prediction for the radial
difference is flatter than the data. On the other hand, the MOD?2 code predictions for the

differential pressure above each bundle show an irregular increase or decrease and have
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a tendency to be higher than the data. For the radial difference, the MOD2 code almost
predicts the data qualitatively and quantitatively. These results indicate that the prediction
for the two-dimensional hydraulic behaviors in upper plenum is improved in the MOD2
code calculation but the prediction for the transient of differential pressure above each

bundle is degraded.

4.2 Hydraulic Behavior in Core

Figures 4.2.1 through 4.2.3 show the comparisons of differential pressures in the
upper half, the lower half and the full height of core in bundles 2, 4 and 8, respectively.
For the full height of core, the MODL code overestimates the differential pressure and the
MOD2 code underestimates the differential pressure. The overestimation in the MODI
code calculation is caused by the overestimation in the lower half of core until about 500
sec and after the time the overestimation in the upper half of core. The underestimation
in the MOD2 code calculation is mainly caused by the underestimation in the lower half
of core. The MOD2 code almost predicts the differential pressure in the upper half of
core until about 500 sec. These tendencies for the differential pressure prediction are also
recognized for the predictions on the void fraction in the core discussed below.

Figures 4.2.4 through 4.2.6 show the comparison of sectional void fraction at three
axial sections in bundles 2, 4 and 8, respectively. The MODI code tends to predict no
water accumulation in the carly period and to overestimate the water accumulation in the
middle and top regions of core in the later period. The characteristic of this peculiar axial
distribution is the same as the results in Ref. (6) and the tendency was reported to be
caused by the interface sharpener model in the MODI code. On the other hand, the
MOD2 code predictions give similar water accumulation behavior compared to the data
in the middle and the top regions of core although the MOD2 code overestimates the void
fraction in the later period. For the bottom region of core, the MOD2 code overestimates
the void fraction with a spiky oscillation.

Figures 4.2.7 and 4.2.8 show the comparison of the radial difference of void fraction
among bundles 2, 4 and 8 at the middle region of core. The SCTF data indicate that the
void fraction in bundles 2 and 4 (higher power bundles) is lower than that in bundle 8
(lower power bundle) until about the time that quench fronts reach at the bottom of each
section and after the time the void fraction in bundles 2 and 4 is higher than that in
bundle 8. The MOD1 code do not predict the tendency observed in the data. On the

other hand, the MOD2 code predicts the lower void fraction in the lower power bundle
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during almost whole transients. The tendency of the MOD2 code predictions corresponds

to that in the data after the time that the quench front reaches at the bottom of the section

but the tendency of the data until the time is not predicted.

'Figures 4.2.9(1), 4.2.9(2), 4.2.10(1) and 4.2.10(2) show the comparison between the
MOD1 code and the MOD2 code predictions for the two-dimensional steam and liquid
mass flow rate distribution in the core at a specified time. These figures also include the
location of quench fronts calculated by each code at each time. The following remarks
are recognized from these figures,

(1) Steam mass flow rate gradually increases from around the quench front to the top
of the core, and the radial distribution of axial steam mass flow rate is flatter in the
MOD1 code calculation than that in the MOD2 code calculation due to the higher
cross flow rate in the core,

(2) For the liquid flow rate distribution in the MOD1 code calculation, the systematic
circulation of liquid flow is not recognized but

(3) In the MOD2 code calculation, the liquid in higher power bundles flows upwards and
the liquid in lower power bundles flows downwards. In the lower power bundies,

the liquid down-flow from the upper plenum is observed.

4.3 Thermal Behavior in Core
Figures 4.3.1 through 4.3.3 show the comparison of clad surface temperature in

bundles 2, 4 and 8, respectively. The MOD1 code almost predicts the shape of transient
curve of the temperature and the time of quench. On the other hand, the MOD?2 code
predicts later quench time at 0.95m and 1.905m elevations in bundles 2 and 4 and shorter
quench time at 3.19m elevation although the turnaround temperature in those bundles are
predicted well by the MOD2 code. For the bundle 8, the MOD?2 code overestimates the
heat transfer at 1.905 m and 3.19 m elevations.

