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LEVEL-SWELL PREDICTION WITH RETRAN-3D AND ITS APPLICATION
TO A BWR STEAM-LINE-BREAK ANALYSIS

Y. Aounallah, K. Hofer

Level-swell experiments have often been simulated using system codes, such as TRAC and RELAP, but
only cursory assessments have been performed with the operational-transient code RETRAN-3D, the
main system code used within the STARS project. The present study, initiated in the framework of a BWR
Steam-Line-Break (SLB) accident scenario, addresses this lacuna by performing RETRAN simulations of
the General Electric Level-Swell experiments, and by investigating their implications on power plant
accident analyses. Parameters to which the predicted level swell is sensitive have been identified, and
recommendations on code options are made. The SLB analysis objective was to determine the amount of
steam and liquid discharged through the break under specified boundary conditions, and to gauge the
results against reference values. The impact of the nodalization of the upper part of the reactor pressure
vessel was investigated and found to play an important role, whereas the level swell induced from flashing
was found not to be the predominant factor for these simulations.

1 INTRODUCTION
The prediction of the two-phase mixture-level
behaviour during blowdown conditions is of interest to
both the chemical and power industries. It is
particularly salient for Light Water Reactors, for
example for the prediction under accidental situations
of core uncovery and steam generator dryout. Also,
an a priori conservative assumption may not always
lead to a conservative result. For example, a
conservative increase of reactor power may lead to
overprediction of the level swell of an uncovered core,
or a steam generator, resulting in an overprediction of
the cooling; hence the need for complementary best-
estimate calculations with accurate mixture-level
predictions.
The capability of the operational-transient code
RETRAN-3D [1], the main system code in the STARS
(Safety Research related to Transient Analysis of the
Reactors in Switzerland) project, to accurately predict
the mixture level behaviour, has been the object of
only cursory effort, based on reported studies [2], in
contrast to other system codes, such as TRAC and
RELAP [3,4,5]. The present simulation of the General
Electric blowdown experiments [6], which was initiated
in the framework of a steam line break analysis, aims
at addressing this shortcoming.
One objective was to assess the code models as
"stand-alone" components of more complex systems,
such as the one for the present postulated main
steam line break in a BWR plant; the break is
assumed to occur inside the turbine building. The
main interest of the study is to investigate the basis for
calculations of the radioactive isotopes contained in
the primary coolant, and therefore entrained in the
steam and liquid mass discharged through the break.
The break outflow is interrupted by a complete closure
of the main steam isolation valves (MSIVs). A rupture
of a main steam line in the turbine building is most
critical from the viewpoint of release of activity to the
environment, since this building is not included in the
barrier formed by the containment. The present study

consists of calculating the mass of steam and liquid
discharged from the break under different conditions:
e.g. break size, MSIV closure time, and variations in
initial conditions. Three cases were identified for the
analysis, two of them with a guillotine break and one
with a small break size equivalent to 10% of the cross-
sectional area of one main steam line. The analyses
presented here were all performed at "hot-standby"
conditions.

2 GENERAL ELECTRIC LEVEL-SWELL
EXPERIMENTS

2.1 Description of experiments and models
The General Electric (GE) Level-Swell experiments
were designed to investigate separate-effect
phenomena, such as critical flow, mixture level swell,
and axial void distributions, during blowdown
conditions. The experiments consisted of
depressurizing a quiescent pool of water, initially in
thermodynamic equilibrium with its vapour phase. The
fast rate of depressurization (up to 10 bar/s at the
beginning of the transient) resulted in a sudden rise,
or swell, of the liquid free surface due to flashing. The
initial level swell was followed by a level shrink as the
steam production in the mixture decreased as a
consequence of the reduction in depressurization rate.
A series of experimental tests were performed with
Small Blowdown and Large Blowdown vessels, both
4.27!m long, vertically-oriented cylinders, with
respective internal diameters of 0.305 m and 1.219 m.
The depressurization rate was controlled by mounting
different size venturi nozzles on the discharge line.
Experimental uncertainty was reported to be typically
+/-_0.12 m for the mixture level, and up to +/-_0.05 for
the void fraction. No information was available in the
open literature regarding the uncertainty of the system
pressure measurements.
Two modeling schemes were used, both aimed at
maximizing consistency between the component
assessment model and (i) the BWR plant model, and
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(ii) the experimental discretization scheme for the
measured variable. This was reflected in the
nodalization schemes in both cases, as well as in user
options. Thus, while a two-node model was used in
the framework of the plant study, a seven-node model
was used for the detailed simulation of the GE
experiments. The impact of the radial nodalization in
the phase separation region was investigated for the
BWR system model, as described below (Section
3.5).
2.2 Base-case calculations and sensitivity tests
The nodalization for the base-case calculations (GE
Test 5801-15) and sensitivity tests is depicted in
Fig.!1.

