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Complex phenomena, as water hammer transients, occurring in nuclear power plants
are still not very well investigated by the current best estimate computational tools.
Within this framework, a rapid positive reactivity addition into the core generated by a
water hammer transient is considered. The numerical simulation of such phenomena
was carried out using the coupled RELAP5/PARCS code. An overall data comparison
shows good agreement between the calculated and measured core pressure wave
trends. However, the predicted power response during the excursion phase did not
correctly match the experimental tendency. Because of this, sensitivity studies have
been carried out in order to identify the most influential parameters that govern the
dynamics of the power excursion. After investigating the pressure wave amplitude and
the void feedback responses, it was found that the disagreement between the calcu-
lated and measured data occurs mainly due to the RELAP5 low void condensation
rate which seems to be questionable during rapid transients.
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INTRODUCTION

In the last few years, computer code capabilities
have been substantially improved, reaching a
conciderable level of maturity, now capable of predict-
ing nuclear power plant (NPP) behavior under a wide
variety of transient and accidental conditions. How-
ever, phenomena such as water hammer, occuring reg-
ularly during a NPP lifetime, are still not very well in-
vestigated. In fact, rapid transients involving pressure
waves could spread high dynamic loads over the
plant’s components and also generate rapid condensa-
tion in structures filled with steam or steam water mix-
tures. The latter effect could induce significant conse-
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quences on the kinetic equilibrium of a boiling water
reactor (BWR) core. As outlined in several references
in the literature, as [1] and [2], the modeling of such
phenomenon remains a challenging topic for current
computational tools. For this purpose, the BWR Peach
Bottom Turbine Trip (PB-TT) test number 2 was in-
vestigated. The transient is initiated by a sudden clo-
sure of the turbine stop valve (TSV). This event leads
to sonic pressure wave propagation through the steam
lines and involves complex reflections from different
solid and large fluid boundaries when it reaches the re-
actor vessel region. Due to the inherent feedback
mechanisms, the core power exhibits a prompt excur-
sion in response to the water hammer compressing ef-
fect, and immediately after that, a self-limiting shut-
down course prior to the dropping of the control rod. In
order to perform a best estimate (BE) simulation of
such complex mechanisms, the coupled thermal-hy-
draulic system code RELAP5/Mod3 [3] and the 3-D
neutronics code PARCS/2.3 [4] were used.
Afterwards, the calculated results were com-
pared with the available experimental data. A good
overall agreement between the calculated and experi-
mental pressure wave amplitude and propagation was
observed. However, the calculated power response ex-
hibited less conformity to the measured one. There-
fore, sensitivity studies, following the recommenda-
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tions of [5], have been carried out in order to identify
the governing dynamic parameters of the TT transient.

WATER HAMMER PHENOMENON

Rapid transients involving pressure wave propa-
gation across NPP structures occur regularly during
their lifetime. At normal operation, water hammer oc-
curs as a consequence of standard actions such as the
start-up or shut-down of systems and components or
the opening and closure of valves. It may also occur
during the activation of emergency core cooling
systems (ECCS) or auxiliary feed water systems. On
the other hand, during out of the normal operations,
such pipeline breakdowns are followed by rapid isola-
tion valve closure and, in some instances, severe pres-
sure waves involving complex reflections at different
boundaries of fluid paths. Furthermore, this type of
phenomena could lead to BWR instability. This could
happen when TSV closures create oscillations corre-
sponding to the core’s coupled thermal-hydrau-
lic-neutronic resonance frequency with associated
amplifications. Generally, the water hammer transient
has two aspects:

— dynamic load “stresses” over the structures of the plant
which could pose a serious problem for components
previously damaged by various types of ageing, and

— void condensation in structures filled with steam
or steam water mixtures. The latter may have seri-
ous consequences on the kinetic equilibrium of a
BWR core.

