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In nuclear safety field, neutronic and thermalhydraulic codes performance is an important issue. 

New capabilities implementation, as well as models and tools improvements are a significant 

part of the community effort in looking for better Nuclear Power Plants (NPP) designs. A 

procedure to analyze the PWR response to local deviations on neutronic or thermalhydraulic 

parameters is being developed. This procedure includes the simulation of Incore and Excore 
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neutron flux detectors signals. A control rod drop real plant transient is used to validate the used 

codes and their new capabilities. Cross-section data are obtained by means of the SIMTAB 

methodology. Detailed thermalhydraulic models were developed: RELAP5 and TRACE 

models simulate three different azimuthal zones. Besides, TRACE model is performed with a 

fully 3D core, thus, the cross-flow can be obtained. A cartesian vessel represents the fuel 

assemblies and a cylindrical vessel the bypass and downcomer. Simulated detectors signals are 

obtained and compared with the real data collected during a control rod drop trial at a PWR 

NPP and also with data obtained with SIMULATE-3K code. 

PWR type reactor; RIA; control rod; RELAP5/mod3.3; TRACEv5.0P3; PARCS 
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1. Introduction 

A NPP is designed not only to operate under nominal conditions, but to successfully 

withstand changes without undermine the reactor safety. These changes are the result of 

discrepancies between abnormal operating conditions and the expected normal conditions. 

These deviations may be global or local. It is interesting to develop tools to obtain the core local 

response to anticipated or postulated transients and accidents. 

 In this work, detailed models for RELAP5/mod3.3/PARCSv2.7 and 

TRACEv5.0P3/PARCSv3.0 have been developed to perform a PWR study through the Incore 

and Excore neutron detector signal analysis. For this purpose, a control rod drop transient, i.e. 

a transient that provokes local deviations of neutronic and thermalhydraulic parameters, has 

been simulated.  

 A control rod drop transient consists in the inadvertent insertion of a control rod due to 

a malfunction of its activation mechanism. The reactor power evolution is dominated by a 

sudden and continuous negative reactivity insertion, and the core power distribution is modified. 

Due to this absorber insertion, the reactivity decreases (as the neutron population decreases) 

and the reactor core turns subcritical. The effect of the moderator density and the Doppler 

temperature on the reactivity leads the reactor again to criticality in a few seconds, to 

subsequently evolve into an asymptotic point. 

 During this process if the energy deposition is sufficiently low to avoid a departure 

from nucleate boiling (DNB), the thermalhydraulic evolution have little impact on the accident 

[1]. However, it is necessary to know the specific acceptance criteria to perform a proper 

analysis for the proposed transient. 

The acceptance criteria for Anticipated Operational Occurrences (AOOs), as defined in 

NUREG-0800, Chapter 15 [2] by the U. S. Nuclear Regulatory Commission, are established by 

the following points: (a) pressure in the reactor coolant and main steam systems should be 

maintained below 110 percent of the design values in accordance with the ASME Boiler and 
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Pressure Vessel Code; (b) fuel cladding integrity shall be maintained by ensuring that the 

minimum departure from nucleate boiling ratio (DNBR) remains above 95/95 DNBR limit for 

PWRs; and (c) an AOO should not generate a postulated accident without other faults occurring 

independently or result in a consequential loss of function of the Reactor Coolant System (RCS) 

or reactor containment barriers (this third point is assured by definition, since an AOO cannot 

generate an accident without other incidents occurring independently or result in a 

consequential loss of function of the RCS or reactor containment barriers [2]). 

In the present study, besides the analysis of the control rod drop transient from the safety 

point of view, a deepest analysis can be performed thanks to the real data provided by Centrales 

Nucleares Almaraz-Trillo (CNAT). This data corresponds to a control rod drop test done at a 

facility. The test was carried out to assess a modification in the control logics that detect a 

control rod drop, and was not related to the NPP safety analysis, but has been very useful for 

the purpose of this work. The data includes real signals for Incore and Excore neutron detectors 

and the results of its simulation with SIMULATE-3K code. 

