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FINAL STAGE OF WIMS-D LIBRARY UPDATE  PROJECT



Summary Report





15-18 February,1999, IAEA Headquarters, Vienna



(Rapporteurs: B. Dodd, A. Trkov)





1. BACKGROUND



The WIMS-D family of codes is one of the few reactor lattice codes that are in the public domain and therefore are available on non-commercial terms. Recently, the WIMSD5B version has been released from the OECD/NEA Data Bank. Its major improvement lies in machine portability and a few other minor corrections. It supersedes its predecessor WIMS-D/4, which was released from Winfrith for IBM machines and has been adapted for various other computer platforms in different laboratories. The main weakness of the WIMS-D package is its multigroup constants library, which is based on very old data. Relatively good performance of WIMS-D is attributed to a series of empirical adjustments to the multigroup data. However, the adjustments are not always justified by more accurate and recent experimental measurements.



In view of the recently available new, or revised, evaluated nuclear data files it was felt that the performance of WIMS-D could be improved by updating its library. The WIMS-D Library Update Project (WLUP) was initiated in the early 1990´s. Its co-ordination was supported by the International Atomic Energy Agency (IAEA), but the project itself consisted of voluntary contributions from a large number of participants. In due course, several benchmarks for testing the library were identified and analysed, the WIMSR module of NJOY was upgraded and the author in the official distribution of NJOY accepted the proposed updates. A detailed parametric study was performed to investigate the effects of various data processing input options on integral results. In addition, the data processing methods for the main reactor materials were optimized. Several partially updated libraries were produced for testing purposes.



To speed up the completion of the fully updated library it was decided to organize the final stage of WLUP as a Co-ordinated Research Project (CRP). The present report summarizes the first Research Co-ordination Meeting (RCM) of the project.



The short-term objectives are to produce the following products:



A fully updated WIMS-D library, compatible with the WIMSD5B code.

A users guide, providing necessary documentation for the updated library.



To allow the updating procedure to be repeated based on any other evaluated data library, the following products will also be made available:



NJOY input instructions for one or more of the major evaluated nuclear data libraries.

Automatic procedures for updating the WIMS-D library under one or more computer platforms.

Documentation describing the data processing methods and assumptions.



A longer term objective is to modify the WIMS-D code to remove the restriction which limits the data to 69 energy groups. The library will then be reassembled with a larger number of groups. The expertise of the participants, which is evident from the summaries of their contributions, provides assurance that the proposed objectives are feasible.



The work on WLUP consists of contributions from several laboratories, participating in the CRP. For a quick and efficient exchange of information the WLUP web page has been set up at http://www-rcp.ijs.si/~wlup/, where one can find additional information on the current status and results of the project.



2. SUMMARY OF PRESENTATIONS



Apart from B. Dodd (the Scientific Secretary) there were 12 participants attending the meeting:



D. Aldama - Cuba

S. Bhuiyan - Bangladesh

G. Choong-Sup - Korea

L. Erradi - Morocco

S. Ganesan - India

G. Jerdev - Russian

T. Kulikowska - Poland

F. Leszczynski - Argentina

P. Liu - P. R. China

A. Trkov - Slovenia

J. White - USA

S. Zabrodskaia - Russia



Mr. S. Machi, DDG-NA and Mr. D. Sood, Dir-NAPC opened the meeting. Mr. Trkov was elected chairman of the meeting. The agenda of the meeting was accepted. An introductory talk was given by Mr. Dodd, followed by the presentations of the participants. Summaries of the presentations, in the order given, are provided below.



2.1. A. TRKOV - SLOVENIA



Mr. Trkov briefly described the history of the WLUP, identifying its various stages, which define the main milestones in the assembly of the updated WIMS-D library. The current status of each stage was given, emphasising the open questions and gaps that need to be filled. The main objectives and the final products of the project were discussed. Attention was drawn to the WLUP web page: http://www-rcp.ijs.si/~wlup, where the participants (and any other interested party) can find information about the project, its current status, the NJOY data processing inputs, the WIMS-D benchmark input models, and current results.



2.2. F. LESZCZYNSKI - ARGENTINA



The objective of Mr. Leszczynki’s work was described as the preparation of a report with all the necessary details for heavy water reactor benchmarks for testing new WIMS-D libraries, including calculations, input and output, and discussion of results.



The results of the extended Stage-1 work were presented (definition of benchmarks).



Sixteen benchmarks have been selected: 12 benchmarks with experimental results and 4 numerical ones giving calculated values of several parameters. All benchmarks represent real cases of lattices for which new data libraries are needed. A brief description of the geometry and materials, and the available physical parameters, measured or calculated, was given.



The next steps were presented as:



Analysis and modelling of each particular case.

Calculation of each case with the proper input and the WIMS 1986 library.

Discussion of results.