Fig.!1: Nodalization for the base-case model.

The RETRAN 3-D bubble-rise model (BRM) was used
for the Control Volume 2 (Fig. 1) and, in the context of
this model, the salient parameters identified for these
tests were the bubble-rise velocity (Vb), the bubble-
gradient parameter (Co), and the break-valve
contraction coefficient (Cn), as listed in Table 1 below.
Unless otherwise stated, these base-case
parameters, used in the preliminary calculations for
steam line break analysis (see Section 3), were
implemented in the calculations.
Table 1: Base-case parameters.

Parameters Values Remarks

Bubble-rise velocity 1.3 [m/s]

Bubble-gradient parameter   0.0 [-] Homogeneous

Break valve contraction coeff.   1.0 [-] No correction

The result shown in Fig. 2 for the Large Vessel tests,
and subsequently confirmed within the range of the
sensitivity tests performed, is that, for the base case
(i.e. with Vb=1.3 m/s), the rate of level swell and level
shrink is lower than the experimental values. Also, the
peak elevation of the two-phase mixture level is

underpredicted, and the timing of this peak is delayed.
Sensitivity calculations, stemming from the base-case
simulation, were performed to assess the impact of
varying the bubble-rise velocity, the bubble-gradient
parameter, and the break valve contraction coefficient.
Figure 2 shows the effect that the bubble-rise velocity
(Vb) has on the mixture level, particularly when there
seems to be no supportive evidence in the open
literature for selecting a particular value within the
range considered (0.3 m/s to 1.5 m/s). Very low or
very large values of Vb can be selected for limiting
cases, such as the determination of the maximum
level swell or the collapsed liquid level, respectively.

Fig.!2: Effect of the bubble-rise velocity (Vb) on the
mixture level (with Co=0.0 [-]).

The effect of varying the bubble-gradient parameter is
shown in Fig. 3, where the value Co=0 corresponds to
a uniform void profile, and Co=1.0 corresponds to the
maximum void gradient. The base-case value
(Co=0.0) maximizes the level swell, since the void
fraction at the free interface is then at a minimum, and
the vapour flow rate leaving the mixture is then the
smallest. Conversely, the maximum void gradient
leads to the lowest mixture level, since it maximizes
the vapour flow rate leaving the mixture free interface.
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Fig.!3: Effect of the bubble-gradient parameter (Co)
on the mixture level (with Vb=1.3 m/s).

Figure 4 shows the combined effect of variations in Vb
and Co, and thus indicates the domain swept by the
mixture level velocity during depressurization, and
identifies the envelope cases. It can be seen that
drastically different results can be obtained for a
relatively narrow range of Vb. The bubble-gradient
parameter becomes increasingly important as rates of
level swell decrease (Co would be inconsequential for
Vb~0 m/s since no vapor would then cross the mixture
free interface).

Fig.!4: Effect of combined bubble-rise velocity (Vb)
and bubble-gradient (Co) on the mixture level:
envelop cases.

