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Abstract

In the paper a possible intention of implementing burnup credit (BUC) in Czech spent fuel management
systems is discussed. As a part of preparedness for BUC calculations the Nuclear Research Institute (NRI) at Rez
has started studying bumup credit for WWER spent fuel. After the Czech Republic had joined the
OECD/NEA/NSC Working Group on BUC Criticality Benchmarks a calculation^ BUC benchmark focused on
spent WWER-440 fuel was specified in NRI and proposed the Eastern and Central European research community
for the calculation.

1. INTRODUCTION

In the Czech Republic, no burnup credit has been taken into consideration in practice so far, but
there are some indications of intention to use burnup credit:

• the leading Czech company (CEZ), which produces and distributes electricity, has admitted
the possibility of using burnup credit for its interim storage container technology and
therefore started an introductory discussion on BUC with the Czech State Office on Nuclear
Safety;

• the NPP Dukovany would need to use BUC for part of its spent fuel pool at the reactor.

2. STATUS OF THE DEVELOPMENT OF BURNUP CREDIT STUDIES

The Nuclear Research Institute at Rez has started studying burnup credit for WWER spent fuel
as part of preparedness the BUC calculations.

• A calculational burnup credit criticality benchmark for WWER 440 spent fuel has been
formulated [1] (see Section 3), following the activities of the OECD/NEA Burnup Credit
Criticality Benchmark Group. This Group attempts to produce state-of-the-art reports on
evaluation procedures for PWR, BWR and MOX spent fuel system reactivities, taking into
account the isotopic composition and non-uniform burnup of the fuel ([2 to 5]). The
WWER benchmark mentioned above was proposed to the nuclear safety research
community from Eastern and Central European Countries at the 6th Atomic Energy
Research (AER) Symposium in 1996 in Finland and its calculation is in progress.

• An experimental burnup credit criticality benchmark (the REBUS experiment, the proposal
of which was presented by T. Maldague of Belgonucleaire S.A., Belgium, at the 5th Meeting
of the Burnup Credit Criticality Benchmarks Working Group, OECD/NEA 1996) is being
prepared at the LR-0 research facility at the NRI at Rez.

Calculating BUC correctly depends mainly on the model, method and data used for the
criticality calculation. While the two first sources of uncertainties can be quite fairly evaluated (and
possibly decreased), the last one describes a 'quality' of

• the criticality calculation input data for the spent fuel isotopic concentrations (resulted from
an isotopic inventory calculation, e.g. using the ORIGEN code, either under the SCALE
code system or as a stand - alone module );

• the cross sections libraries for fission products (FP) and actinides used in the criticality
calculations.

To find the uncertainty connected with the data, one needs to validate and verify the methods
(used for inventory calculations) and libraries (used either for inventory calculations or criticality
calculation) for the given application field (e.g. the WWER environment). The NRI BUC study to
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date concludes that, with respect to the validation and verification of the methodology, there is a need
for chemical assay data of WWER spent fuel and for an international collaboration:

• to take and analyze samples from selected WWER 440 spent fuel of a well defined
irradiation history for a comparison with results of calculations of the proposed
benchmarks, but relating to the 'well-defined' spent fuel (should be done in Russia);

• additional validation and verification of the currently used codes and libraries focused on
the WWER environment (SCALE (KENO, ORIGEN-S) [6], MCNP) should be made
under an international collaboration of the countries operating WWERs. It should start for
away-from-reactor codes (MCNP, KENO) and libraries as basic tools for the BUC
computation.

A research proposal on codes and libraries validation and verification for the WWER
environment was submitted to the Czech State Office on Nuclear Safety in 1997 (also because a strict
new directive of the regulatory body has recently been issued with respect to the validation
procedures and criteria for the acceptance of codes and libraries used for its nuclear safety licensing
analyses). Unfortunately, no funding sources have been found in the Czech Republic so far to support
the project.

