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This paper presents the results of the application of the system of the thermalhydraulic
code RELAP5/Mod3.2 in predicting the Peach Bottom Boiling Water Reactor
Turbine Trip test. This experiment constitutes a challenge to the capabilities of current
computational tools in realistically predicting transient scenarios in nuclear power
plants. In fact, it involves strong feedback during the transient between thermalhy-
draulics and neutronics. In this respect, a reference case was run in order to simulate
the interactions between the generated steam line pressure wave propagation and the
instantaneous core void distribution. An overall comparison shows good agrecment
between the code calculations and the experimental data. A series of sensitivity
analyses were also performed in order to assess the code prediction features, as well
as to identify uncertainties related to the adopted thermalhydraulic parameters used
for the plant modelisation.
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INTRODUCTION

Recent progress in computer technology has
increased the possibilities for code calculations in
realistically predicting transient scenarios in nuclear
power plants. In this context, several attempts have
been made in order to enlarge the domain for code
application, and to allow best estimate 3D core
simulation, including spatial-feedback effects be-
tween neutronics and thermalhydraulics. In fact, the
incorporation of full-three-dimensional modeling
of the reactor core into system codes allows "best-
estimate” simulations of interactions between core
behavior and plant dynamics, as well as the predic-
tion of dynamic complex transient scenarios envis
aged for nuclear power plants. Recently coupled
codes were assessed against a hypothetical main-
steam line break accident in a PWR [1]. Within
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this framework, a BWR computational problem
based upon the Peach Bottom Turbine Trip tran-
sient tests was selected. The main feature of this
case is that it is based on a well-defined experimen-
ral test [2, 3]. It also involves strong feedback ( self
limiting power excursion behavior) during the
transient between thermalhydraulics and neutron-
ics. This test is well suited for assessing recently
coupled thermal hydraulic systems and 3D neu-
tronic codes for BWR power plant.

The principal aim of this work is to simulate the
Peach Bottom 2 Turbine Trip experiment number 2,
using coupled codes. In fact, former works shows the
feasibility of using the Relap5 code (as a sub-channel
code) to represent several channels of the core even in
extreme cases as boiloff conditions [4]. The main
purpose of the present paper is to test the thermalhy-
draulic coolant loop system response by fixing the
reactor power as an input data vs. time. To do this, a
numerical simulation of the experiment was per-
formed. The calculated results were compared with
the available experimental ones. The study was then
followedup by a series of sensitivity analyses in order
to characterize reasons for discrepancies between
measured and calculated trends. They also allow the
identification of uncertainties related to a hypothesis
adopted for the nodalization of the plant.
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TEST FACILITIES AND PROCEDURE

Core configuration

The Peach Bottom 2 is a General Electric
designed Boiling Water Reactor. Most of the avail-
able reference design data is based on information
provided in the two EPRI Reports [2, 3]. The core
at the end of cycle 2 was loaded with five kinds of fuel
assembly: 576 (7x 7 Reload fuel) and 188 (8 x 8 Lead
Test Assembly LTA) fuel assembly type, sur-
rounded by 124 reflector element. The fission chain
reaction is mainly controlled by 185 control rods.
It is assumed that 2% of the reactor power is
released as gamma heating in the in channel coolant
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and 1.7% in the core coolant bypass, while the rest
is generated in the fuel.

Test description

The experiment consists of manually (by trip-
ping the turbine) closing the Turbine Stop Valve
(TSV) at a prescribed operating power level of
61.65% of its nominal value. As a result, a pressure
wave is generated in the main steam piping which
then propagates with relatively little attenuation
into the reactor core. The induced core pressure
oscillations result in dramatic changes of the core
void distribution and fluid flow. And, due to the
inherent negative feedback nature of the core, the
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Figure 1. Sketch of the adopted nodalization for Relap5 code
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reactor power will rise as a result of void collapsing.
A minute upon the second fraction of the TSV
closure, the By-Pass Valve (BPV) is opened auto-
matically in order to reduce the pressure rise in the
steam line. The turbine stop valve signal that acti-
vates the reactor scram initiation was intentionally
delayed to allow a relative neutron flux effect to take
place in the core. Shortly after the reactor is imme-
diately scrammed.

Main initial and boundary conditions

Basically, the transient begins with the closure
of the TSV. The initial reactor power was fixed to
of 61.65% of its nominal value (3293 MW). The
coolant flow rate was then reduced to 80.9% of its
nominal value. The reactor trips when the power
level exceeds 95% of its nominal value with a delay
time of 0.12 s. To perform the calculations, the
reactor power during the transient was imposed; no
kinetic calculations were done by the code. It should
be noted that during the transient, the resulting
pressure rise is not high enough to activate the relief
safety valves.

