TSL Methods, Evaluations, and Benchmarks
at
North Carolina State University

Ayman I. Hawari
Distinguished Professor & Director

Nuclear Reactor Program
Department of Nuclear Engineering
North Carolina State University
Raleigh, North Carolina, USA

33 Meeting of the
NEA Working Party on International Nuclear Data Evaluation Co-operation
May 10 — 14, 2021 - Zoom Meeting



LEIP_LABORATORIES

Acknowledgment

O NNSA Nuclear Criticality Safety Program (NCSP)
B collaboration with LLNL

O Naval Nuclear Propulsion Program (NNPP)
O Department of Energy - NE
O LEIP team & collaborators




2020 — 2021 Activities

O Generation and benchmark of thermal neutron
scattering cross sections in support of various
applications including the design advanced and
micro nuclear reactors

O Development, implementation, and testing of the
FLASSH computational platform for thermal
neutron scattering (TSL) analysis

O Development and implementation of a modern
machine learning approach for TSL analysis

0 Measurements in support of TSL analysis
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TSL Methodology

1
Optimise the Generate
DFT system structure : l displacements

Pseudo-

potential Evaluate ,

Hellmann—
Feynman forces

Thermal Scatteri
Law S(a B) =

DFT/LD approach

Evaluate

Quantum
mechanical
model

LD

Phonon
model

Harmonic
potential

Phonon
model

Cubic
approximation

¥ Crystal Structure: U_UN ?

Material Selection: |12 -1 in UN hd

Parameters [ab c [A] a By [7] (space group)];  4.85945 4.85945 4.85345 90 90 90 (Fm-3m)

Input unit cell vectors a, b, and ¢, in the unit of &,

X v z

a 485845 0.00000 0.00000 .

b 0.00000 485945 000000 ‘.
¢ 000000 0.00000 285985

R of o Equvalent Atoms Stes

DOS Type Atom site

% FLASSH: U_UN - X

Project Create Run  Help

for the primary scatterer

FLASSH -

Full Law Analysis Scattering System Hub

Do not distribute without explicit permission from Ayman Hawari
(aihawari@ncsu.edu)
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FLASSH

Non-cubic
incoherent inelastic

Input Module I
GUI
| Coherent one-
I phonon correction
Coherent Elastic
) ¥
. . Inelastic i
Elastic Scattering . ’ Inelastic under
ENDF data format Seattering I incoherent
S(a,p) approximation
Incoherent Elastic ¥
Integrator — Liquid physics
Cross section data

Post processing T
Cross section data

Doppler Broadening

Y

Post processing
]

Standard ENDF
and ACE format

Analyzing and

plotting format Output




FLASSH

o FLASSH

Calculations and ENDF TSL library
formatting modules implemented in
FORTRAN 95 using a modular
design

Parallel computing realized by
OpenMP 4.0 bindings

GUI implemented by cross platform
QT® C++ API

Error checks

Input Generator (for both FLASSH
and NJOY)

ENDF / ACE Formatting

Warning Messages Based on
Material Physics

Crystal Structure Dependent
Calculation
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% Crystal Structure: Graphite

Unit Cell Parameters

Material Selection: | 5 - Graphite

Selected Material Parameters [a b c [A] a By [7] (space group)]:

2.4470 2.4470 2.4470 6.6600 90 90 120 (

Input unit cell vectors a, b, and c, in the unit of &,

X Y Z
a 244700000 0.00000000 0.00000000
b -1.22350000 211916416 0.00000000
c 0.00000000 0.00000000 6.66000000

"7 FLASSH: U_UN —

Project

FLASSH

Full Law Analysis Scattering System Hub

Create  Run Help

Do not distribute without explicit permission from Ayman Hawari

(aihawari@ncsu.edu)
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DOS Information

DOS Type Weighted average {effective)

DOS Index (ices)® |1

*For DOS type ‘weighted average,’ ices should be set to
the last DOS entry for the primary scatterer

DOS type 'weighted average' uses the first ices DOS
entries
DOS type 'atom site’ uses only DOS entry icos

