
 

915.1 

Development Status for Krško NPP TRACE Model with Three 
Dimensional Pressure Vessel 

Ovidiu-Adrian Berar, Andrej Prošek, Borut Mavko 

Jožef Stefan Institute 

Jamova cesta 39 

SI-1000 Ljubljana, Slovenia 

adrian.berar@ijs.si 

ABSTRACT 

The main goal of the paper is to present the ongoing development of a model suitable 

for analyzing the coolant mixing phenomena in the reactor pressure vessel (RPV) of Krško 

nuclear power plant. The model is being developed using the best-estimate system code Trac-

Relap Advanced Computational Engine (TRACE) and consists of a one dimensional model of 

the two-loop reactor system with a three-dimensional model of the RPV. The one dimensional 

TRACE input deck was converted from an existing RELAP5 input model following the Jožef 

Stefan Institute (JSI) RELAP5 to TRACE conversion method. In parallel, a three-dimensional 

TRACE model of the RPV is being developed, with the goal of replacing the TRACE one 

dimensional input model of the RPV. The three-dimensional model of the RPV has been 

developed using the TRACE specialized VESSEL component. A preliminary steady-state 

calculation using the TRACE one dimensional model is presented. For calculations, the latest 

TRACE V5.0 Patch 4 computer code was used. Finally, the TRACE one dimensional 

calculation results are compared with the RELAP5/MOD3.3 Patch 4 calculation results, 

showing that stable conditions are reached. Some difficulties related to the separator model in 

the secondary loop are presented and discussed. 

1 INTRODUCTION 

The analysis of some Design Basis Accidents requires multidimensional prediction of 

the thermal-hydraulic conditions in order to realistically simulate the accident. Particularly, in 

the case of main steamline break (MSLB) accident analysis, the prediction of the coolant 

mixing phenomena in the reactor pressure vessel (RPV) plays an important role, and requires 

a time dependent three-dimensional prediction of the coolant mixing in the downcomer, lower 

plenum and core region [1]. The mixing phenomena are difficult to model and require the 

prediction of the thermal-hydraulic conditions in three dimensional space. The present work 

presents the ongoing development of a Trac-Relap Advanced Computational Engine 

(TRACE) model with the goal of predicting the coolant mixing phenomena in the RPV for the 

specific case of the Krško two-loop nuclear power plant (NPP). The model development is 

following two major steps. Firstly, a one-dimensional TRACE model of the plant was 

converted from an existing RELAP5 input deck through semiautomatic conversion and 

manual input [2]. The second step represents the development of a TRACE three-dimensional 

model of the RPV. This model will be incorporated into the one-dimensional plant model, 

replacing the one-dimensional model of the RPV. A preliminary calculation to achieve stable 

conditions for the one-dimensional model has been performed using TRACE V5.0 Patch 4 

code. During this preliminary calculation, some model deficiencies were identified regarding 

the separator model located in both steam generators (SG). This problem restricts performing 
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steady-state analysis to low SG levels cases only, in which case liquid phase discharge to the 

main steam line is prevented. The TRACE results are compared to RELAP5/MOD3.3 

calculation results and discussed. 

2 CODES DESCRIPTION 

The RELAP5 thermal-hydraulic system code is a best-estimate code that was developed 

by the United States Nuclear Regulatory Commission (US NRC) for light water reactor 

analysis. RELAP5 is able to predict single- and two-phase thermal-hydraulic phenomena in 

one-dimensional space by using a set of six conservation equations and constitutive relations 

and correlations. RELAP5 uses the finite volume numerical method that requires the 

nodalization of each section of the model into one-dimensional discrete components at the 

center of which the average fluid condition is calculated [3]. The code is in maintenance 

mode, i.e. fixing bugs prioritized by user community, with no significant new code 

development. 

TRACE is an advanced, best-estimate reactor systems code developed by the US NRC 

and is intended to consolidate and extend four main legacy system codes: TRAC-P, TRAC-B, 

RELAP5, and RAMONA. TRACE is capable of simulating small/large break loss of coolant 

accidents, operational transients and other accident conditions for light water reactors. 

TRACE has the capability of solving the fluid-dynamics equations in three dimensional space 

by using a specialized VESSEL component [4, 5]. The basic TRACE thermal-hydraulic 

model consists of mass, energy and momentum conservation equations for the liquid and gas 

fields [5]. The average fluid condition is calculated using the finite volume numerical method. 

