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Abstract

The unique combination of a narrow-pulse neutron source and fast time- and spatially-resolvec
neutron detection enables novel techniques for non-destructive studies Iin materials sciences and
energy research. Spatially resolved neutron transmission spectroscopy can be performec
simultaneously In a very wide range of neutron energies: from cold and thermal neutrons (~meV
energies) revealing information on the crystallographic structure of the samples to epithermal
neutrons (up to ~10 keV) enabling isotope-specific Imaging and temperature mapping.
Simultaneous detection of position and time (with <100 pum and 0.02-1 pus resolution,
respectively) of individual neutrons in a wide range of energies of every neutron pulse Is now
possible with new detectors.

Our proof-of-principle experiments conducted at LANSCE demonstrate the unique
capability of energy resolved neutron imaging providing the isotope specific imaging of fuel
elements through resonance transmission analysis simultaneously with the crystallographic
structure of cladding through Bragg edge imaging, as well as imaging of defects in the fuel
element, such as cracks and voids through neutron radiography. We demonstrate
spectroscopic imaging of Urania with W, Nd, Gd inclusions and Xe and Kr gases within
steel container overlapping with Urania pellets.
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Thermal image: cracks, voids

Xe gas (90 psi pressure) imaged in a steel pipe together with Urania pellets
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Isotope specific imaging through
resonance transmission analysis
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Theoretical attenuation of different U isotopes

Transmission spectra measured
within the samples: U-238 and W
and U-238 only.
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Neutron transmission iImages of pellet assemblies obtained by S
summing up the images around the U-238 resonance energies: 5 50
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Cracks and W inclusions in the pellets

Thermal neutron radiography of fuel pin W
assemblies. No epithermal neutrons are

Tungsten sitter
plate

included in those images. Variation of pellet
density in right assembly is clearly seen on
the bottom sample (48%TD). The voids and
cracks in the pellets are clearly visible in the

left and middle samples. This radiography
can be taken simultaneously with 28 mm
resonance and Bragg edge transmission oy

14500
images.
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