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Background

« TEX (Thermal and Epithermal eXperiments) series of

Volume 11

experiments conceived in 2012

« Design influenced by Prometheus critical experiments
designed by NNL circa 2004-2005
TEX-HF ASSEMBLIES: HIGHLY ENRICHED URANIUM PLATES WITH

° |n|t|a| concentration on TEX-Pu and TEX-Ta HAFNIUM USING POLYETHYlhEErT:EEngr%ERRATORAND POLYETHYLENE
« Next priority was TEX-HEU and TEX-Hf

« 7 benchmark quality delayed critical configurations _
completed between August-October 2022 (requiring 7
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< O n fl u rat I O n S Calculated Fission Fractions
Case Thermal Intermediate Fast
_ _ (<0.625 eV) (0.625 eV - 100 keV) (>100 keV)
« Seven (7) configurations i 0.072 0.180 0738
« 1 fast spectrum (case01) 2 0.093 0.510 0.397
3 intermediate spectrum  (case02, case03, case06) 3 0.159 0.547 0.294
. 4 0.317 0.480 0.203
1 mixed spectrum (case04) = 5508 0377 NVE
* 1 thermal spectrum (case05) 6 0.133 0572 0295
» 1 fast Hf (axially) reflected (case07) 7 0.015 0.136 0.849

e Two stacking units * Using MCNP 6.2 with ENDF/B-VIII.0 cross-sections

+ Standard (HEU, Hf, HDPE)
» Sandwich (HEU, HDPE, Hf, HDPE)

* 1inch thick HDPE axial/radial reflector to decouple assembly from Comet assen
machine and reduce room return

Case 1 —unmoderated

(HEU in pink, hafnium in green, polyethylene in blue,
and aluminum in yellow)




Configurations

Case 2 —0.125 inch HDPE moderation

Case 3 —0.25 inch HDPE Moderation




Configurations

Case 4 — 0.5 inch HDPE Moderation
(mixed spectrum)

Case 5-1.5inch
HDPE moderation
(thermal spectrum)
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Configurations

Case 6 — 0.25 inch HDPE Moderation

Sandwich Stacking 7 R
(intermediate spectrum) T —

Case 7 — Bunched stacking,
0.48 inch Hf axial reflector




HMIO013 Hf Analysis Results

C/E-1 by Case ® ENDF/B-VIIL.1 ATFF Ratio by Case
) 300 ® ENDF/B-VIIL.1 with JENDL-5.0 Hf _ 1.0004
e Calculated using MC21 . ENDF/B-VIIL1 with JEFF-3.3 Hf 5 1.0002 ° e
= e
* Run Strategy: 200 5 1 °
* Histories: 1,000,000 ° o o ° e 09998
« Discards: 100 . <L 0.99%
) 100 o ° D g904 | ®ENDF/BVILT
» Active Batches: 1,000 ° i ENDF/B-VIIL.1 with JEFF-3.3 Hf
o Average Eigenvalue ¢ ° Lo 0.9992 ® ENDF/B-VIII.1 with JENDL-5.0 Hf
. <
Uncertainty: <5pcm 0 0.999 1 ) 3 )
« Reference = oo
Temperature: 293.6K S
= 100
* Average CoE-1 [pcm] < . .
« ENDE: 62 - ATLF Ratio by Case
i - 10035 . @ENDF/B-VIIL1
« ENDF w JEFF: -130 = 1.003 ENDF/B-VIIL1 with JEFF-3.3 Hf
« ENDF w JENDL: 102 & 10025 ® ENDF/B-VIIL.1 with JENDL-5.0 Hf
] = 1,002
20 E 1.0015
—1 1.001 ®
K 1.0005 ¢ o o
-400 ~ 1 ® ® ®
© 09995
0999
= 0.9985
-500 < 0998
1 2 3 4 5 6 7 1 2 3 4
Case Case




HMIO13 Hafnium Analysis

* Figure of Merit:

* Nuclide absorption fraction * nuclide absorption percent difference between
dataset and ENDF/B-VIII.1

FOM = nuclide absorptionSgyprs.1 with JENDLS Hf i} (nuclide absorptionSgnprs.1 with JENDLS Hf B 1)

total absorptionSgyprs.1 with JENDLS Hf nuclide absorptionSgnprs.1

» Shows nuclide absorption contribution difference
* Weighted by nuclides absorbing more




