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ABSTRACT

This paper discusses the modd and results for the Peach Bottom 2 Turbine Trip Test 2 using Studsvik
Scandpower’ s transient code SIMULATE-3K. Thistrangent is currently the subject of a NEA/OCED
BWR benchmark. All data pertaining to core, vessel, and scenario were taken from the benchmark
specifications. The nuclear data were generated with Studsvik Scandpower lattice's code CASMO-4
and core analysis code SIMULATE-3. Comparisons to measured data, sensitivity to model options
and data, as wdll as results from a more limiting scenario are presented. SSIMULATE-3K captures well
the parameters of importance in this transient, namely the pressure wave propagation, the void
collapse during the pressurization phase and the resulting power pesk.

1. INTRODUCTION

The Nuclear Energy Agency (NEA) of the Organization for Economic Cooperation and Devel opment
(OECD) has proposed as a benchmark for a BWR plant transient the Peach Bottom Turbine Trip Test
2 (TT2) [1]. This pressurization transient, in which the coupling between the core and system
dynamics plays an important role, includes real plant data making it very valuable for validating best-
estimate analysis codes. For this purpose, a SIMULATE-3K [2-5] model for this plant was set up
using the data provided in the specifications.

Several aspects govern this transient: the velocity of the pressure wave from the turbine stop valve to
the core, the void collapse rate which produces the power excursion, the void production caused by
the power spike which turns the power around and produces the pressure increase in the system.
Ultimately, the power excursion is halted by the insertion of the control rods. The behavior of the
initial phase of the transient is controlled by the rate on closure of the turbine stop valve and the
opening of the turbine bypass valve, both of which are specified as boundary conditions in this
benchmark.

A brief overview of the methods in SIMULATE-3K is provided next. The work is described in

Section 3. Section 4 gives the best-estimate SIMULATE-3K results together with comparisons to
measured data.
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2. DESCRIPTION OF SSIMULATE-3K
2.1 NEUTRONICS

SIMULATE-3K (S3K) solves the 3D, two-energy group neutron diffusion equation with one radia
node representing each fuel assembly and typically 25 axial nodes for the active height, and explicit
radial and axial reflectors. The S3K moded uses a fourth-order flux expansion [6] for the neutron flux
digtribution within each node in each of the three directions and the spatial gradient of the flux is
represented by a third-order function rather than the traditional first-order methods. Furthermore,
assembly discontinuity factors [7] are used to model heterogeneities in the presence of burnable
absorbers.

The frequency transform method is used to solve the transient diffusion equations by separating the
flux into a pure exponentia time dependent component and a primarily spatial and weakly temporal
dependent component. The Cyclic Chebyshev Semi-Iterative method is used for the flux iterations at
each time step to solve for new flux values, and an optimum over-relaxation factor is calculated to
maximize the convergence rate.

The code tracks dynamically nodal concentration of fission products and accounts for the extraneous
neutron sources due to spontaneous fissions, alpha-n interactions from actinide decay, and gamma-n
interactions from long-term fission product decay. Thisis of most importance for subcritical start-up
simulations. Decay heat is modeled by using the ANSI/ANS-5.1 23-group data for U-235, U-238, and
Pu-239 fissions[§]

SIMULATE-3K performs a pin-by-pin power reconstruction over the whole core and computes
LPRM, IRM, and SRM signals

2.2 PIN CONDUCTION MODEL

Fuel pin temperatures and heat fluxes are computed using a fully implicit time dependent one-
dimensional radial heat conduction equations. The fuel properties depend on burnup and temperature,
and the hest fluxes are solved at each time step by nonlinear iteration.

SIMULATE-3K uses fuel and clad properties from MATPRO. The gap conductance is calculated as a
function of burnup and temperature. The model embedded in S3K is similar to those of the Studsvik
Scandpower’ s fuel performance code INTERPIN [9].

2.3 CHANNEL HYDRAULICS

The core is represented with one thermal-hydraulic channel per fue bundle with no cross flow and
variable axial meshing. The hydraulic model uses optionally five or six equations. It is fully implicit
linear nodal model and accounts for unknowns at the edges of the control cel (i.e, no mesh
staggering). No linearization is introduced and at each time step there is a complete solution of the
nonlinear equations.

