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Abstract

Best-estimate thermal- hydraulic codes, CATHARE2 V1.2 and RELAP5/MOD3, have been
assessed against the BETHSY 6.2 tc six-inch cold leg break loss-of-coolant accident (LOCA) test.
Main objective is to analyze the overall capabilities of the two codes on physical phenomena of con-
cern during the small break LOCA, i.e. two-phase critical flow, depressurization, core water level de-
pression, loop seal clearing, liquid holdup, etc. The calculation results show that the two codes
predict well both in the occurrences and trends of major two-phase flow phenomena observed. Es-
pecially, the CATHAREZ2 calculations show better agreements with the experimental data. However,
the two codes, in common, show some deviations in the predictions of loop seal clearing, collapsed
core water level after the loop seal clearing, and accumulator injection behaviors. The
discrepancies found from the comprision with the experimental data are larger in the RELAP5
results than in the CATHARE2. To analyze the deviations of the two code predictions in detail, sev-
eral sensitivity calculations have been performed. In addition to the change of two-phase discharge
coefficients for the break junction, fine nodalization and some corrections of the interphase drag
term are made. For CATHAREZ, the change of interphase drag force improves the mass distri-
bution in the primary side. And the prediction of SG pressure is improved by the modification of
boundary conditions. For RELAP5, any single input change doesn’t improve the whole results and
it is found that the interphase drag model has still large uncertainties.
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1. Introduction

For realistic simulation of complex two-phase flow
phenomena under the conditions of LOCAs, several
best-estimate  thermal-hydraulic codes, such as
RELAP5, TRAC-PF1, ATHLET, and CATHAREZ,
have been developed. These have been assessed
with various separate- and integral-effect tests through
the developmental and independent assessment
programs. However, comparisons of the best-estimate
code predictions with experimental data still show
wide range of deviations;it was learned from the
ISP-27 (International Standard Problem-27) that dif-
ferent users either with the same code or with differ-
ent codes could obtain wide ranges of different
results [1]. These are considered due to, first of all,
code deficiencies and so called user effects [2].
Therefore the concern as a user must be whether the
correct application of the code is achieved within its
capability. Since it is known that there exist large
uncertainties in best-estimate code predictions, rigor-
ous, and systematic assessment activities are still
undergoing.

For the KAERI has been
performing the assessments of best-estimate codes
CATHARE2 (3, 4] and RELAPS5 [5]. In the present
study, BETHSY 6.2 tc, which corresponds to a
sixinch cold leg break LOCA, is analyzed as one of
the assessment activities using both CATHARE2 1.
2E and RELAP5/MOD3 codes [6]. Main objective of
this work is to analyze the overall prediction capabili-

similar reason,

ties of the two codes on small break LOCA
simulations. Physical phenomena of concern are
two-phase critical flow, depressurization, core water
level depression, loop seal clearing, liquid holdup,
etc.

2. Facility And Transient Description
2.1. BETHSY Facility

BETHSY is a scaled-down model of a three-loop
900 MWe FRAMATOME pressurized water reactor
(PWR) designed for the study of accident transients
71

The primary coolant system (PCS) shown in Fig.1
consists of the pressure wessel, an external
downcomer, three identical loops, steam generators
(SGs), and a pressurizer. The pressurizer is connec-
ted to either the hot leg of loop 1 or loop 2. The
PCS vessel can be operated at a condition of up to
172 MPa and 673 K.

The reactor core is composed of 428 full-length
indirectly heated rods and 29 guide thimbles. It is
powered with a 3 MW electric supply, which
corresponds to the decay heat level on the BETHSY
scale. The rods represent the awverage rod behavior
and, thus, the radial peaking factor is equal to one.
The downcomer consists of the upper external pipe
and the lower annulus surrounding the lower ple-
num of the reactor vessel. All bypass flow paths ex-

cept “cold to hot leg” path are properly modeled.
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Each reactor coolant pump (RCP) operate at the
scaled conditions. The general configuration of SG
is similar to that of the SGs of the reference plant.
Each SG contains 34 inverted U-tubes of the same
radial dimensions and height stepping as those of
the reference SG, thus providing a scaled heat trans-
fer area between primary and secondary sides. The
SG can operate at the pressure of up to 8 MPa.