The final list of benchmarks may be reduced to the more interesting cases from the original selection. The benchmarks which were presented cover a wide variety of fuel elements and pressurized tubes and pressurized vessel heavy water type reactors (PHWR). One benchmark includes the experimentally measured isotopic composition of fuel after a number of irradiation steps. There is a benchmark with experimental buckling and other measurements for Th02-235U02 fuel. There is also a detailed critical experiment with Th02-233U02 oxide fuel. The void-induced reactivity, an important parameter for PHWR is calculated on several benchmarks.



2.3. P. LIU - P. R. CHINA



Ms. Liu stated that it is obvious that different evaluated nuclear data libraries is the cause of the difference of the results between the old 1986 and the updated WIMS-D library.



She felt that in general, the new WIMS-D library based on CENDL-2 or ENDF/B-VI is more reliable than the old WIMS library.



Through the comparison of scattering cross sections between CENDL-2 and ENDF/B-VI Rev.3, several differences were found. The 238U inelastic scattering effect of ENDF/B-VI Rev.3 makes the fuel assembly’s spectrum hard and underestimates the fission contributions of 235U. This suggests that the 238U inelastic scattering matrix of ENDF/B-VI Rev.3 has some problems. 



Ms. Liu concluded that it can be shown that 238U of CENDL-2 is better than that of ENDF/B-VI for U-fuelled thermal reactor calculations.



�2.4. D. L. ALDAMA - CUBA



An updated WIMS library based on the ENDF/B-VI Rev. 3 evaluated nuclear data library was described by Mr. Aldama. It includes new cross section data for 18 actinides, more than 30 fission products, 14 structural materials, boron, oxygen and hydrogen bound in water. Condensed information on the library benchmarking was also presented. In addition, one numerical and some experimental benchmarks for WWERs were proposed. Preliminary calculations with the updated library were briefly discussed.



2.5. L. ERRADI - MOROCCO



The temperature coefficient of reactivity is an important parameter in design, control and safety of a nuclear reactor. For safety considerations, this parameter is desired to be negative through the core life and it is very important to predict it accurately by calculations. Mr. Erradi stated that he felt the temperature coefficient of reactivity should be included in the validation programme of any new WIMS library to be processed in the framework of the WLUP project. In this work, he has proposed a set of benchmark experiments in order to check the accuracy of WIMS calculations for the temperature coefficient of reactivity. Since the validation programme of the new WIMS library should cover as many reactor lattices type as possible, he also proposed the inclusion of criticality predictions for some homogeneous lattices. Both uranium and plutonium lattices were considered. The specifications of the selected experiments were presented with the results of a preliminary analysis performed using WIMS-D/4 code with the original 1981 WIMS-D library. The results of the analysis of the same set of benchmarks by the French APOLLO 2 assembly code, with a library based on JEF2.2 evaluation were also presented.



2.6. T. KULIKOWSKA - POLAND



Ms. Kulikowska explained that in Poland, a high flux reactor is operated with a metallic beryllium matrix used as a moderator. The choice of an experimental benchmark for beryllium poses difficulties caused by the presence of strongly absorbing 3He and 6Li in beryllium blocks irradiated by neutrons. For that reason two elementary cells have been proposed as possible numerical benchmarks. Preliminary comparisons of Monte Carlo and WIMS k( and neutron spectrum predictions have been carried out. It was found that a substitution of the beryllium library data by a new set based on ENDF/B-VI changes k( by 0.4 - 0.8%. However, this substitution has a less pronounced influence on the neutron spectrum.



2.7. G. CHOONG-SUP - KOREA



Mr. Choong-Sup stated that the final goal of his work is the development of an updated WIMS-D library based on JENDL-3.2 data for the analyses of thermal lattices. He felt that the number of actinides and fission products burnup chains needs to be expanded. A starter library generated with NJOY 97.62 and JENDL-3.2 data was tested against the TRX-1, 2, BAPL-1, 2, 3 thermal lattice benchmarks. All calculated parameters for the five lattices show a similar tendency with negligible differences in some quantities. The results almost lie within the experimental errors. The fully updated library will be verified and validated through an extended benchmarking procedure developed within the project.



2.8. G. JERDEV, S. ZABRODSKAIA - RUSSIA



Mr. Jerdev reported that the creation of a WIMS/ABBN library was complete. The library was prepared on the basis of the FOND-2.2 evaluated data library, which consists of the most reliable files from BROND, ENDF/B-VI, JENDL-3.2 and others. The burnup system of the WIMS code and the library was improved. The (n,2n) reaction product and a capture product isometric branching capability were added. The WIMS code is now working in combination with many codes such as ORIGEN and codes using ANISN format such as KENO and others. The creation of a fuel spectra library improved the quality of the description of lattice systems, which are not traditionally treated with WIMS. Using the self-shielded 242Pu WIMS/ABBN is important for plutonium fuelled systems, causing differences of up to 0.5% in k(. Results of many tests and benchmarks showed that WIMS can be a reliable code for calculating lattice system with U, U-Pu, MOX and other non-traditional types of fuel.