3 METHODS 

3.1 Description of Krško NPP 

The Krško NPP is a Westinghouse two-loop PWR and has been in commercial 

operation since 1983. After modernization in 2000, the plant’s fuel cycle was gradually 

prolonged from 12 (cycle 17) to 18 months (cycle 21). The power rating of the Krško NPP 

nuclear steam supply system is 2,000 MWt, comprising 1,994 MWt of core power output plus 

6 MWt of Reactor Coolant Pumps (RCP) heat input. The Reactor Coolant System (RCS) is 

arranged as two closed reactor coolant loops connected in parallel to the reactor vessel, each 

containing a RCP and a SG. The reactor core is composed of 121 fuel assemblies with 235 

fuel rods per assembly. The RCPs are Westinghouse vertical, single-stage, centrifugal pumps. 

The SGs are vertical U-tube, Siemens-Framatome units, installed during the plant 

modernization in 2000 [6, 7]. 

3.2 Description of Krško NPP RELAP5 Input Model 

The RELAP5 ASCII base model consists of 469 control volumes, grouped into 306 

hydraulic components in SNAP, 497 junctions and 378 heat structures. The RELAP5 primary 

side model includes the pressurizer vessel, pressurizer surge line, pressurizer spray lines and 

valves, two pressurizer power operated relief valves and two pressurizer safety valves, 

chemical and volume control system, charging and letdown flow, and RCP seal flow. The 

hydraulic model of the reactor vessel consists of the lower downcomer, lower head, lower 

plenum, core inlet, reactor core, core baffle bypass, core outlet, upper plenum, upper head, 

upper downcomer, and control rods guide tubes. The primary loop is represented by the hot 

leg, primary side of the SG, intermediate leg with cold leg loop seal, and cold leg, separately 
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for loop 1 and loop 2. The primary side of the SG consists of the inlet and outlet plenum, 

tubesheet, and the U-tube bundle represented by a single pipe. Emergency core cooling 

system (ECCS) piping includes high-pressure safety injection pumps, accumulators, and low 

pressure safety injection pumps. The secondary side consists of the SG secondary side, main 

steamline, main steam isolation valves, SG relief and safety valves, and main feedwater 

piping. The turbine valve is modeled by the corresponding logic, while the turbine is 

represented by a time dependent volume. Main feed water and auxiliary feedwater pumps are 

modeled as time dependent junctions [8]. 

3.3 Krško NPP RELAP5 Input Model Conversion to TRACE 

The conversion of the RELAP5 input model to TRACE input model was performed in 

SNAP [9] following the JSI RELAP5 to TRACE conversion method. A detailed description 

regarding the conversion procedure can be found in [2]. 

4 KRŠKO NPP TRACE MODEL DESCRIPTION 

The one-dimensional TRACE plant input model was obtained from the 

RELAP5/MOD3.3 plant input deck (Cycle 23 [8]) described in subsection 3.2. Several 

modifications were manually brought to the TRACE input model during the conversion 

process, mostly related to Heat Structures boundary conditions, Accumulator model option 

and Hydraulic connections of Pipe components that originated from RELAP5 Branch 

components. The converted TRACE model consists of 472 Hydraulic Components that 

include 166 Single Junction Components, 108 Heat Structure components and 3 Power 

components. The SNAP hydraulics component view of the converted TRACE model 

nodalization is presented in Figure 1. 

 

Figure 1: TRACE model nodalization - SNAP hydraulics component view 
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In parallel to this work, a three-dimensional RPV model was developed in TRACE, 

using the specialized VESSEL component [4], in order to replace the one-dimensional RPV. 

The three-dimensional RPV model geometry is discretized in cylindrical geometry by using 

25 axial levels, 4 radial rings and 6 azimuthal sectors with an angle of 60 degrees. The 

TRACE guidelines for 3D VESSEL modelling have been followed [10]. The SNAP 

nodalization of the RPV is presented in Figure 2. The axial geometry of the model 

corresponds to the following regions in the physical plant RPV: axial level 1 to 5 corresponds 

to the lower plenum region; axial levels 6 to 17 correspond to the active core region and 

baffle barrel bypass region; the downcomer region corresponds to axial levels 4-23 with the 

cold leg nozzle connection at axial level 20; the upper core barrel region corresponds to axial 

levels 18 to 23 with the cold leg connection at axial level 20; axial levels 21, 22 and 23 

correspond to the upper plenum region and axial level 24 and 25 correspond to the upper head 

region. The radial rings geometry correspond to the following regions in the RPV: ring 1-core 

interior; ring 2-core periphery; ring 3-baffle barrel bypass region; ring 4-downcomer region. 

