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Abstract 

The present report contains the Summary of the IAEA Consultants' Meeting on 
"Benchmark Validation of FENDL-I", held at Karlsruhe, Germany, from 17 to 19 October 
1995. This meeting was organized by the IAEA Nuclear Data Section (NDS) with the co- 
operation and assistance of local organizers of the Forschungszentrum Karlsruhe, Germany. 

Summarized are the conclusions and the main results of extensive benchmarking of 
FENDL-1 by comparing experimental data from numerous number of fusion integral 
experiments, to analytical predictions based on discrete ordinates as well as Monte Carlo 
calculations. 
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1. Introduction 

The IAEA Nuclear Data Section, in co-operation with several national nuclear data 
centres and research groups, has created the first version of an internationally available Fusion 
Evaluated Nuclear Data Library (FENDL-1). The FENDL library has been selected to serve 
as a comprehensive source of processed and tested nuclear data tailored to the requirements 
of the Engineering Design Activity (EDA) of the ITER project and other fusion-related 
development projects. 

The benchmark validation of the FENDL- 1 as required by the customer, i.e. the ITER 
team, is considered to be a task of high priority in the coming months. The well tested and 
validated nuclear data libraries in processed form of the FENDL-2 are expected to be ready 
by end of 1996 for use by the ITER team in the final phase of ITER EDA after extensive 
benchmarking and integral validation studies in the 1995-1996 period. 

The IAEA Advisory Group Meeting on Improved Evaluations and Integral Data Testing 
for FENDL held at Garching, Germany, 12-16 September 1994, recommended to organize the 
international FENDL benchmark task with the objective of integral data testing that could 
provide confidence in using the FENDL-1 working libraries for fusion applications at the time 
they are released. 

Several laboratories and institutions from the European Union, Japan, the Russian 
Federation and the United States have contributed to this benchmark task by analyzing a 
variety of existing integral 14 MeV neutron benchmark experiments. The majority of them 
are included in the compilation of fusion neutronics benchmark experiments which is freely 
available from the IAEA Nuclear Data Section online. The contributions were submitted to 
the task organizer U. Fischer, Forschungszentrum Karlsruhe, for analysis and inclusion in the 
joint report on the international FENDL-1 benchmark validation. 

2. Objectives of the Meeting 

Following recommendations from the Garching Meeting, U. Fischer prepared and 
distributed a draft report on FENDL benchmarking at the end of March this year. Meanwhile, 
he received comments from several contributors as well as additional benchmark results to be 
included in the report. 

The benchmark report relies on many experimental data that have been provided by 
various laboratories for a series of materials. Many benchmark analyses have been contributed 
using different computational tools and data. The main objective of the benchmark task, 
however, was to validate the FENDL-1 data file for fusion applications through data tests 
against available benchmark experiments and give guidance to the development of FENDL-2 
data file. It was still a huge task to finalize the FENDL data improvements. For this reason 
U. Fischer. proposed to organize a meeting with all benchmark contributors included. The idea 
was to go through the benchmark analyses, experiment by experiment, material by material. 
In this way a discussion and evaluation can take place right at the meting, thereby facilitating 



enormously the preparation of the final report that has to be commonly agreed and presented 
at the IAEA Advisory Group Meeting on FENDL, 5-9 December 1995 in Del Mar, California. 

The purpose of this meeting was to discuss in detail the contributed benchmark analyses 
and to prepare the final report. The meeting agenda is given as Attachment I .  

3. Organization of the Meeting 

The meeting was organized by the IAEA Nuclear Data Section with the co-operation 
and assistance of the local organizers from the Forschungszentrum Karlsruhe, FZK, and held 
in Karlsruhe from 17 to 19 October 1995. 

The meeting was attended by sixteen FENDL benchmark task participants and 
contributors from 5 member countries. The complete list of participants and their affiliations 
are given as Attachment 2. 

4. Meeting Proceedings and Results 

The meeting was opened by U. Fischer, the FENDL Benchmark Task Organizer. 
After the welcome speech by A.B. Pashchenko on behalf of the IAEA, U. Fischer was elected 
as chairman of the meeting. 