With the base-case parameters (Vb=1.3 m/s, Co=0.0),
the system pressure is also underpredicted during
vessel depressurization, as illustrated in Fig. 5. The
initial dip in the measured system pressure, followed
by a recovery, is caused by the time delay in flashing
(not included in the code) as steam is vented from the
steam dome, with no significant void formation takes
place in the superheated liquid. After this brief period,
typically less than one second, significant vapor
bubble formation takes place, causing the two-phase
mixture level to swell and compress the steam, as
manifested in the recorded pressure recovery.
Significant correction of the break-valve contraction
coefficient (Cn=0.8) was required to obtain the correct
depressurization rate, as can be seen in Fig. 5. The
impact of the bubble-rise model parameters,
particularly Vb, on the depressurization rate is also
shown in Fig. 6. The changes in slope of the pressure-
decay curves correspond to conditions where the
mixture level reaches the break elevation (as can be
seen in Fig. 2). The initial single-phase steam flow
vented out of the pressure vessel is then replaced by
a two-phase mixture which reduces the vapour mass
vented, and thereby slows down the pressure decay.
Since the process of interest is the loss of liquid
inventory in the pressure vessel, the main outcome

from these calculations is that the base-case
parameters would give conservative results
(overestimation of liquid losses) only if the mixture
water level reaches the break-line elevation. This is
because the experimentally observed level-shrink
rate, which follows the initial level swell, is
underpredicted, and therefore the predicted mixture
level remains high for a longer period of time.

Fig.!5: Effect of the valve contraction coefficient (Cn)
on the mixture level.

Fig.!6: Effect of the bubble-rise velocity (Vb) on the
system pressure.

2.3 Prediction of the axial void profile
A model was used to assess the code’s capability to
predict the axial void profile during blowdown
situations. The experimental Test 1004-3 has been
the most frequently investigated one, including by the
RETRAN code developers [3], and was therefore also
selected here.
A seven-node model (Fig. 7) was used to match the
axial distribution of the void fraction measured
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experimentally. In other words, the node length
corresponds to the axial distance between the
successive pressure tappings. Thus, there is
consistency in the control volumes used in the
experiment and those in the code simulations.
The void fractions are very well predicted by the code,
as can be seen in Fig. 8, as long as neither the
experimental nor the calculated mixture level reaches
the BRM lower boundary (Node 6 in Fig. 7). This
actually occurs at 100_s for Test 1004-03, but was
predicted to occur at ~150_s, as shown in Fig. 9. As a
consequence of this delay, the void fraction increase
in Node 5 is also correspondingly delayed.

Fig.!7: Nodalization for GE Test 1004-3.

Among the RETRAN-3D void model options, the
algebraic slip model ( isflag=3) and the dynamic slip
model ( isflag=5), both based on the Chexal-Lellouche
drift-flux model, gave very similar results.

Fig.!8: Comparisons of axial void profiles (GE Test
1004-3).

2.4 Comparison against the GE Level-Swell
database: use of the Wilson BRM

In addition to the base-case and sensitivity
calculations, the eleven experimental tests

constituting the GE Level-Swell database were also
used to identify possible inconsistencies in the
identified trends. The Large-Vessel experiments
consisted of four tests with different break sizes, the
initial water level being the same for all tests. The
Small-Vessel experiments included cases with four
break sizes (some of which included a vessel
restriction plate), and two initial water levels. All tests
were initiated at a system pressure of about 70 bar.

Fig.!9: Effect of the bubble-rise velocity (Vb) on the
mixture level (Test 1004-3).

For comparison of the code predictions with the
experimental database, the nodalization shown in
Fig.!2 was used, together with the BRM base-case
parameters and the pressure-dependent, Wilson
bubble-rise velocity model [1]. Good predictions of the
depressurization rates were obtained by adjusting the
valve contraction coefficients, found to be Cn~0.9 and
Cn~0.7 for the Large-Vessel and Small-Vessel tests,
respectively. These adjustments resulted in lowering
of the maximum elevation reached by the two-phase
mixture, and a reduction in the discrepancy for the
timing of this maximum.
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Fig.!10: Wilson bubble-rise velocity for different
experimental tests: Vb=1.3 m/s being the
base-case value and (dP/dt)i the initial
depressurization rate.