Figures 4.3.4 through 4.3.7 show the comparison of the turnaround temperature and
quench time along the axial direction in bundles 2, 4 and 8. For the turnaround
temperature, the MOD2 code predicts the data in the higher power bundles (Bundles 2 and
4) better than the MOD1 code but underestimates that in the low power bundle (Bundle
8). Both codes overestimate the radial difference of the turnaround temperature. For the
quench propagation, the MOD1 code predicts well the data including the radial difference.
The MOD?2 code underestimates the quench velocity in the higher power bundles and

overestimates the area of so—called top quench region. The MOD2 code also
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overestimates the radial difference of the quench velocity. The results in this section
indicate that the degree of the agreement between the MOD2 code and the data for the

core heat transfer is degraded compared to that between the MOD1 code and the data.

4.4 Run Statistics
The calculations in this teport were performed with FACOM-M780 computer at
JAERIL The integrated time step number and the time step size are compared in Fig.

4.4.1. Summary table for run statistics is listed below:

31
Code Transient | T o t a 1| Total time | CPU/RT CPU/ST|RT/ST
time (s) [ CPU time [s t ¢ p (S) (S)
RT (s) CPU number
ST
MOD1 698 24984 72040 35.8 0.347 0.0097
MOD2 748 18000 22350 24.06 0.805 0.0335

The time step size (RT/ST) is larger and the total time step number is reduced in the
MOD?2 code calculation compared to those in the MOD1 code calculation. These results
can be considered to be caused by the change of the numerical scheme in the MOD2 code
for VESSEL component as mentioned in Introduction. If the CPU time within one time
step is the same between cach other, the value of RT/ST in the above list indicates that
the calculation with the MOD2 code is expected to be about 3 times faster. However,
the new scheme requires more CPU time within one time step as indicated in the item
of CPU/ST in the above list. As the result, the MOD2 code gave about 1.5 times faster

calculation than the MOD1 code as indicated in the above item of CPU/RT.
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5. Summary and Recommendation

TRAC-PF1/MOD1 (Version 12.5) and TRAC-PF1/MOD?2 (Version 5.3) simulations

have been conducted to assess the predictive capability for the thermal-hydraulic behaviors

including two—dimensional behaviors in pressure vessel during reflood phase in a large

break LOCA of PWR. The test selected for the assessment was the SCTF Test S3-15

which had an inclined radial power distribution.

ey

@)

3

(4)

The assessment Tesults are summarized as the following:

The MOD1 code predicted transients of clad surface temperature well including
radial distribution caused by different bundle power. The MOD2 code predicted later
quench time in higher power bundles than the data although the turnaround
temperature in the higher power bundles were predicted well. The MOD2 code
overestimates the heat transfer in low power bundle.

The axial and radial distributions of core void fraction were not predicted well with
the MOD1 code. The interface sharpener model of the MOD1 code gave the curious
axial void fraction profile. In the predictions with the MOD2 code, the
characteristics of void fraction transients became similar to those in the test but the
void fraction in the lower half of core was overestimated.

The MOD1 code underestimated the amount of integrated liquid carry—over mass at
the top of core and at the exit of hot leg. The vertical differential pressure in the
upper plenum was almost predicted with the MODI code but the radial distribution
was flatter compared to measured results. The MOD2 code almost predicted the
amount of integrated liquid carry-over mass out of core and at the exit of hot leg
but predicted an irregular increase or decrease along the transients for the vertical
differential pressure in the upper plenum.

Time step size in the MOD2 calculation was larger than that in the MODI
calculation due to the change of numerical scheme for VESSEL component and the
calculational speed in the MOD2 calculation was almost 1.5 times faster than that
in the MOD1 calculation.