The safety injection system has the same capabili-
ties of the reference PWR, which consists of the
high pressure safety injection system, accumulators,
and low pressure safety injection system. In addition
a trace heating system is installed to compensate for
the increased environmental heat losses.

More than 1000 channels are used to measure
transient parameters that include temperature, press-
ure, differential pressure, flow rate, and void fraction.
The sampling rates are 1 to 5 Hz. Measurement er-
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Fig. 1. The Primary Cooling System of BETHSY
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ror bands are well described in the BETHSY

measurement system [8].
2.2. 6.2TC Transient Description

The BETHSY 6.2TC test [9] corresponds to a
six-inch cold leg break LOCA of the reference plant.
The test was performed to analyze the physical
phenomena during a small break LOCA, and to
compare the behaviors of two different facilities of
different scales, ie, BETHSY and LSTF, in the
course of an intermediate cold leg break.

Initial experimental conditions are listed in Table 1.
Side-oriented break nozzde(D=1548 mm, L/D =10)
is located on the cold leg of the loop 1 where the
pressurizer is attached, and the accumulator on the
loop 1 is isolated.

Major event chronology is as follows:

t=0s opening of the break valve,
—the trace heating was stopped,
t=8s scram signal occurred(pressurizer pressure ¢

13.0 MPa),

—core power was maintained at 2863 kW
for 53 s, then followed the JAERI con-
servative curve,

—RCPs were stopped,

—the condenser was stopped,

—normal feedwater supply was stopped,

—8G discharge valve setpoint was set to
2 MPa,

t=12s safety injection signal occurred (pressurizer
pressure { 11.7 MPa),

—no action, the HPSI was not operated,

t =341's accumulator opening signal occurred (pres-
surizer pressure { 4.2 MPa),

—opening of accumulators 2 and 3 (with
time delay 4 s),

t =948 s accumulator 3 stopped by level criterion,

t =976s accumulator 2 stopped by level criterion,

t=2179s test stopped (pressurizer pressure{0.7
MPa).
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Table 1. Initial Conditions of BETHSY 6.2TC

Parameter Experiment CATHARE2 RELAPS
Power, kW 2863 +30 2840 2863
Prz. press., MPa 15.38+0.15 1547 15.38
Prz. level, m 745+02 770 7.65
Pump speed, rpm 238+6 238 238
Core inlet temp., K 557.2+04 558.2 5577
Core exit temp., K 5882+04 5895 5889
PCS coolant
inventory, kg 1984 +50 1978.7 1976.0
SG pres., MPa 6.84 +£0.07 6.89 681
SG level, m 11.1+0.05 120 105
FW. water temp., K 5232+2 5232 5232
Bypass flow, % 0.28 024 0.28
Heat loss, kW 54.82 54.82 5771

3. Code And Model Description

The BETHSY facility {10] is nodalized in detail
two-phase flow
processes, such as core water level depression, loop

enough to capture important
seal clearing, and transient coolant distribution in the
PCS. Since these are chiefly governed by mano-
metric head balance between the reactor vessel and
the crossover legs, fine nodalizations are employed
for some of the vertical pipings, of which elevations
are lower than that of the horizontal part of the hot
leg, in both CATHARE2Z and RELAP5 input models.
Figure 2 shows hydrodynamic input models for the
two codes.

