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International Handbook of Evaluated Criticality Safety 
Benchmark Experiments
December 2016 Edition

 22 Contributing Countries

 ~69,000 Pages

 570 Evaluations

 4,913 Critical, Near-Critical, or 

Subcritical Configurations

 45 Criticality-Alarm-

Placement/Shielding 

Configurations

 215 Configurations with 

Fundamental Physics 

Measurements

 829 Unacceptable Experiment 

Configurations
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http://icsbep.inl.gov/

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



Breakdown of Current ICSBEP Benchmark 
Specifications
 748 plutonium experiments

 36 compound

 123 metal

 589 solution

 1435 highly enriched uranium 

experiments
 291 compound

 601 metal

 536 solution

 2 mixed compound/solution

 5 mixed metal/solution

 268 intermediate- and mixed-enrichment 

uranium experiments
 156 compound

 47 metal

 65 solution

 1662 low enriched uranium experiments
 1398 compound

 87 metal

 117 solution

 60 mixed compound/solution
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 244 233U experiments
 6 compound

 11 metal

 227 solution

 536 mixed plutonium-uranium 

experiments
 301 compound

 52 metal

 86 solution

 76 mixed compound/solution

 21 mixed metal/compound

 20 special isotope experiments
 metal (237Np, 238Pu, 242Pu, & 244Cm)

 9 criticality-alarm/shielding experiments
 45 unique configurations with numerous 

dose points

 8 fundamental physics experiments
 215 unique measurements such as fission 

rates, transmission measurements, and 

subcritical neutron multiplication 

measurements



Plutonium and HEU Benchmarks

4 Plutonium Benchmarks:

• Los Alamos National Laboratory (LANL) in the United States

• Argonne National Laboratory – West (ANL-W) in the United States

• Valduc Nuclear Center in France

5 Highly Enriched Uranium Benchmarks:

• Oak Ridge National Laboratory (ORNL) in the United States

5



Bare Sphere of Plutonium-239 Metal (4.5 wt.% 
240Pu, 1.02 wt.% Ga)
[PU-MET-FAST-001 Revision 4]
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ZPR-3 Assembly 58: A Cylindrical Assembly of 
Plutonium Metal and Graphite with a Thick 
Depleted Uranium Reflector
[PU-MET-INTER-003 :
ZPR-FUND-EXP-017]
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ZPR-3 Assembly 59: A Cylindrical Assembly of 
Plutonium Metal and Graphite with a Thick Lead 
Reflector
[PU-MET-INTER-004 :
ZPR-FUND-EXP-018]
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Arrays of UO2 PHENIX Pins Containing 26 wt% 
of Plutonium (240Pu/Pu=16 wt%) in a Plutonium 
(240Pu/Pu=19 wt%) Nitrate Solution
[PU-SOL-THERM-040 : MIX-MISC-THERM-007]
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Oralloy (93.2 235U) Bare Metal Annuli
[HEU-MET-FAST-074]
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Experiments with HEU (93.14 wt.%) Metal Annuli 
with Internal Graphite Cylinder
[HEU-MET-FAST-077]
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Complex Geometry Bare Oralloy (93.15 235U) 
Metal Annuli Experiments
[HEU-MET-FAST-083]
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Static Critical Experiments for the Sorgente
Rapida (SORA) Reactor Mockup
[HEU-MET-FAST-096]
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Fast Neutron Spectrum Potassium Worth for 
Space Power Reactor Design Validation
[HEU-MET-FAST-099 : ORCEF-SPACE-EXP-001]
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IEU, Mixed U, LEU, and Nat-U Benchmarks 