Cancel




FLASSH

o FLASSH GUI

»  Configuration (Defaults Shown) " Projact Configuraton: Graphice 7 X

I/O Options Calculation Configuration

S(a, B) Source Calculate S{a, ), elastic & inelastic cross sections Phanan Expansion Order | 100 L] apply scT
[ Mon-Cubic 500, B) Fle o Summed S(a, B) Sum to the spedified phonon order ~

Liquid Physics Mo diffusive treatment ~ l=rlpe ol =

7 FLASSH: Graphite - X o1

Convolution Tolerance () Integral Tolerance (%)

Project  Create Run Help

Configuration Diffusive Parameters @
d
Crystal Structure Temperature Configuration
Atom Properties Coherent elastic ~
- . Elastic Output Number of Temperatures - [ Temperature-Dependent DOS
DEW Matrix () DBW Matrix

+ [[] combine Elastic
(?) Eastic Options (®) Cubic approximation

Density of States
Temperatures (K): 256

o, B, and Energy Grid a, B Grid Automatic “
- Energy Grid Automatic - Req UIred
EMNDF-& Formatting N
FU)"? . . ?ﬂg sysmm Hub Print Resolution a, B gridding resolution - U ser I n p Ut
Advanced Qptions
Asymmetric 5(a, B) Do not print w Primory Scatterer Daka
Do not distribute without explidt permission from Ayman Hawari Differential Cross Section | Do not print v

aihawari@ncsu.edu
{ ) Mass (amui) of the Primary Scatterer 12.0010952 4

Incident Energy (&V)

Number of Scattering Angles Free Atom Oy (b) of the Primary Scattereff |4.73918

Scattering Angles ()]
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Free Atom Oy, (b) of the Primary Scatterer
a, B Grid Scaling Scale with T (grids are T-independent) -

cancel




FLASSH

o FLASSH GUI
»  Crystal Structure (Defaults Shown)

"7 FLASSH: Graphite — bl

Project = Create  Run  Help
Configuration
Crystal Structure
Atom Properties
DBW Matrix
Density of States

a, B, and Energy Grid

ENDF-6 Formatting
Advanced Options

Full ing System Hub

Do not distribute without explicit permission from Ayman Hawari
(aihawari@ncsu.edu)
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Required
User Input

7 Crystal Structure: Graphite

Unit Cell Parameters

Material Selection: | 5 - Graphite

Selected Material Parameters [a b c [A] a By [¥] {space group)]:

2.4470 2.4470 2.4470 6.6600 90 90 120 (.

Input unit cell vectors a, b, and ¢, in the unit of &,

X Y Z
a 244700000 0.00000000 0.00000000
b -1.22350000 211916416 0.00000000
c 0.00000000 0.00000000 6.66000000

Stoichiometric/Atomic Information
Total Number of Atoms in Chemical Formula:
Mumber of Scatterer Atoms in Chemical Formula: |1

Mumber of Mon-Equivalent Atoms Sites:

Mumber of Atoms per Each Site:

1 2

Atom Count 2 2

DOS Information

DOS Type Weighted average (effective)

DOS Index (icee)® |1

*For DOS type ‘weighted average,’ icos should be set to
the last DOS entry for the primary scatterer

DOS type 'weighted average' uses the first ices DOS
entries
DOS type ‘atom site’ uses only DOS entry izes

Cancel
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o FLASSH GUI
» Density of States

7 FLASSH: Graphite - *

Project  Create  Run  Help
Configuration
Crystal Structure
Atom Properties
DEW Matrix
Density of States

a, B, and Energy Grid

ENDF-6 Formatting

Full ing System Hub

Advanced Options

Do not distribute without explicit permission from Ayman Hawari
(gihawari@ncsu. edu)
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Required
User Input

7 Density of States: Graphite ?

DOS Energy Interval, AE (V) 0.001
Number of Points in DOS

Paste the DOS here in comma separated format

Atom Site Mumber

1

2

0os

0.000000E+00, 2.389404E-04, 6.138146E-04, ... K

ED.DDDDDDE+ 00, 2.38%404E-04, £,133146E-04, ...