The full 3 days of the meeting were devoted to FENDL-1 benchmark analysis. After 
the general overview on FENDL benchmark validation task presented by U. Fischer and 
information concerning the IAEA collection of Fusion Neutronics Benchmark Experiments 
reported by U. von Mollendorff, the meeting attendees presented and discussed step by step 
the results of the benchmark analysis. 

The results of the following contributors from Japan, the USA, the European Union 
and the Russian Federation have been considered at the meeting: 

Y. Oyama, C. Konno, F. Maekawa, M. Wada - JAERI; C. Ichihara - Kyoto 
University, A. Takahashi -Osaka University, K. Ueki -Ship Research Institute, 
K. Kosako -Sumitorno Atomic Industries, K. Hayashi - Hitachi Engineering Ltd. 

M. Youssef - UCLA, H. Hunter, C. Slater - ORNL. 

U. Fischer, F. Kappler, E. Stein, H. Tsige-Tamirat, E. Wiegner - FZK Karlsruhe, 
P. Batistoni, L. Petrizzi, V. Rado - ENEA Frascati, L. Benmansour, A. Santamaria - 
CEACadarache, K. Seidel -TUD Dresden. 

A. Blokhin, S.P. Simakov, V. Sinitsa -1PPE Obninsk, D. Markovskij -RRC-KI 
Moscow. 



On the first day, Tuesday 17 October 1995, the meeting participants went through the 
analysis, experiment by experiment, for the breeding and multiplying materials (Beryllium, 
Lead, Lithium) and breeding material constitutions (Aluminum, Silicon, Zirconium). The 
major item of the second day was analysis for the structural and/or shielding materials (Iron, 
Chromium, Copper, Manganese, Tungsten, Steel SS-316). The first part of the last day, 
Thursday, 19 October 1995, was devoted to analysis of benchmarks for other materials of 
lower priority (Graphite, Oxygen, Cobalt, Niobium, Titanium) and discussion on gamma-ray 
spectra and heating rates analysis. In addition, supplementary contributions to fusion 
benchmark experiments and analysis have been reported by S. Simakov (new results of the 
IPPE experiment on spherical iron shells) and K. Hayashi (benchmark analysis with JENDL- 
FF data). 

The results for the three categories of materials are summarized in the draft of the 
summary report of the International Working Group on "Experimental and Calculational 
Benchmarks on Fusion Neutronics for FENDL Validation" prepared by U. Fischer [I]. The 
procedure for the preparation of the final report was agreed as follows. U. Fischer will 
integrate all submitted proposals and prepare a hardcopy draft of the report including tables 
and figures provided by participants. This report will be presented at the Del Mar Advisory 
Group Meeting on "Completion of FENDL-1 and Start of FENDL-2", 5-9 December 1995. 
The report will be distributed as hardcopy on that occasion. Afterwards it will be issued as 
an INDC(NDS)-report. 

5. Conclusions 

FENDL-1 data went through extensive benchmarking by comparing experimental data 
from numerous number of fusion integral experiments to analytical predictions based on 
discrete ordinates as well as Monte Carlo calculations. Neutrons and gamma leakage spectra, 
in-system spectra, reaction rates of different threshold energies and gamma-ray heating were 
among the experimental items used in benchmarking multigroup data (FENDL/MG- 1 .O) and 
continuous data (FENDL/MC- 1.0). 

The general conclusion can be stated that the data quality with the available FENDL 
data has reached a high confidence level for fusion applications. With few exceptions this 
holds especially for the materials being most important for fusion reactor applications. As a 
result of the performed benchmark analyses, some existing deficiencies and discrepancies have 
been identified that can be removed in the forthcoming FENDL-2 data file. 