3.1. CATHARE 2 Input Modeling

CATHARE2 input is composed of several modules
;axial, volume, tee, boundary, etc. Each module is
separated from another module by a junction. The
junction is a topological notion used to separate two
elements. No special physical point is attached to the
junction. The axial module calculates an one-
dimensional, six-equation, two-fluid model. It is used

to describe main primary pipes, core channels, a

{0} RELAPSMOD3 nodalization

Fig. 2. CATHARE2 and RELAP5 Nodalizations for
BETHSY 6.2TC
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downcomer, and SG U-tubes. The wlume module
calculates a punctual two nodes model. This module
has to be used in two cases;to describe large volume
where gravity effect is dominant, for example, head,
upper plenum and lower plenum and to connect
together several modules. The tee module is a junc-
tion module use to connect a pipe to another pipe.
It is used for connection of the pressurizer surge line
to the hot leg or the break nozzle to a main pipe of
the loop. The boundary condition element is an el-
ement which can be put at the extremity of a pipe,
of a wolume or of a tee and allows the imposition of
one or more hydraulic conditions for each phase.
These boundary conditions can be defined at the in-
let or outlet of an element.

The CATHAREZ input for BETHSY 6.2TC consists
of 21 pipe modules, 9 volumes, 4 tee modules, and
which results in 317
hydrodynamic cells {see Fig.2). The intact two loops
are agglomerated into a single representative loop

4 boundary conditions,

because the two loops experience very similar
transitions. The reactor core region is modeled with
17 mesh axial module. The downcomer inlet annulus
is modeled with a volume module, which connects
the upper bypass, the cold leg, and the downcomer.
The break nozze is represented by 16 mesh axial
module. The heat transfer between structure and
coolant is modeled with wall module by defining ap-
propriate geometry and boundary conditions. The
environmental heat loss is also simulated.

3.2. RELAPS5 Input Modeling

The RELAP5 input model consists of 251
wvolumes, 258 junctions, and 283 heat structures.
Three coolant loops are individually modeled. Active
core region is modeled with 14 wvolumes;seven
regions separate by the eight spacer grids are divided
into equal-length two wolumes. However, for the SG
U-tube, only eight volumes are used because six-inch
break is sufficiently large to remove the decay heat
through the break and thus the effect of SG heat
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transfer on the PCS is presumed to be not great.

To accurately simulate liquid holdup in the SG in-
let plenum, the counter-current flow limitation
(CCFL) options are applied at the junctions from the
horizontal portion of the hot leg to the vertical
portion of the hot leg. The Wallis form of the CCFL
equation is used [11, 12]:The slope and gas inter-
cept are 0.785 and 0.55, respectively.

The RCPs and accumulators are represented with
RELAPS5 special component models. The ECC Mixer
model is not employed since it is evaluated to be in-
effective in this case [13]. For the break junction the
discharge coefficients of 0.85, 1.2 and 0.96 are used
saturated two-phase, and
single-phase vapor discharge, respectively. Passive
heat structures are also modelled to take account of
the environmental heat losses.

for subcooled water,

In general, the RELAP5 input model herein adopts
fine nodalization for the lower portion of BETHSY
and coarse for the upper portion in comparison with
the various input models shown in the final report of
ISP-27 [1].

4. Results Of Simulations And Discussions
4.1. Base Case Calculation

The steady state is obtained by simulating a
stabilizing null transient of several hundreds seconds,
of which results are used as initial conditions of tran-
sient calculations. In order to achieve the steady
state conditions consistent with the experimental
data, some input variables of the two codes are
calibrated through repeated calculations: (i) The
dovwncomer-to-upper head bypass flow is so small in
both the CATHAREZ and RELAPS5 results that the
orifice area at the bypass path is increased to attain a
flow rate of 0.28% system flow rate. (i) The SG
heat transfer is underpredicted in the RELAP5
results. This is corrected by decreasing the heated
equivalent diameter of U-tube outside [5]. The
resulting steady-state data are listed in Table 1. Both
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CATHARE2 and RELAPS results show good
agreements with the experimental data.

Transient calculations are done with the initial
conditions described above. Major event chronology
is compared with the experimental data in Table 2.
Figures 3 through 14 show transient behaviors of im-
portant parameters. In general, both CATHAREZ2
and RELAP5 predict well the accident trends. As
shown in Figures, the results of CATHAREZ show
better agreement with the measured data, while
those of RELAPS generally show fast ewolutions. In
the following sections, the calculation results are
compared and discussed.

