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HEU-MET-MIXE D-021
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History of IER-297 (TEX-HEU) & IER-532 (TEX-Hf)

▪ Began in FY15/FY16 with completion of Justification of Need (CED-0) 
and Integral Experiment Preliminary Design (CED-1)
— Addendum to the IER-184 (TEX-Pu) CED-1

▪ Integral Experiment Final Design (CED-2) completed in FY18
— Design covered both IER-297 (TEX-HEU) and IER-532 (TEX-Hf)

▪ Integral Experiment Execution (CED-3b) completed in FY21 for
IER-297 (TEX-HEU) and FY23 for IER-532 (TEX-Hf)

▪ Publication of Evaluation (CED-4a/b) completed in FY22/FY23 for
IER-297 (TEX-HEU) and FY24 for IER-532 (TEX-Hf)
— IER-297 (TEX-HEU) as HEU-MET-MIXED-021 in 2022/2023 ICSBEP
— IER-532 (TEX-Hf) as HEU-MET-INTER-013 in 2024 ICSBEP

Resulted in acceptance of two evaluations and 12 benchmark cases in the ICSBEP
Five baseline cases for future HEU experiments to compare to (TEX-Cl/Li, etc.)

Seven cases with sensitivity to hafnium for NCS validation and nuclear data
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▪ Highly enriched uranium (HEU) fuel with high density 
polyethylene (HDPE) moderator and reflector
— Accepted as HEU-MET-MIXED-021 for the 2022/2023 ICSBEP

▪ Varying the thickness of the moderator plates allows the 
neutron spectrum to be fine-tuned to a specific energy regime
— From fast (no moderator) to thermal (up to 1.5 in. thick moderator)

▪ Like TEX-Pu, designed to incorporate diluent materials with the 
ability to focus on a specific energy regime
— Hafnium (complete); Chlorine (in-progress); Lithium (in-design)

▪ TEX-HEU provides the baseline benchmark configurations which 
allow for a comparison to better understand the contribution 
resulting from the addition of diluent materials

TEX with Highly Enriched Uranium (TEX-HEU)
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TEX-HEU with Hafnium (TEX-Hf)

▪ TEX-Hf is the first variation on 
TEX-HEU and incorporates 
hafnium as a diluent material
— Accepted as HEU-MET-INTER-013 

for the 2024 ICSBEP

▪ The goal of the TEX-Hf 
configurations is maximize the 
sensitivity in keff to the 
hafnium isotope cross sections

▪ Configurations position 
hafnium as both an interstitial 
material and reflector
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TEX-HEU & TEX-Hf Design

J. Norris, et. al., “TEX-HEU: Baseline Assemblies Benchmark and Results, HEU-MET-MIXED-021.” American Nuclear Society Winter Meeting & Technology Expo. Pheonix, AZ (2022).
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TEX-Hf Stacking Variations

Standard (Case 1-5)
Hafnium between HEU and HDPE

Sandwich (Case 6)
Hafnium between HDPE

Bunched (Case 7)
Hafnium as a reflector
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TEX-HEU Benchmark Cases
HEU-MET-MIXED-021

HMM-021-03
0.25 in. moderator

HMM-021-04
0.5 in. moderator

HMM-021-05
1.5 in. moderator

HMM-021-01
No moderator

HMM-021-02
0.125 in. moderator

J. Norris, A. Nelson, et. al., “TEX-HEU: Integral Experiments with Highly Enriched Uranium and Polyethylene.” American Nuclear Society Winter Meeting & Expo. Chicago, IL (2020).
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▪ Seven benchmark cases including hafnium

▪ Differ based on the nominal polyethylene moderator plate thickness and 
stacking variation

TEX-Hf Benchmark Cases

Case
HEU

Mass (kg)
Hf

Mass (kg)
Moderator

Thickness, in. (cm)
Neutron

Spectrum
C/E

(ENDF/B-VIII.0)

HMI-013-01 135.5 38.7 No moderator Fast 1.00194 ± 0.00147

HMI-013-02 99.4 24.2 0.125 (0.3175) Intermediate 1.00227 ± 0.00158

HMI-013-03 82.8 19.4 0.250 (0.6350) Intermediate 0.99918 ± 0.00154

HMI-013-04 63.9 14.5 0.500 (1.2700) Mixed 0.99731 ± 0.00124

HMI-013-05 70.4 16.1 1.500 (3.8100) Thermal 0.99770 ± 0.00147

HMI-013-06(a) 88.4 21.0 0.250 (0.6350) Intermediate 0.99907 ± 0.00142

HMI-013-07(b) 124.7 33.9 No moderator Fast 0.99662 ± 0.00137

(a) Hafnium plates are sandwiched between two nominal 0.125 in. polyethylene moderator plates.
(b) Hafnium plates are bunched as top and bottom reflector surrounding the HEU plates.
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TEX-Hf Benchmark Cases
HEU-MET-INTER-013