It is clear that obtaining experimental data is a great opportunity to qualify neutronic-

thermalhydraulic codes and models used in NPP safety analysis. Thus, this work presents this 

qualification for RELAP5/mod3.3/PARCSv2.7 and TRACEv5.0P3/PARCSv3.0, and provides 

reliable tools to perform further studies in PWR NPPs. 

 In Section 2, thermalhydraulic models for the studied PWR reactor are introduced. 

Neutronic codes modifications and models used to calculate the simulated signals for the 

detectors are also explained. The results are shown in Section 3, followed by the conclusions 

and future work in Section 4. 

 

2. Neutronic and Thermalhydraulic Models 

2.1. PARCS Code: Model Performance and Modifications 

PARCS code is a 3D reactor core simulator that can solve the neutron diffusion equation 
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to predict the kinetic response of the reactor against reactivity perturbations. For example, 

control rod movements, changes on the fluid temperature or other conditions on the reactor core. 

The neutron diffusion equation is solved using two energy groups for the rectangular or 

hexagonal geometry. The method chosen to solve the equation is the HYBRID method. It is an 

Analytical Nodal Method/Nodal Expansion Method (ANM/NEM), and it is the recommended 

method in the user’s manual [3]. 

PARCS is coupled with RELAP5 and TRACE. These codes will feed PARCS with 

temperature and density distributions information during a transient. The protocol to couple 

these codes is the Parallel Virtual Machine (PVM). In order to perform the coupling, an input 

file for PARCS code is needed. This file, called MAPTAB, indicates the neutronic nodes 

assignment to each thermalhydraulic node. It is obtained automatically thanks to the tools 

developed by ISIRYM-UPV with a MATLAB® software [4]. 

Radially, the neutronic model assign a node to each fuel assembly. Moreover, the core 

is formed by 177 nodes for the active zone and 64 nodes for the reflector. Axially, the core is 

divided in 34 levels, 2 of them corresponding to the top and bottom reflectors. Geometric data 

were provided by CNAT [5]. A MATLAB® program is used to automatically obtain PARCS 

input files. 

The control rod ejection is defined in PARCS input. The drop transient lasts 2.1 seconds, 

and begins at 50.0 seconds on a 100.0 seconds transient. The purpose of the first 50.0 seconds 

is to ensure the stable conditions at the beginning of the transient. Figure 1 shows the control 

rod insertion depending on the time (0 cm indicates fully inserted). 



 6 

 

Figure 1. Control rod insertion depending on time. 

 

One of the aims of the collaboration between CNAT and ISIRYM-UPV was the study 

of neutron noise registered by Incore and Excore detectors. For this reason, the simulation of 

detector signals has also been introduced in the model. For this purpose, PARCS code has been 

modified to provide the needed data on separated output files. 

2.1.1. Incore Detectors 

The Incore instrumentation comprehends 36 n,β-cobalt detectors in 6 fingers placed in 

selected fuel assemblies which provide continuously measurement of local neutron flux density. 

To simulate the response of the Incore detectors (Power Density Detectors, PDDs), 

Equation (1) was used. FlD is a conversion factor for each detector, it corresponds to the mean 

power registered by the detector at the stationary case, and 𝛷𝛷 is the thermal flux calculated for 

each Incore detector position.  

𝑃𝑃𝐼𝐼𝐼𝐼 = 𝛷𝛷
𝛷𝛷𝑡𝑡=0

· 𝐹𝐹𝐼𝐼𝐼𝐼                            (1) 

The Incore detectors position is shown in Figure 2, the control rod inserted is shaded 

in red. 
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Figure 2. Incore detectors locations in the reactor core. Shaded, the control rod 

dropped at the test. 

 

 Each radial position corresponds to a single node. For each axial position, it is necessary 

to take the thermal flux of two consecutive nodes and multiply them by the proper weighting 

factor. These weighting factors correspond to the actual position of the detector between two 

axial nodes and are shown in Table 1. 

Table 1.  Axial weighting factors for the INCORE detectors. 

 

Detector 

axial level 

Actual pos. 

in nodes 

Nodes 

 

Axial 

weighting fac. 