Once a pressure wave is produced in a pipeline,
it propagates back and forth until it is completely dissi-
pated. The effects associated with this phenomenon
depend on the celerity of the pressure wave in relation
to the rapidity of the rate of valve closure or opening.
An illustration of the propagation and reflection of
pressure waves in a simple configuration is shown in
fig. 1. The system is composed of a pipeline connected
to abig volume (RPV for example). The transient-state
conditions are produced by instantaneously closing a
downstream valve at time ¢ = 0. The pressure wave is
transmitted upstream at sonic velocity and reaches the
supply reservoir in a time L/c. However, upon reach-
ing the reservoir, it is reflected as a negative wave. In
fact, pressure waves are true waves governed by the
principles of wave mechanics. They can be reflected
in two ways:

Big volume |
constant
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Figure 1. Simplified water hammer schema

— either froma solid boundary, in which case velocity
becomes zero while the pressure might vary, or
— from a fluid boundary, in which case the pressure
is constant, while the velocity might change.
Thus, when the pressure wave reaches the reser-
voir, itis reflected as an expansion wave with the same
AP, but with opposite equal velocity. When it reaches
the valve once more, it is reflected from the solid
boundary, its velocity returns to zero and the pressure
drops to —AP. It then moves upstream to the reservoir
where its negative pressure is eliminated by the reflec-
tion of an equal and opposite positive wave of forward
velocity V. From the instant of valve closure, this latter
wave reaches the valve after a time of 4L/c. At this
point, the pressure again drops to zero and its forward
velocity equals V; consequently, the cycle will repeat
itself and continue until it is eventually dampened out
by the friction. The modeling of such phenomenon re-
mains a challenging topic for existing computational
tools, since it involves both core-plant interactions and
strong feedback processes between kinetics and ther-
mal-hydraulics. Both phenomena involve “’time con-
stants” in transient responses of pressure variations’
propagation in specified flow paths and reactivity
change characteristics, including time, magnitude, and
spatial distribution aspects.

CALCULATION MODELS AND
HYPOTHESES

The experiment was carried out by manually
closing the TSV at an operating power level equal to
61.65% of its nominal value. Consequently, a pressure
wave which propagates at sound velocity toward the
reactor core is generated [6]. The pressure wave
reaches the core zone following two different paths;
through the steam separator filled with a mixture of
water and steam and through the vessel downcomer
filled with subcooled water. Therefore, the core void
inventory is reduced under the water hammer pressur-
ization effect, and due to the inherent feedback mecha-
nisms, induces a rapid exponential rise in reactor
power. To relax the water hammer loads, the steam
by-pass valve (BPV) opens automatically after 0.06 s
and core power is scramed when it exceeds 95% of its
nominal value. The pressure wave (or water hammer
phenomenon) constitutes a thermal-hydraulic prob-
lem, not well characterized by the existing system
codes. The propagation of the pressure wave from the
turbine inlet to the core could be better represented by
3-D simulation, especially in the RPV zone, since
complex reflections are involved.

To perform a numerical simulation of the TT tran-
sient, the coupled code RELAPS Mod3.3/PARCSV2.4
code was used. In fact, the RELAP5 modules simulate,
mainly, the pressure wave propagation, as well as the evo-
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lution of the core thermal-hydraulic parameters, having as
an input the 3-D power response derived by the PARCS
code routines. The codes are run separately through a par-
allel virtual machine process. During the TT transient,
complex kinetic and thermal-hydraulic feedback mecha-
nisms are involved. Consequently, it is essential to simu-
late adequately the propagation and the amplitude of the
pressure wave through the steam line and different struc-
tures of the reactor vessel. The RELAPS code is a widely
used and qualified BE thermal-hydraulic system code.
Nevertheless, the code was rarely used for investigation of
the water hammer phenomenon in single and two-phase
flow through complex structures [7, 8]. Furthermore, ac-
cording to [2], using the code for water and steam hammer
analyses is a controversial topic. Basically, the donor-cell
differential schemes used by RELAPS to resolve the mo-
mentum conservation equation have shown that for
nodalization schemes used by most thermal-hydraulic an-
alysts in RELAP5-type problems, an acoustic wave is rap-
idly attenuated. Thus, very close attention must be paid to
plant nodalization, i. e. cell size and time step. In particular,
when the pressure wave is expected to have a very rapid
rate of increase, cell nodalization should have small length
dimensions. To fulfill these requirements, a peach bottom
plant nodalization, as shown in fig. 2, was performed and
validated against a series of steady-state and transient sen-
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Figure 2. Nodalization schem

sitivity analyses [9]. The nodding scheme includes various
vessel components, such as a steam separator, steam
dome, downcomer, and coolant recirculation loops, in-
cluding two jet pumps. The attention is focused on steam
line nodalization, since the leading phenomenon is the
pressure wave propagation. As shown in fig. 2, which ex-
hibits the sketch of the adopted PB plant nodalization flow
diagram, the four real steam lines are lumped into two
components and a constant node size of 1.0 m was chosen
over a total length of 140 m for each steam line. The corre-
spondence between the plant component and their relative
node number is shown in tab. 1.