Cancel




FLASSH

Cross Section (barns)

Percent Difference (%)

» Any material structure
» Generalized inputs
» Additional inputs: polarization file

o Distinct TSL - 1st Order Inelastic

T T T T
Incoherent Approximation (Cubic Approximation)
— — - Incoherent Approximation (Generalized)

10 Generalized + 1-phonon
E Experiment - Zhou
Experiment - Steyerl

4% FLASSH: Ca_CaH2 — ¥
Project  Create  Run  Help

Configuration

Crystal Structure

Atom Properties

DBW Matrix

Density of States

a, [, and Energy Grid

ENDF-& Formatting
Advanced Options

Full ing System Hub

Do not distribute without explicit permission from Ayman Hawari
(aihawari@ncsu. edu)

‘/ Advanced Settings: Ca_CaH2

LE] One Phonon Configuration

‘ One Phonon Correction Do not apply

Initial Polarization Grid

-30 4 |/ Generalized Incoherent Approximation vs. Cubic Incoherent Approximation
- --- Generalized + 1-phonon vs. Cubic Incoherent Approximation
10° 10 103 102 10 10°
Energy (eV)

Graphite Cross Section Data

Interpolation Polarization Grid

Maximum a to Apply

Polarization File Import
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)
()

Cancel




FLASSH

o Generalized Elastic
» Any material structure

o Coherent and Incoherent

4% Project Configuraton: Graphite
1/0 Options
S(a, B) Source

Non-Cubic S{a, B) File
No diffusive treatment

Liquid Physics

Convolution Tolerance

Diffusive Parameters

Elastic Output
(@) DBW Matrix

(2) Hastic Options O Cubic approximatiory

Calaulate S(a, B), elastic &inelastic cross sections

Import

&)

&)

[[] combine Elastic

a, B Grid Automatic ~
Energy Grid Automatic ~
Print Resolution a, B gridding resclution v
Asymmetric 5(a, B) Do not print ~
Differential Cross Section | Da not print ~

Incident Energy (V)

Number of Scattering Angles

Scattering Angles @
a, B Grid Scaling Scale with T (grids are T-independent) v

? x
Calculation Canfiguration
Phenon Expansion Order [ 199 [ apply sCT
Summed S(a, B) Sum to the spedfied phonon order v
Numerical e

Integral Type

[o.1

Integral Tolerance (%)

Temperature Configuration

Number of Temperatures I:l [[] Temperature-Dependent DOS

Temperatures (K); 296

Primary Scatterer Data

12.0010952
Free Atom Oy (b) of the Primary Scatterer | 4.73918

Free Atom iy, (b) of the Primary Scatterer

Mass (amu) of the Primary Scatterer

Cancel

Cross Section (barns)

Difference (barns)

Graphite — 296 K

-
o
1

-
1

0.1

— Cubic Elastic

0.31

0.0

-0.34

10°

104

103

102
Energy (eV)

10"

10°




FLASSH Liquids

O Results from other codes
are improved and even
more are made possible
with FLASSH Liquid
Physics (LP)

7 Project Configuraton: H in H2O ? x
1/0 Options Calculation Configuration
Phonon Expansion Ord:
S{a, B) Source Calculate 5(a, B), elastic & inelastic cross sections onan Expansion Hrder | 100 [ Apely scT
[ Non-Cubic S(a, B) File e Summed S(a, B) Sum to the specified phonon order -
i
Numerical ~
Liquid Physics No diffusive treatment v Integral Type
No diffusive treatment |D 1
ST M e T
Langevin
-
?
S d ¢ Temperature Configuration
Elastic Qutput Coherent elastic {cubic approximation) w Number of Temperatures I:l [ Temperature-Dependent DOS
a, B Grid Automatic w
Temperatures (K): 296
Energy Grid Automatic v
Print Resolution a, B gridding resolution w
Asymmetric Sa, B) Do not print v
Differential Cross Section | Do not print w Primary Scatterer Data

Incident Energy (2V) Mass (amu) of the Primary Scatterer l:l
Number of Scattering Angles
Free Atom Oy (b} of the Primary Scatterer l:l