The results in the above items (1), (2) and (3) indicate that the predictability of the

MOD?2 code is improved compared to the MOD1 code for the hydraulic behaviors in

pressure vessel although the characteristic of vertical differential pressure in the upper

plenum is different from the measured results qualitatively. However, the difference of

core void fraction between the predictions and the data is still large quantitatively
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especially in the lower half of core. The predictability of the MOD2 code for the core
heat transfer is degraded.

Since the heat transfer model is closely related to the local void fraction in the
TRAC code, it is recommended to improve further the hydraulic models related to the
quantitative difference for the void fraction as the first approach. After the elimination
of the difference, the core heat transfer model should be improved. The measured data
used in this study was obtained under the two—dimensional reflooding condition and local
flow conditions were not measured. Therefore, further reflood model improvement should
be performed by using data obtained under a fixed conditions, such as the data in

FLECHT® and those in Small Scale Reflood Test at JAERIUO,
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Table 2.1.1 Principal dimensions of SCTF core-III

1. Core Dimension

(1) Quantity of Bundie 8 Bundles

(2) Bundle Armay 1x8

(3) Bundle Pitch 230 mm

(4) Rod Aray in a Bundle 16 x 16

(5) Rod Pitch in a Bundle | 14.3 mm

(6) Quantity of Heater Rod in a Bundle 236 rods

(7) Quantity of Non—Heater Rod in a Bundle 20 rods

(8) Total Quantity of Heater Rods 236x8=1,888 rods
(9) Total Quantity of Non-Heated Rods 20x8=160  rods
(10) Effective Heated Length of Heater Rod 3613 mm
(11) Diameter of Heater Rod 10.7 mm
(12) Diameter of Non-Heated Rod 13.8 mm

2. Flow Area & Fluid Volume

(]

(1) Core Flow Arca 0.25 m
(2) Core Fluid Volume 0.903 m’
(3) Baffle Region Flow Area (isolated) ' (0.096) m?
(4) Baffle Region Fluid Volume (nominal) 0.355 m’
(5) Cross—Sectional Area of Core Additional 5
Fluid Volumes including Gap between 0.07 m
Core Barrel and Pressure Vessel Wall and
Various Penetration Holes 0.10 m’
(6) Downcomer Flow Area 0.158 m’
(7) Upper Annulus Flow Area 0.158 m?
(8) Upper Plenum Horizontal Flow Area (max.) 0.541 m’
(9) Upper Plenum Vertical flow Area 0.525 m?
(10) Upper Plenum Fluid Volume 1.156 m°
(11) Upper Head Fluid Volume 0.86 m’
(12) Lower Plenum Fluid Volume (excluding below 1.302 m’
downcomer)
(13) Steam Generator Inlet Plenum Simulator 0.626 m’
- Flow Area
(14) Steam Generator Inlet Plenum Simulator 0.931 m’

Fluid Volume
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Table 2.1.1 {Continued)

(15) Steam Water Separator Fluid Volume 53

(16) Flow Area_at the Top Plate of Steam 0.195
Generator Inlet Plenum Simulator

(17) Hot Leg Flow Area 0.0826

(18) Imtact Cold Leg Flow Arca 0.0697

(Diameter=297.9 mm ) )
Inverted U—tube with 0.0314 m® cross—sectional
area (Diameter = 200 mm) and 10 m height
from the top of steam generator inlet plenum
simulator can be added “as an option.

(19) Broken Cold Lc% Flow Area 0.0179
(Diameter=151.0 mm)

(20) Containment Tank-I Fluid Volume 30

(21) Containment Tank-II Fluid Volume 50

3. Elevation & Height

(1y (I{(J)%SSPlirface of Upper Core Support Plate 0
(2) Bottom Surface of UCSP - 40
(3) Top of the Effective Heated Length of - 440
Heater Rod
(4) Bottom of the Effective Heated Length of - 4053
Heater Rod 7
(5) Bottom of the Skirt in the Lower Plenum - 5270
(6) Bottom of Intact Cold Leg + 724
(7) Bottom of Hot Leg + 1050
(8) Top of Upper Plenum + 2200
(9) Bottom of Steam Generator Inlet Plenum + 1933
Simulator
(10)  Centerline of Loop Seal Bottom - 2281
(11) Bottom Surface of End Box - 263
(12) Top of Upper Annulus of Downcomer + 2234
(13) Height of Steam Generator Inlet 1438
Plenum Simulator -
(14) Height of Loop Seal 3140
(15) Inner Height of Hot Leg Pipe 737
(16) Bottom of Lower Plenum - 5772