2.4VESSEL HYDRAULICS
The vessd is composed of upper plenum, standpipes, steam separators, downcomer (with 2 radial

non-mixing zones), two recirculation loops, lower plenum (with 2 radial non-mixing zones), and
steam dome [5]. It also includes one recirculation pump in each recirculation loop and a modd for the
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jet pumps. The vessel modd is based on afive-equation model, similar to the core channel hydraulics.
It isintended for usein non-LOCA transients.

Homologous pump curves provide the pressure rise in the recirculation pumps as a function of flow
rate and pump speed. The jet pump model consists of a mixing section in which the drive flow from a
recirculation loop is mixed with the suction flow. It provides the pressure increase at the jet pump
location as a momentum jump condition and neglects inertia and gravity effects. The steam separator
model includes flow inertiain the separators, pressure losses, and carry-under flow.

2.5 STEAM LINE MODEL

The S3K steam-line model was taken from RAMONA [10]. It is capable of smulating acoustic
effects in the steam line due to sudden valve closures and openings. The model consists of a single
pipe (with areas that can change at branch locations) connecting the steam dome to the turbine stop
valve. Two branches are modeled: one at the SRV location and the other leading to the turbine bypass
valve. Main steam isolation valves are also modeled aswell as a pressure controller.

3. DESCRIPTION OF WORK

A SIMULATE-3 model for Peach Bottom was set up and depleted for two cycles until the end of
cycle 2 corresponding to the point at which the turbine trip transients were conducted. SIMULATE-3
is Studsvik Scandpower’s core analysis code. The restart file from these cal culations together with the
CASMO-4 library file for the lattices in the Cycle 2 core loading were used in SIMULATE-3K. All
data pertaining to the core (loading, assembly dimensions, pin enrichments, loss coefficients, etc.)
were taken from the specifications, except for the fuel properties which were based on the internal
S3K models.

The RETRAN deck provided with the specifications was used to construct a model for the vessel
(downcomer, upper and lower plena, steam standpipes and separators, steam dome), jet pumps,
recirculation pumps, and steam line. The separator loss coefficient was adjusted to produce the
pressure drop between upper plenum and steam dome given by the vendor equation and provided with
the specifications. Similarly jet pump data (areas and loss coefficients) were tuned to generate the
correct drive flow and M and N ratios.

The following boundary conditions were applied in the base calculations:
Flow versustime at the turbine stop valve position
Turbine bypass valve position versus time
Mesasured feedwater flow versustime
Congtant feedwater temperature
Deayed scram activation past the power peak (to ensure no impact of the scram on the power
peak)

The calculation of TT2 was followed by more limiting cases:
No scram
No bypass valve opening and scram signal initiated at 95% power
No bypass valve opening and no scram

A number of sensitivity calculationsto modd options and data were al so performed.
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4. RESULTS

Table 1 shows the steady-state initial conditions prior to the transient and comparison with measured
data. Figure 1 shows the initial distributions for the average axial power and the comparison to the
data from the P1 edit.

Transent results for the base turbine trip case are illustrated in Figures 2 through 5. The transient
power behavior is compared to the measured average LPRM signal in Figure 2. The peak relative
power iswell predicted at 4.43 (measured value 4.52). The time of the peak is delayed by about 0.06
sec (0.78 sec versus 0.72 sec from start of turbine stop valve closure).

Steam dome pressure is compared to measured data in Figure 3. A time shift of 50 msec was applied
to the measured steam dome pressure to account for the test acquisition time delays. Calculated steam
dome pressure and core upper plenum pressure are shown for theinitial part of the transient in Figure
4. Thisfigure clearly shows the pressure wave propagation between steam dome and core exit and the
delay of about 50 msec associated with it.

The calculated water level behavior captures well the overall trend shown in the measurement. There
are some differences during theinitial phase of the transient and a bias of about 0.17 m. A comparison
plot isgivenin Figure5.

The calculations capture very well the overal trend of the pressure behavior. Some differences
between cal culations and measurements appear beyond the peak after about 3 secondsin the transient.
The calculated pressure decrease at a faster rate. This could be due to the modeling of the stored
energy in the fuel, the rate at which it is released to the coolant, or the rate of steam production after
the scram. Other factors that may play a role are overestimation of the bypass valve capacity and of
the amount of subcooled water that enters the core.

