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SUMMARY 
 

AER Working Group D on VVER reactor safety analysis held its 15th meeting in Grand Hotel 
Duomo in Pisa, Italy during the period 26-27 April 2006.  The meeting was hosted by the 
University of Pisa following the fourth workshop on the OECD/DOE/CEA VVER-1000 
Coolant Transient Benchmark (V1000-CT) held at the same location on 24-25 April.  
Altogether 15 participants attended the Working Group D meeting, 11 from AER member 
organizations and 4 guests from non-member organizations.  The coordinator for the working 
group, Mr. P. Siltanen (FNS) served as chairman.  In addition to general information 
exchange on recent activities in the participating organizations, the topics of the meeting 
included: 
• Code development and benchmarking for reactor dynamics applications. 
• Safety analysis methodology and results. 
• Future activities. 
A list of participants and a list of handouts distributed at the meeting are attached to the 
report. 
 
 

1.  CODE DEVELOPMENT AND BENCHMARKING 
 
1.1. OECD/DOE/CEA VVER-1000 Coolant Transient Benchmark 
 
The fourth workshop on the VVER-1000 Coolant Transient Benchmark (V1000CT) was held 
on 24-25 April 2006.  Altogether 37 participants attended this meeting.  Nearly all 
participants in the AER WG D meeting were also present at this workshop.  Some points of 
specific interest to WG D are summarized below. 
 
Phase 1 (V1000CT-1) 
Phase 1 concerning a main coolant pump switching-on at Kozloduy Unit 6 is now completed.  
The following AER member organizations have submitted their results for the three different 
exercises of Phase 1: 
• Exercise 1, Entire plant with point kinetics in the core: INRNE, NRI, KI 
• Exercise 2, Core only with 3D kinetics. FZR, NRI, VTT 
• Exercise 3, Entire plant with 3D kinetics in the core: FZR, NRI, VTT 
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The report on the results of Exercise 1 has been completed.  Reports on Exercises 2 and 3 are 
under preparation.  Altogether fourteen papers concerning Phase 1 have been submitted for 
publication in a special issue of the journal Progress in Nuclear Energy. 
 
Phase 2 (V1000CT-2) 
Phase 2 is based on steam generator isolation experiments performed at Kozloduy Units 5 and 
6.  It consists of the following three exercises: 
• Exercise 1:  Computation of coolant mixing experiments to test and validate the reactor 

vessel mixing models against measured data.  Coolant mixing effects from the vessel 
inlet nozzles all the way to the outlet nozzles are included. 

• Exercise 2:  Analysis of a main steam line break (MSLB) transient for core and vessel 
only, using validated models for vessel mixing and coupled with 3D neutronics. 

• Exercise 3:  Best estimate analysis of the entire plant for two scenarios of the MSLB 
transient (realistic and pessimistic ones). 

 
Final results submitted for Exercise 1 were reviewed at the workshop, including five solutions 
based on system codes and five solutions based on CFD codes.  Sensitivity studies on vessel 
nodalization with system codes and on turbulence modelling in CFD codes were also 
presented. 
 
The specifications for Exercises 2 and 3 were presented and discussed..  Support calculations 
have been carried out with CATHARE and ATHLET.  A cross-section library has been 
generated with the HELIOS code.  When using this data with an exposure distribution 
generated by BIPR7A together with TVS data, a significant discrepancy in the axial power 
profile is observed compared to the BIPR prediction.  This discrepancy requires a credible 
explanation. 
 
Some preliminary results were presented for Exercises 2 and/or 3, including one by FZR and 
one jointly by GRS and KI. 
 
At the WG D meeting, N. Kolev [3] presented a summary of modelling and sensitivity aspects 
of the MSLB benchmark exercises 2 and 3.  Reactor vessel thermal-hydraulic modelling can 
be done in several different ways: using coarse mesh models (either multi-1D or coarse 3D), 
using partial and full vessel CFD models, or by using integral mixing coefficients derived 
from mixing experiments.  Sensitivity studies have been performed by CATHARE and 
ATHLET on the effects of feed-water mass flow and temperature and the reverse heat transfer 
coefficient of the steam generator.  The derived boundary conditions are adequate for exercise 
2.  For exercise 3, the liquid fraction in the break flow is important and will influence the 
results and the eventual trip of the second reactor coolant pump. 
 