CALCULATION RESULTS

The BWR PB-TT is a pressure-driven scenario,
therefore it is important to catch the right pressure
wave amplitude and peak timing. Notwithstanding the
reliability of the 3-D kinetics code, the results will be
off if the pressure wave is not accurately predicted.
The predicted pressure wave propagation upstream
and downstream the steam lines in comparison with
experimental data is shown in figs. 3 and 4, respec-
tively. The calculated pressure wave propagation
agrees qualitatively well with the measurements; the
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Table 1. Main nodalization items for the RELAPS input
deck

overall trend is well predicted, especially for the pres-
sure data in SL-A. The differences between the
measured and calculated amplitudes could be due to
measurement and boundary and/or initial conditions
(BIC) uncertainties and, more particularly, to the as-
sumed linear TSV closure mode. This mode is adopted
since the real dynamic behavior of valves is generally
unknown. The effects of such modeling are considered
in more detail in the sensitivity studies’ section.

When the pressure wave reaches the reactor ves-
sel, it experiences several reflections, mainly with the
vessel walls. The resultant wave propagates through
two different paths to reach the core zone; the steam
separator filled with the mixture of water and steam
and the lower plenum filled with subcooled water. The
calculated pressure wave in the RPV dome is shown in
comparison to the one measured in fig. 5. The calcu-
lated trends exibit a good agreement with both the am-
plitude and the rate of increase of the measured pres-
sure wave.

Wave propagation through the downcomer and
core inlet is performed with practically no attenuations
since the path is filled with water. However, when the
wave crosses the steam separator, it experiences a
strong deceleration (see fig. 6) without significant at-
tenuation, as can be seen in fig. 7. However, the real
behavior of pressure wave propagation through the
separator will not be well simulated since a basic com-
ponent is used in the current RELAPS nodalization.
Nevertheless, a qualitatively good pressure wave in
the upper zone of the core is predicted. Furthermore,
the calculated and measured pressure waves exhibit
the same fundamental oscillatory mode. This parame-
ter could be evaluated by a simple formula given in the
case of straight pipeline pressure wave propagation to-
ward a big reservoir [10]:

-1 -1
1{“] :(4'140) —086Hz (1)

T

c 480

= = = RELAPS/PARCS Steam Line-A
------ Experiment Steam Line-A
RELAPS/PARCS Steam Line-D
= Experiment Steam Line-D

Plant component Node type | Node number
Pipe 100, 105
Lower plenum Branch 115
Core inlet Branch 120, 122
Core Pipe 201-233
, 123, 124, 200,
Core by-pass Pipe 270, 271
Upper plenum Branch 300, 301
Stand-pipes Pipe 302
Separators Branch 310
Pipe 312,314
Steam dome branch 36
Upper downcomer Annulus 324
Middle downcomer ?;ﬁgﬁg ggg
d . Branch 334, 338, 360
Lower downcomer annulus | 336, 340, 368
. Pipe 380, 384, 388
Steam line A (SL-A) branch 382, 386
. Pipe 680, 684, 688
Steam line D (SL-D) branch 682, 686
Steam by-pass chest Pipe 394
Steam by-pass line Pipe 396
Steam by-pass orifice Branch 398
Recirculation suction Pipe 400-450
Recirculation discharge Pipe 420-470
Pump Pump 410-460
Jet pum
- th%oatp Jetmixer 425-475
— discharge Pipe 430-480
Turbine stop valve (TSV) Valve 10
By-pass valve (BPV) Valve 11
Safety relief valve Valve 12
Relief valves Valve 13,14, 15
Feedwater Tmdpvol 500
Turbine Tmdpvol 675
Condenser Tmdpvol 700
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length, and the mean sound velocity in the steam line, sponds, more or less, to the calculated and measured