HMI013 Hafnium Analysis

Total
0.0015
Benchmark Cases
Fo __nuclide absorptions;gypr—s.0 nuclide absorptions;gnpr—s.0 " BN case0l  Fast
"~ total absorptions;gnpr—s.0 nuclide absorptionsgnpr/g-viia B case02  int
0.0010 1 B case03  Int
B case04 Mixed
B case05 Therm
B case06 |nt
B case07 Fast-Refl
0.0005 -
2 0.0000 - -
—0.0005 1
—0.0010
—-0.0015

H-POLY U235 HF174 HF176 HF177 HF178 HF179 HF180




° ° Calculated Fission Fractions
Case Thermal Intermediate Fast
a I I I u I I l I l a yS I S (<0.625 eV) (0.625 eV - 100 keV) (>100 keV)
| 0.057 0.179 0.764
2 0.085 0.511 0.404
- - - - 3 0.155 0.551 0.294
nuclide absorptlons]ENDL_s_O nuclide absorptions;gypr—s.o T 0311 0457 0303
FOM = T ab ; * lide ab ; -1 5 0.598 0.279 0.123
total absorptions;pnpr-s.0 nuclide absorptlonSgnpr/p—vii.a 5 0.120 0.575 0.206
7 0.015 0.136 0.849
Fast (100.0 keV - 20 MeV) Intermediate (0.625 eV - 100.0 keV) Thermal (0.0 eV - 0.625 eV)
0.0015 0.0015 0.0015
Benchmark Cases
B case0l
 case02
0.0010 4 0.0010 4 0.0010 - B case03
BN case04
N case05
Il case06
maw case07
0.0005 0.0005 0.0005 |
5 0.0000 { L — r.-1 5 0.0000 { — — 5 00000 | gy .'-I- r1| ———— e o
—0.0005 —0.0005 —0.0005 A
—0.0010 —0.0010 —0.0010
-0.0015 T N T T T T T T -0.0015 T N T T T T T T -0.0015 T . T T T T T T
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HMIO13 Hafnium Analysis

Total
nuclide absorptions;prp— nuclide absorptions;grp—
0.001 1 FOM = ’p' JEFF=33 : P JEFF-33 4
total absorptions;gpr_33 nuclide absorptionsgnpr/g-viira

0.000] " = nlllm I

—0.001 1

FOM

~0.002 Benchmark Cases

case0l
case02
case03
case04
case05
case06
case07

—0.003 1

H-POLY U235 HF174 HF176 HF177 HF178 HF179 HF180




° ° Calculated Fission Fractions

Case Thermal Intermediate Fast
a n I u I I I n a yS I S (<0.625 &V) (0.625 eV - 100 keV) (>100 keV)

1 0.057 0.179 0.764
2 0.085 0.511 0.404
B B B B 3 0.155 0.551 0.294
nuclide absorptions JEFF3.3 nuclide absorptions JEFF3.3 T 0311 0457 0303
FOM = l b . * ld b . - 1 5 0.598 0.279 0.123
total absorptions;grrz .3 nuclide absorptionSgnpr/g-viia 5 0.120 0.575 0.206
7 0.015 0.136 0.849

Fast (100.0 keV - 20 MeV) Intermediate (0.625 eV - 100.0 keV) Thermal (0.0 eV - 0.625 eV)
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TEX-Hf Analysis Summary

 ENDF/B-VIII.1

« showing on average closest agreement to benchmark keff

« ENDF/B-VIII.1T with JENDL-5.0 hafnium
 consistently higher eigenvalue, close to ENDF/B-VIII.1
* Driven heavily by Hf-177. Contributions by Hf-178, Hf-179, and Hf-180

* JEFF-3.3

» Consistently lower C/E's when compared to ENDF/B-VIII.1 and ENDF/B-VIII.1 with JENDL-5.0
* Driven by all hafnium nuclides
» Expanded resolved resonance regions




Hafnium-176 Total Cross-Section

Nuclear Data

104 1
ND_LIBRARY.8.1.h5
HF176_total_xsec at 293.60 K
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HF176_total_xsec at 293.60 K
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Hafnium-177 Total Cross-Section