(17) Top of Upper Head + 2887
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and the 1300 MWe Siemens PWR

Quantity of Bundle
Number of Heater Rod
Number of Rods

Effective Length of
Heater Rod (mm)

Rod Pitch (mm)
Diameter of Heater Rod (mm)
Diameter of Unheated Rod (mm)

SCTF

8
1888
2048
3613

14.30
10.70
13.80

Flow Arca between Core Walls (m% 0.250

Cross—Section Area of Core
Additional Fluid Volume (m’)

Fluid Volume of Core Enveloped
by Wall Plates

Fluid Volume of Lower
Plenum Excluding below
Downcomer (m°)

Fluid Volume of Upper
Head (mgl)1 PP

Baffle Region Flow Area (m?)
Upper Plenum Fluid Volume (m?)
Downcomer Flow Area (m?)
UCSP Thickness (m’)

Steam Generator Inlet Plenum
Simulator Volume (m°)

Hciglht of Steam_ Generator
Inlet Plenum Simulator (m)

Flow Area at the Top Plate of
Steam Genergtor Inlet Plenum
Simulator (m°)

Megor Axis Length of Hot Leg
ross Section (mm)

Flow Area of Hot Leg (m?)
(4 Loops)

Flow Area of Intact Loop (m?)
(3 Loops)

0.07~0.10

0.903

1.305

0.86

(0.096)
1.14
0.158
0.04
0.931

1.595

0.19
737
0.0826

0.0696

Comparison of: dimensions between the SCTF core-III

PWR Ratio
(SCTF/PWR)
193 1/24.1
45548 1/24.1
49408 1124.1
3900 1/1.08
14.27 1/0.998
10.73 1/1.00
13.80 1/1.00
5.508 1/22.0
21.48 1/23.8
28.87 122.1
18.41 1214
1.073 (1/10.7~1/15.3)*
38.77 1/34.0
4.636 1/29.3
0.04 1/1.00
4.99%4 1/21.4
1.33 1.0.834
1.233x4 1/26.0
750 1/1.02
0.4418x4 1/21.4
0.4418x3 1/19.0
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Table 2.1.2 (Continued)

Flow Arcg of Broken Cold
Leg (m°) 0.0179 0.4418

* SCTF Core-HI Core Baffle Region
Is Isolated but the Core Additional
Fluid Volumes Act Like Core Baffle
during Transient.

1/24.7



Table 2.2.1

System pressure
Initial total power

Decay curve

Radial power

Initial peak claddihg
temperature

ECC water
injection mode

ECC water flow rate
Acc  {maximum)
LPCI (after 100" s)

ECC water flow rate

Acc
LPCI (after 28 s)

* Power ratio 136 : 1.2
Bundle No. 1 2

JAERI—M 93—138

Test conditions for Test S3-15

02 MPa
7.12 MW

1.02 (ANs + Act.
from 40 s after shutdown

inclined*

1108 K (sp eCIflec?
1151 K (measured)

Gravity feed, lower plenum
injection

37 kefs
3.75 %{g/s

353 K
393 K

1.0 + 09 : 086 : 0381
4 5 6 7

Table 2.2,2 Chronology of major events for Test S$3-15

Core powér "ON"

ECC injection initiation
Core power decay initiation
Reflood initiation

Maximum core temperature
(1183 K

Maximum pressure at the
top of containment tank-II
(0.227 MPa)

Maximum pressure at the
center of core
(0.258 MPa)

Whole core quenched

Time after Time after
core power "ON" reflood initiation
0s -122 s
114 -8
122
122
140 18
146 24
155 33
574.5 4525

0.76
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