The selected experiments were mostly on assemblies made of single material. These 
single material set-ups (e.g. iron sphere, beryllium cylindrical slab, etc.) are most useful in 
judging the quality of FENDL data of the particular material under consideration and thus 
guidance can be made to data evaluators on any existing deficiencies and discrepancies that 
may be removed in the forthcoming FENDL-2 data file. However, some of the selected 
benchmarks were made out of composite materials. Examples are the bulk shielding 
experiments on SS316 devoted to the validation of ITER shielding blanket. While the results 
of the single material benchmarks give guidance to improving the existing data bases, the 



results from benchmarking composite materials can also give guidance to blanket/shield 
designers of fusion reactors (e.g. ITER) to reasonable estimates of design marginslsafety 
factors to be implemented in the design process. These design margins are based on the 
observed discrepancies between calculations and measurements. Recent effort has been made 
to develop methodologies to estimate these design margins using statistical models and 
propagation of errors [2,3]. The economical impact of using these safety factorsldesign 
margins in design process rather than improving first a particular evaluation through new 
cross-section measurements should be studied through costlbenefit analysis. This will require 
an extensive cross-section sensitivity/uncertainty analyses along with reasonable estimates of 
new experiments to improve data and the economical penalty involved when safety factors are 
used directly by designers [4]. 

6. Acknowledgments 

The parhcipants hope very much that the recommendations of this meeting will be acted 
upon by the Agency for the mutual benefit of its Member States. 

The parhcipants wish to thank the Agency for focussing the much needed attention on 
the benchmark validation of FENDL-1 discussed here and wish to thank Dr. U. Fischer of 
Forschungszentrum Karlsruhe for the efficient organization of the meeting and for the warm 
hospitality extended to the participants. 

References 

[I] U. Fischer, Ed., "Integral Data Tests of FENDL-1 Nuclear Data Library for Fusion 
Applications, draft Summary Report of the International Working Group on 
"Experimental and Calculational Benchmarks on Fusion Neutronics for FENDL 
Validation", October 1995, to appear as an IAEA-NDS-report. 

[2] M.Z. Youssef, A. Kumar, M.A. Abdou, Y. Oyama, and H. Maekawa, "Fusion 
Integral Experiments and Analysis and the Determination of Design Safety Factors, 
Part I: Methodology". Fusion Technology, 28, No. 2 (1995) 366-387. 

[3] M.Z. Youssef, A. Kumar, M.A. Abdou, Y. Oyama, C. Konno, F. Maekawa, 
Y. Ikeda, K. Kosako, M. Nakagawa, T. Mori, and H. Maekawa, "Fusion Integral 
Experiments and Analysis and the Determination of Design Safety Factors, Part 11: 
Application to the Prediction Uncertainty of Tritium Production Rate from the 
USDOE/JAERI Collaborative Program on Fusion Blanket Neutronics", Fusion 
Technology, 28, No., 2 (1995) 388-432. 

[4] M.Z. Youssef and Y. Oyama, "Required Design Margins in Fusion Reactors to 
Compensate for Nuclear Data Uncertainties - A Global Approach to Define Safety 
Factors Based on Integral Experiments", Proc. International Conference on Nuclear 
Data for Science and Technology Gatlinburg, Tennessee, May 9-13, 1994, Vol. 2, 
p. 874. 



Attachment 1 
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Karlsruhe, Germany 
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Forschungszentrum Karlsruhe Technik und Umwelt 

D-7602 1 Karlsruhe, Germany 

Scientific Secretary: Anatoly B. PASHCHENKO 

A G E N D A  

Tuesday, October 17 

08:OO Pick-up at hotels 

08: 30 Opening of the meeting 
Welcome & administrative announcements (U. F i h e r )  
Welcome address by IAEA representative (A.B. Pashchenko) 
Discussion of agenda & adoption 

The FENDL benchmark validation task (U. Fischer) 
- Overview - 

The Collection of Fusion Benchmark Experiments (U. v. Moellendorff) 
- Overview and status - 

Coflee break 

Discussion on FENDL1 benchmark analyses 
Pan I: Breeding and multiplying materials 

(1) Beryllium 
Spherical shell experiments: OKTAVIAN, IPPE Obninsk, 
KI Moscow and KANT 
(Contributors: Ch. Ichihara, A. Blokhin, S. Simakov, D. Markovskij, 
U. Fischer, U. v. Moellendorff) 