Scattering Angles @

a, B Grid Scaling Scale with T (grids are T-independent) w Free Atom G (b) of the Primary Scatterer

Coca
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FLASSH

o Elastic Scattering Format Options
»  Compounds and nuclides exhibiting Coherent and

InCOherent ElaStIC 7 Project Configuraton: Grphite-new ? >
» Examples: UN 1/0 Options Calculation Configuration
- . Sta, @) Source | Caletate (o, ), clastic Ainelastic aoss sections. | | | | onon Expansion Order [ Apaly SCT
» optlon 1' current ENDF 6 Format [ Non-cubic S(o, ) Fie — Summed S(a, B) Sum to the specified phonon order -
»  Calculates the total coherent elastic for the compound and S T 5 | | e ee Homerica -
stores the total coherent elastic in the ENDF file for one of Corvluton Taerance Option 2 ) b1
the elements T —
Secout Cohu:: e\as:: - / @)
»  Calculates the incoherent elastic and stores the incoherent ) escopions [P ESR Tenpeg 'Option 1
elastic in the ENDF file for the other element T g B reromstnest] |  lismsaiae Depemdantins
. . . 2) Hastic Options i e . Combine Elastic
»  PROS: Works within the current ENDF-6 formatting i p—
standards a, B Grid Automatic ~ cmperatares T ‘
Energy Grid Automatic ~
»  CONS: Must be a compound, element information is lost Pt Resolson o, Bgddng esolton v
- - - - Asymmetric S(a, B) Do not print v O
» Option 2: Mixed Elastic Scattering Format a3

Mass (amu) of the Primary Scatterer 12.0010952

Indident Energy (2V)

»  Allows the coherent and incoherent elastic for a given

element to be stored in a single ENDF file e w T
»  Updated header options in the ENDF file RS S T G Ty | [ ST SE
»  Print both coherent and incoherent elastic in MF=7, MT=2
» PROS: Exact information stored with no limits for a give %%)%% cancel
material

» CONS: Update required to ENDF formatting standard and
associated codes which use standard ENDF format inputs
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000

FLASSH

H1CaH2.@8t 9.99167E-81 2.96000E+02 12/16/2020
H1 Lib88x (jlconlin) Ref. see jlconlin (ref ©1/29/2918 7:54) mat 8

o ACE Output Capability

» FLASSH generated ACE files are directly 1068 ° ; e . © 2.
compatible with codes such as MCNP ; o. @ o. o 6. @ 8.
. . . . .. 334050 3 15 16 3 15 1 8
» High resolution cross sections without requiring 0 0 2 0 e 0 o 0
. 1 1146 2299 313458 314603 315747 2 8
transfer of files 8 8 @ 8 e @ @ @
8 e 8 8 e ) 8 8
: 8 e 2 8 e ) 2 8
7 FLASSH: Ca_CaH2 - x 1144 00OBOPRRERE-11  2.0PRBEORRBBRE-11 8000a0ORBRE 11
Project Create | Run | Help .600AAGAEB0RE-11 0000GA0E0BPE-11  6.00G0000PBAOE-11 00000000800E -11
2600000000RE - 11 80000008000E-11 00000e00DPE-10 20000000000 - 10
Run Project 260P20ARE0RE 10 60090A0E0BPE - 10 090EOE0BPOE - 10 000090AAE00E 10
060000ERR0RE - 10 80000OOE00PE-10  J.000800PBRRE-10 808000000000E -B9
Plotting 20002E00AREE -09 @00000DEBERE-09  4.00008E00BE-B9 90800000080EE -89
Formatting  » ENDF Description 2000000000RE -89 0000000R0BPE-G9  5.000080000ROE-09 00000000808E -B9
2000000080EE - 08 10000008BE0E - 08 20000928000F -85 30000000008E -08
Create LEAPR Input 40000000000E -8 50000002000E - 03 500000200P0E -03 70002000000E -08
- ] ] 80000000000E -08 9000000EOCOE-08  2.000880000RRE-08 10800000000E -08
Conveq 1 ACE File Settings: Ca_CaH2 20000000000F 08 30000000000F 08  2.40BAGARABAGE 03 50000000000F 03
ACE 600000O00RE -08 700000000C0E-08  2.30008000000F-08 90000000R00E -05
— 000PAGARRORE -85 1000000E00PE 08 200000200POF -85 30000000000F 08
Full Law Analysis Scattering Syste ErsaRA I e | e 4PGROPOGDEPE-GS  3.50P0C0OPOGOE-PE  3.5E0OPOGORORE-0S  3.7000OGOACOOE-O3
ER 30000000808E - 08 99000008BE0E - 05 8000008BB00E - B3 10800000980EE - 08
20000000000 -85 30000002000E - 03 40000000000E -08 50000000800E B8
Do not distribute without explicit permission from Ayma 0000Ea0E0RERE-08 70000000000E-838 8000E0EERLOE-B8 9000ER00RRRE-B8

