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ABSTRACT 

 
The AER Working Group D on VVER reactor safety analysis held its 19th meeting in Pisa, 
Italy, during the period 15-16 April, 2010. The meeting was hosted by the San Piero a Grado 
Nuclear Research Group of the University of Pisa and was held in conjunction with the 
second workshop on the OECD/NEA Benchmark for the Kalinin-3 VVER-1000 NPP and the 
fourth workshop on the OECD Benchmark for Uncertainty Analysis in Best-Estimate 
Modelling (UAM) for Design, Operation and Safety Analysis of LWRs. Altogether 
12 participants attended the meeting of the working group D, 8 from AER member 
organizations and 4 guests from non-member organization. The co-ordinator of the working 
group, Mr. S. Kliem, served as chairman of the meeting.  
 
The meeting started with a general information exchange about the recent activities in the 
participating organizations.  
 
The given presentations and the discussions can be attributed to the following topics: 
 

• Code validation and benchmarking including the calculation of the OECD/NEA 
Benchmark for the Kalinin-3 VVER-1000 NPP 

• Safety analyses and code developments 
• Future activities 

 
A list of the participants and a list of the handouts distributed at the meeting are attached to 
the report. The corresponding PDF-files can be obtained from the chairman. 
 
 
 

1. CODE VALIDATION AND BENCHMARKING 

 
1.1 OECD/NEA Kalinin-3 Benchmark 

 
GRS and Kurchatov Institute proposed an international benchmark for coupled code systems 
based on a start-up test at the NPP Kalinin-3 (VVER-1000). It was accepted by OECD/NEA. 
The considered test is the switch-off of one main coolant pump from four working at full 



power. Very detailed measurement data are available including time-dependent neutron power 
data from 64 fuel assemblies at seven elevations with a time resolution of 1 s. The benchmark 
was launched with the following objectives: 
 

• to verify the capabilities of system codes to analyze complex transients with coupled 
core-plant interactions and complicated fluid mixing phenomena 

• to fully test the 3D neutronics/thermal-hydraulic coupling 
• to evaluate discrepancies between predictions of the coupled codes in best-estimate 

transient simulations with measured data 
• to perform uncertainty analysis having at disposal not only the measured values but 

also their accuracy 
 
The benchmark is divided into three exercises. Exercise 1 deals with point kinetics plant 
simulations in order to test the primary and secondary system model responses. Exercise 2 is a 
coupled 3-D neutronics/core thermal hydraulics response evaluation. In this exercise only the 
vessel with given boundary conditions at the nozzles is considered. Best-estimate coupled 
code plant transient modeling is the content of exercise 3. This exercise combines elements of 
the first two exercises in this benchmark and is an analysis of the transient in its entirety. 
 
The second workshop on the benchmark took place just before the working group meeting. 
 
In his presentation C. Parisi (University of Pisa) gave an overview on the activities on this 
VVER-1000 benchmark problem [1]. Input data sets for the coupled thermal-
hydraulic/neutron kinetic code system RELAP5-3D/NESTLE are under development. Special 
attention was given to the modeling of the reactor pressure vessel. 3D components are used to 
describe the flow from the inlet nozzles to the core. The calculation results should be available 
by the next Kalinin-3 workshop. It was further outlined that a calculation using the coupled 
code system TRACE/PARCS is also foreseen.   
 
G. Alechin (GP Podolsk) presented the first results of exercises 2 and 3 obtained using the 
coupled code systems TRAP-KS and KORSAR/GP [2, 3]. TRAP-KS consists of the computer 
codes DINAMIKA-97 (system code for transients) and TECh-M-97 (code for analyses of 
leaks) and the program modules KAMAZ (3D neutron kinetic code KARTA and 1D thermal 
hydraulic core model KANAL) and KAMERA-V2 (2D thermal hydraulic calculations in the 
reactor pressure vessel). KORSAR/GP was developed on the basis of the code 
KORSAR/V1.1 which is a system code for analyses of non-stationary processes in NPPs with 
water-cooled and water-moderated reactors under stationary, transient and accident conditions 
including a point kinetics model. KORSAR/GP includes the 3D neutron kinetic code KARTA 
and also program module KAMERA-V2.  
 
