
International Conference
Nuclear Energy in Central Europe 2000Nuclear Energy in Central Europe 2000Nuclear Energy in Central Europe 2000Nuclear Energy in Central Europe 2000
Golf Hotel, Bled, Slovenia, September 11-14, 2000

  

MODELING OF CONTAINMENT RESPONSE FOR KRŠKO
NPP FULL SCOPE SIMULATOR VERIFICATION

Ivo Kljenak, Aljaž Škerlavaj
“Jožef Stefan” Institute

Reactor Engineering Division
Jamova 39, 1000 Ljubljana, Slovenia

ik@ijs.si, aljaz.skerlavaj@ijs.si

ABSTRACT

Containment responses during the first 10000 s of Anticipated Transient Without Scram
and Small Break Loss-of-Coolant Accident scenarios in the Krško two-loop Westinghouse
pressurized water reactor nuclear power plant were simulated with the CONTAIN computer
code. Sources of coolant were obtained from simulations with the RELAP5 code. The
simulations were carried out so that the results could be used for the verification of the Krško
Full Scope Simulator.

1 INTRODUCTION

As part of a modernization plan, the Krško Nuclear Power Plant (Krško NPP) was
provided with the Krško Full Scope Simulator. The Krško NPP is a two-loop Westinghouse
pressurized water reactor. The purpose of the simulator is to support the training of personnel.
To verify calculations performed by the simulator, independent simulations and analyses of
selected transients were carried out. The analyses were performed for 2000 MWt reactor
power, corresponding to the expected plant state after modernization, with the models of the
new Siemens-Framatome replacement steam generators.

In the present paper, containment pressure and temperature responses during
Anticipated Transient Without Scram (ATWS) and Small Break Loss-of-Coolant Accident
(SB LOCA) are presented. Simulations were performed with the CONTAIN 1.2 code [1]. The
CONTAIN code was developed by Sandia National Laboratories under US Nuclear
Regulatory Commission sponsorship to provide an integrated analysis of containment
phenomena in nuclear power plants. One of the major design objectives of CONTAIN is to
provide reasonable predictions of containment transient response (physical, chemical and
radiological conditions) during the course of severe accidents and selected design basis
accidents. The CONTAIN code treats a containment system as a network of interconnected
control volumes or "cells". The cells may each represent an actual internal compartment or
group of compartments in the reactor containment building, although in some cases the user
may wish to partition a compartment to model phenomena such as natural convection and
stratification within the compartment. The cells communicate with each other by means of
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mass flow of material between cells and/or heat conduction between cells through heat
transfer structures. CONTAIN is designed to use a relatively small number of cells.

For all transients which were considered in the present work, phenomena in the reactor
coolant system were first simulated with the RELAP5/MOD2 code. The use of the MOD2
version of the RELAP5 code was required by the Krško NPP staff. These simulations are
described in detail in other papers [2,3]. Calculated time-dependent coolant mass and energy
releases to the containment were then included in the CONTAIN input model.

The analyses for ATWS consisted of two scenarios, starting with the worst initiating
event, that is loss of normal feedwater to both steam generators, with the assumption that
reactor scram does not occur. In the first scenario, only inherent reactivity feedbacks in the
core were considered, whereas in the second scenario, activation of the ATWS Mitigation
System Actuation Circuitry (AMSAC) system was assumed. The safety goal of the AMSAC
system is to reduce the core power. This is achieved by reduction of the steam extraction from
the secondary side, which accelerates the primary temperature rise and the core inventory
density reduction. These feedback effects result in lower primary pressure peak.

In SB LOCA investigations, the initiating event was a cold leg break between reactor
coolant pump and reactor vessel. Investigations consisted of 5 simulated cases with different
break size: 2.54 cm (1 inch), 5.08 cm (2 inch), 7.62 cm (3 inch), 10.16 cm (4 inch) and 20.32
cm (8 inch).