Nuclear Data
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cross section [barns]
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HF177_total_xsec at 293.60 K
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HF177_total_xsec at 293.60 K
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Hafnium-178 Total Cross-Section

Nuclear Data
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Hafnium-179 Total Cross-Section

cross section [barns]

Nuclear Data
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Hafnium-180 Total Cross-Section

cross section [barns]

Nuclear Data
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Hafnium Scattering

105 Nuclear Data Nuclear Data
Nuclear Data 10°
105 ND_LIBRARY.8.1wWJEFF33HF.h5 ND LIBRARYS.LWIEFF33HENS
ND_LIBRARY.8.Lw)EFF33HEh5 HF178_elastic_scattering_xsec at 293.60 K ~— HF180_elastic svgjattermg xsec at 293.60 K
HFi?G_eIast‘\c‘_scatlenhg_‘xsec at 293.60 K _ ND_LIBRARY8.1.h5 ND LIB_RARYB_l hs " ‘
D LIBRARYS 1 hs HF178_elastic_scattering_xsec at 293.60 K " HF180 elastic 5‘Cattermg xsec at 293.60 K
HF176 elastic_scattering xsec at 293.60 K . — :Eﬁf?ﬂ&ls":JEEtL"E?IL:HZL‘; At 29350 K ND_LIBRARY.8. LWJENDLSHES
ND_LIBRARY.8.1w) END_LSHf.hS 10% 4 - = 9. . 104 4 HF180_elastic_scattering_xsec at 293.60 K
10% 1 HF176_elastic_scattering_xsec at 293.60 K
3
. 10 103
10° 9
- -
_ E 10 g 102 4
£ 1024 2 3
© c =
2 K] s
< S \ g
K] 2 \ @
o 0 N\ &
@ £ 1004 N\ 8
@ 5] <4
g 10! N
5]
107 4 0
. Nuclear Data Nuclear Data 10
100 4 10 10°
ND_LIBRARY.8.1wJEFF33Hf.h5 ND_LIBRARY.8.1w]JEFF33Hf.h5
HF177_elastic_scattering_xsec at 293.60 K HF179_elastic_scattering_xsec at 293.60
ND_LIBRARY.8.1.h5 ND_LIBRARY.8.1.h5
HF177_elastic_scattering_xsec at 293.60 K HF179_elastic_scattering_xsec at 293.60
ND_LIBRARY.8, IwJENDLSHF.hS 10714 ND_LIBRARY.8.1wJENDLSHf.h5 10-1 4
1014 104 4 HF177_elastic_scattering_xsec at 293.60 K 104 4 HF179_elastic_scattering_xsec at 293.60
102 T T T T T 10-
- ; N B . T T T T T T
102 ‘ . . ‘ 1004 10 10 mE \1/0 10 1074 102 101 10! 102 105 107
10-3 10-1 10! 10 nergy [eV] Energy [eV]
Energy [eV]
g2 1024 E 10?4
& )
g g
o o
& &
0 @
a &
14 ]
e 10 g 10t
10° 10° 4
10714 10-1 4
1072 T T T T T T 102 T T T T T T
103 107! 10! 10° 10° 107 103 107! 10! 10° 10° 107
Energy [eV] Energy [eV]




Hafnium Absorption

Nuclear Data Nuclear Data
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Hafniu

m Absorption

Nuclear Data

10°

10% §

103

102

cross section [barns]
=
o
5
.

109 §

10-1 4

1072 7

ND_LIBRARY.8.1wJEFF33Hf.h5
HF178_Absorb at 293.60 K
ND_LIBRARY.8.1.h5
HF178_Absorb at 293.60 K

ND_LIBRARY.8.1WJENDL5Hf.h5
HF178_Absorb at 293.60 K

1073

1073

1071

10!
Energy [eV]

T

103

10° 107

cross section [barns]

Nuclear Data

10°

10% §

103

102 |

10! §

109 §

1014

1072 1

ND_LIBRARY.8.1wJEFF33Hf.h5
HF179_Absorb at 293.60 K
ND_LIBRARY.8.1.h5
HF179_Absorb at 293.60 K

ND_LIBRARY.8.1wWJENDL5Hf.h5
HF179_Absorb at 293.60 K

1073

10!
Energy [eV]

10° 107




Hafnium Absorption

Nuclear Data
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