2.9. S. GANESAN - INDIA



The progress in the WIMS library update project in India and the generation of a WIMS library for isotopes of the thorium fuel cycle were reviewed. A brief overview of the Indian nuclear programme and R&D activities in thorium fuel cycle was presented. Thus far, most of the Indian reactor physicists are using the indigenously developed lattice cell codes, which are compatible with WIMS-D libraries. Some groups have also started to use WIMS-D/4 code. The non-availability of the NJOY code promoted the indigenous processing capability for fast reactor applications at Kalpakkam. The deficiencies in the old WIMS-D library currently in use in India for thermal reactor calculations were highlighted. The importance of this CRP, in particular for the thorium fuel cycle, was illustrated. Several multigroup libraries in WIMS-D format procured from various sources were mentioned. Interesting results of analysis of uranium dioxide and uranium metal lattices using these available libraries were presented. The calculations performed for the Doppler coefficient benchmark were presented. Several benchmarks identified from the open literature were mentioned. The NJOY 97 based generation of WIMS-D library by processing JENDL-3.2 and ENDF/B-VI at the Nuclear Data Section of the IAEA, for 230Th, 232Th, 232U, 233U, 234U, 231Pa and 233Pa was presented. A request for the WIMSD5B code has already been sent to the NEA Data Bank, Paris, France .



2.10. S. BHUIYAN - BANGLADESH



Mr. Bhuiyan reported that a sub-set of the WIMS-D library based on ENDF/B-VI Rev.3 and JENDL 3.2 has been generated. An executable, identified as NJOY94.10�+ was created in collaboration with RSICC, incorporating the modifications in the WIMSR module of NJOY suggested by A. Trkov. The ENDF/B-VI based library was analysed for the TRX and BAPL benchmarks. TRX and BAPL results show some improvement in predicting keff. However, analysis of the reaction edits are rather disappointing. The 32 isotopes required for TRIGA reactor analysis were processed. More isotopes need to be processed for realistic TRIGA calculations.



The NJOY94 code with the introduced modifications nicely handled the new features in ENDF/B-VI format and was found to be consistent with the WIMS-D library format requirements. Strong averaging spectrum dependence was observed. The performance of GROUPR option “iwt=5” compared to the “Flux Calculator Model” was studied. GROUPR option “iwt=5” results were closer to experimental values. Some bugs were encountered in the data while processing 27Al from the ENDF/B-VI Rev.3 library, but it was noted that these have been removed in ENDF/B-VI Rev. 4.



In another area, JENDL-3.2 data were processed in collaboration with JAERI. This library was verified for its applicability to cases of varying plutonium contents. This is also valid for burn-up calculations of uranium fuelled cores. In the analysis of uranium cores, the 235U fission spectrum from ENDF/B-V was used, and for plutonium cores the 239Pu fission spectrum from JENDL-3.2 was used. With JENDL-3.2 based libraries TRX, BAPL and TCA (MOX) lattices were analysed. The parameters of all the 17 lattices, taking into account the self-shielding of the elastic cross section in the resonances of 238U, 240Pu and 242Pu were compared with the results assuming no self-shielding in the elastic cross section. The results show that the differences are significant. The parameters for MOX lattices of TCA and NEA, used to see the effects of resonance interference treatment, showed that this should be studied seriously. Benchmark results for the TRX and BAPL and TCA lattices calculated by WIMS-D/4.1, and SRAC with JENDL-based data agreed. However, for the lattices with higher plutonium concentrations, WIMS-D systematically underestimates the keff compared to SRAC95 and some other calculations. This underestimation is due to unshielded absorption resonance of 242Pu at 2.67 eV. The results can be improved significantly by introducing 16-resonance-groups, with no noticeable negative effect for TRX, BAPL and TCA lattices. So 16-resonance-groups may be considered as an alternative option.



2.11. J. WHITE - USA



Mr. White reported on the Radiation Safety Information Computational Center (RSICC). This is a technical institute serving the international radiation community. RSICC selects, acquires, stores, evaluates, analyses, synthesises, and disseminates information on radiation transport and safety. To provide nuclear data needed in radiation transport applications, RSICC participates in many data activities with the most emphasis placed on nuclear cross sections. Through co-operation with others, RSICC assists in improving the quality of basic evaluated cross section data through participation in the U. S. Cross Section Evaluation Working Group. In addition, RSICC packages and disseminates various types of data libraries important for radiation transport.



Mr. White explained that the development of an improved nuclear data library for the non-commercial version of WIMS-D is a welcomed new data activity. RSICC will contribute to the data validation activities by calculating performance parameters for some benchmarks with a code similar to WIMS-D. Mr. White also provided keff for over 100 benchmarks using ENDF/B-VI Release 3.



3. CURRENT STATUS AND REQUIREMENTS



The WIMS-D library update project is already in a fairly advanced stage so that end products and the remaining requirements can be clearly identified. The procedures to co-ordinate the effort were discussed, particularly with regard to the proposed instructions that are available on the WLUP web page. The remaining requirements are listed below.



Expand the list of criticality benchmarks, particularly for thorium-fuelled and heavy water moderated lattices.

Prepare post-processing codes to analyse the WIMS-D outputs for the newly defined benchmarks to allow automatic analysis of the results and comparison with the reference results.