NODALIZATION AND PROBLEM
MODELING

In this respect, the core region was modelised
using two regions [5]; the active zone, which rep-
resents the fuel assembly region, and the core bypass
zone. The active zone is thermally represented by
heat structures. In the adopted modelisation, the
core fuel rods are homogenized into a representative
equivalent one. The core was axially subdivided into
twenty six (26) meshes; the first and the last mesh
correspond to a non-active zone. The remaining 24
meshes represent the active core height. In addition,
the four real steam lines were lumped into one,
while two jet pumps were used to represent the
twenty real ones.

The numerical simulation of the experiment
was performed using the RELAP5/Mod3.2 code.
The sketch of the adopted nodalization of the Peach
Bottom 2 reactor primary coolant system is shown
in Fig. 1.

RESULTS AND COMPARISON WITH
EXPERIMENTAL DATA

A base case was prepared for the Re-
alp5/Mod3.2 code based upon the Peach Bottom 2
data given in ref. [6] complemented by some experi-
mental data issuing from ref. [3]. First, the code was
run for a long steady state period in order to allow
most of the calculated transient parameters to reach

stable behavior. At the same time, this step
constituted a nodalization qualification test.
Next, the transient reference case was run and
followed by a comparative study. Several sensi-
tivity cases were carried out in order to identify
the dependence of the main parameters during
the transient to the adopted initial and bound-
ary conditions.

Steady state

The steady state was run for about 200 s,
during which most of the thermalhydraulic parame-
ters reached their stable trend. The main achieve-
ments are summarized and compared to some avail-
able experimental results in Table 1. Some relevant
steady state output data, such as the core void
fraction axial profile, was well predicted (see Fig.
2). Tt should be noted that also we have adjusted
some singular pressure coefficient losses along the
coolant loop in order to reach the same inlet core
coolant flow rate as reported in the specifications
volume [6]. According to the comparative results
shown in Table 1, good agreement between calcu-
lations and the experiment was obtained during the
steady state, even though a minor calculated core
pressure drop was predicted.

Table 1. Main steady state achievement
compared with experimental data

Parameter Calculared Experimental
Core exit
pressure [MPa] 6.7475 6.7647
Vessel dome
pressure [MI‘a] 6.7224 6.7332
Core pressure
drop [MPa] 0.0670 0.0836
Inlet core
temperature [K] 546.8 545.93
Core average
void fraction 0.4065 0.304
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Figure 2. Steady state axial void distribution
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Transient state

The transient is quite fast; it lasts for about five
seconds. The main sequences take place during the
earlier seconds of the transient. The code main
results are outlined and confronted to experimental
data in Table 2. The calculated and experimental
vessel dome pressure evolution during the transient
is shown in Fig. 3. The pressure wave in the steam
line upstream the turbine is reported in Fig. 4. It
can be noticed that this important parameter is well
predicted by the code calculation in comparison to
the experiment, even though little differences exist
in the earlier second fractions of the transient.

Another important parameter is the stcam
flow rate through the bypass system. It is reported
in Fig. 5, compared to the reference flow rate given
in ref. [6]. The two evolutions, despite some differ-
ences, exhibit the same trend. Differences are essen-
tially due to the way each code modelises the bypass
valve opening; in fact, a linear opening model in
time was adopted here.

Table 2 shows the calculared initial pressure
response in the dome and in the core exit region,
for the whole loop hydraulic inertia during the
transient. The calculated initial pressure response is
anticipated by about 0.1 s in comparison to the
experimental data. The reasons for this discrepancy
are not well known, but they seems to be related to
the adopted dimension of the plant, which does not
exactly reproduce the real coolant flow path length.

Table 2. Main transient achievements
compared with experimental data

Calculated

Parameter Experimental

Maximum vessel
dome pressure

[MPa (s)]

Maximum core
exit pressure
[MPa (s)]
Maximum stecam
bypass valve flow
[kg/s (s)]

Vessel dome
pressure initial
response [s]

7.1593 (2.721) | 7.1427 (2.98)

7.1833 (2.735) | 7.1839 (2.97)

645.86 (0.87) | 647.25 (0.87)

0.28 0.38

Core exit
pressure initial

response [s] 0.32 0.42

Core exit
pressure (after 5

s of transient)
[MPa] 7.1409 7.14621]

Steam bypass
flow (after 5 s of
transient) [kg/s] 537.87 507.9
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Figure 3. Vessel dome pressure evolution
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Figure 4. Upstream turbine pressure evolution
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Figure 5. Steam bypass flow rate

SENSITIVITY CALCULATIONS

In order to identify the degree of dependence
of the key transient parameters (that govern the
transient course) on test conditions, a series of
sensitivity analyses have been carried out [7]. The
characteristics of the adopted sensitivity cases were
chosen in such a way that the steady state remains
quasi unchanged. Hence, particular attention was
focused on the steam bypass system, which was
activated during the transient. The main considered
sensitive cases particularly concern uncertainties re-
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lated to the vessel steam dome volume, and the
steam bypass valve flow area. These two parame-
ters were tuned from 120 to 80% of their refer-
ence value, thus 16 cases were performed. The
results of such a run are summarized and sketched
in Figs. 6 and 7. As can be noticed form Fig. 6,
the dependency of the peak core exit pressure has
the same asymptotic trend for both parameter
changes (steam dome volume and bypass valve
area). The variation rate is however more pro-
nounced with respect to the steam bypass flow
area change. On the other hand, (see Fig. 7) the
peak bypass valve flow rate is found to be propor-
tional to the steam dome change and obviously
inversely proportional to the valve flow area.
From this sensitivity analysis it is clear that the
transient course is closely dependent on the steam
bypass system characteristics. In fact, the extreme
cases of reducing and enlarging the bypass flow
area quasi entirely cover the experimental evolu-
tion for both the core pressure and the steam
bypass mass flow rate.