respectively. wave frequency. The oscillating trend observed in the
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measured pressure is a consequence of the dynamic ef-
fect of the control rod insertion during the shutdown
phase[11]. The current model is not able to predict this
effect. The calculated pressure response occurs ap-
proximately a 0.1 s earlier than the experimental one.
The reasons for this anticipated response are likely due
to the differences between the real and calculated
sonic velocities (the degree of different coolant mix-
tures in various locations of the pressure wave paths).
For the core pressure wave, the calculated trend agrees
well with the measured data, even though some small
differences, mostly arising from uncertainties con-
nected with code predictions [5], such as the adopted
valves dynamic characteristics or the nodalization
model for the steam line, can be observed.

Owing to the inherent feedback mechanisms, the
void collapse, induced by the pressure wave action, re-
sults in a positive reactivity insertion. The amount of in-
serted reactivity makes the total system reactivity
evolve near to the prompt critical zone. Thereby, the
power response exhibits a prompt exponential rise with

Table 2. List of the considered sensitive cases

1.50 2.00 250 3.00 3.50 4.00 450 5.00
Time [s]

a decreasing period and prompt self-limiting behavior
prior to shutdown. The calculated power course, in
comparison to the measured one, is sketched in fig. 7.
The discrepancies observed for the power response are
more pronounced, even though qualitatively similar er-
ror trends to those of the pressure wave are expected.
The main difference between the two power profiles ap-
pears during the excursion phase. The coupled code cal-
culations predict slower power exponential rise at the
beginning of the excursion phase and, consequently, a
lower power peak is predicted.

SENSITIVITY CALCULATIONS

In order to identify and assess the discrepancies
between the measurements and code calculations for
both the pressure wave and power response, a series of
sensitivity cases are considered, as outlined in tab. 2.
According to [5], discrepancies between code predic-
tions and the measurements could be attributed to

Parameter Case Description
number
Case-1 Steam line with mesh node size = 0.5 m
Steam line nodalization Case-2 Steam line with mesh node size =2.0 m
Case-3 Steam line with mesh node size = 8.0 m
BIC related to turbine stop Case-4 TSV closure time changed by +20%
valve closure Case-5 TSV closure time changed by —20%
BIC related to by-pass Case-6 BPV opening time changed by +20%
valve opening Case-7 BPV opening time changed by —20%
Case-8 BPV opens as 0.07 s (instead of 0.06 s)
Control systems delays Case-9 BPV opens as 0.05 s (instead of 0.06 s)
Case-10 Steam dome volume —20%
. Case-11 Steam dome volume +20%
Uncertain NPP data Case-12 BPV flow area —10%
Case-13 BPV flow area +10%
Case-14 CATHARE subcooled model
Void model Case-15 Umbrella of
Case-16 Void condensation correlation
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model deficiencies (inadequacy of correlations em-
bedded in the code), approximation in the numeric so-
lutions, nodalization inadequacies or imperfect
knowledge of detailed NPP design data, control sys-
temdelays, as well as boundary and initial conditions.

Pressure response

The dependence of pressure wave damping on
steam line nodalization and on uncertainties associ-
ated with the BIC are considered in cases 1 to 10. The
effect of steam line nodalization is considered in cases
1 to 4, while cases 5 to 10 deal with uncertainties re-
lated to closure and opening times of the TSV and
BPV.

Nodalization effect
The intial cases investigated here deal with the

effect of node size on pressure wave damping. As can
be seen in figs. 9 and 10, as well as in tab. 3, it seems

1.4 1.6 1.8 2
Time [s]

that pressure wave and power trends are insensitive to
node sizes smaller than 2.0 m. On the other hand, a
coarse node of a size of 8.0 m causes significant damp-
ing of the pressure wave amplitude and a somewhat
earlier occurrence of the core’s pressure initial re-
sponse. Consequently, as shown in fig. 10, the power
response is predicted to occur slightly earlier and a
lower power peak, due to a smaller amount of inserted
positive reactivity, is obtained. Therefore, it seems that
the steam line nodalization effect is not significant
enough (if reasonable node sizes are chosen) to signif-
icantly dampen the resulting pressure wave amplitude
and, consequently, power response.