(gihawari@ncsu.edu)
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Inelastic E' Weighting

Mumber of Energy Bins

Mumber of Equally-Probable Angle Bins

Header Comments

Continuous distribution ~ | (2)

B R R R S R R W0 00 00 e e O O U1 T U e L RO R R O R e Ll 0

0BBOBO0BROBE-08
48000000000E -08
8000000000BE-08
20000000008E-08
60000002008E-08
0BBoERoRR0BE-BS8
48000000000E -08
3000000000CE-08
20000000000E-08
50000000008E-08
0000E00RR0BE-08
08297160008E-87
©1776814008E-07
083244469000E-87
B4718123008E-07
B6191777008E-87
B7665432008E-87
©9139086008E-07
16304130008E-07
18543340008E-07

.18782550008E-67

16600600000E-08
50000000000E-08
90800000B00E-03
30000000000E-08
70800000000E-08
16600000000E-08
50800000000E-08
90800000000E-08
30800000000E-08
70800000000E-08
91919190000E-08
BO665573800E-A7
082139223000E-07
B3612882000E-07
05886537000E-07
B6560191000E-87
B8833845000E-07
0895875000800E-07
18363932000E-07
18683143000E-07
.18842353000E-07

[l et el e = B B =< BN IR R SR R, BV, BV S N VR VY WY S N T P N R WV - < R SN e W, B

el R e e e e Rt e R - N I R R N B VAP R R e - I T IV, T

20000000000E-08
60000000000E-08
A0000000BB0E-08

.40080000000E-03
.800200BENEAE-B3
.20000080000E-08

60000000000E-03
00000000B0E-08

.40080000000E-08
. 800200800BOE-B8
.95683330000E-08
.81833987000E-a7

82587641000E-7

.83981296000E-87
.@5454950000E-87
.86928684000E-87
.B8402259000E-87

@9875913000E-07
10423735660E-@7

.10662945000E-87
.18982156060E-87

[ e R R R R e - I I R I R R N B B U B Uy R R AT I T}

36000000008E-08
76000000000E-08
16000000008E-08
50000000000E-08
9000000200BE-88
3000000000BE-B8
76000000008E-08
16000000008E-08
50000008000E-08
96000000008E-08
99287460000E-08
01402401008E-87
B2876055000E-87
B84349709006E-87
©85823364008E-87
B7297018008E-87
B8770672008E-87
18244327008E-87
16483537008E-87
18722748008E-87

.18961958008E-07
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Contributed TSL Evaluations

Material Motivation Theory Validation
A0 (L W), DOE NE Advanced nuclear reactors MD Urgelig, AgEnE:
A0 [T, No TSL data in ENDF/B-VIIL.O FLASSH IRPhEP
FLiBe (lithium) ' benchmark
Liquid hydrogen fluoride NCSP applications MD Ongoing total
(hydrogen) No TSL data in ENDF/B-VIII.O FLASSH cross section
. NCSP/NR applications MD Ongoing total
IERRT @ 7 e, No TSL data in ENDF/B-VIIL.O FLASSH | cross section
Sapphire (Al in Al203) Neutron science / Research Reactors DFT/LD
Sapphire (O in Al203) No TSL data in ENDF/B-VIILO | & 4ogy | Total cross section
(cryogenic temperatures)
NCSP applications MD Total cross
Polyethylene (hydrogen) | Extended ENDF/B-VIII.O to cryogenic FILASSH section &
temperature benchmarks