1 Intermediate-Enriched Uranium Benchmark:

• Oak Ridge National Laboratory (ORNL) in the United States

4 Low-Enriched or Natural Uranium Benchmarks:

• Institute de Pesquisas Energeticas e Nuclearesthe (IPEN) in Brazil

• Sandia National Laboratories (SNL) in the United States
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Critical Dimension of Unreflected Aqueous 
Solution of U(37 %)O2F2 in Spherical Geometry
[IEU-SOL-THERM-005]
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Critical Loading Configurations of the IPEN/MB-
01 Reactor Composed of Fuel and Molybdenum 
Rods
[LEU-COMP-THERM-067 : IPEN(MB-01)-LWR-RESR-018]
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Partially-Reflected Water-Moderated Square-
Pitched U(6.90)O2 Fuel Rod Lattices with 0.67 
Fuel to Water Volume Ratio (0.800 cm Pitch)
[LEU-COMP-THERM-096]
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Titanium and/or Aluminum Rod-Replacement 
Experiments in Fully-Reflected Water-Moderated 
Square-Pitched U(6.90)O2 Fuel Rod Lattices with 
0.67 Fuel to Water Volume Ratio (0.800 cm Pitch)
[LEU-COMP-THERM-097]
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Subcritical Configurations of the IPEN/MB-01 
Reactor
[SUB-LEU-COMP-THERM-002 : 
IPEN(MB-01)-LWR-RESR-016]
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Mixed Pu/U, Criticality Alarm/Shielding and 
Fundamental Physics Benchmarks 
1 Mixed Uranium/Plutonium Benchmark:

• Valduc Nuclear Center in France

3 Criticality Alarm/Shielding Benchmarks:

• Valduc Nuclear Center in France

2 Fundamental Physics Benchmarks:

• National Criticality Experiments Research Center (NCERC) in the 
United States
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Pulse 1/Air: Neutron Activation and 
Thermoluminescent Detector Response to a 
Bare Pulse of the CEA Valduc SILENE Critical 
Assembly
[ALARM-TRAN-AIR-SHIELD-001]
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Pulse 2/Pb: Neutron Activation Foil and 
Thermoluminescent Dosimeter Responses to a 
Lead Reflected Pulse of the CEA Valduc SILENE 
Critical Assembly
[ALARM-TRAN-PB-SHIELD-001]
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Pulse 3/CH2: Neutron Activation Foil and 
Thermoluminescent Dosimeter Responses to a 
Polyethylene Reflected Pulse of the CEA Valduc
SILENE Critical Assembly
[ALARM-TRAN-CH2-SHIELD-001]
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Nickel-Reflected Plutonium-Metal-Sphere 
Subcritical Measurements
[FUND-NCERC-PU-HE3-MULT-001]

28



Tungsten-Reflected Plutonium-Metal-Sphere 
Subcritical Measurements
[FUND-NCERC-PU-HE3-MULT-002]
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International Handbook of Evaluated Reactor Physics 
Benchmark Experiments
March 2017 Edition

21 Contributing Countries

50 Reactor Facilities

Data from 151 Experimental 
Series

147 Approved 
Benchmarks

4 DRAFT Benchmarks
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http://irphep.inl.gov/

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



Breakdown of Current Reactor Facilities on IRPhEP 
Handbook
 6 Pressurized Water Reactor (PWR)

 DIMPLE, DUKE, EOLE, OTTOHAHN, 

SSCR, VENUS

 3 Vodo-Vodynaoi Energetichesky Reactor 

(VVER)

 LR-0, P-Facility, ZR-6

 0 Boiling Water Reactor (BWR)

 9 Liquid Metal Fast Reactor (LMFR)

 BFS-1, BFS-2, BR2, FFTF, JOYO, 

SNEAK, ZEBRA, ZPPR, ZPR

 5 Gas Cooled (Thermal) Reactor (GCR)

 ASTRA, HTR10, HTTR, PROTEUS, 

VHTRC

 1 Gas Cooled Fast Reactor (GCFR)

 PROTEUS
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 5 Light Water Reactor (LWR)

 CROCUS, DIMPLE, IPEN(MB01), KRITZ, 

TCA

 3 Heavy Water Reactor (HWR)

 DCA, ETA, ZED2

 0 Molten Salt Reactor (MSR)

 1 Reaktor Bolshoy Moshchnosti Kanalniy

(RBMK)

 RBMK(CF)

 6 Space Reactor (SPACE)

 ORCEF, SCCA, TOPAZ, UKS1M, ZPPR, 

ZPR

 19 Fundamental Physics Reactor 

Measurements (FUND)

 ATR, BFS-1, BFS-2, CORAL(1), FR0, 

HECTOR, IGR, KUCA, LAMPRE, 

MINERVE, NRAD, ORSPHERE, PBF, RA-

6, RB, RHF, TRIGA, ZEBRA, ZPR



PWR and VVER Benchmarks 

1 PWR Benchmark:

• Centre d'étude de l'Energie Nucléaire / Studiecentrum voor
Kernenergie (CEN/SCK) in Belgium