Boundary and initial conditions

Most of the BIC related to any experimental tests
involve a degree of measurement uncertainties. This is
particularly true of valve components of unknown
characteristics, especially the dynamic ones, their true
effects often having to be evaluated from sensitivity

Figure 9. Core pressure

wave evolution for various
steam line node numbers
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analyses. As outlined in [12], there is a direct depend-
ence between the valve closure/opening dynamics and
the maximum amplitude of the developed pressure.
For this purpose, two extreme linear modes of TSV
closure time were considered. The base case time clo-
sure was first reduced and then increased by 20%. The
effects of such changes are presented in fig. 11 for the
pressure wave and in fig. 12 for the power response.
As can be seen in tab. 3, the time of the initial pressure
response does not exhibit any significant changes. The
same goes for the amplitudes of the pressure wave and
the power peak changes; their variation does not ex-
ceed 2%.

The effect of the BPV opening time interval is
assessed in cases 7 and 8, while cases 9 and 10 deal
with the initial time of the BPV opening. As can be
seen in figs.13 and 14, the effect of the BPV opening
time on the transient course is significant. The ampli-
tude of the pressure wave, as well as of the power peak,
vary between 6% and 10%. However, the time of the
power peak occurrence does not change significantly
in all the aforementioned BIC cases.

Control system response

The control system effect on thermal-hydraulic
and kinetic system responses is significant since it
governs the activation of several safety systems which
have a direct influence on the behaviour of the system
as awhole. In the following study, the influence of de-
layed and earlier BPV opening on the TT course is in-
vestigated. Results of coupled code calculatins are
outlined in tab. 3 and sketched in figs. 15 and 16. As
can be seen, the effects of the BPV opening control
system did not affect significantly the calculated TT
transient course either in the case of the pressure wave
or that of power trends.

Uncertain NPP data

Probably the most uncertain NPP data which
could influence the TT course are the BPV-flow area
(BPV-FA) and steam dome volume (SDV). For this
purpose, sensitivity calculations were performed by
varying the SDV by +20% and the BPV flow area by

300
53 Base case
- ——- DSL05
1] __—---DSL-20
2 250 — DSL-8.0
[=X =t Experiment
2
E 200
()]
(i
Figure 10. Core power evo-
lution for different steam 100
line nodalizations
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Figure 11. Core pressure 7.00E+06
wave evolution for
different TSV time
closure 6.90E+06 [
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300
———Base case
...... TSV-closure time +20%
TSV-closure time —20%
250 +—— —— Experiment

200

Relative power [%]

150

Figure 12. Core power
evolution for different
TSV time closure

100

50

0.2 0.4 0.6 0.8

+10%. The effects of such variations on pressure and
power responses are sketched in figs.17 to 20. The im-
pact of a SDV change is more emphasized than the
BPV-FA effect, since a higher pressure wave ampli-
tude was obtained from a reduced SDV (—20%)). In this
case, the pressure wave is less diffused in the vessel
dome and, consequently, lower exponential excursion
periods are obtained. However, the obtained power re-

Table 3. Considered cases for the sensitivity analyses

Time [s]
sponse does not correspond to the experimental one
and remains far from the experimental trend.
Feedback response
The feedback response is closely dependent

upon the thermal-hydraulic closure relationships im-
plemented into the code. In RELAPS5/3.3 there are few

Case Amplitude of pressure Initial pressure Relative peak Peak power time
wave [MPa] response [s] power [%] occurrence [s]
fr"fe"fgrrgggé 0303 | Ermor[%] | 0426 | Emor[%] | 2791 | Ermor[%] | 0.726 | Error [%]