735 T T T T T L T L] T T T T T
7.30 -
L. XXX .SBYPFA |
- YYY .SDV
a 725 -
> 3 L % 4
g 7.20 i
20 | Wil F
¢ . S =,
4 r i Fisia. o 1
% 7.45 F oy 4
2 L % i
710 F
708 o
- =
7.00 Il 1 A i i L L ' i 1 i 1 1
70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0
Parameter change %

Figure 6. Sensitivity analyses: Effect of stcam dome
volume (SDV) and steam bypass flow area (SBYPFA)
variation on transient peak pressure evolution
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Figure 7. Sensitivity analyses: Effect of steam dome
volume (SDV) and steam bypass flow area (SBYPFA)
variation on peak pressure steam bypass flow rate evo-

lution

CONCLUSION

The principal aim of the present work is to
simulate the Peach Bottom 2 Turbine Trip experi-
ment number 2, using the system code Re-
lap5/mod3.2 coupled with a 3D neutronic code.
First of all, it is important to test the whole coolant
loop system response by fixing the reactor power as
an input data vs. time. This step constitutes the main
purpose of the present paper. Detailed results ob-
tained in this respect are presented. The performed
calculations are compared against the available ex-
perimental data as well as reference data given in the
benchmark specification volume. On the whole, the
code predicts most of the significant aspects of the
transient, such as the pressure wave amplirude
across the core, and the steam flow through the
bypass valve with acceptable accuracy.

Sensitivity studies have been carried out in order
to emphasize the most influential parameters that
govern the transient behavior. Several runs showed
the degree of dependence of the transient course on
the steam bypass system initial conditions. In fact, the
experimental data were found to be within the result-
ing error bands related to extreme cases of reducing
and enlarging the bypass valve flow area.

The overall analysis confirms the success of
using the Relap5/Mod3.2 system code in simulat-
ing the Peach Bottom turbine trip experiment. The
core-plant interaction qualification test is almost
satisfactory. The next task of this work will consist
of simulating the experiment by considering the
neutronic-thermalhydraulic feedback effects in-
volved during the transient by coupled Relap5 3D
neutron kinetics PARCS code.
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Amuc BYCBHUA-CAJIAX, ®panuecko 'AYPHA

AHAJIM3A TPUIlI EKCIIEPUMEHTA Y TYPBUHM HYKJIEAPHE
EJEKTPAHE ITM4 BOTOM 2 CA BVR PEAKTOPOM OBAB/BEHA
INPOTPAMOM RELAPS5/3.2

Y pajiy cy HM3JOXKEeHH pe3yJTaTH NPAMeHe TePMOXHAPAYNHIKHX KOJOBA NPOrpaMCcKOT MakeTa
RELAP5/Mod 3.2 y niiby miporieHe Tpun Tecta y TypGunu ITwa Botom enekTpane ca BVR peakTopoM.
OBaj eKCepHMEHT TIPE/CTAB/bA M3a308 CABPEMEHMM PAauyHAPCKHM CPEICTBUMA Y PEAIHCTHIHOM IIpel-
Bubamy NpeJasHUX CLeHapuja y HyKJieapHHM eJleKTpaHaMa. HammMe, OH yKIbYYYje jaKy HOBpPaTHY CTIpery
TepPMOXHPayTMYKHX ¥ HEYTPOHCKHX Ipolieca y MpesasHOM PEeXHMY. Oryna je pasMaTpaH pedepeHTHH
cilyuaj y Wby CHMYNHpara MHTepakIyje PeHepyucaHor MpOCTHpara Tanaca NPUTHCKA y NIapOBOfHMA H
TpeHyTHe pacniofiene mynsbrHa. Llenosuto nopebee nokasyje 1o6po crarame NpopavyHa H eKClepiuMeH-
TanHEX pe3ynTaTa. U3BpieH je, Takobe, W HI3 aHaIH3a OCET/ABOCTH Y IIbY ONCHE CTIOCO 6HOCTH porpama
72 Ipe/IBUA | HeHTHUKYje HeoipeheHOCTH NToBe3aHe ca YCBOjeHHM TEPMOXHUpayIHIKHM NapamMeTpHMa

KopuiheHUM Y MOfIeTTHpamky elleKTpaHe.