2 CONTAINMENT INPUT MODEL

2.1 Containment Cells

The containment input model is based on Ref. [4]. The development of the model was
started in the course of earlier work [5]. The containment is subdivided into the following
cells (Fig. 1): main compartment with dome (two cells), annulus, reactor cavity, north steam
generator (SG) compartment, south steam generator compartment and pressurizer
compartment. Geometric characteristics of the cells are shown in Table 1.

2.2 Flow Paths Between Cells

Twenty three flow paths (using the CONTAIN option "engineering vent") between cells
are modeled. Connections between compartments are shown schematically on Fig. 1. Flows
between compartments are modeled by applying the hybrid flow solver, except for the flow
between the reactor cavity and the containment main compartment.

2.3 Heat Structures

The following heat structures are taken into account: containment vessel cylinder and
dome, shield building cylinder and dome, polar crane, electrical and miscellaneous
equipment, piping, HVAC (heating, ventilation and air-conditioning systems), platforms,
embedments, refueling canal and interior concrete [4].
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2.4 Engineered Safety Systems

One train of spray systems and one train of fan coolers were assumed to be available for
ATWS and for the first 4 cases of SB LOCA (1" through 4" break). In the case of 8" LOCA, it
was assumed that no containment heat removal system is available.

1 8

5 6

4

7

2

119.17 m

107.62 m
105.20 m

100.30 m

96.04 m

161.00 m

159.38 m

93.00 m
94.46 m

Figure 1    Schematic of containment model cells and engineering vents (elevations refer
to cells only)

Table 1    Cell volumes and heights

No. Name Free volume
(m3)

Minimum
elevation (m)

Maximum
elevation (m)

1 Main compartment - cell 1 18992.3 96.04 159.38
8 Main compartment - cell 8 18992.3 96.04 159.38
2 Annulus 11121.5 100.30 161.00
3 Environment - - -
4 Reactor cavity 106.3 94.46 107.60
5 North SG compartment 1138.3 96.04 119.17
6 South SG compartment 1241.3 93.00 119.17
7 Pressurizer compartment 329.5 105.20 119.17
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2.5 Initial and Boundary Conditions

Releases of coolant to the containment were started at time 200 s. The first 10000 s of
the subsequent transients were simulated. Sources of coolant were obtained from simulations
with the RELAP5/MOD2 code [2,3]. Cumulative coolant enthalpy inputs to the containment
are shown on Fig. 2 (ATWS) and Fig. 3 (SB LOCA), whereas cumulative coolant mass inputs
are shown on Fig. 4 (ATWS) and Fig. 5 (SB LOCA). Sources were placed in cell 1 of the
containment input model for ATWS scenarios and in cell 8 for SB LOCA scenarios.
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Figure 2    Cumulative coolant enthalpy
input to containment during ATWS
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Figure 3    Cumulative coolant enthalpy
input to containment during SB LOCA

3 RESULTS AND DISCUSSION

3.1 Anticipated Transient Without Scram (ATWS)

As may be observed on Figs. 2 and 4, the mass and enthalpy inputs to the containment,
as well as the mass of coolant in the containment atmosphere, were larger in the case of
ATWS with AMSAC. During both ATWS transients, containment sprays were not activated
since the prescribed pressure setpoint was not reached. However, fan coolers were switched to
accident mode.

Figures 5-7 show atmosphere conditions in cell 8, which may be considered as
representative. Both cases of ATWS exhibit a similar containment response. First, the
containment pressure increased (Fig. 5). After reaching a peak (0.13 MPa in both cases), the
pressure slowly decreased until the end of the considered time interval. The temperature of the
containment atmosphere exhibited a similar behavior (Fig. 6).