Molten Salt FLiBe Data

(Advanced/Micro Reactors)

Velocity auto-
correlation
function (VACF)

¥
Density of states

Phonon
model

Cubic
approximation

10

Cross Section (b)

LAMMPS
Equilibrate the 5 Generate particle
trajectories

Evaluate classical
G(r, 1) and I°/(k, 1)

Thermal Scattering Thermal scattering
FLASSH - =

MD
Pair potential

Classical system

Quantum
mechanical
model

4

No specific
assumption

10

10!

10°

10* 10° 102
Energy (eV)

107!

10°
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0% Porous Nuclear Graphite
(Advanced/Micro Reactors)

MD

Equilibrate t > Generate particle
t >eCt0rieS

i
1
Phonon Veloclltil. aliig : Evaluate classical
correlation O G 1) ond 1
gl function (vacr) [Tt
1
|
1
1
1

Pair potential

Classical system

Quantum
mechanical
model

Cubic
approximation

No specific
assumption

Thermal scatteri

Thermal Scatteri
FLA S S H Law S(a, B) - cross-section

20P Graphte Evaluaton st 296 K ( o ﬂm
10 T T T T T
s
=
K]
=
5]
B o)
w
173
g 4
8 [&]
— ] ‘] ] ]
- oss 4
p— v
—p 9 & Experiment (300K)
Nuclear Graphite Synthesized 20% Porous|
. . . .
) N ) , T T T T T
° v " ° v 10* 10 102 10 10°

et Energy (eV)
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Graphite
Slowing-Down-Time Benchmark

0.02 jl ol il = al T i B | T ™ o

0.015 1 3 O p U | S eS ‘ i i NEAINSC/DOC(2006)1

] NCSU Graphite Pile
] p e r S e C O n d ORELA Slowing-Down-Time Experiment

0.014 i ]

{ k of Neutron Ther ization in Graphite Using the Slowing-
. . Down-Time ORELA Experiment

00 seereeseressenesesnsnsnensansenstt T . | DRAFT

Normalized pulsed neutron flux(n/cm?log(E))

il al i B B | ™ B | ™ al 1
1070 10 10% 107 10% 105 10* 10 10% 107 10° 10" 107 Evaluators
Energy (MeV) Eunji Lee

Nina Colby Fleming
North Carolina State University

Internal Reviewer

Ayman |. Hawari
North Carolina State University

Polyethylene

S]liC]dng Independent Reviewer(s)
e
w

Beam tunnel

Graphite assembly
462.5m .

e

Beam direction

=.I16 cm

Beam pipe T Concrete wall
-8+ 25 cm




Graphite
Slowing-Down-Time Benchmark

50000 r T T T 50000 T T T T
e Exp.Data * Exp. Data
—— ENDF7.1 Free gas ENDF7.1 Crystalling
40000 R 40000 - b
o~ o~
2 B @ <
5 5 :
3 30000 | E 3 30000 - E
(&) (&]
= =
] L
20000 |- - 3 20000 -
.,G_J. [0
[a) a
10000 g 10000 |
0 r T T T © y T T T
107 10 10° 10* 10 102 107 10 10° 10* 10 102
Time [s] Time [s]
50000 T T T T 50000 T T T T 50000 T T T T
* Exp.Data e Exp. Data « Exp.Data
ENDF8 crytaline ENDF8 10% porosity graphite ENFI)DFS 30% porosity graphite
40000 R 40000 R 40000 - R
et
2 £ ; 2
c c .E
3 30000 1 3 30000 [ g 3 30000 - 8
(G] (@] O
= = s
L2 L 2
@ 20000 . @ 20000 | . @ 20000 | -
-— -— b
) 7] o
[a) [a) S]
10000 - . 10000 - 1 10000 - ]
6 L L L © 0 T T T 8 ' T T T
107 10 10 10 103 102 107 10° 10° 10 10 102 107 10® 10° 10% 10° 102

Time [s] Time [s] Time [s]




PROTEUS B

Graphite

enchmark

NEAINSCIDOC(2008)1
Gas Cooled (Thermal) Reactor - GCR.