Depressurization and Break Flow In Fig.3, the
pressurizer pressures are compared. CATHAREZ
calculations agree well with the measured data
throughout the experiment. RELAP5 begins to
overpredict the depressurization rate at about 280s
and the discrepancy reaches the maximum about 1.8
MPa at about 350s. This difference seems to be due
to overprediction of break flow.

As shown in Fig4 and 5 the calculated break flow
rates and the integrated break flow of the two codes
remain within the measurement error band. How-
ever, the transition from low-quality to high-quality
two-phase blowdown is delayed in the RELAPS
results and, as a result, the integrated break flow is
overpredicted in comparison to that of CATHAREZ2.
Until 300s, RELAP5 overpredicts the integrated

Table 2. Chronology of Major Event

break flow by about 95kg comparing with that of
CATHARE2. This difference corresponds to about
5% of the initial PCS coolant inventory and is not
changed until the end of experiment. Another reason
of the faster depressurization may be the poor pre-
dicion of core woid distribution by RELAP5. As
shown in Fig.6, almost the upper one third of the ac-
five core is uncovered from about 280s to about
320s in the RELAP5 calculations and, thus, steam
generation at the core is underpredicted during the
period, which in tum evokes the faster depr-
essurization.

Collapsed Water Level in Core Figure 7 shows
the collapsed core water levels. Core uncovery

appears three times in the experiment and
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Fig. 3. The Pressurizer Pressures.

Parameter Experiment

CATHARE2 RELAP5

Reactor scram, s 80
Safety injection, s 120
Loop seal clearing, s 134
Primary/secondary
pressure reversal, s 172
Acc. 2 injection, s 345-948
Acc. 3 injection, s 345-976
Prz. press. (0.7 MPa, s 2179

53 69
112 145
130 138

188 176
360—774 315—828
360—774 315—786

2111 1856
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Fig. 5. The Integrated Break Flow Rates

simulations. The ewolution of collapsed core water
level can be divided into four distinct different
periods; (i) low-quality two-phase blowdown period
until the loop seal clearing, (ii) high-quality two-phase
blowdown period until the beginning of accumulator
injection, (i) accumulator injection period, and (iv)
the boil-off period until the end of experiment. As
shown in Fig7, CATHARE2 predicts well the col-
lapsed core water level behavior except for the sec-
ond period, but RELAP5 predicts some deviations of
the collapsed core water level after the loop seal
clearing.

During the first period, the collapsed core water
level rapidly decreases by low-quality two-phase break
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Fig. 7. The Collapsed Core Water Levels.
(z=0.0m Bottom of core, z=3.656m Top of core)

flow and subsequent flashing of core coolant. Mini-
mum water level occurs just before the loop seal
clearing. By manometric head balance between the
reactor core and the crossover legs, the minimum
level is well predicted to be about 1.0m by two
codes.

The collapsed core water level of the second
period is determined by manometric head balance
between the downcomer and the core. Both
CATHARE2 and RELAP5 underpredict the col-
lapsed core water level of this period. After the loop
seal clearing, the downcomer head pushes fluid back
into the core(see Fig.8) and the collapsed core water
level increases instantaneously. The DPs in the Fig.8
is the differential pressure between the core inlet
Rapid
depressurization begins again since the break is un-

nozle and the downcomer outlet
covered and then the collapsed core water level
continues to decrease until the actuation of accumu-
lator. During the second period, the two codes
underpredict the collapsed core water levels. These
seem to be the incomplete loop seal clearings;that
is, the remaining liquid in the upflow side of the
crossover legs depresses the collapsed core water
level.

During the third period, the collapsed core water
level increases due to makeup of the accumulator

water. In general, the collapsed core water level of

Fig. 8. The DPs at The Downcomer.

CATHARE2 shows reasonable agreement with the
experimental data, but that of RELAP5 shows large
deviations due to the earlier, large amount of ac-
cumulator injections.