The main finding is that the base-case parameters
lead to an underestimation of the mixture level peak
elevation for cases where the steam line was not
reached, and an overestimation otherwise. The
Wilson model (Fig. 10), on the other hand, is
considered to have performed well. It must be stated
that this option was used together with the
homogeneous model option (Co=0) for consistency
with the Wilson’s methodology (which is based on an
axially-averaged value of the bubble-rise velocity). In
Fig. 10 is shown the bubble-rise velocity for four tests
(1004-3, 1004-2, 5801-15, 5702-16) as calculated by
RETRAN-3D. Each of these tests is characterized by
its initial depressurization rate (dP/dt)i. The Figure
shows how the bubble-rise velocity increases over the
first 5 to 20 seconds of the transient, from a low value
to a quasi steady-state value, and how both the rate of
increase and final level depend upon the
depressurization rate. The base-case value of Vb=1.3
m/s is also shown.
Among the Small-Vessel tests, two tests (8-28-1 and
1004-2) clearly indicate venting of a two-phase
mixture, and from the analysis of these tests comes
the observation that the use of the base-case
parameters delays significantly the calculated level-
shrink rate, as illustrated in Fig. 11, while the use of
the Wilson model provides much closer agreement.

Fig.!11: Comparison of the mixture levels obtained
with the base-case and the Wilson bubble-
rise velocities (GE Test 1004-2).

It must also be added that the conclusions reached
here are not sufficient to fully characterize the
behaviour of the mixture level in more complex
situation such as the mixture level in a BWR pressure
vessel during blowdown conditions, since, in addition
to flashing, the net mass and enthalpy balance over

the nodes under consideration can play an important
role as well, as will be further shown in Section 3.5.

3 APPLICATION TO BWR STEAM-LINE-
BREAK SCENARIO

3.1 Problem description
The objective of the main steam line break analysis
applied to a BWR plant consists of calculating the
release of steam and liquid transported to the turbine
building following a break in a main steam line. The
two most relevant components for mitigating this
event are the flow limiters and the main steam
isolation valves (MSIVs). The design of the integrated
venturi-type flow limiters defines the maximum steam
blowdown rate, while the release of primary coolant is
limited by the closure of the MSIVs (Fig. 12).
Therefore, one objective of the steam line break
analysis is to assess the impact of an early reactor
isolation as a consequence of a reduced MSIV
closure time. The following cases were investigated:

• 200% break, 10 second MSIV closure time,
• 200% break, 5 second MSIV closure time,
• 10% break, 5 second MSIV closure time.

The first case is used for benchmarking the RETRAN-
3D analysis against the results of a BWR safety
analysis report (SAR).

3.2 Sequence of events
The first response to a break in one of the main steam
lines inside the turbine building is a rapid increase in
steam flow as the reactor depressurizes. A steam line
high-flow signal detected in the two flow limiters
involved initiates MSIV closure (for all valves) shortly
after the break, which is followed by a reactor scram
as soon as the MSIVs reach the 90% open position.
The flow limiters restrict the steam flow rate out of the
reactor pressure vessel (RPV) to the maximum
allowed under critical flow conditions. Referring to one
flow limiter, this value is approximately twice as large
as the rated flow for 100% power operation.
As a consequence of the reactor blowdown, and the
subsequent decrease in reactor pressure, the reactor
water level will swell, due to flash evaporation, with
the result that the two-phase level will rise up to the
steam nozzles and liquid will flow out into the steam
lines. Finally, this event is terminated by the complete
closure of the MSIVs.
Table 2:Values used for initial conditions at hot-

standby in the RETRAN-3D BWR steamline-
break analysis.

Parameter Value Used in Analysis

Core power 5% of nominal
Reactor water level 100% of nominal
Core mass flow
rate

35% of nominal



34

System pressure 93% of nominal
Pressure in turbine
building

1 bar

MSIVs MSIVs related to turbogroup A open;
MSIVs related to turbogroup B closed

Position of turbine
bypass valves

Closed

Position of turbine
stop valves

Open

Fig.!12:  Main steam piping system with break in turbine building.

