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Abstract 
 
In the frame of the process of fuel vendor change at Temelin NPP in the Czech Republic, 
where, starting since 2010, TVEL TVSA-T fuel is loaded instead of Westinghouse 
VVANTAGE-6 fuel, new methodologies for core design and core reload safety evaluation 
have been developed.  These documents are based on the methodologies delivered by 
TVEL within the fuel contract, and they were further adapted according to Temelin NPP 
operational needs and according to the current practice at NPP.  
Along with the methodology development the 3D core analysis code ANDREA, licensed 
for core reload safety evaluation in 2010, have been upgraded in order to optimize the 
safety evaluation process. New sequences of calculations were implemented in order to 
simplify the evaluation of different limiting parameters and output visualization tools 
were developed to make the verification process user friendly. Interfaces to the fuel 
performance code TRANSURANUS and sub-channel analysis code SUBCAL were 
developed as well. 
 

1 Introduction 
 
In May 2006, CEZ awarded TVEL a ten-year contract for the supply of fuel for the two 
units of Temelin NPP. It was thus decided, that the fuel VVANTAGE-6, which have 
been used in Temelin since the 1st unit startup in year 2000, will be changed for the fuel 
TVSA-T produced by the russian vendor. The first TVEL fuel assemblies were loaded in 
2010 in the core of the 1st unit and in 2011 in the core of the 2nd unit. TVEL was to 
deliver the supporting licensing documentation. 
The main contract with TVEL was accompanied by contracts with Czech companies, 
namely NRI Řež, Chemcomex and Škoda Nuclear Machinery in order to ensure the local 
support for the licensing process and to secure the development of methodology and tools 
so that the core design and the reload safety analysis could be done by the means 
independent on the fuel vendor.  
The set of methodologies is written as a handbook, which guides the designer through the 
core design process. It consists of core design methodology, fuel rod design 
methodology, thermohydraulic design methodology and methodology for the preparation 
of core characteristics. They are described in section 2 of this article. 
The development of methodologies have been done hand in hand with development and 
adaptation of computer codes for core design and core reload safety evaluation. The 
neutron-physical calculations are done by the code ANDREA, steady state nodal code for 
VVER reactor analysis. The core reload safety evaluation is constructed so that the whole 
reload safety evaluation process could be done only with the neutron-physical 
calculations; if all the design criteria are met no further analysis is necessary. If, however, 



some criteria are not met, either the reload pattern can be redesigned, or the more detailed 
fuel rod or thermal hydraulic analysis can be done.  The possibilities of ANDREA code 
and the interface towards the thermo mechanical and thermal hydraulic design are 
described in section 3. 
 

2 Core design methodologies 
 
The set of methodologies describes the basic approach to the core design process, from 
the core design, through the core reload safety evaluation to the preparation of the core 
characteristics document for the given core design and preparation and performance of 
the physical start-up tests of the unit.  
The core design methodology is written as a handbook for the core designer. It should 
guide the user through the whole process of the core design. It is written so that it would 
contain all the information needed by the inexperienced designer and at the same time it 
would make easily accessible the detailed information needed by the experienced core 
user. The introductory part contains the core description and material and physical 
description of the fuel assemblies. Then the operational and project limits are introduced. 
Next chapter describes the uncertainties and engineering coefficients, so that the user 
could correctly evaluate the total uncertainty based on the uncertainties given by the fuel 
vendor, the core instrumentation and the core-design software.  Follows the principal part 
of the document, which describes the core design process from the estimation of the 
number and enrichment of the fresh fuel assemblies, through the data preparation for the 
core design software, the core optimization and reload safety evaluation to the data 
preparation for the physical start-up tests.  
The core reload safety evaluation analysis (RSAC) methodology is in detail described in 
a separate document. It describes the process of verification, that the core design fulfills 
all the presuppositions on the input data for the safety analysis, such as limitations on the 
power distribution, feedback parameters etc.  The development of this methodology was 
based on the documentation furnished by the fuel vendor TVEL. It has been adapted 
according the needs and the current practice at Temelín NPP. For each parameter the 
methodology defines the most limiting states, for which its value should be checked 
against the limit, so that the verification process was consistent with the safety analysis 
(for example it is specified if the parameter should be evaluated on zero or full power, 
with or without poisoning etc.)  The methodology covers the limitations on power 
distribution in fuel assemblies and in fuel pins, the limits on temperature feedback 
coefficients, on point kinetics coefficients, on subcriticality and control assembly worth, 
both for normal and abnormal operation.  
The RSAC methodology consists of three parts – the neutron-physical, fuel rod and 
thermal hydraulic part. It should be noted, that it is constructed so that only the neutron-
physical calculations had to be performed for the reload safety evaluation. The set of 
checked parameters is constructed so that from the fulfillment of the limits on power 
distribution automatically follows that the fuel rod and thermal hydraulic criteria are met. 
On the other hand, if all the neutron-physical criteria are not fulfilled does not imply that 
the reload pattern is inacceptable, but either the detailed fuel rod or thermal hydraulic 
calculations are needed for the verification of the reload safety characteristics. 