Several model parameters influence the results, both the peak power reached and the timing of the
peak. Among these, the most sensitive are the void coefficient, the gap conductance, and the steam
separator inertia. The void coefficient is determined by the cross section density dependence and is
fixed by the lattice code and the nuclear data library used in the cross section generation. The gap
conductance depends on fuel type, dimensions, exposure and temperature. There is large uncertainty
attached to the steam separator inertia to account for the swirling of the mixture as it travels through
the steam separator barrels. An effective L/A based on a GE modd was used in the base TT2
calculations, with atypical value for the curve intercept at zero quality.

Figure 6 shows the senditivity of the power peak to the steam separators inertia. Three different
calculations are compared: (a) reference with typical value for L/A at zero void, (b) effective L/A
model is removed (i.e. the geometrical L/A ratio is used), and (c) the value of L/A at zero void was
increased by 20%. If the steam separator inertia model is not activated (geometrical L/A) then the
power peak is reduced and further delayed. If the inertia is increased then the relative power peak
(4.54 instead of 4.33) is closer to the measured value. Thetiming of the peak is dightly reduced (from
0.78 sec t0 0.77 sec).

Figure 7 shows the effect of the gap conductance. Two cases are compared: (a) the reference solution
using the default gap conductance values and (b) the solution obtained with the gap conductance is
based on the data provided in the benchmark specifications. The later case predicts lower gap
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conductances and therefore a higher relative power peak (5.17 instead of 4.33). The timing of the peak
is dightly more delayed compared to the base case (0.08 sec instead of 0.06 sec).

Figure 8 shows the effect of the void coefficient. Two cases are compared: (a) the reference solution,
and (b) the solution applying a void coefficient multiplier of 1.2. The increase of the density feedback
significantly increases the peak power and reduces its time delay.

In order to investigate the effect of the bypass valve capacity on the depressurization rate after the
scram, the bypass valves capacity was reduced 20%. Figure 9 and 10 illustrate the effect of the bypass
flow. The case with lower bypass valve capacity reaches higher pressures and consequently resultsin
a higher power peak power. The timing of the peak power is not changed. Note that the reduction of
the bypass val ve capacity does not significantly change the depressurization rate after 3 sec.

The more severe transients are illustrated by Figures 11 and 12. These figures show the responses of
power, dome pressure and SRV flow for the case with no scram and no opening of the turbine bypass
valve. The power shows several peaks caused by the pressurization and limited by the Doppler and
void feedback. Cycling of the relief valves occurs during this transient causing the dome pressure to
remain within a range of the SRV opening and closing setpoints. The closure setpoints were taken to
be 97% of the opening setpoints and no time delays were used for the valve closings.

CONCLUSIONS

A SIMULATE-3K modd for the Peach Bottom Turbine Trip Test 2 was successfully implemented
and exercised. The code captures well the parameters of importance in this transient, namely the
pressure wave propagation, the void collapse during the pressurization phase, and the void and
Doppler reactivity feedbacks. Some differences with the measurements were observed with respect to
the timing of the power peak during TT2 and the rate of depressurization following the scram.
Evaluation of the modd and code improvement is an ongoing effort.
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Table 1: Initial conditions

Parameter S3K Value Specifications
Vaue
Relative power (%) 61.60 61.65
Relative flow (%) 80.9 -
Thermal power (MWT) 2030 2030
Total coreflow (kg/s) 10445 10445
Bypass flow (kg/s) 781.4 841.68
Bypass flow fraction (%) 7.48®) 8.06
Inlet subcooling (kJkg) 48.3 48.0
Inlet enthalpy (kJ/kg) 1208.7 -
Inlet temperature (°C) 274.6 -
Dome pressure (MPa) 6.7989 6.7985
Core exit pressure (MPa) 6.8640 -
Core pressure drop (MPa) 0.104430 0.083567
Standpipes and separator 10ss 0.054736 0.049828
Core average exit quality (%) 9.42 9.52
Average void (%) 30.4 30.4
k-effective 0.99150 -
Feedwater flow (kg/s) 980.8 980.3
Recirculation flow (kg/s) 5222.0 5222.5
Jet pump drive flow (kg/s) 2964.7 2871.2
Jet pump M factor 2523 2.638
Jet pump N factor 0.17 0.17

®) Bypass flow based on Figure 55 of EPRI Report NP-563 [11]. Specifications value does not match the design
datain this report
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