PROTEUS-GCR-EXP-001
cRIT

HTR-PROTEUS PEBBLE BED EXPERIMENTAL PROGRAM
CORES 1, 1A, 2, and 3: HEXAGONAL CLOSE PACKING
WITH A 1:2 MODERATOR-TO-FUEL PEBBLE RATIO

Evaluators
John D. Bess

Barbara H. Dolphin
Idaho National Laboratory

Internal Reviewer

James W. Sterbentz
Idaho National Laboratory

Independent Reviewers
Luka Snoj
Leng
Jozef Stefan Institute
Oliver Koberl

Jordan Kel
Paul Scherrer Institut

Benchmark k¢

0.990

T

0.985

Normalized k. (Calculated/Benchmark)

Normalized k. (Calculated/Benchmark)

1.015

1.010

1.005

1.000

0.995

0.990

0.985

1.015

1.010

1.005

1.000

0.995

0.990

0.985

T T T T T T T
ENDF/B-VII.1 Free Gas Libraries

- m - ENDF/B-VILI Graphite TSL
ENDF/B-VIILO Crystalline Graphite TSL

~ P~ ENDEF/B-VIILO Nuclear Graphite 10% Porous TSL

— O- Nuclear Graphite Synthesized 20% Porous TSL

- +- ENDF/B-VIILO Nuclear Graphite 30% Porous TSL

| Experiment 16

1 1A 2 3 4 5 6 7 8 9 10
Core
. T . T . T . T . T .
- ENDF/B-VIII.0 Free Gas Libraries
—a— ENDF/B-VIL1 Graphite TSL
ENDF/B-VIILO Crystalline Graphite TSL
—P— ENDF/B-VIILO Nuclear Graphite 10% Porous TSL
B —O— Nuclear Graphite Synthesized 20% Porous TSL
+ —+— ENDF/B-VIILO Nuclear Graphite 30% Porous TSL
o Experiment +1c
- » -
+ —
T =
\o/(:/ b
a
F—, - \*'/% >\+ .
" \0\
— >\+7§
(o}
|~ \>/ 3
" 1 L 1 " 1 " 1 " 1 "
1 1A 2 3 4 5 6 7 8 9 10
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VHTRC Testing - JAEA
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000000

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY

Taylor & Francis

https://doi.org/10.1080/00223131.2021.1899997 _;_ 1.014 . = 1.006
=
ARTICLE ) Gneck forupdtes | g 25.5°C l g 71.2°C _-I
. . . . L <1012 € 1 004 A é;’
A pseudo-material method for graphite with arbitrary porosities in Monte s g™ -
Carlo criticality calculations 3 = A I
= v} -
Shoichiro Okita(®? Yasunobu Nagaya® and Yuji Fukaya® a 1.010 = 1.002 ’/'
= 2
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Neural Thermal Scattering (NeI'S)

O New TSL paradigm
B ML/DL Neural

Thermal MD/AILD
Scattering (NeTS)
modules
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* Current model size describing full T

—1 range is ~100kB compared to tens
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NPDF -Dual Purpose:

O Diffraction/PDF Measurements:

15 New Position Encoding Modules
(PEM) - improved diffraction
measurement resolution Ad/d of
2.9x10-3 for 3mm holder

O Transmission Measurement
Capabilities:
« Monochromator capable of providing

beam wavelengths of 1.085 A, 1.180
A, 1.479 A, and 1.762 A

- Transmission Detection Apparatus =
with collimator.

Intensity {Counts)

+ Facilities for Nano Materials Examination at the PULSTAR .
Reactor, Al Hawari, M Liu, Q Cai, PHYSOR 2020 i) Cor
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Summary

O TSL activities continue including evaluations and
methods development

[0 Several evaluations are contributed to NNDC

O FLASSH testing in the performance of TSL
evaluations is underway

O ML/DL NeTS approach is under testing

[0 Activities in data measurements and benchmark
development are underway at NCSU PULSTAR
reactor
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