3.3 Initial Conditions
Because the water inventory for a given reactor water
level is larger at hot-standby than at full power, as a
consequence of the lower void fraction in the core, the
upper plenum and the separators, the amount of
primary coolant discharged by the steam line break
will be larger than under normal operating conditions.
The RETRAN-3D analyses were therefore performed
for hot-standby conditions, for which the main
parameters are summarized in Table 2.
3.4 RETRAN-3D model and analyses
3.4.1 Nodalization
The main steam line break analysis with RETRAN-3D
was carried out based on a comprehensive system
model including the reactor pressure vessel and its
internals, the reactor core, the two recirculation loops
and pumps, the complete main steam piping system,
the turbines, the turbine bypass lines, the condensers,
and the blowdown lines. A total of about 200 nodes
was utilized. A general overview of the main steam
piping system and the postulated break in one of the
two steam lines in the turbine building are given in Fig.
12. Four main steam lines (denoted by A, B, C and D)
are connected to the RPV. Each of these steam lines
consists of the piping system, an integrated, venturi-
type, steam-flow restrictor (here referred to as flow
limiter), and two MSIVs. In addition, a dual-function
safety relief valve, and either a safety valve or a
motor-operated pressure relief valve, are flanged to
each main steam line upstream of the flow limiters.
Inboard and outboard MSIVs are located on each side
of the primary containment, which provides the
separation of the drywell and pressure suppression
pool from the reactor building.

The 16-inch diameter main steam lines coming from
the RPV join together in pairs, and the resulting two
20-inch diameter lines (denoted by A and B in Fig. 12)
penetrate the reactor building, and further
downstream enter the turbine building. Both lines
divide again into two 16-inch diameter lines that are
finally connected to the turbines valves.

For the RETRAN-3D analysis, the postulated break is
modelled for the 20-inch diameter main steam line A
at the entrance to the turbine building. The break is
located at about 5_m downstream of the location
called "Junction" in Fig. 12, and about 9_m from the
corresponding outboard MSIV location. The details of
the nodalization for the ruptured steam line in the
vicinity of the turbine building are given in Fig. 13.
Node 700 is a time-dependent volume — a special
RETRAN control volume for which the constant
thermodynamic conditions of the turbine building
atmosphere are imposed. The activation of valves
V18, V19, and V20 actually simulates the break
(Section 3.4.3).

Fig.!13: RETRAN-3D model of the main steam line
break in the turbine building.

During the model development stage, it was observed
that the calculated coolant mass discharged in the
turbine building is sensitive to the nodalization of the
RPV components that involve phase separation
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during the depressurization phase. This mainly
concerns the nodalization of the steam separators, the
steam dryer, and the upper downcomer. Several
nodalization schemes were examined, and
reasonable results were obtained with the one shown
in Fig. 14.
The behaviour of the reactor water level is determined
in RETRAN-3D by the bubble-rise model (BRM). The
parameters that can be specified in this model, as
already described in Section 2, are: (i) the bubble-rise
velocity Vb, which can be either a user-defined
constant (or a function defined within the code
"control" system) or a code-calculated value based on
the Wilson correlation; (ii) the initial two-phase mixture
level; and (iii) the bubble-gradient Co. It should be
noted that the input values of the BRM, in particular
the bubble-rise velocity, can be adjusted by the code
during steady-state initialization, if this option is
employed.
The obvious reason for using a bubble-rise model is
that liquid flows out of a phase-separated volume only
if the mixture level reaches the outlet elevation. This is
different for standard RETRAN-3D control volumes in
which the liquid and steam phases are
homogeneously mixed. The RETRAN bubble-rise
model is therefore the most appropriate option for
tracking the reactor water level, and the associated
primary coolant discharge out of the RPV.
Special attention was given to the development of the
model so that it conforms to the flow behaviour
expected to occur in the RPV upper region of the
nuclear power plant during a steam line break event.
In contrast to the GE Level-Swell facility, there are
three flow paths that need to be considered (Fig. 14a):
Path 1: steam separators Æ  steam dryer Æ  steam

dome Æ main steam lines;

Path 2: upper downcomer inside of the steam dryer
assembly seal skirt Æ steam dryer Æ steam
dome Æ main steam lines;

Path!3: annulus of the upper downcomer between the
RPV and the steam dryer assembly seal skirt
Æ main steam lines.