1 (outlet) 28.4 
29 0.4 

28 0.6 

2 26.6 
27 0.6 

26 0.4 

3 22.6 23 0.6 
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22 0.4 

4 12.6 
13 0.6 

12 0.4 

5 8.3 
9 0.3 

8 0.7 

6 (inlet) 6.8 
7 0.8 

6 0.2 

 

2.1.2. Excore Detectors 

The Excore detectors (boron-lined ionization chambers) are located at the biological 

shield, out of the core region. For this reason, a transport model is needed to calculate its 

simulated signal. There are 16 chambers. In Figure 3, four radial positions for the Excore 

detectors are shown, marked as PR1, PR2, PR3 and PR4. Each position has two channels 

(bottom and top). 
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Figure 3. Excore detectors radial locations. 

 

The Excore detectors response is obtained by applying a simple radial transport model 

described in Equations (2) and (3):  

𝛷𝛷(𝑟𝑟)~ 1
𝑟𝑟

exp(−𝛴𝛴𝑟𝑟𝑟𝑟)                          (2) 

𝛷𝛷(𝑟𝑟)~ 1
𝑟𝑟2

                               (3) 

 Equation (2) describes the neutron transport from each fuel assembly to the outer vessel 

surface. Equation (3) describes pure geometric transport from the vessel surface to the detectors 

location. The variable r is the distance, and the constant macroscopic cross section for the 

medium used in Equation (2) is given in [6], 0.115 cm-1. 

This model is applied to the nodes “seen” by each channel, obtaining the proper Excore 

weighting factors, as shown in Figure 4. It means that for each Excore location, the nearest 

nodes are contributing to the detector response with a different weight factor depending on the 

distance. 

 

Figure 4. Graphic representation of the Excore neutron detectors weighting factors: 

(a) Exc. 1; (b) Exc. 2; (c) Exc. 3; (d) Exc. 4. 
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 Axially, each redundancy (top and bottom) is supposed to “see” (detect) a half of the 

core. Then, the axial weighting factor for the bottom detectors is 1 for nodes from 2 to 17, and 

0 for nodes from 18 to 33. For top detectors, the axial weighting factors are switched, and the 

axial weighting factor for nodes 2 to 17 is 0, and for nodes from 18 to 33 is 1.  

 

2.1.3. PARCS data processing 

In this work, 2 different versions of PARCS code have been used. RELAP5/mod3.3 has 

been coupled with PARCS v2.7, since this coupled code is the workhorse of the ISIRYM-UPV 

research group. The last distribution of TRACEv5.0P3 includes the coupling with the new 

neutronic code version, PARCS v3.0. Thus, this distribution is used as it is in order to test 

TRACE/PARCS new model options. 

In PARCS v2.7, subroutine genedits.F was modified to read from external files the 

information about Incore and Excore detectors, i.e., its location and proper axial and radial 

weighting factors. Further modifications write the thermal flux and the relative power for the 

nodes of interest. Then, this data is processed with a MATLAB® program for comparison 

purposes. 

In PARCS v3.0, the nodal thermal flux and power is extracted from the regular output 

file and is processed with MATLAB® generating a proper format for the comparison. 

 

2.2. RELAP5 Thermalhydraulic Model 

RELAP5/mod3.3 is a thermalhydraulic code developed for best-estimate simulation of 

the core cooling system transients during Design Basis Accidents and AOOs. This code models 

the behavior of the reactor and core cooling system for accidents involving loss of coolant and 

operational transients. For instance, transients without SCRAM, loss of power, loss of 

feedwater, etc. It is based on a two-fluid model for two-phase flow systems which are solved 

using semi-implicit methods. 
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In this work, only the reactor core with boundary conditions is modeled, as shown in 

Figure 5. Each fuel assembly is modeled with a pipe+heat structure component (following a 

one-to-one channel basis). The same set is used to model the by-pass channels. Axially, the 

components representing the active zone of fuel assemblies are divided in 32 levels. 

 
Figure 5. Scheme of RELAP5 model for the reactor core. 