An anomaly was noticed in the calculations of the CONTAIN code. Namely,
immediately after the start of coolant input from the primary system during ATWS scenarios,
pressure and temperature drops occurred. Additional analyses, which were performed,
showed that an anomaly in atmosphere temperature and pressure calculations occurs in the
beginning of CONTAIN simulations if either the mass or the specific enthalpy of the coolant
source is low. In the case of ATWS sequences, the initial specific enthalpy of the coolant was
well below the corresponding liquid saturation enthalpy.

Figure 7 shows the mole fraction of coolant vapor in the atmosphere during the
transients. After the initial coolant release from the primary system and subsequent intensive
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condensation, the mole fraction remained higher in the case of ATWS without AMSAC
despite a smaller coolant input, which indicates a lower condensation rate.
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Figure 4     Mass of coolant in atmosphere
and cumulative input mass during ATWS
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Figure 5    Pressure in cell 8 during ATWS
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Figure 6    Temperature in atmosphere of
cell 8 during ATWS
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Figure 7    Mole fraction of coolant vapor
in atmosphere of cell 8 during ATWS

3.2 Small Break Loss-of-Coolant Accident (SB LOCA)

Figs. 9-11 show atmosphere conditions in cell 8, which may be considered as
representative. Containment pressures and temperatures during SB LOCA transients were
much higher than during ATWS, due to higher coolant mass and energy inputs. According to
the actuation of engineered safety systems, three types of SB LOCA transients may be
discerned.

In the simulation of 1", 2" and 3" LOCA, containment sprays were not actuated, as the
prescribed pressure setpoint was not reached. However, fan coolers were switched to accident
mode. The pressure during 1" SB LOCA behaved differently than in all other cases: it
increased slowly during the entire simulated transient to finally reach the highest value among
all LOCA transients, which was due a lower initial condensation rate. In the case of 2" and 3"
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LOCA, the pressure first reached a peak (0.23 MPa and 0.25 MPa, respectively), and then
slowly decreased.

In the simulation of 4" LOCA, sprays were actuated at 520 s and fan coolers were
switched to accident mode. A pressure peak of 0.26 MPa was reached at 540 s. The pressure
then decreased more or less steadily until 7700 s, when it slowly started increasing again.
After the initial peak, the action of containment sprays was reflected in the faster pressure
decrease than in other cases.

In the simulation of 8" LOCA, neither sprays nor fan coolers were assumed to be
available due to loss of off-site power. Initially, during the blowdown phase, a sharp pressure
peak occurred, with a maximum value of 0.30 MPa. The pressure then dropped after the
majority of the primary inventory was discharged into the containment, but later increased
again due to the absence of containment heat removal. After a second peak, the pressure
decreased steadily before increasing again and apparently attaining a steady-state value.

The temperature of the containment atmosphere (Fig. 10) varied in a similar manner as
the pressure in all cases of SB LOCA.

Figure 11 shows the mole fraction of coolant vapor in the atmosphere. Although the
coolant input was the lowest in the case of 1" LOCA, the coolant fraction was the highest in
this case after the initial coolant release from the primary system and subsequent intensive
condensation. This was due to the slow pressure increase during the first 3000 s of the
transient, causing a lower condensation rate.
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Figure 8    Mass of coolant in atmosphere
and cumulative input mass during SB

LOCA
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Figure 9    Pressure in cell 8 during SB
LOCA
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Figure 10    Temperature in cell 8 during
SB LOCA
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Figure 11    Mole fraction of coolant vapor
in atmosphere of cell 8 during SB LOCA

4 CONCLUSIONS

Simulations of containment responses during ATWS and SB LOCA scenarios in the
Krško nuclear power plant were performed with the CONTAIN computer code. For ATWS
simulations, the pressure reached a peak value of 0.13 MPa. For SB LOCA with sprays and
fan coolers available, a gradual increase of the peak pressure from 0.23 to 0.26 MPa was
observed as the break size was increased, except for 1" LOCA, where the pressure increased
gradually during the entire transient. The highest peak pressure of 0.30 MPa was observed for
the 8" LOCA, where containment heat removal systems were not available.
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