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1. The necessity of Nuclear 

Benchmarks

❑ The necessity of nuclear benchmarks

- Nuclear Safety

o Safety Assessment

o Safer Operation

o …

- Computational methods

o Code verification

o Cross-section data

ND evaluation projects utilize benchmarks on:
❑ Criticality -> ICSBEP

❑ Shielding/transmission -> SINBAD

❑ Reactor Physics -> IRPHEP

❑ Spent nuclear fuel - > SFCOMPO

❑ …

❑ Others
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1. The necessity of Nuclear 

Benchmarks

❑ B&V of ND trough databases … JEFF Project

Source: JEFF/DOC-1729. “Introduction to JEFF/WG on B&V”. O. Cabellos (2015)
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Project International Project Official Activity at …
ICSBEP

=> DICE tool

International Criticality Safety Benchmark 

Evaluation Project 

https://www.oecd-nea.org/science/wpncs/icsbep/

WPNCS …. The Working Party on Nuclear Criticality 

Safety (WPNCS)

WPEC …Working Party on International Nuclear Data 

Evaluation Co-operation (WPEC)

o SG45 “Validation of Nuclear Data Libraries (VaNDaL) 

Project”

o SG40/CIELO, SG39/SG46,…

IRPhEP

=> IDAT tool

International Reactor Physics Experiment 

Evaluation Project

https://www.oecd-nea.org/science/wprs/irphe/

WPRS … Working Party on Scientific Issues of Reactor 

Systems (WPRS)

o WPEC …SG33/SG39/SG46

SINBAD

=> NEA tool ? 

Shielding Integral Benchmark Archive and 

Database 

https://www.oecd-nea.org/science/wprs/shielding/

WPRS … Working Party on Scientific Issues of Reactor 

Systems (WPRS)

WPEC …WP on International ND Evaluation 

Cooperation (WPEC)/SG47 “Use of Shielding Integral 

Benchmark Archive and Database for ND Validation”

o SG40/CIELO, SG39/SG46,…

SFCOMPO 2.0

=> SFCOMPO

Database of measured isotopic 

concentrations of spent nuclear fuel, with 

operational histories and design data

https://www.oecd-nea.org/sfcompo/

WPNCS… Expert Group on Assay Data of Spent 

Nuclear Fuel (ADSNF)

EXFOR

=> IAEA tools

=> NEA tools

An extensive compilation of experimental 

nuclear reaction data

https://www-nds.iaea.org/exfor/exfor.htm

IAEA/NDS …The International Network of Nuclear 

Reaction Data Centres (NRDC)

NEA/DB …. JANIS Software

2. Handbooks for ND B&V
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3. Purpose of these 

Handbooks

The purpose of these Handbooks can be summarized: 

o Compile benchmark-experiment data into standardized format that allows 

analysts to easily used the data to validate calculational techniques and cross-

section data

o Evaluate the data and quantify overall uncertainties trough sensitivity analysis

o Streamline the necessary step of validating computer codes and nuclear data 

with experimental data. 

e.g. develop models (reference/detail) with verified magnitudes

o Preserve highly valuable experimental data



7Consultant Meeting on the IRCBEP, IAEA´s Headquarters, Vienna, Austria. August 6-9, 2018

4. Content of Experimental 

Handbooks

Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct 

calculational Benchmark-model: Simplifies, 

Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between 

Benchmark values and calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Quality & Assurance

• thorough internal review

• independent peer review

Example: ICSBEP
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5. The need of IRCBEP: 

Identifying quantities

The need of  a database on Radiation Characterization Benchmark Experiments:

❑ Identifying quantities (not yet included in B&V) for “Radiation Characterization” 

o s_0 thermal cross sections (2200 m/s) 

o RI

o K0 - standardisation method of Neutron Activation Analysis (NAA)

o Q0 =I0/ s0

o s_th - spectrum-average thermal cross sections

o Westcott g-factor

o s_14 MeV

o MACS - Maxwellian Averaged Cross Sections 

o ...
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5.1 Integro-Differential 

Verification and Validation 

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Integro-Differential Verification and Validation

Californium-252 spontaneous fission data  already in EXFOR

Source: UKAEA-R(18)004. February 2018
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5.1 Integro-Differential 

Verification and Validation 

Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct calculational Benchmark-

model: Simplifies, Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between Benchmark values and 

calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Procedure:

o Exp. Data: 

▪ EXFOR data 

▪ Others Exp: 

JAEA,TUD,… 

o PREPRO/NJOY codes

o Database: Neutron Spectra

o Calculate: C+DC

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Integro-Differential Verification and Validation
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5.2 Maxwellian-Avg. 

n-Induced Cross-Sect, KADoNIS

Source: UKAEA-R(18)005. February 2018

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Maxwellian-Averaged Neutron-Induced Cross Sections for kT=1 keV to 

100keV, KADoNiS
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5.2 Maxwellian-Avg. 

n-Induced Cross-Sect, KADoNIS

Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct calculational Benchmark-

model: Simplifies, Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between Benchmark values and 

calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Procedure:

o Exp. Data: 

▪ EXFOR data? 