FNS slab experiment: TOF and in-system measurements 
(Contributors: Y. Oyama, D. Markovskiy) 

12:30 Lunch break 



13:30 Discussion on FENDL1 benchmark analyses 
Pan I (continued) 

(2) Lead 
Spherical shell experiments: OKTAVIAN, IPPE Obninsk, 
KI Moscow and TUD 
(Contributors: Ch. Ichihara, A. Blokhin, S. Simakov, D. Markovskij, 
U. Fischer, K. Seidel) 

FNS slab experiment: TOF measurements 
(Contributor: Y. Oyama) 

15:30 Cogee break 

15:45 Discussion on FENDLl benchmark analyses 
Pan I (continued) 

(3) Lithium 
Spherical shell experiments: OKTAVIAN, IPPE Obninsk 
(BeLiI PbLi assemblies) 
(Contributors: Ch. Ichihara, A. Blokhin, S. Simakov, U. Fischer) 

FNS slab experiment on Li(2)O: TOF and in-system measurements 
(Contributor: Y. Oyama) 

(4) Aluminum, Silicon, Zirconium 
Spherical shell experiments: OKTAVIAN, IPPE Obninsk 
(Contributors: Ch. Ichihara, A. Blokhin, S. Simakov, U. Fischer) 

17.30 Depanure to hotels 

Wednesday, October 18 

08:OO Pick-up at hotels 

08: 30 Discussion on FENDL1 benchmark analyses 
Pan 11: Structural and/or shielding materials 

(1) Iron 
Spherical shell experiments: OKTAVIAN, IPPE Obninsk 
(Contributors: Ch. Ichihara, A. Blokhin, S. Simakov, U. Fischer) 

Slab experiments: FNS TOF & in-system measurements, 
TUD TOF measurements 
(Contributors: Y. Oyama, K. Seidel, D. Markovskiy, U. Fischer) 



Cofee break 

Discussion on FENDLl benchmark analyses 
Pan II (continued) 

(2) Chromium 
Spherical shell experiment: OKTAVIAN 
(Contributor: Ch. Ichihara) 

(3) Copper 
Spherical shell experiment: OKTAVIAN 
(Contributors: Ch. Ichihara, U. Fischer) 

Slab experiment: FNS in-system measurements 
(Contributor: Y. Oyama) 

(4) Manganese 
Spherical shell experiment: OKTAVIAN 
(Contributor: Ch. Ichihara) 

(5) Tungsten 
Spherical shell experiment: OKTAVIAN 
(Contributor: Ch. Ichihara) 

Slab experiment: FNS in-system measurements 
(Contributor: Y. Oyama) 

12:30 Lunch break 

13:30 Discussion on FENDLl benchmark analyses 
Pan II (continued) 

(i) FNG bulk shield experiment 
(Contributors: P. Batistoni, V. Rado, D. Markovski y) 

(ii) ORNL bulk shield experiment 

15:30 C o r n  break 

15:45 Discussion on FENDLl benchmark analyses 
Pan II, SS-316 (continued) 

(iii) FNS bulk shield experiment 
(Contributors: M. Youssef, Y. Oyama) 



17:30 Depanure to hotels 

2O:OO Dinner at Gustdozentenhaus, Karlsruhe 

Thursday, October 19 

08:OO Pick-up at hotels 

08: 30 Discussion on FENDL1 benchmark analyses 
Pan III: Other materials 

(1) Graphite 
Slab experiments: FNS TOF & in-system measurements 
(Contributor: Y. Oyama) 

(2) Oxygen 
Slab experiment: FNS TOF measurements on liquid O(2) 
(Contributor: Y. Oyama) 

(3) Cobalt, niobium, manganese, titanium 
Spherical shell experiments at OKTAVIAN 
(Contributor: Ch. Ichihara) 

10:30 Cofee break 

10:45 Discussion on FENDL-1 benchmark analyses 
Pan IV: Gamma-ray spectra and heating rates 

(1) OKTAVIAN spherical shell experiments: Gamma leakage spectra of LiF, 
CF(2), Al, Si, Ti, Cr, Mn, Co, Cu, Nb, Mo, W and Pb 
(Contributor: Y. Oyama) 