Complete the list of materials needed for special applications.

Complete the NJOY inputs for the structural materials and all other special materials.

Review the NJOY inputs for all materials other than the main ones (which have already been discussed in detail).

The current NJOY input instructions are only applicable to the ENDF/B-VI library. An equivalent input set for other basic evaluated data libraries of interest needs to be provided.

The currently available instructions and procedures for automatically updating the WIMS-D library are applicable to the DOS/Windows computer environment. Equivalent procedures for Linux and any other computer platform or interest is required.

Request the release of WIMSD5B from the NEA Data Bank.

Begin work to remove the 69 group limitation in the WIMS-D code.

Test the WIMSR module to process libraries with more than 69 groups.



At present, work will continue on library updates based on several evaluated nuclear data files. The potential candidates are ENDF/B-VI, JENDL-3.2, FOND-2, CENDL-2.1, JEF-2.2 and any updates of these. The final selection of the recommended library for general applications will be made later, based on the results of the benchmarking process.



4. OPEN ISSUES



Some time was spent listing all of the open issues that the participants wished to discuss. These were then categorized under five main topics and individually addressed. The problems or issues are briefly outlined below, along with the associated solutions or recommendation of the participants. 



4.1. CODES



This discussion revolved around which codes to use, which versions, and their availability.



4.1.1. WIMSD5B



Problem/Issue

There are several versions of the WIMS-D code which could be used. The latest version WIMSD5B is not currently available.



Solution/Recommendation

WIMSD5B will be the standard used in the CRP. The IAEA will attempt to expedite the release of this code to all participants. Mr. White will also try to facilitate this process.



�4.1.2. NJOY97.62+



Problem/Issue

There are several versions of NJOY which could be used. Some participants have difficulty getting NJOY, and the latest version is not yet released. A few minor changes are needed beyond NJOY97.62 in order to process ENDF/B-VI data for WIMS-D.



Solution/Recommendation

Mr. White explained that NJOY97.62 will be available in a few weeks and should be ordered from RSICC. NJOY97 updates are freely available from the NJOY web page. Mr. Trkov will add NJOY updates specific to the project to the WLUP home page. In addition, Mr. Trkov will put current versions of the libraries on the web, which will enable participants to use the data without having to do NJOY calculations.



4.2.	NUCLEAR DATA PROCESSING FOR WIMS-D



This group of issues relates to the best way of processing the basic data for consistency among CRP participants.



4.2.1. Evaluated library-specific NJOY inputs



Problem/Issue

Minor changes are required when preparing NJOY inputs for a specific evaluated data library. There are also some differences in the inputs for NJOY94 and NJOY97.



Solution/Recommendation

In NJOY97 the input specifications were changed. The main differences are explained in the text at the beginning of the master NJOY input file.



When preparing NJOY input for a specific evaluated data library, changes are needed in the following:



Comments;

Material identification (MAT) numbers;

Cutoff energy for the flux calculator, which depends on the upper energy of the resolved resonance range;

Potential cross section for the resonant isotopes, which is calculated from the nuclear radius, given in the ENDF files MF 2.

The temperature list for the moderators with scattering law data must match the list on the ENDF file.



�4.2.2. Goldstein-Cohen ( factors



Problem/Issue

A set of Goldstein-Cohen ( values must be generated, with the method being consistent with the WIMS models.



Solution/Recommendation

Mr. Leszczynski will provide the ( factors to Mr. Aldama for evaluation. Subject to the results of the evaluation it was agreed to use the ( factors determined by Mr. Leszczynski based on ENDF/B-VI data. Mr. Leszczynski will send the documentation and the RMET21 program to the NEA, to RSICC and to Mr. Trkov to put on the web site.



4.2.3. Flux calculator parameters



Problem/Issue

Resonance integrals must be consistent with the physical models used in WIMS.



Solution/Recommendation

It was agreed to adopt the recommendation from the previous meeting to use the homogeneous option as recommended by the author of WIMS. A reconstruction value between 0.1 and 0.2 % is to be used for resonance reconstruction.



4.2.4. Weighting flux



Problem/Issue

The models in WIMS rely on the assumption of a 1/E spectrum in the resonance range. The available spectrum options in NJOY do not meet all the requirements desired for the generation of the WIMS-D Library.



Solution/Recommendation

It was agreed to use the pointwise weighting flux based on weight option “iwt=5” with some adjustments produced by Mr. Trkov. Mr. Jerdev will check the sensitivity to the alternative ABBN spectrum.



4.2.5. Weighting current



Problem/Issue

The reference to the so-called British current spectrum is difficult to trace, although from the literature it is seen to produce good results.



Solution/Recommendation

Mr. Leszczynski will check performance of a new weighting current with presently defined benchmarks. If satisfactory results are obtained, the neutron current spectrum prepared by Mr. Leszczynski will be used.



�4.2.6. Self shielding



Problem/Issue

The problem is that one cannot accommodate resonance integral tables of the scattering cross sections in WIMS-D library due to format limitations.