2 VVER Benchmarks:

• Nuclear Research Institute, Řež plc (NRI) facility in the Czech Republic
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Experimental Study of the VENUS Configuration 
No. 17 (DRAFT)
[VENUS-PWR-EXP-006]
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VVER-1000 Mock Up Physics Experiments 
Hexagonal Lattices (1.275 cm Pitch) of Low 
Enriched U(2.0, 3.0, 3.3 wt.% 235U)O2 Fuel 
Assemblies in Light Water with H3BO3
[LR(0)-VVER-RESR-002]
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VVER-1000 Physics Experiments Hexagonal 
Lattices (1.275 cm Pitch) of Low Enriched U(3.3 
wt.% 235U)O2 Fuel Assemblies in Light Water 
with Graphite and Fluoride Salt Insertions in 
Central Assembly
[LR(0)-VVER-RESR-003]
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GCFR and LWR Benchmarks 

1 GCFR Benchmark:

• Paul Scherrer Institute’s (PSI) PROTEUS facility in Switzerland

4 LWR Benchmarks:

• Winfrith in the United Kingdom 

• Institute de Pesquisas Energeticas e Nucleares (IPEN) in Brazil
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GCFR-PROTEUS Experimental Program Core 
11: Nominal Core Configuration
[PROTEUS-GCFR-RESR-001]
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Light Water Moderated and Reflected Low 
Enriched Uranium (3 wt.% 235U or 7 wt.% 235U) 
Dioxide Rod Lattices, DIMPLE CERES Phase II 
(DRAFT)
[DIMPLE-LWR-EXP-003]
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The Inversion Point of the Isothermal Reactivity 
Coefficient of the IPEN/MB-01 Reactor
[IPEN(MB-01)-LWR-RESR-017]
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Space Reactor and Fundamental Physics 
Experiment Benchmarks 
1 SPACE Benchmark:

• Oak Ridge Critical Experiment Facility (ORCEF) at ORNL

6 FUND Benchmarks:

• Cadarache research center of the French Commission of Atomic and 
Alternative Energies (CEA)

• Vinča’s RB reactor in Serbia

• Jožef Stefan Institute (JSI) in Slovenia

• Argonne National Laboratory – West (ANL-W) in the United States
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Reactivity Worth Measurement of Major Fission 
Products in MINERVE LWR-Lattice Experiments
[MINERVE-FUND-RESR-001]
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RB Reactor: VINET – Experimental Fuel Channel 
(EFC), Core RB 58/1982
[RB-FUND-EXP-007]

44



RB Reactor: Internal Neutron Converters (INC), 
Cores RB59/1983, RB60/1984 and RB61/1984
[RB-FUND-EXP-008]

45



Reaction Rate Distribution Experiments in the 
TRIGA Mark II Research Reactor
[TRIGA-FUND-RESR-002]
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Summary and Conclusions

Hundreds of scientists from 26 different countries have combined their 
efforts to produce the ICSBEP and IRPhEP Handbooks. 

Those two handbooks continue to grow and provide high-quality 
integral benchmark data that will be of use to the criticality safety, 
nuclear data, and reactor physics communities for future decades.
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EXTRA SLIDES
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Benchmark Evaluation Process
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Directed and Distributed via the OECD NEA
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Current OECD/NEA Member Countries (2016)
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Australia France Luxembourg Slovak Republic

Austria Germany Mexico Slovenia

Belgium Greece Netherlands Spain

Canada Hungary New Zealand Sweden

Chile Iceland Norway Switzerland

Czech Republic Ireland Poland Turkey

Denmark Israel Portugal United Kingdom

Estonia Italy Republic of Korea United States

Finland Japan Russian Federation



Countries Participating in the ICSBEP & IRPhEP
Argentina

Belgium

Brazil

Canada

People’s Republic of China

Czech Republic

France

Germany

Hungary

 India 

 Israel

 Italy

Japan
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Kazakhstan

Poland

Republic of Korea

Russian Federation

Serbia

Slovenia

South Africa

Spain

Sweden

Switzerland

United Kingdom

United States of America