For the calculations an own library of the neutron-physical cross section data using the code 
package SAPFIR_95&RC_VVER was prepared. TRAP-KS was used to calculate exercises 2 
and 3, while KORSAR/GP up to now only for exercise 2. The results of the performed 
calculations showed that the code package TRAP-KS can simulate the considered transient 
with acceptable accuracy to the experimental data and in the range of inaccuracies, determined 
in the verification report for TRAP-KS. The comparison between TRAP-KS and 
KORSAR/GP showed a very good agreement. Further calculations are foreseen. A 
KORSAR/GP model including the modeling of thermocouples at the outlet of the fuel 
assemblies will be prepared and used for the calculation of exercise 3. 



K. Velkov (GRS) presented the results of a special study carried out using the Kalinin-3 
experimental data and the results of ATHLET-BIPR-VVER calculations [4]. The aim of this 
study was to investigate some small but important discrepancies between calculated 
(ATHLET-BIPR-VVER) and measured data of reactor power history and control rod 
movement histories.  
 
The comparison of the movement histories of the control rod groups 9 and 10 shows some 
differences between measurement and calculation. The reason for these differences is the fact 
that the control rod group insertion/withdrawal logic of the VVER-1000 NPP is based on the 
fission chamber measurements. Contrary to that in the ATHLET-BIPR-VVER simulations the 
predicted total core power is used as input to the control rod group movement logic. The 
calculated core power showed a small increase. For this reason a small withdrawal of both 
groups which took place in the test at about 180 s after the start of the test to stabilize the 
power was not reproduced by the calculation. Further the correspondence of the SPND and the 
fission chamber measurements was checked. It was found that starting from the 70-th second 
of the transient there is a difference of the measured power evolution by these two systems. 
The SPND based power showed an increase of the power but the power determined on basis 
of the fission chamber data did not. It was pointed out by K. Velkov that the SPND 
measurements show the same behaviour as the calculation results using the ATHLET-BIPR-
VVER code system. The differences of the reactor power measurements on the base of SPND 
and fission chamber data can put the question on the necessity of refining the control rod 
movement algorithm of the VVER-1000 reactors applying additional information from the 
SPND concluded K. Velkov. 
 
1.2 Dynamic AER Benchmarks  

 
C. Parisi reported about the progress in the calculations of the dynamic AER benchmarks 
AER-DYN-001 to AER-DYN-003 [1]. This benchmark series was defined in the frame work 
of the working group in order to verify the 3D neutron kinetic core models. AER-DYN-001 
considers an asymmetric control rod ejection in a VVER-440 reactor core at low power 
without feedback. In the second benchmark a simple adiabatic Doppler feedback model was 
added. AER-DYN-003 concerns the same transient as the previous ones and includes 
additionally the modeling of the thermal hydraulics in the core.  
 
In the past years UniPisa executed calculations for the first and the second AER dynamic 
benchmarks using the codes RELAP5-3D and PARCS. Now a new model for RELAP5-3D 
has been developed in order to clarify the reasons for the deviations from the PARCS results 
and the results of calculations already published in the AER benchmark book. The submission 
of the final results on all three benchmarks is foreseen for the second half of this year.  
 
A. Kotsarev prepared an updated version of the definition of 7th dynamic AER benchmark [5]. 
This benchmark is the continuation of the efforts to validate systematically codes for the 
estimation of the transient behaviour of VVER type nuclear power plants. The benchmark 
concerns the simulation of the re-connection of an isolated circulating loop with low 
temperature or low boron concentration in a VVER-440 plant. Each participant should use 
own models for the description of coolant mixing in the lower and the upper plenum. It is 
expected that the different mixing options have a considerable influence on the response of 
the reactor core. The results on the coolant mixing obtained from a detailed CFD model (e.g. 
ANSYS CFX) can serve as reference solution.  