Solution/Recommendation

At present all cross sections (other than the resonance integrals), which are entered into the WIMS-D library are self-shielded cross sections, but the reference Bondarenko background cross section (o (chosen from input) is fixed. The currently recommended (o values need to be checked. No additional actions or recommendations for the current procedures are required.



4.2.7. Source data checking prior to processing



Problem/Issue

Some problems have been found with some data sets in the past. The question was raised if there is a need to do a quality assurance (QA) check before using the evaluated data files.



Solution/Recommendation

QA procedures for JEFF-3 are rigid. It is expected that the evaluators of other libraries will apply similar procedures in the future. Generally, source data checking is outside the scope of this CRP, but as people find problems they should report them to the relevant data centre and to other participants. All files in FOND-2.2 have been thoroughly checked with no problems.



4.2.8. Source data for fission product yields and decay



Problem/Issue

There is not very much choice. The only fission product yield and decay data available are those in ENDF/B-VI, JEF2.2 and UK300, which is the starter file for JEFF-3.



Solution/Recommendation

Fission product yield and decay data can be processed using Mr. Trkov’s program (AVRFPY) on the WLUP home page. The data appropriate for the basic evaluated data file will be used. For others, the British data will be used.



�4.3. UPDATED LIBRARY FEATURES



This group of issues relates to improvements which might be possible within the current WIMS structure.



4.3.1. Number of explicitly represented fission products



Problem/Issue

There is a desire to increase the number of fission products in the WIMS-D library. An upper limit to the number of fission products is known to exist in the WIMSD5B code, but the details are not known.



Solution/Recommendation

Some fission products can be added without any problems. Ms. Kulikowska will check and inform the participants how many additional fission products can be added. For the present time the CRP will observe this limit and perhaps change it later as part of modifications to the WIMS code.



4.3.2. Treatment of the (n,2n) reaction and capture branching ratios



Problem/Issue

WIMS only allows for one capture and one decay product.



Solution/Recommendation

Two approaches are possible, and both are Korean ideas. One uses the concept of a pseudo fission product that decays immediately into the required product. The other adjusts the branching ratio. Mr. Choong-Sup will evaluate the difference between both methods. The CRP will adopt the pseudo fission product approach unless Mr. Choong-Sup finds that the adjusted branching ratio method is better.



4.3.3. Lumped fission products



Problem/Issue

The number of explicitly represented fission products is not sufficient to enable the effect of the rest of them to be ignored.



Solution/Recommendation

Mr. Aldama, Mr. Leszczynski, Mr. Trkov and Mr. Choong-Sup in collaboration will evaluate possible solutions to the lumped fission product problem.



4.3.4. P1 Scattering matrices



Problem/Issue

WIMS is limited to using a total of four scattering matrices.



Solution/Recommendation

The solution is to use WILLIE to enable the possibility of selecting the four most appropriate scattering matrices from a larger list, available in the master library. Mr. Trkov will make the necessary changes to WILLIE to allow the selection of the P1 scattering matrices.



4.3.5. Resonance integral tables for structural materials



Problem/Issue

All resonance materials are put into the fuel in WIMS when calculating the Bondarenko background cross section.



Solution/Recommendation

No resonance integral tables for structural materials should be used except those already in the file.



4.3.6. Structural materials - elements vs. compounds



Problem/Issue

Defining compounds explicitly can reduce the required number of materials in the WIMS-D library. Is this possibility something that should be exploited?



Solution/Recommendation

Non-burnable isotopes can be merged into elements, but elements should not be merged into compounds due to uncertainties and variations in the composition and the consequent potential misuse of the data.



4.3.7. New materials



Problem/Issue

Some new materials are needed which are not in the 1986 WIMS-D library in order to represent special materials for some reactor-specific issues.



Solution/Recommendation

Materials not available in the 1986 library, which need to be added, include: H bound in ZrHx, Cl, Ca, and Bi. Mr. Bhuiyan and Ms. Kulikowska will evaluate the significance of Zr bound in ZrHx rather than as free atom. If the difference is less than about 50 pcm, Zr bound in ZrHx will not be added. Mr. Trkov will generate the starter file for the new materials other than H bound in ZrHx, which will be provided by Mr. Bhuiyan.



4.3.8. Fission spectrum



Problem/Issue

WIMS allows one fission spectrum only. It is not clear which is the best to use.



Solution/Recommendation

There are several alternatives to this problem. For now the participants agreed to use a PWR middle burnup life mixture spectrum. Mr. Leszczynski will conduct a sensitivity analysis with respect to fission spectrum, and report to the participants.



�4.3.9. Energy release per fission



Problem/Issue

The implicit assumption in WIMS-D is that the energy released per fission includes the energy released by the decay of the capture products. However, these data are not readily available.



Solution/Recommendation

The energy released per fission, excluding the contribution of neutrinos, is available in ENDF File MF 1,  MT 458. Following the methodology of the authors of the 1986 WIMS-D library (M.F.James: Energy Released in Fission, Jou. Nucl. Energy, Vol. 23, pp. 517-536, 1969 and Vol. 25, pp. 513-523, 1971), the capture contribution can be calculated as (n - 1) Qa where n is the number of neutrons per fission and Qa is the average energy released by the decay of all capture products. The authors claim that this value is fairly independent of the fuel type, and recommend a fixed value of 6.1 MeV. The CRP will also adopt this value, unless evidence is produced to change this recommendation.