 

The inlet boundary conditions are the moderator temperature and the mass flow. To 

model the core inlet, three time dependent volumes+time dependent junctions are used, 

corresponding to the three different coolant loops. These inlets are connected to the channels 

through three branch components. 

The pressure and the coolant temperature are used as outlet boundary conditions. These 

are set in a time dependent volume component, however, they are constant for the whole 

transient. Details for the boundary conditions can be seen in Table 2. The thermalhydraulic 

channels are connected to the outlet using three additional branch components, corresponding 

to the three hot legs. 
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Table 2.  Boundary conditions details. 

 

Boundary condition Numerical value 

Inlet flow mass loop 1 5578.49 kg/s 

Inlet flow mass loop 2 5121.23 kg/s 

Inlet flow mass loop 3 5487.04 kg/s 

Inlet temperature 567.856 K 

Outlet pressure 1.551E7 Pa 

Power 3.09E9 W 

A radial map is used (see Figure 6) to connect each thermalhydraulic channel to its inlet 

branch. This radial map is based on the situation of the coolant inlet loops around the reactor. 

The theoretical situation of the three by-pass elements is also based on the inlet loops situation. 

 

Figure 6. Correspondence between thermalhydraulic channels and inlet (left) and 

outlet (right) components representing the recirculation loops. 

 

A similar radial map (see Figure 6) is used to arrange the channels outlet in the three 

superior branch components. Therefore, a channel could be connected to a different inlet/outlet 

branch (their radial distribution does not spatially match at the inlet and outlet). 

Even though the model presented in this study does not contain the recirculation loops, 
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the model is capable to represent the rod drop transient, since this transient has mainly neutronic 

implications. In a real reactor, the control system would act accordingly to maintain the average 

temperature. Thus some control rod banks position could be modified. Although these are not 

simulated in this study, for the purpose of this paper, these simplifications are accepted. 

The data used to prepare this model is obtained from CNAT [7]. The model is 

automatically obtained, thanks to a MATLAB program developed for this purpose. The core 

mass flow is adjusted by changing the bypass loss coefficients. 

 

2.3. TRACE Thermalhydraulic Model 

The TRACE model used in this work is based on previous studies [8]. The traditional 

models used pipe or channel components to simulate each fuel assembly. However, as an 

important improvement, this new model, simulates a realistic fully 3D core reactor. This is 

accomplished using the vessel component available in TRACE, which is a 3D component. 

The fuel assemblies are simulated with a Cartesian vessel, only available in TRACE. 

This element provides the cross-flow between each fuel assembly node, which is an 

improvement over previous models. The flow area fraction for the corner cells is set to zero, 

thus the Cartesian vessel is shaped as the radial mapping for the studied NPP. 

Furthermore, the model contains a second vessel, a cylindrical one. The cylindrical 

vessel is divided in two radial cells, three azimuthal cells and 36 axial cells. The inner radial 

cell represents the bypass and the outer radial cell represents the downcomer. The three 

azimuthal cells represent the three different reactor recirculation loops. The lower and the upper 

axial cells represent the lower and upper reactor plenums. The upper plenum has three different 

break components, each one connected to a different azimuthal cell. Three fill components are 

connected to a lower level. 

Moreover, in order to connect both vessels, one-cell pipes are used in the sideward 

connections and single junctions are used as axial connections. One heat structure associated 
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with each bypass azimuthal sector is used in the cylindrical vessel. Finally, one heat structure 

for each azimuthal sector is used to model the barrel heat transfer between the bypass and the 

downcomer. The other details, such as assembly heat structures components, azimuthal sector 

association with assemblies and bypass are simulated as it was explained for RELAP model. 

See Figure 7 for a simplified cylindrical model (5x5 vessel without lateral junctions), sketch 

using SNAP tool. 

 

Figure 7. Simplified TRACE model sketch 

 

The core is modeled using 3D components, which are connected node to node, the 

bypass mass flow has a strong variation along its way through the vessel. Thus, not only the 

bypass friction factor must be adjusted at each node, but also among the three different 

azimuthal sectors. This is a hard task, even for expert users. Fortunately, an automatic iterative 

process was developed to adjust the bypass friction factor for each level and each azimuthal 

sector. It was also proved to work successfully [9]. 
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The strong effort done (almost 2600 components and over 150000 input lines) is 

expected to improve the accuracy and also reflect a realistic behavior in front of some 

perturbations, for example different inlet temperature in each azimuthal zone. 