In the discussion after this presentation it was decided to present the definition of this 
benchmark at the upcoming symposium. Calculation results should be presented at the next 
working group meeting. 
 
B. Kiss (BUTE) presented an update of the CFD model of the VVER-440 reactor pressure 
vessel (RPV) under development at BUTE [6]. A new more detailed core model was 
developed and introduced into the whole model. This detailed RPV model contains the main 
structural elements: 

• inlet and outlet nozzles 
• guide baffles of hydro-accumulators 
• alignment drifts 
• elliptical perforated plate 
• planar perforated plates of brake tube chamber 
• brake- and guide tube chamber 
• core described as porous body 
• perforation of reactor pit 
• lower grid plate of protective tube unit 

 
The improved model of the RPV contains now about 19*106 elements. The model was 
validated by calculating mixing factors obtained during corresponding start-up experiments at 
the NPP Paks.  
 
Further a first calculation of the envisaged 7th dynamic AER benchmark was conducted. The 
results were compared qualitatively to preliminary calculation results using ATHLET-BIPR-
VVER which have been presented at the last year meeting. A complete different mixing 
pattern was observed. It was pointed out that more data is needed to compare in order to find 
the reasons for the differences. 
 
 
 

2. SAFETY ANALYSIS AND CODE DEVELOPMENTS 

 
 
S. Kliem reported about the coupling of the CFD code ANSYS CFX with the neutron-kinetic 
core model DYN3D [7]. In this coupled code ANSYS CFX calculates the fluid dynamics and 
related transport phenomena in the reactor’s coolant and provides the corresponding data to 
DYN3D. In the fluid flow simulation of the coolant, the core itself is modeled within the 
porous body approach. DYN3D calculates the neutron kinetics and the fuel behavior including 
the heat transfer to the coolant. The physical data interface between the codes is the 
volumetric heat release rate into the coolant. In the prototype that is currently available, the 
coupling is restricted to single-phase flow problems. In the time domain an explicit coupling 
of the codes has been implemented so far. 
  
Steady-state and transient verification calculations for two small-size test problems confirm 
the correctness of the implementation of the prototype coupling. The first test problem was a 
mini-core consisting of nine real-size fuel assemblies with quadratic cross section. 
Comparison was performed with the DYN3D stand-alone code. In the steady state, the 
effective multiplication factor obtained by the DYN3D/ANSYS CFX codes shows a deviation 



of 9.8 pcm from the DYN3D stand-alone solution. This difference can be attributed to the use 
of different water property packages in the two codes. The transient test case simulated the 
withdrawal of the control rod from the central fuel assembly at hot zero power in the same 
mini-core. Power increase during the introduction of positive reactivity and power reduction 
due to fuel temperature increase are calculated in the same manner by the coupled and the 
stand-alone codes. The maximum values reached during the power rise differ by about 1 MW 
at a power level of 50 MW. Beside the different water property packages, these differences are 
caused by the use of different flow solvers.  
 
The same calculations were carried for a mini-core with seven real-size fuel assemblies with 
hexagonal cross section in order to prove the applicability of the coupled code to cores with 
hexagonal fuel assemblies. The differences between the results of coupled calculations and 
those of the stand-alone DYN3D code are in the same range as for the quadratic mini-core. 
 
In the discussion after this presentation it was proposed to apply the coupled code to the 
calculation of the 7th dynamic AER benchmark using the detailed CFD pressure vessel model 
presented by B. Kiss.  
 