Important dates for Phase 2 
• Deadline for updating final results for Exercise 1 30 June 2006 
• Deadline for submitting results for Exercises 2 & 3 15 Aug. 2006 
• The fifth and final workshop will be held in Paris, France  7 May 2007 
 
1.2. NURESIM development 
 
S. Kliem [1] reported on reactor physics activities at FZR in the NURESIM project.  These 
activities pertain to the following two tasks: 
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• Task 1.3.1  Advanced Neutron kinetics. 
• Task 1.4.3  Benchmarking for VVER. 
 
The first task involves the development of a multi-group version of DYN3D in hexagonal and 
square fuel assembly geometry.  Verification is performed on the ANL DIFGEN benchmark 
9-A1-7 and on the OECD/NRC MOX-RIA benchmark. 
 
The second task involves four partners: FZR, INRNE, NRI and AEKI.  The main codes 
considered for the benchmarking are APOLLO-2, CRONOS-2 and DYN3D.  Different types 
of benchmarks include mathematical benchmarks with given cross sections, mathematical 
benchmarks with reference transport solutions, lattice code benchmarks on measurements, 
experimental benchmarks with cross sections generated by cell codes, and multi-physics 
benchmarks with coupled codes. Finally, comparisons with real plant data and plant transients 
from Kozloduy, Dukovany and Paks NPPs are planned. 
 
1.3. Solution of steady state benchmark AER-FCM-101 for VVER-1000 core 
 
At the WG D meeting in 2004, N. Kolev suggested that the VVER-1000 steady state 
benchmark AER-FCM-101 is used as a numerical test case to validate the accuracy of nodal 
codes to describe the core and reflector regions.  The extrapolated fine-mesh solution by the 
French code CRONOS is given as a reference solution.  This test case can also be used to 
validate methods applied to convert given diffusive reflector data into nearly equivalent 
albedo matrix data for the reflector. 
 
J. Hadek [2] reported on the solution to this VVER-1000 benchmark obtained by the nodal 
code DYN3D at NRI and using the option HEXNEM2 for modelling the nodal flux shape.  
The results are in excellent agreement with the reference solution by CRONOS: 12 pcm 
deviation in keff with maximum deviation in assembly power 0.6 % (abs.) and in nodal power 
1.6 % (abs.).  These deviations are nearly identical with those reported by U. Grundmann in 
2005 for the same option of DYN3D. 
 
1.4. Documentation of AER dynamic benchmark results 
 
The status of the documentation of benchmark AER-DYN-006 in the AER Benchmark Book 
(BB) was reported to be the following: 
• The Specification Sheet, including a summary of available solutions, has been prepared 

by FZR and has been included into the BB library. 
• Some Solution Sheets together with their ASCII solution files have been sent to AEKI, 

but the files have not yet been included into the BB library. 
A. Kereszturi emphasized that the Solution Sheets should be reviewed before including them 
into the BB.  Action: It was requested that Mr. Makai at AEKI should ask for a review of the 
submitted Solution Sheets without undue delay. 
 
It was also deemed worth while to document the steady state solution by CRONOS to the 
control rod ejection benchmark AER-DYN-002 into the BB.  Action: N. Kolev / INRNE. 
 
The home page of the AER Benchmark Book is at the internet address: 
• http://aerbench.kfki.hu/ 
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The directory for finding and downloading the files of specifications and solutions currently 
in the BB can also be found directly at the address: 
• ftp://ftp.kfki.hu/pub/local/aerbench/ 
More information on the contents of the BB can be found in the file README1st.doc under 
the same directory. 
 
