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International Criticality Safety Benchmark Evaluation Project (ICSBEP)

= Official activity of the Organization for Economic Cooperation and Development’s (OECD) Nuclear

Energy Agency since 1995 under the Working Party for Nuclear Criticality Safety (WPNCS)
= Main Goal: Provide standardized benchmarks for criticality safety validation
= Updated handbook with new evaluations released regularly- 2024 edition released Dec 2025
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: Plutonium
 Intérnational Handl‘gook HEU Highly Enriched Uranium 1455
§ of Evaluated Criticality :/ IEU Intermediate Enriched Uranium 278
Safety Benchmark Experiments LEU Low Enriched Uranium 1827
3 U233 Uranium 233 244
MIX Mixed Material Systems 536
: SPEC Other Actinides 20
e N 7ess ALARM Shielding and Criticality Accident Alarm 51
2024 Placement
FUND Fundamental Physics Measurements 246
Handbook Total 5462
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New Content for 2024 ICSBEP Handbook

= 2 new evaluations with 7 critical configurations and 8 fundamental

physics configurations

— Volume II: Two new fast HEU, three intermediate HEU, one mixed spectra HEU,
and one thermal HEU (all metal)

— Volume IX: Eight new pulsed neutron die-away fundamental physics cases,
four with polyethylene and four with Lucite

= One major revision to HEU-MET-FAST-028 (Flattop with HEU Core)
— Important to update your benchmark suite for major revisions!
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New Evaluation 1:
HEU-MET-INTER-013

TEX-Hf Assemblies: Highly Enriched
Uranium Plates with Hafnium Using
Polyethylene Moderator and

Polyethylene Reflector

— Comet Assembly with HEU Jemima Plates
at National Criticality Experiments
Research Center (NCERC), USA

— Varied polyethylene moderator thickness
to adjust neutron spectra

— Included hafnium in different
configurations (interstitially and as a
reflector)

— 7 Cases, 1 thermal, 3 intermediate, 1
mixed, 2 fast
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New Evaluation 2:
FUND-LLNL-DT-PE-PNDA-001

—— Case |, HDPE 7.76 cm x 7.65 cm
Case 2, HDPE 10.75 cm x 10.81 cm
105. —— Case 3, HDPE 15.61 cmx 15.53 cm
—— Case 4, HDPE 23.69 cm x 22.89 cm
3
1071
1
10 1
0.0 0.5 1.0 13 2.0
Time (ms)

Pulsed-Neutron Die-Away Response of
Polyethylene and Polymethyl Methacrylate

Targets to a D-T Neutron Generator Pulse
— LLNL, USA

— Four different target sizes of PE and PMMA (Lucite)

— Benchmark quantity is characteristic exponential
decay eigenvalue, a

— Useful to test thermal scattering law data
* Smaller targets- more sensitive to scattering
* Larger targets- more sensitive to absorption
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Revised Evaluation:
HEU-MET-FAST-028

Uranium-235 Sphere Reflected by Normal

Uranium Using Flattop
— Flattop Assembly with HEU Core at NCERC, USA
— Major revision based on new dimensional and
critical measurements eflector
— High fidelity models, one detailed and one
simplified
 Results with ENDF/B-VIII.O agree within 1 sigma of

HMF-028, Rev 2

Pedestal

Safety Block B
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Ljubljana, Slovenia in April 2025
— 61 in-person attendees, 20 virtual

E - Seven ultimately finalized for the 2025 Handbook, plus one additional from 2024 meeting '




New Content for the 2025 Edition of the ICSBEP Handbook

= 8 new evaluations with 19 critical configurations, 4 fundamental

physics configurations, and 2 alarm/shielding configurations

— Volume | (PU): Two new fast Pu evaluations

— Volume Il (HEU): One new fast HEU, one intermediate HEU, and one thermal
HEU evaluations

— Volume IV (LEU): One new thermal LEU evaluation

— Volume VII (ALARM): Two new 2°2Cf source shielding evaluations

— Volume IX (FUND): One new pulsed neutron die-away evaluation

= Final files provided to NEA, expect publication soon!
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New Evaluation 1 and 2:
PU-MET-FAST-047 and PU-MET-FAST-050

The Jupiter Experiments: Plutonium Metal
Plates Separated by Lead and Reflected by
Copper
— Comet Assembly Machine at NCERC, USA
— Collaboration between LANL and the Japan Atomic
Energy Agency (JAEA) for fast reactor lead void
reactivity studies
— Plutonium Zero Power Physics Reactor (ZPPR)
plates mixed with lead plates and ZEUS copper
reflector
— 3 cases in PU-MET-FAST-047 with increasing
central lead void
— 2 cases in PU-MET-FAST-050 with higher 24°Pu
content ZPPR plates
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New Evaluation 3: —
H E U = M ET- FAST- 106 BT FEzsser0l0550i)
gg;’j: CR3 SR (8.13in) —
11017 [ B-2444-07] (0.73 1)
CERBERUS: A Zeus Configuration with HEU and Copper I ————
Reflected by Copper i 1 .
— Comet Assembly Machine at NCERC, USA G0 e
— Zeus Copper Reflector and HEU Jemima Plates R i
— 3 cases with increasing thicknesses of interstitial copper plates E‘Eﬁﬁ
— In combination with other Zeus experiments, goal is to provide a RN pasin R@13i)
holistic test of copper nuclear data o | i
10467 B-2444-29| (5.68 in.)
%‘ :::3 10487 [ B-2444-36
i :::: 10464 [ B-2444-01
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New Evaluation 4:
HEU-MET-THERM-038

