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Scattered Ray Correction for High-Energy X-Ray Nondestructive Testing
System for Nuclear Fuel Assemblies Based on MC Method

ZHONG Zhi, HE Gaokui, ZHANG Xiangyang
( China Institute of Atomic Energy, Beijing 102413, China)

Abstract: High energy X-ray non-destructive testing technology can obtain the internal structure
information of the inspected object without destroying it. The multi-rod-beam nature of nuclear fuel
assemblies can lead to severe scattering ray effects, which can degrade image quality. In order to
correct the interference of scattering ray, this study analyzed the limitations of various methods to
solve the interference of scattered rays in the non-destructive testing of nuclear fuel assemblies.
Geant4 is used to simulate the nondestructive testing process of nuclear fuel components, and
ComptonFlag class is constructed to mark the scattered rays of Compton scattering and remove their
interference. The simulation results show that the CNR of defective and intact components in the
projection image is increased by 69.02% after the scattering ray interference is removed, which can
effectively improve the image quality of non-destructive testing of nuclear fuel assemblies.

Key words: nuclear fuel assembly; high energy x-ray nondestructive testing; compton scattering;
Monte Carlo method; Geant4
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Fig.1 High energy X-ray non-destructive testing system

for nuclear fuel assemblies

PRI 282 T AR S5 A 0 7 58 o T PR B4R 0 48
F 4 R b 9 415 15 21 DR(digital radiography) %
S EG, & BLSBE AL BB DX s, 8 2o 26 9 51 R
v A A 41 A IBCRE B Bl B DX R DR 2 4 R
185 BOHE AR IR Ge g0 v R DN 25 SR 2 1 15 BT it
75 LB A 1 2 6 2 1 455 A6 00 400 4K 1 e e .
S SRS LA TH RN R G AL BLGE T
B I 52 B R A 5 T

2 HHRIE

X 5 26 5 9 5 AH BAE B B T g ik 2
Ah, X B HUSB & F BT AR R . )
ST TR SRR TR 2, 8O S F7E bt
BRI A, AR S I m AR, &£
I IR ' 7 T 380 R 00 28 9F: () o6 56 O 7 — BRI
FRRE 77 A BN 5, B S 2 B S 1 157 5 0
3 B PR 150 AL B 2B JRA

NV ST
Hir¥

X514k t
X b ol
XA PR IER

B2 BHkFFHREE

Fig.2 Scattered photon interference
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Fig.3 The relationship between the scattering photon
energy and the scattering angle and the incident

photon energy
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Fig.4 X-ray energy spectrum of electron linac
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Fig.5 High energy X-ray nondestructive testing system

modeled in Geant4
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Fig.6 Complete nuclear fuel assembly projection
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Fig.7 The projection of the defective component (a) and the gray value (b) of the middle row before scattering correction
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Fig.8 The projection of the defective component (a) and the gray value (b) of the middle row after scattering correction
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Fig.9 Comparison of the region of interest in component amplification before and after scattering correction
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