 The core reload methodology is supplemented by the methodology of the physical 
characteristics report and the methodology of start-up tests. 

3 ANDREA as a software for reload safety analysis 
 
ANDREA is a macrocode for core design and core reload safety evaluation, which has 
been developed at NRI. The core simulator is based on the nodal expansion method using 
the transverse integration approach, which allows reduction the of the 3D diffusion 
equation in the homogeneous node to a set of three coupled 1D diffusion equations.  
Standard features such as pinwise power reconstruction and feedback iterations on 
critical control rod position, boron concentration and reactor power are implemented. 
Thermomechanical model of the fuel rod is based on FEMAXI-V calculations and the 
predictions were benchmarked against HRP experimental data. Module for prediction of 
SPND currents have been also developed, so comparison of predicted power distribution 
with the plant data is possible. A branch of the code, designed for the calculation of 
reactivity induced transients, is currently being developed, based on GAKIN method.  
The nodal solver has been successfully benchmarked on the available numerical 
benchmarks. The macrocode has been than validated on operational data from Temelín 
NPP (with Westinghouse VVANTAGE fuel) and Kalinin NPP (with Tvel TVSA fuel). 
The uncertainties of the power distribution predictions have been deduced during the 
validation process. In february 2010 the ANDREA code was licensed by SONS for 
VVER-1000 core reload safety evaluation. 
The code ANDREA distinguishes from other core analysis tools mainly by its interfaces 
– the front end and the postprocessor of the results, which are described in the following 
paragraphs.  
 

3.1 Quadriga 
 
The first front-end application called QUADRIGA facilitates the process of cross section 
library preparation for code ANDREA. The cross-sections are evaluated by means the 
HELIOS lattice code from Studsvik Scandpower. The application QUADRIGA greatly 
simplifies the whole process.  It is a complex tool for input file preparation for HELIOS 
using smart and modular templates of HELIOS input files, physics models (moderator 
temperature-density, fuel temperature) and user-friendly interface, including job launcher 
and load balancer. It allows non-HELIOS-savvy users to run lattice physics calculations 
on a computer cluster, offering user-friendly and simple GUI based on dynamically 
generated forms. The users do not have to know HELIOS and most of the job 
management is done automatically. All of the templates, physics models etc. are freely 
editable by the users (unless locked), so there are quite many controls, menus and pages 
in QUADRIGA. This might not be convenient at all times, since the core designer, 
working with a given fuel type (such as TVSA-T) needs just a small subset of the 
features. This is why QUADRIGA has been adapted for the core design and along with 
the advanced interface featuring the total control over the application it features also the 
simplified interface destined for the core designer. The simplified interface includes the 
possibility to define the assembly pin layout through the graphical point-and-click 



interface, define all the necessary details of the assembly burnup process and postprocess 
the results directly to the format of the ANDREA cross section library. 
 

3.2 ADELA 
 
The second front end of ANDREA, called ADELA, is intended as an expert support 
system for the core reload optimization. User can modify the core reload pattern using 
graphical user point-and-click interface (see fig. 1) which allows to exchange, reload or 
rotate fuel assemblies, obtain immediate information about the new reload properties and 
based on this information user can either discard the reload pattern or include it among 
the “promising” patterns. For such patterns automatically follows the evaluation of “mini-
RSAC” as a background process in order to get a more detailed information about the 
reload pattern properties. In meantime the core designer can continue the search for other 
“promising” reload patterns.  
 