The preparation of the planned paper on steam line break benchmarks AER-DYN-005&6 has 
been delayed due to other more urgent tasks, but Mr. Kliem will resume this task in June  The 
preferred journal for publication is Nuclear Science and Engineering. 
Action:  S. Kliem / FZR will prepare a draft of the paper by the end of June 2006 and will 
distribute it to the benchmark participants for comments.  Comments are requested by mid-
September. 
 
 

2.  SAFETY ANALYSIS METHODOLOGY AND RESULTS 
 
A. Kereszturi [4] reported on the influence of different fuel cycles on the pressure vessel load 
due to fast neutrons (fluence).  Three different methods have been tested at AEKI regarding 
the coupling of core design calculations performed by the KARATE code with Monte Carlo 
calculations outside the core performed by MCNP: (1) surface boundary condition at the 
periphery of the core, (2) surface boundary condition inside the core, and (3) volumetric 
neutron source inside the core in several outer layers of fuel assemblies.  Methods 2 and 3 are 
in good agreement.  Method 1 slightly overestimates the maximum fluence, but requires the 
least computation time.  The flux of fast neutrons in the vessel varies with the power 
distribution in the core and is dominated by the power in peripheral fuel assemblies.  These 
variations are accounted for in simulations of reactor operation, requiring a large number of 
calculations.  Calculated and measured values of fast neutron reaction rates in activation foils 
placed in surveillance positions agree rather well.  Larger differences are observed in the 
cavity outside the vessel.  Uncertainty in the iron cross section can produce errors up to 20 % 
in the cavity. 
 
Y. Kozmenkov [5] described core design and transient analyses for weapons plutonium 
burning in VVER-1000 reactors.  Three different core loading options are compared: (1) 100 
% UO2 assemblies, (2) 50 % UO2 + 50 % MOX assemblies, and (3) 100 % MOX assemblies.  
Steady state calculations for the equilibrium cycle were performed with the codes ACADEM 
(fine mesh diffusion) and DYN3D, with good agreement.  The different core designs have 
comparable cycle lengths and the power distributions are within core design limits.  Net 
burning of Pu is achieved in option 3, while in option 2 only the Pu isotope vector is 
converted to reactor grade.  With more MOX fuel in the core the reactivity worth of boron is 
reduced and higher boron concentrations are required at BOC.  Negative reactivity feedback 
from coolant temperature and from fuel temperature is enhanced.  The fraction of delayed 
neutrons is significantly reduced and hence the kinetic reactivity worth of control rods (ρ/β) is 
enhanced.  The transient behaviour of the cores was investigated with DYN3D for the fast 
ejection and the slow withdrawal of the working group of control rods.  The MOX options 
tend to have higher peak powers during ejection, but smaller final power levels for both 
ejection and withdrawal, when feedback effects are fully developed.  No safety criteria are 
violated. 
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K. Velkov [6] described the main features of the coupled code system ATHLET-BIPR8KN 
and discussed studies on the influence of different reactor vessel nodalizations on the results 
of a main steam line break transient (V1000CT-2).  The compared models are: 
• Point kinetics with 6 downcomer sectors and 7 channels in the core. 
• 3D kinetics with 6 downcomer sectors and 163 channels in the core. 
• 3D kinetics with 24 downcomer sectors and 163 channels in the core. 
• 3D kinetics with 48 downcomer sectors, 240 bottom plenums, 163 channels in the core. 
The return to power is more pronounced in all the cases with 3D kinetics, i.e. the point 
kinetics model is not conservative.  Among the 3D kinetics cases, increasing the number of 
downcomer sectors apparently removes some conservatism related to mixing.  A further 
comparison relates to different models of mixing in the point kinetics case: realistic mixing 
and homogeneous (full) mixing between the downcomer sectors.  Considerable differences 
are observed in the main primary circuit parameters.  However, the return to power does not 
show differences as large as those seen when introducing the 3D kinetics model.  This is 
probably due to the fact that a point kinetics model relies on some averaged coolant 
temperature in the core, anyway.  Overall, the realistic modelling of coolant mixing is 
important. 
 