The fourth period is characterized by redistribution
of coolant, boiloff, and monotone level decrease.
CATHARE2 well predicted the collapsed core water
level. However, RELAP5 underpredicted it by about
0.5m. The deviation of about 0.5m core water level
is equivalent to about 19kg of coolant. In recognition
of about 100 kg of the integrated break flow di
fference, such a level deviation is inevitable.

Liquid Holdup at the SG inlet plenum One of
phenomena that affects the core water level de-
pression is the liquid holdup in the upper region of
the PCS such as hot leg and SG inlet plenum. The
liquid in the SG inlet plenum and upflow side of
U-tubes run back into the reactor vessel by gravity,
but the
counter-current  steam
predicted by two codes. Figure 9 shows the

liquid can drain only against the

flow. The drain rate is

measured and calculated differential pressures in the
SG inlet plenum which is the difference between
pressure at the inlet of SG plenum and pressure at
the bottom of SG tube sheet. Both codes early pre-
dict the drain of SG1 inlet plenum right after the
loop seal clearing. These are due to the

underestimation of the interphase drag (see
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Fig. 9. The SG1 Inlet Plenum DPs.

CATHARE2 sensitivity calculation). Significant liquid
holdup is predicted during the accumulator injection
period. Both codes well predict trends, but the timing
and magnitude of holdup are not accurate. In the
CATHAREZ? results, the differential pressure during
the accumulator injection is underpredicted and ab-
nomally oscillates between 0 and 40 HPa.

Loop Seal Clearing After the break opens, the up-
per portion of the PCS gradually fills with steam and
finally liquid seals are left in the crossover legs and in
the reactor vessel and downcomer. These liquid seals
make a blockage of steam flow along the loop
toward the break. As a result, the vessel upper ple-
num and hot legs are pressurized, which causes
manometric depressions in both the liquid level in
the downflow side of the crossover legs and the reac-
tor vessel.

The loop seal clearings are well illustrated by the
differential pressure(DP) behaviors of the downflow
and upflow sides of the crossover legs. In the exper-
iment the loop seal clearings of all the loops oc-
curred almost simultaneously at 134s. Figure 10 and
11 indicate that CATHARE2 and RELAP5 predict
the loop seal clearings occurred at 130 and 138s, re-
spectively. The DPs at the upflow side of the
crossover leg is the differential pressure between the
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Fig. 11. The DPs at The Upflow Side of The Crossover
Leg 1.

RCP inlet and the crossover leg bottom. The DPs at
the downflow side is the differential pressure between
the crossover leg bottom and the SG outlet plenum
nozde. The three loops showed the same behaviors
in the calculations. In the CATHAREZ and RELAP5
results, the downflow side is completely drained, but
the upflow side is partially drained as shown in Fig.
11. Complete drain is established after about 200s.
This effect is significant because the remaining liquid
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in the upflow side of crossover legs pushes down the
core water level untl it is completely cleared.
CATHAREZ also predicted incomplete loop seal
clearing, but its magnitude is relatively small.

Core Uncovery and Heatup Core uncovery can
not be directly measured. Instead, local void fractions
can be retrieved from the eight differential pressure
measurements installed in the active core region.
Transient void distributions along the core are
compared in Fig6. The dark indicates liquid phase
and the white indicates vapor phase. Core uncovery
occurred three times in the experiment, and the two
codes also predict three times of core uncovery. The
void distributions of the CATHAREZ2 results agree
well with the experimental data. In the RELAP5
calculations, the duration of the first core uncovery at
about 140s is very short, the second uncovery at
about 300s is longlived and deep, and the third
uncovery begins too early. These high woid fractions
of the RELAP5 predictions are, in general, due to
the over estimation of the interphase drag force.

Since the predictions of core heatup depend on
those of core uncovery, CATHAREZ predicts well the
heatup. On the other hand, RELAP5 doesn't predict
the first core heatup at 2.1m and predicts earlier the
third heatup as shown in Fig.12.