 
 

Fig. 1: ADELA “Point-and-click” user interface for core reload optimisation 
 

3.3 CycleKit 
 
The sequences for evaluation of complex parameters and result post processing have been 
also greatly extended for the purpose of the reload safety evaluation. The calculation 
paths were implemented for the easy evaluation of power peeking factors, temperature 
feedback coefficients and other important parameters.  
The most notable new part of the code is the CycleKit, which is primarily designed for 
the performing the reload safety evaluation for a specified fuel cycle. The user selects the 
calculations (grouped in modules) to be performed, the time in the cycle when they 
should take place and the parameters which should be evaluated for those calculations. 
CycleKit then goes and performes these calculations using ANDREA, evaluates the 



results based on the limiting values of parameters and their uncertainties (these are 
defined in a separate input file), writes the results of the evaluations into an xml file. 
CycleKit also creates an html file, which allows the user (through javascript) to 
interactively click and view desired results in tables along with associated graphs. 
The task of performing reload safety analysis calculations is quite extensive, since it does 
not suffice to use a fixed set of input files with slight modifications for each fuel cycle. 
Calculations are often dependent upon each other. For example, when modelling 
transients in condition 1 (such as a power increase from 90 to 100% of nominal power) it 
is necessary to keep the axial flux difference (AFD) within limiting bounds, rods above 
their limiting positions and at the same time have a critical boric acid concentration 
greater than zero. One cannot predict what the AFD or critical rod positions or critical 
boric acid will be in a given state. Such calculations must be performed step by step, 
where one step can be defined only when the previous step was calculated and evaluated.  
CycleKit solves these problems by letting the user define calculations using a special 
(much broader) syntax, rather than specifying inputs for each step. For example, the user 
can define a calculation quite elegantly by saying (what the syntax translated to words 
would mean) "Find the minimum position of the regulating banks in tandem, for which 
limits on power peaking factors are satisfied". CycleKit then runs calculations with 
different bank positions, evaluating the specified set of parameters and searching for the 
minimum position, where limits for these specified sets of parameters are passed. 
Furthermore, the user can later refer to this "minimum position" in another calculation. 
 
 
 

 
Fig. 2: Results visualization in CycleKit: margin to reload criteria is given both as table 

and graphical output. 
 
The calculations are predefined in a set of templates, which (once correctly defined) 
reduce the task of for example finding minimum and maximimum reactivity coefficients 
or evaluating the xenon stability of a cycle to a click of a button.  
 



3.4 Interface to fuel rod and thermal hydraulic calculations 
 
As mentioned in section 2, if all the criteria given by RSAC are not met, the fuel rod or 
thermal hydraulic analysis should be done. 
For the purpose of fuel rod analysis the TRANSURANUS code has been adapted and 
validated for the application with the TVSA-T fuel at the Temelín NPP.  
TRANSURANUS is a fuel performance code maintained and developed by the Joint 
Research Centrum of the European Commission (JRC ITU). The code is flexible and can 
be used for the prediction of the fuel rod behavior for a variety of fuel and cladding 
materials and conditions. Code models were reviewed to confirm that all the important 
characteristic of TVSA-T fuel (E110 cladding, gadolinia, large grain fuel) and 
phenomena are covered up to the rod average burnup up to 80 MWd/kgU. No 
deficiencies were identified, but some of the models were found to be quite conservative 
(a thermal release of the fission gas at very high burnup).  Refinement of such models is 
planned to be done in future in the collaboration with the JRC ITU. The material 
properties employed in the code were compared with the data given by the vendor. 
The validation database was chosen from the experimental data originating from the  
OECD Halden Reactor Project and OECD IFPE database to prove that conservative 
analysis with respect to all fuel rod safety related criteria can be made using the 
TRANSURANUS code. 
The experience with the code gained during the validation calculations served as a basis 
for the code application methodology defining the procedure for the evaluation of the 
criteria.  
Interface has been developed between ANDREA and TRANSURANUS so that for the 
thermomechanical properties of pins from any core state evaluated by ANDREA can be 
readily checked by TRANSURANUS. 
For the thermal hydraulic sub-channel analysis code SUBCAL developed in 
CHEMCOMEX is being used. The interface between ANDREA and SUBCAL is 
currently under the development. 

4 Conclusion 
 
Presented article describes the methodology and software prepared for the core reload 
safety analysis in Temelin NPP operated with fuel TVSA-T from Russian vendor TVEL.  
The methodologies for the reload safety analyses are based on the methodologies 
delivered by the fuel vendor. They were further adapted according to the current practice 
at the plant.  
The existing computer codes were adapted for the needs of the reload safety analyses and 
they were licensed by SONS for this purpose. The advanced user interface have been 
developed, which greatly simplifies the task of the core design and the reload safety 
analysis, and interface is under the development between the ANDREA code for neutron-
physical analysis and the codes TRANSURANUS and SUBCAL for the fuel rod and 
thermal hydraulic analysis.  
 
 