  

2.4. SIMTAB Methodology for Cross-Sections acquisition 

The cross-section data are obtained from CASMO-4/SIMULATE-3 files by means of 

the SIMTAB [10] methodology. 

SIMTAB was developed at the Institute for Industrial, Radiophysical and 

Environmental Safety at Universitat Politècnica de València (ISIRYM-UPV) in collaboration 

with Iberdrola Ingeniería y Construcción (IBIC). SIMTAB was validated for both PWR and 

BWR. This methodology simplifies the reactor core providing a set of tabulated cross-sections 

and kinetic parameters parameterized in terms of local and control variables (moderator density, 

fuel temperature, boron concentration and control rod). Thus, the reactor core can be modeled 

with a few number of neutronic regions and its kinetic behavior well characterized. 

For this work, the beginning of cycle (BOC) configuration for fuel cycle 23 of the 

studied NPP is modeled. SIMTAB methodology reduces from around 5600 neutronic 

compositions to 1379 (1376 corresponding to active nodes and 3 corresponding to the lower, 

upper and radial reflectors). 

Comparison between steady state simulations (PARCS alone and coupled RELAP and 

TRACE) are shown in Table 3. Figures 8 and 9 show the axial and radial power profiles 

respectively. Errors for the keff are calculated respect the SIMULATE-3 result, which is 1.00014. 
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Figure 8. Relative power per axial plane. Comparison between PARCS stand-alone 

results, coupled stationary case results for RELAP5 and TRACE codes and the 

reference, SIMULATE-3. 
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Figure 9. Relative radial errors respect to the reference, SIMULATE-3. Comparison 

between RELAP5 and TRACE coupled stationary case results. 

 

Table 3. Results for SIMTAB cross-sections validation. 

 

CR Dropped/Code 
keff 

PARCS 

Absolute error 

(pcm)* 

RMS for axial 

error (%) 

RMS for radial 

error (%) 

CR J03 

PARCS stand-alone 
1.000812 67.2 3.05 1.88 

CR J03 

RELAP5/PARCS 
1.000098 46.7 0.82 1.63 

CR J03 

TRACE/PARCS 
1.001276 113.6 1.36 1.52 

 *keff  SIMULATE-3 = 1.00014   
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3. Results 

 Table 4 compares the computational cost for each code and shows the CPU time for 

each simulation. It can be observed that the high definition obtained with TRACE code has an 

important computational cost compared to RELAP5 code performance. 

Table 4. Simulation time. 

 

 RELAP5  TRACE5.0P3  

Stand alone 2719.8s 3051s 

Coupled steady-state 4606.6s 834s 

Coupled transient 4356.3s 27067s 

Total 11682.7s 30952s 

  

 PARCS stand-alone simulation, for both 2.7 and 3.0 versions, is not taken into account 

since the CPU time required is about 90 seconds, which is considered negligible for this 

comparison. 

 Total power evolution during the transient for both codes, is shown in Figure 10. The 

power evolution is very similar in both codes. 
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Figure 10. Total power evolution. Comparison between RELAP/PARCS and 

TRACE/PARCS results. 

 

Reactivity and temperatures evolution during transient are also analyzed (see Figure 11 

and 12). Moderator temperature decreases as the nuclear power decrease (by the absorber 

insertion). Consequently, the moderator density grows causing an increase in the moderation of 

neutrons in the reactor core. This produces a growth in the reactions rate, so in few seconds the 

fuel temperature and the power increase until a new stationary point is reached. 
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Figure 11. Reactivity evolution. 

 

 As can be seen in Figure 11, the decrease of the reactivity due to the control rod 

insertion is countered with the reduction of moderator and fuel temperature reactivities. 

 



 21 

Figure 12. Temperatures evolution. 