4.3.10. Boron in high concentration in fuel



Problem/Issue 

The question was posed whether it is not more appropriate to use the total rather than the potential cross section of boron (when present in the fuel) to calculate the average potential cross section of the fuel when used in the calculation of the argument to determine the resonance integrals.



Solution/Recommendation

The problem is strictly related to the derivation of the physical models to describe the intermediate resonance approximation in WIMS. Ms. Kulikowska will evaluate the potential scattering problem with a high concentration of boron in the fuel and respond later.



4.3.11. Material identification numbers



Problem/Issue

Some material identification (MAT) numbers are built into the code.



Solution/Recommendation

The same MAT numbers as those used in the 1986 WIMS-D library will be adopted. New MAT numbers for additional materials will be defined. An advantage of this approach is that the WIMS inputs for use with the 1986 and the updated libraries is the same.



4.4. BENCHMARKS



This group of issues relates to the benchmarks to be used in the CRP to evaluate the various data libraries being adapted for WIMS-D library validation.



�4.4.1. Collect additional benchmarks



Problem/Issue

Additional benchmarks are needed, especially for heavy water reactors, WWERs, and the thorium fuel cycle.



Solution/Recommendation 

The CRP needs to make it easy to run benchmark cases routinely via a batch file. The recommendation is to follow the guidelines to enable the existing batch procedure to be extended. Mr. Trkov will maintain the benchmark batch file for PCs and Linux, but a volunteer is needed for VAX/VMS.



4.4.2. Provide spectra with benchmark output



Problem/Issue

Neutron spectra may provide information to identify the source of possible discrepancies. The disadvantage with outputting such data is that the report file becomes very long.



Solution/Recommendation

In order to keep the final benchmark summary report reasonably short, and as a compromise, it was agreed to provide a tabulated fuel leakage spectrum on a separate output file to enable some comparisons to be made.



4.4.3. WIMS input options



Problem/Issue

Guidelines are needed for the selection of the WIMS input options to ensure consistency.



Solution/Recommendation

During the first stage of the WLUP, extensive work was done on optimizing inputs for five benchmarks. This need not be done for the final stage. Each person proposing a benchmark should do a parametric study and provide a reliable suggested WIMS input. Ms. Kulikowska is available for advice if needed. 



The calculated Dankoff and Bell factors should be used in cylindrical geometry. The Sn transport option should be used, but should be checked to ensure that a high enough order is used. If one can use B1 then use it, but note that this is only applicable if all principal components of a material have a P1 scattering matrix. Use the leakage or non-leakage spectrum for burnup calculations as appropriate and defined in each benchmark.



4.4.4. Comparison with other codes



Problem/Issue

As an independent check, comparison with the results of other codes is useful, but access to these codes is limited.



Solution/Recommendation

Benchmarks analysed with other packages will be provided as follows:



Mr. White – HELIOS

Mr. Erradi – APOLLO

Mr. Ganesan – NEWMURLI/CLUB

Mr. Bhuiyan - SRAC.

Mr. Jerdev will try to provide a comparison with CONSYST - ABBN.



An MCNP comparison with a cluster geometry would also be desirable.



4.5. WIMS CODE UPGRADE



This group of issues addresses potential improvements, which may be made fairly simply to the WIMS-D code in order to address some of its current limitations. However, this is a long term objective. Ms. Kulikowska will look at and estimate the effort to make the initial changes to upgrade the WIMS-D code.



4.5.1. Increase the number of groups



Problem/Issue

The WIMS-D 69-group structure is a significant limitation with respect to several key physical processes.



Solution/Recommendation

Increasing the number of groups could be of great benefit and seems possible. The limit should be at least 200 groups. Mr. Trkov will provide a library of the necessary materials to analyse the five criticality benchmarks if Ms. Kulikowska finds that the effort to increase the number of groups is reasonable.



4.5.2. Isotope dependent fission spectra



Problem/Issue

A single fission spectrum may not be adequate for reactors with a significant fission rate contribution from nuclides other than 235U.



Solution/Recommendation

The solution to this problem requires modifications to the WIMS-D code. Possible options are:



Read isotope-dependent fission spectra from the library (this option requires extensive changes to the code).

Read the spectrum as an input option.



The final decision on this issue was deferred until later.



�4.5.3. Number of resonance groups



Problem/Issue

A proposal was made to extend the resonance energy range to lower energies because the present scheme does not allow the low lying resonances of plutonium to have problem-dependent self-shielding.



Solution/Recommendation

This problem is solved if a larger number of groups is used (4.5.1).



4.5.4. The (n,2n) reaction and capture branching ratios



Problem/Issue

To do more than apply the solutions discussed previously requires extensive modifications to the WIMS-D code.