3. CALCULATIONAL BURNUP CREDIT BENCHMARK for WWER-440

3.1. Summary of a calculational burnup credit benchmark proposal [1]

The benchmark has been designed as a series of calculational benchmarks for WWER-440
spent fuel, similar to the benchmarks as developed by the OECD/NEA Burnup Credit Criticality
Benchmark Group, Phases 1 and 2 ([2 to 5]) and calculated by its members. The benchmarks for
WWER-440 spent fuel, entitled CB1, CB2, CB3, and CB4, should deal step by step with the main
issues related to WWER-440 spent fuel analyses and their results should also be utilized for
intercomparison of codes and libraries used for WWER applications. The benchmark data for CB1
and CB2 as well as characteristics of the fuel during the fuel cycles for CB2 were compiled from [7]
taking into consideration the licensing documents for CASTOR 440/84 submitted to the Czech State
Office on Nuclear Safety.

3.2. Calculational benchmark no. 1 (CB1)

As a first step of the proposed series of benchmark problem exercises, an infinite array of a
simple WWER-440 pin cells with fresh and spent fuel rods has been described and analyzed
(criticality calculation) with the burnup, cooling time and groups of selected nuclides as parameters.
The nuclides selected in the benchmark were 6 major and 5 minor actinides and 15 major fission
products (FP). This selection is based on the fact that these major actinides and FPs represent about
80% of the reactivity losses from all actinides and Fps. CB1 is similar to NEA/NSC Burnup Credit
Criticality Benchmark-Phase I-A [2] studying effects of 7 major actinides and 15 major fission
products upon criticality of a simple PWR spent fuel cell with fuel burnup of 30 and 40 GWd/t after
1 and 5 year(s) cooling time. Obtaining the CB1 results, calculations of the benchmarks CB2, CB3
and CB3 should be carried out. Up to now the CB1 (an eigenvalue calculation of a simple infinite
hexagonal lattice of spent and fresh WWER-440 fuel rods) has been calculated by VUJE Trnava
(Slovakia) and VTT Energy (Finland) both using KENO VI under SCALE 4.3, by VTT Energy
(Finland) using CASMO4 and by NRI using MCNP4A. The resulting multiplication factors were
compared [8] and the discussion of the results is still under way.

3.3. Calculational benchmark no. 2 (CB2)

This part of the benchmark should result in finding and a comparison of the ability of various
code systems and data libraries to predict spent fuel isotopic concentrations using depletion analysis.
The specification is similar to the previous case. Unfortunately, only an intercomparison of codes and
data libraries is possible as there is no possibility of using a chemical assay - measurements of
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isotopic concentrations of some concrete WWER spent fuel sample of a well-documented irradiation
history. The explicit specification of this part of the whole benchmark was presented at the 7th AER
Symposium on WWER Reactor Physics and Reactor Safety, Hornitz near Zittau, Germany, Sept 23-
26,1997 [9] in spite of the fact that VTT Energy Finland had calculated and KKAB Berlin even
presented its results (based on the whole benchmark specification [1]) already at Zittau. Results of the
calculations coming from other workplaces are expected and will be summarized and compared one
with another. Conclusions are likely to be discussed at the 8th AER Symposium in 1998.

3.4. Calculational benchmark no. 3 (CB3)

The effect of an axial burnup profile of WWER spent fuel on criticality ('end effect') will be
studied in this benchmark problem of a laterally infinite array of WWER spent fuel rods. Cases will
have various burnup and cooling time as parameters. CB3 will be specified by NRI and presented to
the WWER research community in the near future. The specification requires to perform many
calculations, the funding of which has not been resolved yet.

3.5. Calculational benchmark no. 4 (CB4)

Using some data of CB3 (composition), a realistic spent fuel cask configuration (probably
CASTOR 440/84, the finite WWER spent fuel array of 84 spent WWER-440 fuel assemblies) will be
calculated and BUC will be found. Various cases will be specified with parameters such as burnup
and cooling time. CB4 will be specified by NRI when the CB3 results are obtained.
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