▪ Others Exp: KADoNiS

o PREPRO/NJOY codes

o MAXWAV code ?

o Calculate: C+DC

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Maxwellian-Averaged Neutron-Induced Cross Sections for kT=1 keV to 

100keV, KADoNiS
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5.3 s0 and Q0 values, 

Kayzero library

The measured values in the Kayzero library 
http://www.kayzero.com/

Source: INDC(NDS)-0693

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Comprehensive list of more than 100 reaction cross sections suitable for the 

activation technique:  thermal cross sections (s0) and Q0 values 
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5.3 s0 and Q0 values, 

Kayzero library

Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct calculational Benchmark-

model: Simplifies, Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between Benchmark values and 

calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Procedure:

o Exp. Data: 

▪ EXFOR data

▪ Others Exp: Kayzero

library (A.Trkov)

o PREPRO/NJOY codes

o Calculate: C+DC

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Comprehensive list of more than 100 reaction cross sections suitable for the 

activation technique:  thermal cross sections (s0) and Q0 values 
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5.4 Resonance Integrals

Source: JRC report Report on Integral Resonances: A comparison 

between EXFOR and ENDF/B-VII.1, JEFF-3.2, 

JENDL-4.0 and TENDL-2014.  

O. Cabellos, OECD NEA/DB. NRDC Meeting 2015.

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Resonance Integrals…. data in EXFOR
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5.4 Resonance Integrals

Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct calculational Benchmark-

model: Simplifies, Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between Benchmark values and 

calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Procedure:

o Exp. Data: EXFOR data

o PREPRO/NJOY codes

o URR/CALENDF code?

o INTER code

o Input data for INTER:

Lower-Upper energy limits

o Calculate: C+DC

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Resonance Integrals…. data in EXFOR
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➢ Fission Pulse Decay Heat ➢ Decay Heat and Inventory Predictions

“The lack of real chemical analysis of the irradiated 
samples, …  (page 15)

“Meta-analysis performed by Tobias”

5.5 Decay Heat and Inventory 

predictions

Source: UKAEA-R(18)003. February 2018 Source: CCFE-R(15)25. January 2015

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Decay Heat and Inventory Predictions
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5.6 Other Experimental Data

Source: EFFDOC-1101, “Improvements in the prediction capability of ACAB code to 

transmutation Analysis in IFMIF”, O. Cabellos (2009)

❑ Integral experiments: Steel activation



19Consultant Meeting on the IRCBEP, IAEA´s Headquarters, Vienna, Austria. August 6-9, 2018

Source: ACAB Code Manual: Validation. (2008)

Source: “Experimental studies of concrete 

activation at the National Ignition Facility 

using the Rotating Target Neutron Source”, A.P. 

Belian, J.F. Latkowski, E.C. Morse (1997)

17th IEEE/NPSS Symposium Fusion Engineering

Neutron intensity: 2.2 1010 n/s ± 20%

<E>= 15.2 ± 0.1 MeV

Irradiation time = 1h. 35 min.

❑ Integral experiments: Concrete activation

5.6 Other Experimental Data
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Source: ND2013, “Testing JEFF-3.1.1 and 

ENDF/B-VII.1 DD&FY nuclear data libraries with 

Fission Pulse Neutron Emission and Decay Heat 

Experiments”, O. Cabellos et al. (2013)

“Meta-analysis performed by Tobias”

“Experiments”

“Comparison using Tobias data”
❑ FPDH

5.6 Other Experimental Data
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Source: ND2013, “Testing JEFF-3.1.1 and 

ENDF/B-VII.1 DD&FY nuclear data libraries with 

Fission Pulse Neutron Emission and Decay Heat 

Experiments”, O. Cabellos et al. (2013)

❑ Delayed neutron emission

5.6 Other Experimental Data
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Source: EFFDOC-1117, “Assessment of fissionable material behaviour in fission 

chambers”, O. Cabellos (2010)

❑ Other experimental data measurements ?

5.6 Other Experimental Data
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Content & Format of evaluations:

1. Detailed description of the experiment:

• Geometry, materials,… relevant information

2. Evaluation of experimental data

• Missing data, effects of uncertainties, …

3. Benchmark specifications

• To provide the data necessary to construct calculational Benchmark-

model: Simplifies, Detailed,…

4. Provide results of sample calculations

• Calculated results,… discrepancies between Benchmark values and 

calculated values

5. References

6. Appendix A. Typical input listings

7. Appendix B. Supporting information

Procedure:

o Exp. Data: 

FPDH, DH experiments

o PREPRO/NJOY codes

o Activation codes: FISPACT, 

ACAB, …

o Input data:

Initial inventory and irradiation

history

o Calculate: DH+DDH

5.5/5.6 Decay Heat and Inventory 

predictions

The need of a database on Radiation Characterization Benchmark Experiments:

❑ Decay Heat and Inventory Predictions
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6. Conclusion

The database on Radiation Characterization Benchmark Experiments:

o Quantities not yet included in other Handbooks for “Radiation Characterization” 

o Pointing out gaps in experiments/databases that need to be filled for ND validation

❑ IRCBEP benchmarks cover an area not at all covered by ICSBEP, IRPhE or SINBAD 

because in Radiation Characterization what matter is the “radiation” itself, i.e. the value of 

the cross sections which allow the description of the radiation

❑ How to join efforts: e.g. decay heat for fission events and fusion .vs. SFCOMPO

❑ Example of duplicate information:

o WP2016-24. Assess the difference of RIKEN neutron spectra compiled in EXFOR 

E2298 and SINBAD NEA-1552/14 summarized in WP2015-17. N. Outsuka”

o Automatize the process of validation

❑ Repository of benchmarks, results… “reproducibility, traceability and transparency”

❑ Tools … scripts, updated codes, standard outputs… helping to quickly assess new results 

❑ Procedures … guidelines to judge validation,…

o Improve cross-communication between experts on ND evaluation & experiments