Aluminum Insert

Reflector Plate
Sodium Chloride Absorber

)

Reflector Ring Encapsulation

)

\
/

Alignment Plate

R

TEX-Chlorine Assemblies: Highly Enriched
Uranium Plates with Sodium Chloride
Absorbers Using Polyethylene Moderator

and Polyethylene Reflector

— Comet Assembly with HEU Jemima Plates at
NCERC/NNSS

— Varied polyethylene moderator thickness to
adjust neutron spectra

— Included vibro-packed sodium chloride
absorber plates between layers

— 3 Cases, 2 thermal and 1 intermediate

— Provide test of chlorine absorption for
criticality safety validation cases for
electrorefining and molten salt fuel
fabrication
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New Evaluation 5:
LEU-COMP-THERM-112

Tantalum Experiments in Fully-Reflected
Water-Moderated Triangular-Pitched

U(6.90)0, Fuel Rod Lattices (1.02 cm
Pitch)
— Sandia Critical Experiments Facility (SCXF)
with 7uP fuel
— Purpose of the experiment was to measure
the effects of Ta in epithermal systems
— Fuel arranged around a central test region
lined with Cd to absorb thermal neutrons
and provide harder spectrum to the Ta rods
— 8 cases with varying configurations of Ta
rods within the test region

Central Test Region
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New Evaluation 6 and 7:
ALARM CF PTFE- SHIELD 001 and ALARM-CF-AL-SHIELD-001

Fast Neutron Leakage and Spatial
Distribution of Activation Foils from a
Polytetrafluoroethylene (PTFE) [or
Aluminum] Block with a 2°2Cf Source in the

Center

— Performed at Research Center Re? (RCR), Czechia

— Measured proton recoil method to obtain
neutron leakage spectrum

— Activation foils placed within and outside the
block

— Useful to test the validity of neutron cross
section data, very sensitive to scattering

+ 19F scattering (PTFE)
* Aluminum scattering
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Normalized Counts

10-1 ~ genchmark Hode) New Evaluation 8:
1o FUND-LLNL-DT-H20-PNDA-001
10—5<
—_ Pulsed-Neutron Die-Away Response of H,0
Targets to a D-T Neutron Generator Pulse
0.0 0.5 1.0 1.5 — LLNL, USA

Time (ms) — Four different target sizes of water

— Benchmark quantity is characteristic exponential
decay eigenvalue, a

— Useful to test thermal scattering law data
* Smaller targets- more sensitive to scattering
 Larger targets- more sensitive to absorption
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Next ICSBEP TRG Meeting

= OECD/NEA Headquarters,
Boulogne Billancourt,
France

= April 13-16, 2026 (M-Th)

= |[nternational Reactor
Physics Evaluation Project
(IRPhEP) will meet April 17
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Benchmarks Currently Expected at Next Meeting

Autorité de S(ireté Nucléaire et de Radioprotection (France) — Apparatus B Salt Water Configurations

Centrum Vyzkumu Re? (Czechia) — Fast Neutron Leakage and Activation from a C,Cl, Sphere with a 22Cf Source

Idaho National Laboratory (USA) — PROTEUS Critical Configurations with TRISO Fuel

Instituto de Peruano d Energia Nuclear (Peru) — IPEN/RP10 Research Reactor Evaluation with U,Si,-Al, 19.75% enriched in U-235

Plate Type Fuel

5. Instituto de Pesquisas Energéticas e Nucleares (Brazil) — IPEN/MB-01 New Core Evaluation with U,Si,-Al, 19.75% enriched in U-
235 Plate Type Fuel

6. Lawrence Livermore National Laboratory (USA) — Pulsed-Neutron Die-Away Experiments with Oil Targets (FUND)

7. Lawrence Livermore National Laboratory (USA) — High Multiplication Subcritical Benchmark at Sandia National Laboratory LEU
SPR/CX Facility (FUND)

8. Lawrence Livermore National Laboratory (USA) — Unreflected and Polyethylene-Reflected U(97.7%)F Cylinder Benchmark

9. Los Alamos National Laboratory (USA) — HEU-MET-FAST-086: Godiva IV Benchmark Revision

10. Los Alamos National Laboratory (USA) — Prompt Fission Uranium Neutron Spectrum (PFUNS) Critical Experiments

11. Los Alamos National Laboratory (USA) — MUSIC: Bare Highly-Enriched Uranium Shells Subcritical Measurements (FUND)

12. Los Alamos National Laboratory (USA) — Deimos: HALEU as Tri-structural isotropic (TRISO) Kernels Reflected by Graphite and
Beryllium

13. Rensselaer Polytechnic Institute (USA) — Temperature Dependent Configurations of the Walthousen Reactor Critical Facility

14. Sandia National Laboratory (USA) — Neutron Absorber (Boralcan) Experiments with Water Moderated U(6.90%)0, Fuel Lattices

15. University of New Mexico (USA) — AGN Reactor Critical Benchmark

PN PE
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Conclusions

= The ICSBEP is a very active project that continues to produce high quality integral
benchmark data for code and data validation

= Many new experiments are being designed to fill validation gaps and target novel
materials or neutron spectra

= Many of the new benchmarks are being evaluated soon after the experiment was
conducted, with active participation from knowledgeable experimenters

= The ICSBEP standards have changed over time and some of the older, historical
benchmarks would likely not be accepted by the TRG today due to missing
experimental information or unanalyzed uncertainties

= Next Meeting: April 13-16, 2026 at OECD/NEA headquarters (Boulogne-Billancourt,
France) ~
() NEA
. 4
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United
States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States government or Lawrence Livermore National Security, LLC.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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