(2) FNS slab experiments: In-system measurements of heating rate 
and gamma ray spectra of Fe, Cu, W 
(Contributor: Y. Oyama) 

(3) TUD iron slab experiment: TOF measurement of gamma ray spectrum 
(Contributor: K. Seidel) 

(4) SS-316 bulk shield experiments: heating rate measurements 

(i) FNG measurements 
(Contributors: P. Batistoni, V. Rado) 

(ii) FNS measurements 



(Contributors: M. Youssef, Y. Oyama) 

Lunch break 

Summary discussion & adoption of recommendations 

Coflee break 

Supplementary contributions to fusion benchmark experiments & analyses 

(i) S. Simakov: New results of IPPE experiment on spherical iron shells 

(ii) K. Hayashi: Benchmark analyses with JENDL-FF data 

(iii) Others 

Departure to hotels 



Attachment 2 

IAEA Consultants' Meeting on 
Benchmark Validation of FENDL-1 

Karlsruhe, Germany 
17-19 October 1995 

In co-operation with 
Forschungszentrum Karlsruhe Technik und Umwelt 

D-76021 Karlsruhe, Germany 

Scientific Secretary: Anatoly B. PASHCHENKO 

LIST OF PARTICIPANTS 

GERMANY 
D. HERMANUTZ 
Institut fur Neutronenphysik 

und Reaktortechnik 
Forschungszentrum Karlsruhe 
Technik und Umwelt 
Postfach 3640 
D-7602 1 Karlsruhe 
Fax: +49-7247-82-3824 
Tel . : + 49-7247-82-2437 
E-mail: INR1E6@INRNSC.FZK.DE 

F. KAPPLER 
Institut fur Neutronenphysik 

und Reaktortechnik 
Forschungszentrum Karlsruhe 
Technik und Umwelt 
Postfach 3640 
D-7602 1 Karlsruhe 
Fax: +49-7247-82-3824 
Tel. : + 49-7247-82-2437 
E-mail: I N R ~ ~ ~ @ D K A K F K ~ . D E  

U. von MOLLENDORFF 
Institut fur Neutronenphysik 

und Reaktortechnik 
Forschungszentrum Karlsruhe 
Technik und Umwelt 
Postfach 3640 
D-7602 1 Karlsruhe 
Fax: +49-7247-82-4874 
Tel.: +49-7247-82-2739 
E-mail: I N R ~ ~ ~ @ H D I M ~ s P .  KFK .DE 

INR~~~@HDIM~sP.FZK.DE 

Klaus SEIDEL 
Institute of Nuclear and Particle Physics 
Technische Universitit 
Aussenstelle Pirna-Copitz 
Pratzschwitzer Strasse 15 
D-01796 Pirna-Copitz 
Fax: +49-350 1-527547 
Tel.: +49-3501-527545 
E-mail: SEIDEmPHYSIK.PHY .TU-DRESDEN.DE 



H. TSIGE-TAMIRAT 
Institut fiir Neutronenphysik 

und Reaktortechnik 
Forschungszentrum Karlsruhe 
Technik und Umwelt 
Postfach 3640 
D-7602 1 Karlsruhe 
Fax: +49-7247-82-3824 
Tel. : +49-7247-82-2437 
E-mail: TSIGE@INRRlsC6.KFK.DE 

ITALY 
Ms. Paola BATISTONI 
E.N.E.A. 
Centro Ricerche Energie Frascati 
Dipartimento Fusione 
Divisione Neutronica 
Via Enrico Fermi, 27, Casella Postale 65 
1 - 0 4 4  Frascati (Roma) 
Fax: +39-6-940053 14 
Tel.: +39-6-94005739 
E-mail: BATIS~M@FIUSCA~.ENEA.IT 

V. RADO 
E.N.E.A. 
Centro Ricerche Energie Frascati 
Dipartimento Fusione 
Divisione Neutronica 
Via Enrico Fermi, 27, Casella Postale 65 
1-00044 Frascati (Roma) 
Fax: +39-6-940053 14 
Tel. : +39-6-94005739 
E-mail: RADO@FRASCATI. ENEA.IT 