During the blowdown period of the main steam line
break, the reactor water level swells for all three
paths. When the level in Path 3 reaches the bottom of
the main steam line nozzles, liquid is entrained. The
two-phase mixture level in Path 1 can rise up to the
top of the steam separator, and from there merge with
that from Path 2, and cause swelling in the steam
dryer. When the steam dryer is completely full, liquid
can also flow into the main steam lines.
It is expected that when fluid enters the steam lines,
most of the liquid would flow through Path 3, and most
of the steam through Paths 1 and 2.
The expected flow behaviour as described above was
correctly simulated with the nodalization scheme
illustrated in Fig. 14. The radial nodalization of the
RETRAN-3D plant model in the RPV upper region
includes three separated volumes: one for the steam
separators (here denoted as Separator Interior), and
two for the upper downcomer (here denoted as
Separator Exterior and Dryer Skirt). The separator
exterior node comprises the volumes delineated by
the steam dryer assembly seal skirt and the steam
separators. The dryer skirt node represents the
volume between the steam dryer assembly seal skirt
and the RPV, and extends vertically up to bottom of
the steam lines. In order to obtain the correct flow
behaviour, the height of the steam separator interior
and steam separator exterior were extended to
include the steam dryer volume.
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Fig.!14: RETRAN-3D nodalization for the upper RPV.

3.4.2 Code options selected
The major code options used for the main steam line
break analysis are summarized in Table 3. The
analysis was carried out without coupling between
thermo-hydraulic and neutronics. Instead, the core
power was kept constant at 5% of full power
throughout the transient.
The rise of the reactor water level during the
depressurization period depends on the separation of
liquid and steam, which is mainly expressed by the
bubble-rise velocity. It is obvious that smaller values
result in a more rapid and larger rise of the level. In
the context of a main steam line break analysis, the
liquid phase would then reach the main steam line
nozzles earlier, and more liquid would be entrained in
the steam lines, and finally through the break into the
turbine building. An analysis with the bubble-rise
velocity close to zero is therefore considered as a
conservative approach. Based on the results obtained
from the separate-effect study (Section 2), the Wilson
correlation for the bubble-rise velocity was selected
for this analysis. The correlation is used together with
the bubble-gradient parameter Co=0.85 for the
separator interior, and Co=0 for the separator exterior
and dryer skirt nodes.
Table!3: Major code options of the RETRAN-3D main

steam line break analysis.

Code Option Details

Code version RETRAN-3D MOD003

Numerical scheme Four-equation option, thermodynamic
equilibrium

Slip Algebraic slip equation based on drift
flux model of Chexal-Lellouche
(isflag=3)

Power generation Power table,
no reactor kinetics model used

Critical flow model Isoenthalpic expansion model
Wilson bubble rise
velocity correlation

The correlation is used for all the
bubble-rise volumes

3.4.3 Modelling of the sequence of events
The core power and recirculation pump speed remain
unchanged after the initiation of the postulated break.
After the break, the feedwater mass flow rate is kept
constant at the value equivalent to 5% of steam
production at full power. The undamaged 20-inch
main steam line (i.e. line B in Fig. 12), is isolated prior
to the break by closing its outboard MSIVs. The
maximum initial steam vessel blowdown rate is set by
adjusting the flow areas of the junctions associated
with the flow limiters.
The main steam line break is simulated by the three
valves V18, V19 and V20 shown in Fig. 13. The
valves V19 and V20 control the flow from the steam
line to the turbine building, and valve V18 is used to
simulate the piping misalignment in the case of a
200% break. For the break sizes investigated here,
the valve operation sequences are as follows:
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• 200% Break: V19 and V20 open completely and
V18 closes at break activation time
within 0.1 ms.

• 10% Break: V19 opens by 10% at break activation
time within 0.1 ms, V18 remains fully
open, and V20 is not used (i.e.
remains closed).