Accumulator faster
depressurization in the RELAPS calculations, the ac-
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Fig. 12. The Rod Surface Temperatures at 2.1m.

cumulator injection also begins earlier than in the ex-
periment and CATHAREZ2 calculations. Figure 13
shows the integrated accumulator flows. The two
codes predict intermittent injection behaviors rather
than the continuous behavior as measured, and the
depletions of accumulators are premature in both the
CATHARE2 and RELAP5 calculations.
elapsed during 50% injection of the accumulator
water in the CATHAREZ and RELAP5 calculations
are about 120s and about 50s, respectively. In con-
trast, about 190s is elapsed in the experiment. This

Times

mis-prediction directly effect on the downcomer and
core water level behaviors (see Fig.7 and 8).

Steam Generator Behavior As soon as the safety
injection signal occurs, the condenser and feedwater
are isolated. Then the SG pressure increases up to
the setpoint of safety valves 7.2 MPa, because the
primary-to-secondary heat transfer is still active. After
172s, the secondary side pressure exceeds the pri-
mary side pressure, and reverse heat transfer begins.
Figure 14 shows that both CATHAREZ and RELAP5
overpredict the pressure from about 200s. This
differences result from inaccurate predictions of en-
vironmental heat loss and U-tube heat transfer(see
CATHAREZ2 sensitivity calculation).

Computation Times For comparison of compu-
tation times, the source programs of CATHARE?Z V1.2
and RELAP5/MOD3 are compiled and executed

Fig. 13. The Integrated Accumulator Flows.
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on both the Solbourne 5/600 workstation and the
Convex C3410ES computer. Computation times are
summarized in Table 3. When executed on the vector
machine Convex, the computation times of
CATHAREZ2 and RELAPS5 take 17 and 40% of those
on the Solbourne, respectively. This indicates that
some modifications of the current RELAP5/MOD3
version are desirable for taking advantage of the vec-
tor machines.
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Fig. 14. The SG 1 Pressures.

4.2. Sensitivity Calculations

Table 3. Comparison of Computation Times
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CATHARE?2 Sensitivity Calculations The deviations
of the CATHAREZ predictions to be
underprediction of interfacial drag forces. To improve
the CATHARE2 predictions,
calculations have been performed and the results are

seem

several sensitivity
summarized as follows:
(i) Interfacial drag force: To improve the primary

mass distribution, the interfacial drag force is
increased by half than that of the base case. Figures

15 through 17 show the results of sensitivity
calculations. Figure 15 shows the SG1 inlet plenum
DPs. The liquid holdup behavior after loop seal
clearing occur is improved but it is still under
predicted until the end of the accumulator injection.
Figure 16 shows the DPs at the upflow-side of the
crossover leg. Complete drain is established at simul-
taneously with the experiment. The drain rate at the
crossover leg is increased than that of the base case
because the interfacial drag force is increased. Figure
17 shows the collapsed core water level. The col-
lapsed core water level at the high woid region is
underpredicted in comparison with that of the base
case.

(i) Heat loss to environment:After the SG is
isolated by safety injection signal, the heat transfer of

Code CATHARE2 RELAP5/MOD3

Computer Solb Conv Solb Conv

No. of volumes 317 317 251 251

Problem time, s 1998 1997 1856 1868
CPU time, s 2.180e5 3.768e4 1.394e5 5.637e4

No. of time step 48234 46153 93594 95441
Average time step, s 0.0414 0.0433 0.0198 0.0196

CPU time/prob. time 109.1 18.87 75.1 302
Grind time®, s 0.0143 0.00258 0.00593 0.00235

Max time step®, s 10 10 0.02 0.02

Solb: Solboume 5/600, Conv: Convex C3410ES
3(CPU time)/(No. of volumes)/(No. of time steps)
bUser input
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SG takes place only at the U-tube and environment.
In this period, the environmental heat loss is import-
ant to predict the SG pressure. The heat transfer co-
efficient from SG wall to environment is increased to
improve the prediction of SG pressure. The calcu-
lation result is shown in Fig.18. As shown in Fig.18
the modified heat transfer coefficient is more suitable
for BETHSY 6.2TC test.