 

 Evolution of coolant inlet and outlet pressure are presented in Figure 13 to prove that 

the acceptance criteria mentioned in the introduction is fulfilled. The pressure at the coolant 

inlet decreases with the control rod insertion using both codes. The pressure increase in the 

coolant outlet is lower than 0.001%. The pressure at the model outlet is fixed as a boundary 

condition. Thus, the variation of this parameter, even if it is measured in a component previous 

to the outlet time dependent volume, is significantly restricted. This simplification is accepted 

since the real behavior of a KWU-SIEMENS NPP is driven by temperature and pressure 

programs. This ensures the stability of this parameter for this kind of transients and thus, the 

limitation for this parameter is not reached. Evolution of DNBR is presented in Figure 14. 

 

Figure 13. Pressure evolution. 
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Figure 14. Departure from Nucleate Boiling Ratio (DNBR) evolution. 

 

Regarding to the DNBR calculation, it has to be taken into account that RELAP5 and 

TRACE codes use different methods to obtain de Critical Heat Flux (CHF). RELAP5 [11] uses 

the 1986 AECL-UO Critical Heat Flux Lookup Table method [12]. This table is obtained for 

tubes with 0.008 m diameter. Up to eight multiplying factors are applied to correct the CHF 

values obtained from the tables. TRACE [13] uses the AECL-IPPE CHF Table [14], and 

implements only two multiplying factors to correct the CHF values obtained from the tables 

(previous version [12]). Besides, these two factors are used in an exclusionary manner, and 

therefore only one correction is applied to the CHF obtained in TRACE. These factors are: the 

correction for tube diameter, k1, and the correction for rod bundle geometry, k2. TRACE 

considers that rod bundle geometry is always used (pitch to diameter ratio always greater than 

one). Therefore, TRACE will always apply only k2 correction factor. However, the difference 

between the hydraulic diameter and the tables design diameter is not negligible. Thus, TRACE 

code was modified to apply both factors in order to obtain the CHF final value. 
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Slight differences between RELAP5 and TRACE cases can be observed for the hot leg 

(outlet) pressure. The reduction of these differences is part of the future work. Despite this, as 

it is shown in the results, it is considered that both coupled codes give an adequate result. 

Some of the Incore and Excore neutron detectors results are presented in Figures 15-

18. In these Figures, the comparison includes both coupled codes results, besides SIMULATE-

3K results and real signals provided by CNAT [15]. SIMULATE-3K is an advanced, two-group 

nodal code which delivers neutronic and thermal-hydraulic analysis with licensing-grade 

accuracy. 

Incore detector J06 and Excore channels PR3 results are presented, since are the closest 

to the control rod dropped during the test (J03). 

 

Figure 15. Real and calculated signals for Incore detector J06, axial level 6 (inlet). 
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Figure 16. Real and calculated signals for Incore detector J06, axial level 1 (outlet). 

 

Figure 17. Real and calculated signals for Excore detector PR3, bottom. 
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Figure 18. Real and calculated signals for Excore detector PR3, top. 

 

 In all cases, the results are very close to the real data provided by plant, both for Incore 

and Excore detectors signals. Fluctuations observed on the real data signals for all detectors are 

due to neutronic noise. Figure 18 shows a faster power drop on calculated signals than the test 

results, while Figures 15-17 show a good agreement for the power evolution. This is due to 

these fluctuations on neutronic flux, which make the real signal to apparently decrease slowly 

if the rod drop matches with a positive flux deviation. 

 A deeper fall in the power evolution is observed in Figures 15-16, corresponding to the 

signals for Incore detectors. That is due to the neutronic flux influencing each kind of detector: 

for Incore detectors, the signal corresponds to the neutronic flux present in the nodes where it 

is located, that is only two nodes in an axial location near to the control rod falling (Figure 3); 

for Excore detectors, the signal corresponds to the average of a significant number of nodes, 

about 60 radial positions and 16 axial positions, that are in average farther from the control rod 
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than the Incore detector J06, and is lowered by a geometrical transport equation since the 

detector is, indeed, out of the core (Figure 4). 

 Comparison between codes shows some differences with SIMULATE-3K results. 

