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IAEA go_als include_ preventing the proliferation of nuclear weapons, Modified Parallel Slit Collimator: Full Detector Measurement: lterative Reconstructions:

developing surveillance techniques for nuclear materials, an? 72 Tapered Slits arranged around a 35.5 cm /Cmp—t“be 1984C-coated copper straw (BCS) pes o A full measurement would require 12 The experimental data is then reconstructed using a Maximum
pursuing the continuity of knowledge over nuclear materials. diameter inspection volume detector modules but only 6 were Likelihood Expectation Minimization reconstruction.

Reactor fuel assemblies can individually produce over half of a P _ \ \

. . g . . . . - Inner S“t Dlametel’. 03 cm Ceramic insulator Aluminum tube Anode wire COnStFUCted 5 Sources. 1000 Iterations o
significant quantity of special nuclear material. Extensive research S Figure 3 Drawing of & Boron-Coated Straw defector o 0 ' i
has gone into determining methods to prevent diversion of the spent — Outer Slit Diameter 0.8 cm - - — Every other d_etector position is a spacer
nuclear fuel. Passive fast neutron tomography using a modified Collimator Components made of alumlinum and polyethylene
parallel slit collimator is one such method. Using spontaneous — (@) Inner 10 cm of stainless steel to — The detector ring could be rotated by 1
fission from the build up of ?**Cm, spent fuel can be imaged, reduce gamma dose to the detectors detector module spacing to get the L
potentially at the level of individual fuel pins. In this experiment, a missing 6 detector positions

252 - L _ — (b) 29.22 cm of borated polyethylene .- IS
Cf neutron source is used to demonstrate the viability of Passive (5% by weight boron) to collimate Figure 4: Drawing of straw detectors embedded in HDPE — Each measurement would need to be

Fast Neutron Emission Tomography (NET). After measuring 5 neutrons Neutron Detector Modules: taken twice, once in each position, to
source locations at varying pin spacing, the measured data is ' get the full view

Y position (cm)

combined to represent 5 closely spaced fuel rods. The T One detector module consists of 24 rows of 8
reconstruction of this data demonstrates the imager’s ability to i boron coated straws embedded in high
differentiate between individual fuel pins. ol density polyethylene
— Each row of 8 straws has single readout
20 - § §W/ﬂ/ — channel X position (cm)
Introduction \‘Ei ol _ LOC.ate d O 5 from CO”imator tO a”OW the Figure 9: A zoomed in reconstructed image of all 5 sources after 1000 iterations.
ol @m‘\\ = collimator to rotate The imager demonstrates sufficient spatial resolution to resolve
Neutron Sources in Spent Nuclear Fuel: ] % Detector Components individual fuel pins at 1 fuel pin pitch apart (1.27 cm).
. . . o — (c) 6 detector modules to moderate and — Sources at (2,1) and (2,0) are visibly separate sources.
Spent nuclear fuel has a high neutron emission rate of 10° - 10° n/s. ol | detect fast neutrons
— Many of these neutrons come from decays of ’Frar?szlﬂanlc ” - IR ? . . . | — (d) 5 cm of borated polyethylene to Issues with spatial reconstruction
Sgéopezathatzage formed during reactor operation: “Cm, “ECm, | ~ x(om prevent background neutrons from — Sources, except the one at the origin, are oblong-shaped, rather
u, <°°Pu, “*“Pu 0* I | I Figure 2: The 72 slit collimator consists of 10 cm of stainless steel (a), 30 cm of scattering into the system h oul
E ' . . : : borated polyethylene (b). The detector ring /s6detectormoduies (c) with a 5 cm - T2 an circular
Typically, measuring ’ Joae e e e Figure 5T uly consucted imager assambly — Intensities of each source should be similar, but the image
nuclear fuel means 3 ] * Source intensity at (0,0) is 3.85x10° emitted neutrons
measuri_ng the 2*°Pu % wz N _ Mock PWR Grid: Experimental Procedure:  Source intensity at (0,4) is 2.28x10° emitted neutrons
content in fuel. g | o 17 x 17 pressurized water reactor fuel 1. Initial Background measurement taken with 4. Bin neutron counts by collimator position - 59% difference in the emitted neutron intensity
Drawbacks include: § » :::gﬂ _ assembly grld created to hold mock NO source present — 72 collimator positions or projections — Total integrated source intensity in the image IS accurate but
— Pu saturates with s f - G source rods 2. Source rod was then placed into the fuel — Detected neutrons per projection are the overly weighted toward the center
Increased burnup g - ER — Centered in the inspection volume and assembly mock grid at 5 separate locations neutrons detected in a time period defined
~ Minimally sensitive £ R coordinate system assigned where the | o examine the spatial resolution, e number of positons.
to rod replacements 20 : 40 - 60 - 80 = 150 1;:2(:'“ 1;1 Center.fuel - !S (O,O) ~ Rog positions measured: (0,0), (0.4). (2.0), ) Crteae’[::nlsisz)or:r%SItlons
© COOLING TIME (months) . — Fuel pin hole diameter: 0.96 cm (1.3). ?nd (2’1? | - Oraan I t s by detect An experiment was performed using a proof-of-concept passive fast
el at  burmu of 31.5 GWGKU over the course of 10 yeares. — Fuel pin pitch: 1.27 cm ~ Fuel pin coordinate distances: 1, v2, 2, and 4 OIS 1BLION BOUITS By Beren o neutron emission tomography imager to determine the ability of the

number and projection number and subtract

— Determine if individual pins can be off the background measurement

differentiated
3. Collimator rotated at a constant speed while

iImager to resolve individual fuel pins. Using five source
measurements to represent spent nuclear fuel pins at different pin
spacing, the imager was used to detect fast neutrons from Cf-252.

The relative contribution to the neutron emission rate of a spent fuel

L . — The individual measurement data were
assembly from #**Cm is higher than from other transuranic individu u W

summed to represent a single measurement
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isotopes. & recording data for one full rotatlon with 5 identical sources in various locations The imager _exhlblts su_fﬂment spatial resolution to dlﬁgrentlate
— At a burnup of 31.5 GWd/tU, ?**Cm neutron emission dominates & s ’ between individual fuel pins spaced at 1, V2, 2, and 4 fuel pin gaps.
i 9 r” 9999999 More work must be performed to improve the source (pin) intensit
eutron emission : : 5 -; @ gc 3::33 p B distribution and sourze localization 'Ilj'he initial testing g?‘ tr:e image);
— 2*Cm has neutron production rate of 1.64 x 10" neutrons/s/g 3 o “g““. | . . | . R
_ | ied J_/ 000000000 demonstrates its potential as a nondestructive verification tool for
— Does not saturate as a function of burnup 200000000008s0eee . SNF exceeding the IAEA's guidelines for partial defect detection in
NET proposes using the spontaneous fission rates of %**Cm to 80 o 00::%::3:0 \ spent fuel assembilies.
monitor and image spent nuclear fuel by detecting the fast neutron 2. 4; o00000QCOCQ® g
emissions. QQOOOQOQQQ g |
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