In the RETRAN-3D model, the turbines are simulated
with time-dependent volumes, to provide the thermal-
hydraulic boundary conditions. In order to limit the
steam flow from the turbine out of the break, Turbine
A is isolated shortly after the break by the turbine stop
valves. The closure of the outboard MSIVs connected
to the ruptured main steam line is not triggered by a
steam line high-flow signal. In accordance with the
results of the BWR SAR analysis, they are closed at
0.5 s after the activation of the break for both the
200% and the 10% break analysis. Finally, the MSIV
closure characteristic is based on a linear, time-
dependent table for the valve flow area.
3.5 Results
The break mass flow rates calculated by RETRAN-3D
for the three cases analyzed are shown in Figs. 15a to
15c. The results are normalized to the nominal main
steam mass flow rate. The origin of the time scale is
related to the break activation time. In addition, it
should be noted that the break mass flow rate is
defined here as that discharged at the steam line
break; that is, referring to the model of Fig. 13, the
sum of the flow rates from the steam line Nodes 561
and 562 to the turbine building Node 700.
In Fig. 15a, the results obtained for the 200% break
with 10_s MSIV closure time are compared against
the data of the BWR SAR analysis. One of the most
important differences is the time delay for the liquid to
start to flow out of the break. It takes 2.4_s in the
BWR SAR analysis, and 3.4_s according to the
RETRAN-3D simulation. Furthermore, the slope is
much steeper for the BWR SAR analysis. The time
delay and slope are mainly determined by the speed
of the downcomer level swell, which itself is influenced
by the timing of the void formation, by the bubble-rise
model parameters, and by the initial reactor water
level. The large peak (up to 390% of nominal main
steam mass flow rate) at the beginning of the transient
for the RETRAN-3D plot in Figs. 15a and 15b is the
result of the rapid steam discharge out of both sides of
the guillotine break in the steam line. Such a peak is
not evident from the BWR SAR analysis.
As expected, the RETRAN-3D analyses for the two
cases with MSIV closure time of 5_s result in
considerably smaller values of the total mass released
compared with that for a closure time of 10_s.
Moreover, there is almost no liquid mass release in
the former case.
The influence of the small break size of 10% is shown
in Fig. 15c. After the closure of the MSIVs at 5.5_s,

the ruptured main steam line is isolated at both ends,
and it takes another 15_s for complete
depressurization to the ambient pressure of the
turbine building.
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Fig.!15a: RETRAN-3D versus BWR SAR analysis
results for 200% main steam line break and
10_s MSIV closure time.
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Fig.!15b: RETRAN-3D result for 200% main steam
line break and 5_s MSIV closure time.
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Fig.!15c: RETRAN-3D result for 10% main steam
line break and 5 s MSIV closure time.
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The numerical values of the integrated break mass
flow rates are summarized in Table 4. The numbers
are normalized to the total mass release of the BWR
SAR analysis.
Table 4: Relative integrated break mass flow rates for

different steam line break scenarios.

Analysis Total Mass
[%]

Liquid Mass
[%]

Steam Mass
[%]

BWR SAR
_ 200% break,

10 s MSIV
closure time

100.0 75.5 24.5

RETRAN-3D
_ 200% break,

10_s MSIV
closure time

_ 200% break,
5_s MSIV
closure time

_ 10% break,
5_s MSIV
closure time

90.8

37.3

16.5

37.5

3.0

0.3

53.3

34.3

16.2

As shown in Fig. 2 for the GE experiments, the
swelling of the reactor water level during
depressurization of the RPV depends on the bubble-
rise model. A sensitivity study was carried out with the
RETRAN-3D BWR plant model for the bubble-rise
velocity of the separator exterior and dryer skirt nodes
(Fig. 14). The goal was to find out by how much the
time delay td, for the onset of the liquid mass flow rate
determined at the RPV main steam line nozzles, can
be modified in order to eventually match the results of
the BWR SAR analysis (Fig. 16). The time delay is
defined as the time needed by the downcomer two-
phase mixture level to reach the RPV main steam line
nozzles. The investigation was performed using the
sum of the relative mass flow rates of the two 16-inch
diameter main steam lines C and D at the exit of the
RPV (Fig. 12). It should be noted that the RETRAN-
3D results shown in Fig. 16 and Fig. 15a are different,
since they were calculated at different locations: i.e.
the RPV exit and the break location, respectively.
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Fig.!16: Time delay td for the onset of liquid mass
flow for a 200% main steam line break and
10 s MSIV closure time.