(ii) Nodalization of the loops:The number of
mesh for the SG inlet plenum and the crossover legs
upflow side are increased from 7 and 5 to 14 and

Fig. 15. The SG1 Inlet Plenum DPs
(CATHARE2 Sensitivity Calculation)

DFF. PRESSURE(po)

Fig. 16. The Upflow Side DPs of The Crossover Legl
(CATHARE2 Sensitivity Calculation)
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10, respectively. Calculation results are similar with
the base case calculation. But the CPU time is
increased by 18% than that of the base case.
RELAPS5 Sensitivity Calculations The deviations
of the RELAP5 predictions are conceived to primar-
ily result from the overprediction of the break flow,
the incomplete loop seal clearing, and the

overpredictions of interphase drag forces(the
underprediction of interphase drag forces is also
found in the SG inlet plenum DP predictions). To

improve the RELAPS results, the input model is

LEVEL(m)

oo | 2000 4000 o000 ac00 10000
TWE(S)

Fig. 17. The Collapsed Core Water Level
(CATHARE2 Sensitivity Calculation)
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Fig. 18. The SG 1 Pressures
(CATHARE2 Sensitivity Calculation)
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carefully reviewed and then sewveral sensitivity
calculations have been conducted. The findings are
summarized as follows:

{i) Interphase drag model:On the basis that the
interphase drag forces are generally overestimated,
they are reduced by half. Significant changes are
found in the calculation results and, in general, the
calculation results seemed to be improved. The
integrated break flow until 1800s is reduced by 29kg
in comparison with that of the base case. This is due
to the earlier transition from low-quality to high-qual-
ity two-phase discharge at the break. The prediction
of the loop seal clearing is not improved. Figure 19

LEVEL(m)

os 12
T™E(s) .

Fig. 19. The Collapsed Core Water Level
(RELAP5 Censitivity Calculation)

IOLES

F WD SR U TS TS WS TR S W 1

Fig. 20. The SG1 Inlet Plenum DPs
(RELAPS Sensitivity Calculation)
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shows the collapsed core water level behavior;it re-
mains almost unchanged until about 350s and, after
then, increased by 0.3m comparing with the base
cese results. Figure 20 shows the SG1 inlet plenum
DP behaviors, which is further underestimated during
the accumulator injection period, as expected.
Although this correction is not based on a physical
principle, it reveals that the interphase drag model
has still large uncertainties.

{ii} Two-phase discharge coefficient for the break
junction: Increasing the discharge coefficient vielded
more deep first core water level depression and fast
ewlution of the transient. Decreasing the coefficient
reduced the break flow and extended the duration of
low-quality two-phase discharge period. In any way,
the integrated break flow remained unchanged and
the system behaviors are almost the same with those
of the base case calculation.

(iii) Nodalization of the upflow side of crossover
legs: The number of wolumes for the upflow side is
increased from 7 to 10. Calculation results showed
no differences, that is, the incomplete loop seal clear-
ing is not resolved.

5. Concluding Remarks

The calculation results show that both CATHAREZ
and RELAPS predict well both in the occurrences
and trends of major two-phase flow phenomena
observed during a small break LOCA In the present
simulation, the CATHAREZ2 calculations show better
agreements with the experimental data.

Some discrepancies are also found ; the two codes,
in common, showed some deviations in the
predictions of loop seal clearing, collapsed core water
level after the loop seal clearing, and accumulator in-
jection behaviors. Generally the deviation magnitudes
are found larger in the RELAP5 results than in the
CATHAREZ.

The sensitivity calculations using CATHAREZ show
that the increase of the interfacial drag force improve

the primary mass distribution for the BETHSY 6.2TC
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test, i.e. modification of interfacial drag force leads to
a good capability in the prediction of primary side
mass distribution during the depressurization transi-
ent. After the beginning of accumulator injection, the
differences found in the RELAP5 calculations are
presumed to result from uncertainties in the
interphase drag model. The RELAPS5 sensitivity
calculations show that the interphase drag model has
still large uncertainties.
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