JAPAN 
K. HAYASHI 
Hitachi Engineering Company Ltd. 
Saiwai-cho, 3-2- 1 
Hitachi, Ibaraki 3 17 
Fax: + 8 1-294-23-6748 
Tel.: + 81-294-24-1 1 1  1 ext. 6075 
E-mail: 190084@sINET.~D .JP 

Chihiro ICHIHARA 
Research Associate 
Institute of Research Reactor 
Kyoto University 
Kumatori-cho, Sennan-gun 
Osaka 590-04 
Fax: + 8 1-724-53-0360 
Tel.: + 81 -724-52-0901 
E-mail: CHIHIRO@KUCA.RRI.KYOTO-IJ.AC.JP 

Yukio OYAMA 
Fusion Neutronic Laboratory 
Department of Reactor Engineering 
Japan Atomic Energy Research Institute 
Tokai-mum, Naka-gun 
Ibaraki-ken 3 19- 1 1 
Fax: + 81 -29-282-5709 
Tel. : + 8 1-29-282-6075 
E-mail: OYAMA@MSHP.ToKAl.JAERI.OO.JP 

RUSSIA 
Anatoly I. BLOKHIN 
Institute of Physics and Power Engineering 
Bondarenko Sq. 1 
249020 Obninsk, Kaluga Region 
Fax: +7-095-230-2326 or 095-883-3 1 12 
Tel.: +7-084-399-8986 
E-mail: POA@CJD.OBNINSK.SU 

Dimitrij V. MARKOVSKU 
Institut Atomnoi Energii I.V. Kurchatov 
46 Ulitsa Kurchatova 
123 182 Moscow 
Fax: +7-095-943-0073 
Tel.: +7-095-196-7864 
E-mail: X~~~~@WOWA.NET.KIAE.SU 

Stanislav P. SIMAKOV 
Department of Nuclear Physics 
Institute of Physics and Power Engineering 
Ploschad Bondarenko 
249020 Obninsk, Kaluga Region 
Fax: +7-095-230-2326 
Tel.: +7-084-399-8272 
E-mail: POA@CJD.OBNINSK.SU 



Mahmoud Z. YOUSSEF 
Fusion Nuclear Technology 
43- 1 33 Engineering IV Bldg . 
School of Engineering and Applied Science 
University of California 
Los Angeles, CA 90024-1597 10 
Fax: + 1-3 10-825-2599 
Tel. : + 1-3 10-825-2879 
E-mail: YOUSSEF@FUSION.UCLA.EDU 

I.A.E.A. 
Anatoly B. PASHCHENKO 
(Scientific Secretary of the Meeting) 
IAEA Nuclear Data Section 
Wagramerstrasse 5, P.O. Box 100 
A- 1400 Vienna, Austria 
Fax: +43-1-20607 
Tel.: +43- 1-2060-2 1708 
E-mail: PASHCHENKO@IAEAND .IAEA.OR. AT 

- 
Ulrich FISCHER 
(Chairman, Working Group) 
Institut fiir Neutronenphysik 

und Reaktortechnik 
Forschungszentrum Karlsruhe, Technik 

und Umwelt 
Postfach 3640 
D-7602 1 Karlsruhe, Germany 
Fax: + 49-7247-82-2437 
Tel. : +49-7247-82-5070 
E-mail: INR297@HDIMVSP.KFK.DE 

FISCHER@INRRlSC6.KFK .DE 



Nuclear Data Section e-mail, INTERNET: SERVICES@IAEAND .IAEA.OR. AT 
International Atomic Energy Agency e-mail, BITNET: RNDS@IAEAl 
P.O. Box 100 fax: (43-1) 20607 
A-1400 Vienna cable: INATOM VIENNA 
Austria telex: 1-12645 atom a 

telephone: (43-1) 2060-2 17 10 

online: TELNET or FTP: 1AEAND.IAEA.OR.AT 
username: IAEANDS for interactive Nuclear Data Information System 
username: NDSOPEN for FTP file transfer 