Solution/Recommendation

The final decision on whether there is a need to perform such modifications was deferred until later.



4.5.5. Increase the limits on number of fission products



Problem/Issue

As discussed before, this problem exists but it is not documented. To extend beyond the number currently allowed requires code modifications.



Solution/Recommendation

The limit on the number of fission products will be checked by Ms. Kulikowska. The decision on the modifications to the WIMS-D code will be taken accordingly.



5. ACTIONS AND ASSIGNMENTS



The following is a reiteration and compilation of the commitments discussed in the text and during the RCM. The work associated with these assignments is in addition to the overall tasks addressed in each participant’s contract or agreement.



5.1. D. L. ALDAMA



Submit the WWER benchmark specifications as requested in the New Benchmark Proposal Form (on the WLUP home page) including the WIMS-D inputs and the output post processing utility code for the analysis of the benchmarks. (Deadline: March 1999).

Perform an evaluation of lambda factors. (Deadline: March 1999).

With Mr. Leszczynski, Mr. Trkov and Mr. Choong-Sup evaluate possible solutions to the lumped fission product problem. (Deadline: preliminary analysis April 1999, final revision September 1999).



�5.2. S. BHUIYAN



Provide NJOY inputs for H bound in Zr Hx, following the recommendations and guidelines as for the other moderators. (Deadline: February 1999).

Provide NJOY inputs for other materials that had been considered, but for which the inputs are not yet defined. (Deadline: March 1999).

Compare existing proposed NJOY inputs with own work. If necessary, propose modifications as instructed in the NJOY Input Revision Proposal Form. (Deadline: March 1999).

Investigate the need to explicitly include Zr bound in Zr Hx. Co-ordinate the work with Ms. Kulikowska. (Deadline: June 1999).

Submit the TCA benchmark specifications as requested in the New Benchmark Proposal Form, including the WIMS-D inputs and the output post processing utility code for the analysis of the benchmark and comparison with reference results. (Deadline: August 1999).

Analyze benchmarks with SRAC for comparative studies. (Deadline: December 1999).



5.3. G. CHOONG-SUP



Provide an equivalent master NJOY input for processing the JENDL-3.2 file. (Deadline: March 1999).

Review the burnup chains, particularly the branching on capture in 241Am. Report on the relative merits of the use of effective branching ratios as compared to the use of pseudo fission products. (Deadline: April 1999).

With Mr. Aldama, Mr. Leszczynski, and Mr. Trkov evaluate possible solutions to the lumped fission product problem. (Deadline: preliminary analysis April 1999, final revision September 1999).

Make a case for the selection of the number of explicitly represented fission products. (Deadline: September 1999).



5.4. L. ERRADI



Provide the list of necessary additional materials (Cl, Ca, W ). (Deadline: March 1999).

Submit the specifications for the analysed benchmarks (Kritz, JAERI, R1-100H, Nora, Lemur, Hiss-Pu, PNL-6, if possible) as requested in the New Benchmark Proposal Form, including the WIMS-D inputs and the output post processing utility code for the analysis of the benchmark and comparison with reference results. (Deadline: June 1999).

Analyze benchmarks with APOLLO. (Deadline: September 1999).

Analyze the numerical benchmark for Doppler coefficient in PWR lattices. (Deadline: September 1999).



5.5. S. GANESAN



Send the WIMS-D input for the Doppler benchmark to Mr. Erradi. (Deadline: February 1999).

Send the 233U benchmark specifications to Mr. Leszczynski. (Deadline: February 1999).

Calculate the self-shielding factors at the lower end of the unresolved resonance range for 235U for comparison and checking of the NJOY results. (Deadline: March 1999).

Analyse benchmarks with NEWMULI/CLUB and WIMSD5B using the current version of the updated ENDF/B-VI based WIMS-D library. (Deadline: March 1999). 

Compare the NJOY inputs for 230Th, 232Th, 232U, 233U, 234U, 231Pa and 233Pa with those that are proposed. If necessary, propose revisions according to the instructions in the NJOY Input Revision Proposal Form. (Deadline: preliminary March 1999, final July 1999).



5.6. G. JERDEV, S. ZABRODSKAIA



Provide information on how the burnup chain extensions are implemented in the modified version of WIMS. (Deadline: March 1999)

Suggest WIMS-D input for the OECD/NEA plutonium recycling benchmark. (Deadline: March 1999).

Try to provide a benchmark comparison with CONSYST-ABBN. (Deadline: June 1999).

Upgrade the data processing system at least to NJOY94 or preferably to NJOY97. (Deadline: see next item).

Repeat processing of the FOND-2 library with the proposed NJOY inputs and report on the differences in the results. (Deadline: July 1999).

Check the sensitivity of the ABBN spectrum weighted cross sections on the results and report to the CRP. (Deadline: July 1999).



5.7. T. KULIKOWSKA



Look at, and estimate the effort to make the initial changes to upgrade WIMS. (Deadline: March 1999).

Check and inform the CRP how many additional fission products can be added. (Deadline: March 1999).

With Mr. Bhuiyan, evaluate the significance of Zr bound in in ZrHx rather than as free atom. (Deadline: June 1999).