G. Ponomarenko [7] reported about minimally sufficient emergency protection (EP) for the 
VVER-1000.  The study includes a probabilistic modelling of EP efficiency for multiple 
failures of control rods (CR) to insert fully into the core.  In the statistical treatment, cases 
with a fixed a number of failed CRs are sampled by assuming that the locations of the failed 
CRs as well as the elevation, where each CR is stuck, are randomly (uniformly) distributed.  
Simulations with the code BIPR-7A are then used to obtain a frequency distribution of the EP 
efficiency, for several different numbers of failed CRs.  Finally, the probability quantiles (50 
%, 95 %, 99 %) for low EP efficiency are determined from the distributions and plotted as 
functions of the number of failed rods.  An extreme low limit (100 % quantile) is obtained 
from the most conservative configuration of CRs stuck fully out of the core.  Therefrom, a 
link at the 95 % probability level is established between equivalent deterministic and random 
failures of CRs.  The steam line break accident, as the most demanding one for EP efficiency, 
is then analysed for a reduced system of only 49 CRs with the coupled code TRAP-KS for an 
equilibrium cycle.  Various numbers of control rod failures are assumed together with design 
and off-design assumptions for reactor coolant pump switch-off.  Except for some low 
probability "Design Extension Conditions", criteria for maximum fuel and cladding 
temperatures are met even with multiple failures of the control rods to insert fully.  Current 
regulations on shut-down systems, based solely on reactivity, appear to be very conservative. 
 
A. Kereszturi [8] presented preliminary results from hot channel uncertainty analysis.  The 
motivation is to determine the number of fuel rods experiencing DNB and regarded as 
damaged, in this case in an inadvertent withdrawal of control rods ATWS event.  Although an 
ATWS transient can be analyzed in a best estimate manner, it is not entirely clear how to take 
into account uncertainties, e.g. in the power peaking factors of fuel rods, in a deterministic 
approach.  Neglecting uncertainties is suspected to be non-conservative.  In this study only 
the hot channel parameters were considered to have uncertainty, while global reactivity 
coefficients are conservatively constant.  Six uncertain parameters are considered: the hot 
channel factor (kx), mass flow, coolant inlet temperature, pin average burnup, initial gas gap 
size, and power history variant influencing the gap conductance.  A response surface is 
constructed for the output quantities: min. DNB ratio, max. cladding surface temperature, and 
max. fuel temperature.  The experimental uncertainty in the critical heat flux correlation is 
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also considered by a random deviation from the best estimate value independently for each 
pin (P. Siltanen: the correlation uncertainty is more global in nature).  The input parameters 
are sampled by Monte Carlo techniques for all pins in 59 cases.  The extreme output values 
correspond to the one-sided tolerance interval of Wilks for 95 % probability at the 95 % 
confidence level.  The uncertainty approach produces an upper limit of 308 damaged fuel 
pins.  By comparison, various "deterministic" approaches, based on pin power manipulation 
only, produce results that are in the range 1050 to 10500 damaged fuel pins. 
 
P. Siltanen [9] discussed aspects of choosing random sample size when applying statistical 
tolerance intervals in uncertainty and sensitivity analysis.  In safety applications, either the 
upper or the lower tolerance limit is significant.  Ideally, the target can be set as the 95 % 
quantile of the unknown probability distribution, which leaves out the one-sided 5 % tail.  
The typical requirement is that the probability content within the tolerance limit is ≥95 % 
with a confidence (probability) of 95 %.  This means that there is a 95 % probability that the 
limit lies beyond the target quantile.  From a given random sample, either the upper or the 
lower limit can be separately determined with the required confidence.  This implies that both 
the upper and the lower limit will exceed their target quantiles simultaneously with a 
probability of ca. 90 %.  There are two practical options for choosing the size of the random 
sample.  If the extreme value of the sample is chosen as the limit, 60 is a suitable sample size.  
If the 2nd extreme value is chosen, 95 is a suitable sample size.  The merit of the second 
option is that the probability of an overly extreme tolerance limit is reduced.  As an example, 
the probability that the tolerance limit exceeds 3σ is 0.075 in option 1 and 0.007 in option 2, 
while 1.65σ is the target 95 % quantile for a normal distribution. 
 