A. Pinegin (KI) reported about problems of the considerations of uncertainties in DNBR 
calculations [8]. A new sub-channel code (SC-1) was developed to improve the results of 
DNBR calculations. This new code considers the heat and mass transfer between sub-channels 
and does not use anymore a model of an isolated hot channel. Further, by calculating all sub-
channels of a fuel assembly a higher number of hot pins are considered in comparison to 
earlier calculations. The assessment of different variation calculations using the new 
developed code lead to the following conclusions: 
 

• The most important parameter for the determination of DNBR is the variation 
of the pin powers.  

• The DNBR sensitivity to variations of pin powers for models taking into 
account the heat and mass exchange between neighbouring cells is lower than 
for models of an isolated hot cell by two - four times. 

• Taking account the heat and mass exchange between cells for cells with 
decreased flow area always leads to an increase of the minimum DNBR value. 

• For cells surrounded by three pins heat and mass exchange can lead to a 
decrease of the minimum DNBR value. 

• If there are big differences in pin powers taking account heat and mass 
exchange always leads to an increase of the minimum DNBR value. 

• DNBR sensitivity to taking account heat and mass exchange between cells is 
higher for cells with decreased flow area. 

• For cells with decreased flow area DNBR sensitivity of taking into account 
convective heat transfer between cells is more than two times greater than that 
of taking into account turbulent heat transfer. 

 
The work with the SC-1 code is part of a project which deals with the development of a robust 
method of a conservative estimation of the minimum DNBR value. This includes also the 
application of statistical methods and the consideration of correlations between different 
sources of uncertainties for the determination of the minimum DNBR value.  
 
 



In his presentation “A methodology for the determination of engineering safety factors of a 
fuel behavior code” A. Kereszturi (AEKI) spoke about the development of a new fuel 
behaviour code at AEKI, which can be applied to VVER and PWR rods [9]. This code 
FUROM is based on the earlier developed code PIN-micro. The improvements concern 
mainly the following: Now the consideration of the radial distribution of burn-up and power 
as a function of the pellet burn-up is included. Further, an empirical correlation for the RIM 
fission gas release was implemented. Elastic-plastic deformation can now be handled. The 
mechanical parameters of cladding are equipped with new temperature and burn up 
dependencies. A creep model for the Zircaloy-4 cladding was implemented as well as two 
models calculating the temperature and burn-up dependent heat transfer coefficient, one for 
VVER and one for PWR fuel. 
 
The code was validated using a broad validation data base containing data from different 
NPPs. In a standardized way calculations with the FUROM code were conducted for all 
available data in the data base including an automatized comparison of numerical and 
experimental data using statistical tools. Relevant model parameters were fitted on that basis.  
 
The FUROM code is the basis of a new methodology of determining the engineering safety 
factor. Application calculations using FUROM can now be carried out with a subsequent 
determination of the uncertainties of the obtained results. 
 
 
 

4. FUTURE ACTIVITIES 

 
 
The following topics are either in progress or are of potential interest in the future activities of 
the working group D: 
 
 

• Solution of the VVER-1000 steady state benchmark AER-FCM-101 
• Calculation of OECD/NEA Benchmark for Kalinin-3 VVER-1000 NPP  
• Clarification of the cause and significance of mesh refinement effects on solutions 

to control rod ejection benchmarks 
• Methodology for safety analyses 
• Safety criteria for high burnup fuel 
• Uncertainty and sensitivity analysis for safety analyses 
• Hot pin and hot channel approximations in safety analyses 
• Transient fuel behaviour models and approximations for use with 3D core models 
• Representation of reflectors, including wide range data 
• Wide range representation of two-group cross section data 
• Application of two-group neutron kinetics data 
• Application of 3-D thermal-hydraulic calculations for coolant flow and mixing in 

the reactor vessel 
• Utilization of data from physical start-up experiments 

 
 
 



It was tentatively agreed to hold the next meeting of working group D in April, 2011 in 
Stockholm, in connection with the next workshops on the OECD benchmark for uncertainty 
analysis in best-estimate modeling (UAM) and on the Kalinin-3 benchmark. 
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