HMI-013-01
No moderator,

interstitial hafnium

HMI-013-01
1.5 in. moderator,

interstitial hafnium

HMI-013-01
0.5 in. moderator,

interstitial hafnium

HMI-013-01
0.25 in. moderator, 
interstitial hafnium

HMI-013-02
0.125 in. moderator, 
interstitial hafnium
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HMI-013-06
Nominal 0.25 in. moderator, 

hafnium sandwiched between 
two 0.125 in. moderator 

plates

HMI-013-07
No moderator, hafnium as a 

top and bottom reflector 
surrounding the HEU core

TEX-Hf Benchmark Cases
HEU-MET-INTER-013
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▪ Model simplifications include:
— Impurity removal (HEU, poly, hafnium)
— Experiment room and Comet removal
— Temperature correction to 20°C
— Average part geometry

TEX-Hf Simplification and Bias Results

Simplification Bias 
Component

Bias in keff (pcm)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Impurity Removal -15 -9 -12 -6 +19 -13 -13

Room & Comet Removal -127 -127 -107 -91 -38 -104 -48

Temperature Correction -13 -38 -21 -42 +148 -43 -19

Average Geometry -43 -20 -109 -81 -33 -17 -62

Total -198 -194 -249 -220 -96 -177 -142

Bias𝒊 = 𝒌𝒊
′  − 𝒌

Unbiased model 𝑘 and biased 
model 𝑘𝑖

′ due to a 
simplification in component 𝑖
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▪ One-sigma uncertainty between 0.12%-0.15% (120-150 pcm)

TEX-HEU Benchmark Results
HEU-MET-MIXED-021 - MCNP® 6.2 with Continuous-Energy ENDF/B
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▪ One-sigma uncertainty between 0.12%-0.16% (120-160 pcm)

TEX-Hf Benchmark Results
HEU-MET-INTER-013 - MCNP® 6.2 with Continuous-Energy ENDF/B
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▪ Appears to increasingly disagree as the energy spectrum hardens

Comparison of Benchmark Results
MCNP® 6.2 with Continuous-Energy ENDF/B-VIII.0
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▪ Consistent underprediction in keff for TEX-HEU

Why the Baseline Configurations Matter
MCNP® 6.2 with Continuous-Energy ENDF/B-VIII.0

The baseline
for TEX-HEU
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▪ Positive bias with addition of interstitial hafnium in TEX-Hf

Why the Baseline Configurations Matter
MCNP® 6.2 with Continuous-Energy ENDF/B-VIII.0

The baseline
for TEX-HEU

Observed 
positive bias
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Why the Baseline Configurations Matter
MCNP® 6.2 with Continuous-Energy ENDF/B-VIII.0

HMM-021-02

HMI-013-06

HMM-021-03

HMI-013-03

▪ TEX-Hf Case 3 and 6 appear to be accurate without the baselines
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▪ Thermal configurations agree, but both underpredict experiment
— There is a significant simplification bias from correcting the temperature

of the benchmark models to 20°C due to the 1H in CH2 TSL

Comparison of Thermal Configurations
HEU-MET-MIXED-021 Case 5 & HEU-MET-INTER-013 Case 5

HMM-021-05

HMI-013-05
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▪ As the neutron energy spectrum hardens there appears to be 
increasing disagreement between the baseline configurations 
(TEX-HEU) and the configurations with hafnium (TEX-Hf)

Comparison of Intermediate Configurations
HEU-MET-MIXED-021 Cases 2-4 & HEU-MET-INTER-013 Cases 2-4 and 6

HMM-021-02

HMI-013-02

HMI-013-06

HMM-021-03

HMI-013-04

HMM-021-04

HMI-013-03
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▪ The addition of hafnium in the fast-spectrum configurations 
significantly impacts accuracy of calculation
— Further disagreement depending on the location of the hafnium, either 

interstitially (HMI-013-01) or as a reflector (HMI-013-07)

Comparison of Fast Configurations
HEU-MET-MIXED-021 Case 1 & HEU-MET-INTER-013 Cases 1 and 7

HMM-021-01 HMI-013-07

HMI-013-01
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Comparison of Fast Configurations
HEU-MET-MIXED-021 Case 1 & HEU-MET-INTER-013 Cases 1 and 7

HEU-MET-MIXED-021-01
Baseline without hafnium

HEU-MET-INTER-013-01
Hafnium as interstitial 
between HEU layers

HEU-MET-INTER-013-07
Hafnium as reflector on top 

and bottom of HEU core

Case
HEU

Mass (kg)
Hf

Mass (kg)
Moderator

Thickness, in. (cm)
Fission 

Fractions*
C/E

(ENDF/B-VIII.0)

HMM-021-01 109.1 - No moderator. 0.08 / 0.20 / 0.72 0.99827 ± 0.00133

HMI-013-01 135.5 38.7 No moderator. 0.06 / 0.18 / 0.76 1.00194 ± 0.00147

HMI-013-07 124.7 33.9 No moderator. 0.01 / 0.14 / 0.85 0.99662 ± 0.00137

*Thermal (<0.625 eV) / Intermediate (0.625 eV – 100 keV) / Fast (>100 keV)
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▪ TEX-Hf can be compared 
to TEX-HEU to inform the 
contribution due to the 
addition of hafnium

▪ Agreement between the 
thermal configurations

▪ There appears to be an 
increasing disagreement 
as the energy spectrum 
hardens and the location 
of the hafnium changes

Conclusion

▪ TEX-HEU (HEU-MET-MIXED-021) and TEX-Hf (HEU-MET-INTER-013) 
include twelve benchmark cases

▪ TEX-HEU shows a consistent underprediction in keff
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