Cross-sections that feed PARCS code are obtained from SIMULATE-3K, but the collapsing 

methodology slightly reduces the detail of the results (Figures 8-9 and Table 3). 

The maximum errors for both codes compared to SIMULATE-3K are similar for both 

the minimum power reached and the stationary value reached after it. For the minimum power 

reached, the maximum error for the Excore detectors obtained is about 2% for both codes. 

Whereas it is about 0.5% for the Incore detectors. For the steady state power, the maximum 

error is about 1.6% for the Excore detectors and 1% for the Incore detectors. 

The errors between the coupled codes used for this study and the real signals are also 

calculated. For the minimum power reached during the control rod drop, the maximum error is 

about 5% for all three codes compared (RELAP5/mod3.3/PARCSv2.7, TRACE/PARCSv3.0 

and SIMULATE-3K). For the stationary value reached after the control rod drop, the maximum 

error is around 2.5% for all three codes. 

 

 Finally, the cross-flow evolutions near the control rod inserted are obtained for the 

TRACEv5.0P3/PARCS model and are sketched in Figure 20. Figure 19 shows a scheme of 

the cross-flows. The shaded square is the fuel assembly placed in the position of the inserted 

control rod.  

 



 27 

 

Figure 19. Scheme of the analyzed cross-flows. 

 

 The control rod insertion causes a decrease on the moderator temperature (as in Figure 

12). Thus, the moderator density increases and the pressure decreases (as can be seen in Figure 

13). This differential pressure provokes increments on the cross-flows flowing from the nearer 

nodes to the node where the control rod is inserted. Figure 20 shows the increment on the flow 

at axial level 15 for the whole transient. 

 



 28 

Figure 20. Cross-flow change during the transient in Y axis (right) and X axis (left). 

 

4. Conclusion 

 New models of the studied NPP are developed for 3D neutronic-thermalhydraulic codes 

RELAP5/mod3.3/PARCSv2.7 and TRACEv5.0P3/PARCSv3.0. These models describe the 

three core inlet loops with separated components. Therefore, the introduction of different 

perturbations in each loop will be easily accomplished in future works. TRACES v5.0P3 model 

introduces a core with fully 3D components. One cartesian vessel simulating the fuel assemblies 

and a cylindrical vessel that models the bypass and the downcomer. 

 These codes are benchmarked against a real control rod drop test carried out in a 

commercial PWR. For both codes the simulated transient fulfills the acceptance criteria defined 

by the NRC (pressure and DNBR) as expected, since the transient was a planned test. Results 

are compared with the real data of control rod drop test performed at the NPP and SIMULATE-

3K (results obtained by CNAT). These results show a good agreement with the reference code. 

The error in the minimum power due to the control rod drop insertion is lower than 5%. Whereas 

the error for the steady state power reached after the transient is lower than 2.5%. The evolution 

of the transient fits with the reference data and the real plant data, with errors around 0.5% and 

0.8% respectively.  

Obtaining cross-flows between fuel assemblies in TRACE code is a new capability that 

turns this code into a much more valuable tool for thermalhydraulic transient analyses. 

Especially in those that trigger asymmetric deviations of parameters of interest. 

Regarding the computational cost, while both codes have an acceptable performance, 

TRACEv5.0p3 implies a higher simulation time. Thus, its advantages should be assessed taking 

this criterion into account. 

Although both codes have proved to be accurate enough to recreate this type of transient, 

the use of the 3D model improves the performance of the simulation. The new capability to 
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obtain the Incore and Excore neutron detectors response was validated and will be used in future 

neutron noise studies and other works where its capability is needed. 

It is remarkable the fact that this work had access to experimental data obtained during 

a control rod drop test. This made possible two things. First, it was possible to qualify the 3D 

coupled code used to simulate this type of transients. Second, new valuable tools are developed 

for future studies. 

Future works will include the simulation of different perturbations of the 

thermalhydraulic inlet parameters. Furthermore, TRACE v5.0P3 model will be modified to 

improve its accuracy, given the multiple possibilities for the Cartesian vessel. 
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