 

3.  FUTURE ACTIVITIES 
 
The following topics are either in progress or are of potential interest in the future activities of 
Working Group D: 
 
• Documentation of the 6th dynamic benchmark on an asymmetric main steam line break. 
• Solution of the international VVER-1000 Coolant Transient benchmark exercises of 

Phase 2 (V1000CT-2). 
• Solution of the VVER-1000 steady state benchmark AER-FCM-101. 
• 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. 
 

- 6 - 



It was tentatively agreed to hold the next meeting of Working Group D in Paris, France on 8-
9 May 2007, following the final meeting on the V1000CT benchmark. 
 
P. Siltanen informed the working group of his retirement in early 2007.  A new co-ordinator 
for Group D is therefore needed.  The participants considered useful to continue the activities 
of the group.  S. Kliem indicated his willingness to accept the responsibility for co-ordinating 
the activities of Group D.  The participants expressed their support for Mr. Kliem.  Mr. 
Siltanen will take up the matter at the meeting of the Scientific Council in November for 
formal approval. 
 
 

LIST OF PARTICIPANTS 
 
From AER member organizations: 
01 P. Siltanen Fortum Nuclear Services Ltd, Finland (FNS) 
02 S. Kliem Research Centre Rossendorf Inc., Germany (FZR) 
03 Y. Kozmenkov -- " -- 
04 J. Hadek Nuclear Research Institute Rez plc, Czech Republic (NRI) 
05 A. Kereszturi KFKI Atomic Energy Research Institute, Hungary (AEKI) 
06 A. Hämäläinen VTT Technical Research Cerntre of Finland (VTT) 
07 S. Danilin Russian Research Centre ”Kurchatov Institute”,  
     Institute of Nuclear Reactors, Russia (KI) 
08 S. Nikonov -- " -- 
09 G. Ponomarenko OKB "Gidropress", Russia (GP) 
10 N. Kolev Institute for Nuclear Research and Nuclear Energy, Bulgaria 
     (INRNE) 
11 N. Petrov -- " -- 
 
Guests: 
12 K. Velkov Gesellschaft fuer Anlagen und Reaktorsicherheit GRS, Germany 
13 B. Ivanov The Pennsylvania State University, USA 
14 A. Shkarupa International Nuclear Safety Center of the Taras Shevchenko 
     National University of Kyiv, Ukraine 
15 C. Parisi University of Pisa, Department of Mechanical, Nuclear and 
     Production Engineering, Italy 
 
 

LIST OF HANDOUTS 
 
The following handouts of presentations were made available to the participants during the 
meeting, at least in electronic form: 
 
[1] U. Rohde, U. Grundmann, S. Mittag, S. Kliem:  FZR reactor physics activities in 

NURESIM. 
[2] J. Hadek:  Solution of AER-FCM-101 benchmark and comparison with reference 

results. 
[3] N. Kolev, N. Petrov:  Summary of modeling and sensitivity aspects of the V1000CT-2 

MSLB benchmark. 
[4] A. Kereszturi, G. Hordosy, Gy. Hegyi, E. Zsolnay:  Influence of different fuel cycles on 

the pressure vessel load. 
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[5] U. Rohde, U. Grundmann, V. Pivovarov, Y. Matveev, Y. Kozmenkov:  Core design and 
transient analyses for weapons plutonium burning in VVER type reactors. 

[6] S. Nikonov, K. Velkov, S. Langenbuch, M. Lizorkin:  ATHLET-BIPR8KN application 
for realistic core calculations. 

[7] G. Ponomarenko:  About minimally sufficient emergency protection of WWER. 
[8] I. Panka, A. Kereszturi:  Hot channel uncertainty analysis (preliminary results). 
[9] P. Siltanen:  Statistical tolerance intervals; Some aspects of random sample size 

selection in uncertainty and sensitivity analysis. 
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