The bubble-gradient parameter was set at Co=0
(uniform void profile) for the separator exterior and
dryer skirt nodes, and at Co=0.85 for the separator
interior node. For the entire study, the value
determined by RETRAN-3D for the bubble-rise
velocity of separator interior was Vb_=_4.41_m/s. As
mentioned above, this value is calculated at the
beginning of the transient. Results are summarized in
Table 5.

Table 5: Effect of the bubble-rise velocity Vb on the
time delay td for the onset of liquid flow for a
200% main steam line break and 10 s MSIV
closure time.

Analysis Time delay td [s]
BWR SAR 2.4
RETRAN-3D

Vb based on Wilson correlation a
Vb = 1.29 m/s b

Vb = 0.61 m/s b

Vb = 0.15 m/s b

Vb = 0.03 m/s b

a for separator interior, separator
exterior and dryer skirt

b for separator exterior and dryer skirt

3.4
3.7
3.5
3.3
3.3

The results of this study show a weak dependency of
the time delay td on the bubble-rise velocity. In this
context, an important difference is that the RETRAN-
3D model used for this sensitivity analysis is a
complete plant model. Therefore, the results are also
functions of the response of the nodes representing
the RPV lower region, especially the lower
downcomer. During an RPV depressurization as a
result of a main steam line break, void is formed in the
lower downcomer region. This effect is enhanced by
the low subcooling for the downcomer for an RPV at
hot-standby conditions. As a consequence of this void
formation, a two-phase mixture flows into the upper
downcomer, in particular in the dryer skirt, and
therefore the downcomer mixture level is displaced
upwards. It was found from this analysis that the
contribution of mixture level rise due to inflow from the
lower downcomer is the predominant factor compared
to flashing that occurs in the upper downcomer. This
is due to the relatively low depressurization rate (~1.5
bar/s over the initial 3.5 seconds of the transient)
when compared against the analysis of General
Electric experiments (e.g. ~4 bar/s for the base case),
in Section 2 above. The results from the Vb study
therefore show that the RETRAN-3D results cannot
yield a better match with the BWR SAR analysis data
solely by selecting a conservative value of the bubble-
rise velocity.

4 CONCLUDING REMARKS
Simulations of the General Electric Level-Swell
experiments with the operational-transient code
RETRAN-3D have identified important model
parameters for accurate predictions of the level swell
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during depressurization under blowdown conditions:
namely, the bubble-rise velocity, the bubble-gradient
parameter, and the valve contraction (or discharge)
coefficient. While a fixed value for bubble-rise velocity
is useful for calculating bounding limits, it remains of
limited applicability when accurate prediction is
required; for example, when the mixture level is a
triggering signal in the course of the simulation. The
Wilson correlation for the bubble-rise velocity was
found to yield consistently good results. Significant
adjustments needed to be made to the break-valve
contraction coefficient in order to obtain the correct
vessel pressure decay rate.
In the case of more complex modelling, such as a
reactor pressure vessel for the present BWR steam
line break analysis, the axial and radial nodalization of
the upper region was also found to play an important
role in predicting the reactor water level during
depressurization, and therefore particular attention
was given to the nodalization scheme. The accident
scenarios included different boundary conditions for
the break sizes and MSIV closure times. The bubble-
rise model parameters, which are relevant to the
calculated reactor water level swelling during
depressurization, were selected based on simulations
of the General Electric Level-Swell experiments.
Agreement between the RETRAN-3D results and
those of the reference analysis of the BWR SAR
steam line break analysis was reasonable. The
differences concerned primarily the delay for the
mixture level to reach the steam-line nozzle, and also
the quality of the two-phase mixture vented through
the nozzle. The delay could not be explained with the
bubble-rise velocity alone since flashing in the upper
downcomer was found not to be the predominant
factor in determining the level rise, due to the
relatively low depressurization rate (compared to the
General Electric experiments). A conservative, as
opposed to the present best-estimate, methodology
could explain the observed discrepancy, along with
other factors, such as the initial water level.
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