The core interior region contains 76 fuel assemblies and the core periphery region contains 45 

fuel assemblies, modelled by Heat Structure components, as shown in Figure 2. The 

azimuthal geometry of 6 sectors corresponds to the cold/hot legs connection geometry to the 

RPV (60° angle between the same loop cold and hot leg connection to the RPV and 120° 

angle between the cold leg and hot let connection from different primary loops). The control 

rods guide tubes and reactor core coolant bypass are modeled as external one-dimensional 

Pipe components and are connected to the VESSEL component (Figure 2) for each 

corresponding azimuthal sector. Also, the core baffle bypass penetrations are modeled using 

external Single Junction components (Figure 2), connecting the downcomer to the core baffle 

region for each azimuthal sector. 

 

Figure 2: Snap nodalization of the TRACE three-dimensional RPV model 
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5 RESULTS AND DISCUSSION 

A calculation to achieve stable conditions in the system was performed using the 

TRACE V5.0 Patch 4 code. As the three-dimensional TRACE model of the RPV is still in the 

verification stage, the calculation results are presented for the one-dimensional TRACE model 

and compared against RELAP5/MOD3.3 Patch 4 calculated conditions.  

 The initial calculation was performed using the TRACE V5.0 Patch 3 code and the 

results revealed some model deficiencies related to the SGs model, as liquid phase was 

outputted from the exit of the SGs to the main steam line. It was found that the liquid 

discharge was caused by the malfunctioning of the Separator models in the SGs and this has 

been reported to the code developer [11]. This behaviour of the Separator models is presented 

in Figure 3 and it shows the liquid and gas phase mass flows in and out of the separators in 

SG1 and SG2. The TRACE Separator model functions as a confined control volume with 

three flow junctions: a two-phase flow single inlet and two outlets for gas and liquid 

discharge [4]. The Separator model is expected to simulate a bulk gas flow, containing a small 

weight fraction of liquid exiting from the first outlet (edge 2), defined using the liquid carry-

over quality parameter and a bulk liquid flow containing a small weight fraction of gas exiting 

from the second outlet (edge 3), defined using the gas carry-under quality parameter. The 

Separator models used in this work are modeled using the recommended values for carry-over 

quality of 0.05 and carry-under quality of 0.003 [4]. However, as it is shown in Figure 3, the 

correct separation is not achieved, as a higher than expected gas mass flow is predicted for the 

Separators liquid outlets (421-3 gas for Loop 1 and 521-3 gas for Loop 2). This large gas 

mass flow predicted at the liquid outlet creates a mechanism that forces liquid to bypass the 

Separators, throw neighbouring volumes, to the SGs steam outlet. Also, larger than expected 

liquid mass flow is predicted for the Separators gas outlets (421-2 liq for Loop 1 and 521-2 liq 

for Loop 2). 

 

Figure 3: Liquid and gas mass flows predicted by TRACE V5.0 Patch 3 for the Separators in 

SG1 a) and SG2 b). The 421-1 and 521-1 curves represent the gas/liquid mass flow into the 

two phase flow Separator inlet; 421-2 and 521-2 represent the gas/liquid mass flow 

discharged by the Separator gas outlet; 421-3 and 521-3 represent the gas/liquid mass flow 

discharged by the Separator liquid outlet. 

The calculated results using TRACE V5.0 Patch 4 show similar Separator model 

deficiencies, as presented in Figure 4. In this case, a larger than expected liquid mass flow is 

predicted for the Separators gas outlets (421-2 liq for Loop1 and 521-2 liq for Loop2) and is 

outputted to the main steam line. Also a large reverse liquid mass flow is predicted at the 

Separators liquid discharge outlet. Despite many attempts to find a working set of parameters 
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for the Separator models, good results were not achieved by TRACE V5.0 Patch 3 code or 

TRACE V5.0 Patch 4 code. 

 

Figure 4: Liquid and gas mass flows predicted by TRACE V5.0 Patch 4 for the Separators in 

SG1 a) and SG2 b). The curve notations are similar to Figure 3. 

The restriction of liquid phase water from exiting the SGs to the main steam line was 

achieved only in the case of low SGs water level of ~30% and only for the TRACE V5.0 

Patch 4 calculation. These conditions were used to perform the steady-state calculation, but it 

should be noted that the low water level in the SGs is not suitable for performing transient 

calculations and further investigation of the Separator models is needed. 