Base case 0.284 6.3 0.387 9.2 224.7 19.5 0.810 11.6
Case-1 0.284 6.3 0.387 9.2 224.0 19.7 0.810 11.6
Case-2 0.284 6.3 0.387 9.2 221.0 20.8 0.809 11.4
Case-3 0.261 13.9 0.360 15.5 204.5 26.7 0.775 6.80
Case-4 0.280 7.6 0.396 7.0 220.0 21.2 0.820 12.9
Case-5 0.289 4.6 0.380 10.8 229.9 17.6 0.800 10.2
Case-6 0.310 23 0.387 9.2 239.7 14.1 0.810 11.6
Case-7 0.250 17.5 0.390 8.5 201.5 27.8 0.815 12.3
Case-8 0.290 4.3 0.388 8.9 226.0 19.0 0.810 11.6
Case-9 0.279 7.9 0.390 8.5 226.0 19.0 0.810 11.6
Case-10 0.286 5.6 0.368 13.6 240.6 13.8 0.800 10.2
Case-11 0.266 12.2 0.375 12.0 2234 20.0 0.850 17.1
Case-12 0.300 1.0 0.387 9.1 232.0 16.9 0.810 11.6
Case-13 0.269 11.2 0.388 8.9 212.6 23.8 0.810 11.6
Case-14 0.290 43 0.388 9.2 273.0 2.40 0.720 0.8
Case-15 0.284 6.3 0.390 9.2 232.1 16.9 0.800 10.2
Case-16 0.266 12.2 0.418 1.9 274.7 1.60 0.730 0.5
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possibilities to investigate different models for a given this boiling regime, by removing the Umbrella restric-
phenomenon. However, for the subcooled model there tion or by implementing a new closure relationship for

is a possibility to use the CATHARE [13] model for the condensation rate.
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CATHARE subcooled model

The results of such calculations are sketched in
figs. 21 and 22 for the core pressure and power, respec-

tively. As can be seen, the pressure wave profile is
similar to the base case, but the rate of the amplitude
rise is slightly more pronounced (see tab. 3). The
power response is much more improved in compari-
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son with the base case. Power excursion is much faster
and closer to the experimental trend.

The Umbrella restriction

The void condensation model may be investi-
gated by removing the Umbrella restriction (see eq. 4)
or by investigating the condensation rate. The results
of the switching off of the Umbrella restriction of the
power course are sketched in fig. 23. Slightly faster
power excursion is obtained, indicating that a higher
void condensation is predicted. However, the overall
power trend remains far from the measured one.

Void condensation correlation

The condensation rate is a function of the local
subcooling as well as of the interfacial area concentra-
tion and the interfacial heat transfer coefficient. In
RELAPS5/3, it is evaluated through the Unal-Lahey
mechanistic correlation [14] given by the following
formula:

300

Hy (T -T)

rc sat sat (2)
hy —hy
where
FyFs(hy" —hi" )p, prat
if = (3)

pf_pg

Factor F; is equal to 1 in the case of liquid
subcooling less than 1.0 K. Factor F;5 has been intro-
duced as a smoothing factor between the Lahey and
Unal models. The condensation model implemented
in the RELAPS code is governed by the so called Um-
brella restriction so as to force the volumetric interfa-
cial heat transfer coefficient H,; to small values as the
void fraction (o) approaches either O or one [14]

Hy =min{Hif 17,539 max[4.724 472 4a(1-a)]-

a—1010"10
01-1010710

-max| 0, min| 1,

(4)
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On the other hand, according to [15], the
RELAPS5 model calculates too low condensation rates,
at least at low-pressure conditions. This also seems to
be the case for the current study involving rapid dy-
namic effects, even though the operating pressures are
high.

In order to check the latter possibility, the
RELAPS code was compiled using the alternative
void condensation closure equation proposed by [15].
The effect of such a modification is shown in figs. 24
and 25 which present the evolutions of the pressure
wave and core power, respectively. In this case, the
time of the initial pressure response is closer to the ex-
perimental one. Other key parameters are also well
predicted, since only minor errors have been detected
in this case, as outlined in tab. 3. The power excursion
phase coincides well with the experimental trend. Sig-
nificant improvements over the base case calculations
are obtained as well.

According to the obtained results, it is clear that,
even though a correct trend of the core pressure is pre-

dicted by code calculations, the prompt feedback
mechanisms remain weak and insensitive to the pres-
sure wave amplitude variations; the calculated overall
trend of the core power, especially the prompt re-
sponse, remains relatively removed from the mea-
sured one. Therefore, the predominant effect govern-
ing the power course seems to be related to the void
dynamics in the subcooled boiling zone.