Evaluate the potential scattering cross section problem with high concentration boron in fuel. (Deadline: September 1999).

Continue the investigation on the possibility to define a beryllium benchmark. (Deadline: on-going).

If appropriate, begin with the updates of WIMSD5B to allow more groups. (Deadline: on-going).



5.8. F. LESZCZYNSKI



Send the full list of ( values to Mr. Trkov. (Deadline: February 1999).

Provide documentation and program RMET21 to the NEA, to RSICC and to Mr. Trkov to put on the web site. (Deadline: April 1999).

With Mr. Aldama, Mr. Trkov and Mr. Choong-Sup evaluate possible solutions to the lumped fission product problem. (Deadline: preliminary analysis April 1999, final revision September 1999). 

Check performance of the new neutron current with presently defined benchmarks. (Deadline: May 1999).

Perform a sensitivity analysis to with respect to fission spectrum. (Deadline: June 1999).

Check if it is really necessary to include 152Gd and 160Gd in the library. (Deadline: August 1999).

Separate out the numerical and the experimental benchmark from the proposed new benchmarks. (Deadline: N.A.).

Make a high priority list of new benchmarks from the selection. (Deadline: N.A.).

Submit benchmark specifications as requested in the New Benchmark Proposal Form, including the WIMS-D inputs and the output post processing utility code for the analysis of the proposed benchmark and comparison with reference results. Give preference to the high priority benchmarks. (Deadline: December 1999).



5.9. P. LIU



Review the proposed NJOY inputs. If necessary, propose changes as instructed in the NJOY Input Revision Proposal Form. (Deadline: March 1999).

Provide an equivalent master NJOY input for processing the CENDL-2 file. (Deadline: April 1999).

Recalculate the cross sections for WIMS with the currently recommended NJOY inputs and report on any differences in the results. (Deadline: June 1999).



5.10. A. TRKOV



Place the current version of the updated WIMS-D library based on ENDF/B-VI Rev.5 data on the web page. (Deadline: February 1999).

Finalize the “First RCM Meeting Summary Report”. (Deadline: February 1999).

Make the necessary changes to WILLIE to allow for more P1 scattering matrices. (Deadline: March 1999).

Generate the NJOY starter input for the new materials. (Deadline: March 1999).

Complete the AVRFPY code for processing the fission product yields data. (Deadline: April 1999).

Put the RMET21 program and documentation from Mr. Leszczynski on the web site. (Deadline: on receipt of the files).

With Mr. Aldama, Mr. Leszczynski, and Mr. Choong-Sup evaluate possible solutions to the lumped fission product problem. (Deadline: preliminary analysis April 1999, final revision September 1999).

Provide an equivalent master NJOY input for processing the JEF-2.2 file. (Deadline: May 1999).

Re-analyze the Rowlands pin-cell benchmarks. (Deadline: May 1999).

Provide a library for 5 benchmarks if Ms. Kulikowska finds the effort to increase the number of groups in WIMS is reasonable. (Deadline: December 1999).

Maintain the WLUP web page. (Deadline: on-going).

Maintain the benchmark batch file for PCs and Linux. (Deadline: on-going).

Co-ordinate the work on WLUP. (Deadline: on-going).

Continue to add NJOY updates to the WLUP home page. (Deadline: on-going).

Put libraries on the web which will enable participants to use the data without having to do NJOY calculations. (Deadline: on-going).



5.11. J. WHITE



Request WIMSD5B from the NEA Data Bank. (Deadline: February 1999).

Perform comparison of WIMS-D results based on an updated library with HELIOS results. (Deadline: February 2000).



5.12. B. DODD



Request WIMSD5B to be released to participants as soon as possible. (Deadline: February 1999).

Perform final edit on the “First RCM Meeting Summary Report”. (Deadline: March 1999).

Co-ordinate WLUP contracts, agreements and meetings. (Deadline: on-going).

�APPENDIX



Table of participant’s platforms and preferred data library





CRP Participants�Computer platform�Evaluated Data Library��D. L. Aldama�DOS/Windows�ENDF/B-VI��S. Bhuiyan�DOS/Windows/VMS�ENDF/B-VI, JENDL-3.2��G. Choong-Sup�UNIX�JENDL-3.2��L. Erradi�DOS/Windows/UNIX�ENDF/B-VI, JEF-2.2, JEFF-3��S. Ganesan�UNIX/DOS/Windows�JENDL-3.2,��G. Jerdev�DOS/WindowsNT/UNIX�FOND-2.2��T. Kulikowska�UNIX/DOS/Windows�Selected end-product��F. Leszczynski�DOS/UNIX�ENDF/B-VI, JENDL-3.2, others��P. Liu�DOS/Windows/UNIX/VMS�CENDL-2.1��A. Trkov�DOS/Windows/UNIX�JEF-2.2, ENDF/B-VI, JEFF-3��J. White�UNIX�Selected end-product��S. Zabrodskaia�DOS/WindowsNT/UNIX�FOND-2.2��
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