Figure 5 a) and b) presents the pressure evolution in the upper plenum and the 

pressurizer. In the case of the TRACE V5.0 Patch 4 code, the calculated pressures present an 

oscillatory behaviour in the first part of the calculation, but reaches constant values at later 

time, matching the RELAP5/MOD3.3 results. 

 

Figure 5: RELAP5 (red) and TRACE V5.0 Patch 4 (black) calculated results for a) pressure in 

the upper plenum; b) pressure in the pressurizer; c) pressure in SG1; d) pressure in SG2. 
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Figures 5 c) and d) presents the pressure in SG1 and SG2. It is observable that after the 

initial pressure peak, the pressures calculated by the TRACE V5.0 Patch 4 code eventually 

stabilises, although the TRACE pressure calculation presents slightly higher values compared 

to the RELAP5 calculation, due to different heat-transfer calculated by TRACE and RELAP5, 

and also slightly higher cold leg temperature calculated by the TRACE code. 

 

Figure 6: RELAP5 (red) and TRACE V5.0 Patch 4 (black) calculated results for a) SG1 water 

level; b) SG2 water level; c) SG1 steam mass flow; d) SG2 steam mass flow. 

The RELAP5 and TRACE predictions for the SG1 and SG2 levels are presented in 

Figure 6 a) and b). In the case of the TRACE calculations, the lower values for the SGs levels 

were imposed as to avoid liquid phase water from surging to the steam line. The gas mass 

flows for SG1 and SG2 are presented in Figure 6 c) and d). It is observable that after the 

initial flow oscillations, the TRACE calculation is matching the RELAP5 predicted flows. 

Table 1 presents achieved steady-state parameter results at 1000 s for both the RELAP5 and 

TRACE calculations, together with the error between the TRACE and RELAP5 calculated 

values. The error in the case of SG1 and SG2 levels is intentionally not calculated due to the 

imposed low SG level, as explained above. As this was a preliminary calculation, the mass 

flow for the cold and hot leg 1 will be further improved in the future. 

Table 1: TRACE v5.0 Patch 4 steady-state results at 1000 s. 

 

PRIMARY SIDE SECONDARY SIDE

Parameter Value RELAP5 Value TRACE

TRACE 

error (%)

 (compared 

to RELAP5) Parameter Value RELAP5 Value TRACE

TRACE 

error (%)

 (compared 

to RELAP5)

Core power (MW) 1994 1994 0 Steam line 1 flow (kg/s) 541.34 535.59 1.06

T-average loop 1 (K) 578.15 578.41 0.04 SG1 pressure (Pa) 6.4377 E+06 6.52 E+06 1.27

T-average loop 2 (K) 578.06 578.38 0.05 SG1 level WR (%) 77.42 24.84 N/A

T upper head (K) 591.33 587.45 0.65 Main FW1 flow (kg/s) 541.34 535.61 1.05

PRZ Pressure (Pa) 1.5512 E+07 1.5512 E+07 0 Steam line 2 flow (kg/s) 544.46 536 1.55

PRZ level collapsed (%) 55.72 54.38 2.4 SG2 pressure (Pa) 6.4152 E+06 6.52 E+06 1.63

Cold leg 1 flow (kg/s) 4721.21 4890.2 3.57* SG2 level WR (%) 77.46 30.42 N/A

Cold leg 2 flow (kg/s) 4719.65 4890.15 3.61* Main FW2 flow (kg/s) 544.47 554.41 1.82
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6 CONCLUSIONS 

A model for analyzing the coolant mixing phenomena in the RPV for a two-loop PWR 

is being developed using the best-estimate thermal-hydraulic system code TRACE. A one-

dimensional model of the Krško NPP and three-dimensional model of the RPV have been 

developed. The one-dimensional TRACE model of the plant was converted from an existing 

RELAP5 input deck, through semiautomatic conversion and manual input, following the JSI 

RELAP5 to TRACE conversion method. The three-dimensional model of the RPV is 

developed in TRACE using the VESSEL component, and it models the physical Krško NPP 

RPV components. A calculation to achieve stable conditions for the one dimensional model 

has been performed using TRACE V5.0 Patch4 code and the results were compared with the 

RELAP5/MOD3.3 predicted conditions. The results show that stable conditions are reached, 

especially for the primary side parameters, while secondary side parameters require 

improvements of the Separator model in order to achieve steady-state conditions. The 

TRACE Separator model deficiencies suggest further investigation of the Separators used in 

this particular model. 
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