CONCLUSION

Recent advancements in numerical methods and
computer power have enhanced the possibilities of
gathering a global vision of NPP system behavior dur-
ing complex transient scenarios. Within this frame-
work, an aspect related to the simulation of the BWR
turbine trip water hammer induced positive reactivity
has been considered. The coupled code technique by
means of the RELAP5-PARCS code was used, since
complex and strong feedback interactions between the



32

Nuclear Technology & Radiation Protection —1/2007

core kinetics and thermal-hydraulics are involved.
Preliminary calculations predicted a correct trend of
pressure wave propagation from the steam lines to the
core zone. However, slower power excursion with re-
spect to the experimental response was observed.
Therefore, a series of sensitivity analyses were per-
formed in order to identify the origin of the observed
discrepancies. It was established that:

a correct trend of the pressure wave propagation
through different components of the reactor is
predicted if a normal or common nodalization of
the steam lines is performed,
more efficinet BE thermal-hydraulic simulation
will be obtained if 3-D RPV modeling is per-
formed. This will, for instance, allow adequate
simulation of the pressure wave reflections and in-
let core mass flow rates for each individual chan-
nel,
the effect of valves’ dynamics on pressure wave
amplitude and kinetic behaviour is significant,
and
it was found that the RELAPS closure relationships
estimate a low void condensation rate, and conse-
quently, incorrect prompt feedback mechanisms
were predicted. The use of alternative void models
gives closer results to the experimental trends.
The current study also emphasizes the impor-

tance of uncertainty evaluations of best estimate code
predictions. Nevertheless, further assessment studies
and investigations should be performed to improve the
reliability of code predictions.

NOMENCLATURE
¢ — sound velocity
L — pipe length

h — enthalpy

H— interfacial heat transfer coefficient
P — pressure

V' — velocity

o — void fraction

7 — oscillation period
p — density
Superscripts

f — liquid phase

g  vapor phase
Subscript

sat— saturation conditions
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Annc BYCBHNA-CAJTAX

MMPOINEHA E®EKATA XUIPAYIUYHOT YIAPA HA TUHAMMUMKY JE3TPA
HYKIEAPHOI' PEAKTOPA CA K/bYYAJOM BOJIOM

CnoxeHa felllaBamba Kao IITO Cy MOjaBe TPAH3MjEHATa XUPAYJIUYHOr yjapa y HyKJIeapHUM
eJIeKTpaHaMa jolI yBEK HUCY [OBOJBHO JOOPO UCTPA’KEHE CABPEMEHHM PAauyHAPCKUM CPEACTBHMA 32
HajOOJby IPOTHO3Y. Y OBUM OKBUPHMA, pa3MaTPaHO je HAIJIO JOAaBamke MO3UTUBHE PEAKTUBHOCTH j€3rPy
HACTaJl0 TPaH3WjEeHTOM XHAIpAyJIWYHOT yhapa. Hymepmuka cuMmynanmja Te TI0jaBe W3BpIICHA je
kopunthemem crperayror RELAPS/PARCS nporpama. LlenoButo nopeheme mopaTaka mokasyje modpo
clarame M3Meby pauyHaTHX M MEpEHUX IIPOMEHa Tajnaca NpUTHCKa y je3rpy. Mebyrum, npeasubeHu
OJITOBOP CHare TOKOM (pa3e €KCKyp3Hje Huje MPaBUIHO Ofpa3Mo EKCIEePUMEHTAIHO MOoHamame. Panu
OBOTa, CIIPOBEJICHE Cy CTYAMjE OCETIHMBOCTH C IIUBEM Jla CE MPEMO3HAjy HAjyTUIAjHUjU TapaMeTpH KOjH
yIIpaBibajy IUHAMHUKOM eKCKyp3uje cHare. [Tocie ucnuTiBamwa aMIUIATY/IE Tanaca IpUTHCKA ¥ TOBPATHUX
OJroBOpa WIyIUbUHA, YTBPbeHA je fa ce HecarJacHOCT pauyyHaTHX M MEPEHMX IOfjlaTaka IojaBibyje
yIJIaBHOM YCIIe/l HUCKEe Op3UHE KOHAeH3aluje mymbrHa y nporpamy RELAPS, koja ce YMHU HEJOBOJEHO
[I0O3HATOM TOKOM Op3HX TpaH3HjeHaTa.

Kmyune peuu: xuopayauunu yoap, CUMYAAUU]A CAPEZHY UM KOOOM, KUHETUUYKA [UepMO-XUOPAYAULHA
uMilepakyuja




