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Neutron Radiography as a NDTE Technique

Similar to other radiography probes

Thermal
Neutrons
r

Proton

X-rays

A Set of UO, Fuel Pellets
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Morris et. al. Review of Scientific Instruments 84 (2013)
Tremsin et. al. Neutron News 24 (2013)

https://www.psi.ch/en/niag/comparison-to-x-ray
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Los Alamos Neutron Science Center (LANSCE)

Neutron Imaging Flight Paths at Lujan
Flight Path 5:

* Thermal and epi-thermal neutron radiography
and energy resolved neutron imaging.

Flight Path 11 (ASTERIX):

e Cold neutron imaging and neutron grating
interferometry.

Neutron Imaging Flight Paths at WNR

. X See talk by Danielle
Flight Path 60-R:

* Fast neutron radiography.

LANSCE Neutron Fluxes per E,

ASTERIX
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Some Neutron Imaging Projects in Nuclear Energy

Thermophysical measurements

of molten salts

Measuring densities in chloride based molten
salts to evaluate MSR designs and performance

Quantifying hydrogen
concentrations in YH,_,

Mapping hydrogen in YH,_, for potential use as
high density moderators in microreactors

Traditional

(<

Imaging
Techniques

Utilizing ERNI techniques to map out isotopic
distributions in fresh and irradiated fuels




Remote Density Measurements of Molten Salts

Density measurements via

Many chloride-based salts currently lack much neutron radiography on FP5
Next Gen. needed thermophysical data at the relevant (Oct 2020)
molten chloride temperatures to confidently assess and evaluate

fast reactors new reactor designs.

Measuring density as a function of temperature
Terra POWGI’ and chemical composition is critical to predicting

salt behavior and performance.
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Remote Density Measurements of Molten Salts

LiCI+KCI Eutectic Salts (Samples 29 & 30)

Final uncertainties in density ~ 1-2%
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Some Neutron Imaging Projects in Nuclear Energy

Quantifying hydrogen
concentrations in YH,_,

Mapping hydrogen in YH,_, for potential use as

.1 Imagin
Traditional ging
Techniques
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Measurements Hydrogen in High Temp. Compact Moderator Materials

— Water

@ Lithium YH,., is a promising candidate for
A Yttrium compact high temperature

: S moderator materials.

< Thorium

@ Uranium

v (10*? H atoms/cm?)
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One of the main Questions:
. Hydrogen is highly mobile in YH,.x. What is the H-distribution response
to large high temperature gradients across the moderator?

"a Shivprasad et. al. Advanced Moderator Material Handbook (2020)
<

Accurate spatially resolved measurements via neutron attenuation

Previous measurements of H-distributions in Zircaloy materials.
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Main Goal: To observe H-distribution response to uniform
elevated temperatures and temperature gradients.

» Commissioned new compact dual zone (CDZ) furnace®.

» Performed mid Dec. 2020

» Samples: Two YH pellets (YH1.15 & YH15) placed inside TZM can.
» Took long (~9 hours) exposure at room temp.

* Heated up to ~900 °C

* One of the heating elements in the CDZ furnace malfunctioned, so RF heating was employed to continue the
measurements. With RF only elevated uniform heating on TMZ samples could be performed.

Mass attenuation Attenuation ratio

CDZ furnace with RF @ room temp @Temp/RT
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Some Neutron Imaging Projects in Nuclear Energy

Utilizing ERNI techniques to map out isotopic
distributions in fresh and irradiated fuels

Imaging
Techniques




Energy Resolved Neutron Imaging (ERNI)

A Set of UO, Fuel Pellets

Thermal ERNI

Proton

X-rays

ERNI
Tung_]sten

Neutrons Uranium
| 2 ST b

| .

Morris et. al. Review of Scientific Instruments 84 (2013)
Tremsin et. al. Neutron News 24 (2013)
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Transmision

Advanced neutron radiography technique

Neutrons have complex cross-sections

If neutron energy is known, transmissions can be further
resolved based on incoming neutron time of flight
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Energy Resolved Neutron Imaging on FPS -

Using epi-thermal neutrons and absorption resonances to create contrast
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Extracting Isotopic Densities with ERNI

Neutron Counts

Average Number of Neutrons in Regions of Interests
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With a transmission spectrum, we can now use R-matrix codes like
SAMMY, or new material decomposition codes*, to extract areal
densities (n,) of specific isotopes.
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ERNI-CT on FP5 @ LANSCE
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Perform over
many rotations

ERNI-CT reconstructions could be
computationally intensive using
current R-matrix code SAMMY.

Sometimes taking weeks-months for
a single reconstruction.
New codes are much fastey”| '
(See talk by Thilo Balr A\




ERNI-PIE on irradiated fuels at FP5

Post irradiation examination is critical to understanding fuel performance.
ERNI-PIE can be extremely useful:

Remote — Able to measure highly radioactive samples.
Non-destructive — Can guide further, more direct, PIE measurements.

Probe Internal structure — Help identify any “off-norma

|”

conditions due to irradiation condition.

Spatial isotopic info — Spatially measurements of fuel and fission product distributions can help solve
certain questions surrounding FCCI, fuel redistribution, and uniformity of burnup.
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See talk by Sven Vogel for more on PIE efforts at LANSCE!
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Take Away Message...

LANSCE is a unique facility that offers a wide
range of neutron energies that are available
for neutron imaging experiments!

LANSCE Neutron Fluxes per E,
ASTERIX
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Q Calls for proposals are issued once a year, for each run cycle of the accelerator.
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Density measurements of molten salts:
Team: A.M. Long, S.S. Parker, M. Monreal,

M. Jackson, D.T. Carver, and S.C. Vogel.
Funding: LANL LDRD Office (20210113DR & 20190650DI)

Hydrogen measurements in YH,_:
Team: A.M. Long, H. Trellue, A. Shivprasad, E. Luther, D.T.

Carver, and S.C. Vogel.
Funding: LANL LDRD Office (20190649DlI)

ERNI measurements on fresh

and irradiated fuels:
S.C. Vogel, A.M. Long, K.J. McClellan, J.R. Angell, T.
Balke, L. Capriotti, A.E. Craft, J. Harp, P. Hosemann, J.
Lin, E.J. Larson, D.C. Schaper, B. Wolhberg

Funding: LANL LDRD Office (20200061DR)
DOE-NE Advanced Fuels Campaign
Nuclear Science User Facilities
Nuclear Technology Research & Development.
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