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Simulation study on muography of AP1000 nuclear power plant containment
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Abstract  [Background] The structural inspection of nuclear power plant (NPP) containment is crucial for public
safety and facility lifespan, but the application of existing non-destructive testing technologies is limited. High-
energy and strongly penetrating cosmic ray muons are ideal probes for long-distance, non-destructive inspection of
large-scale containment structures. [Purpose] This study aims to provide technical references for muography
simulation studies of NPP containment. [Methods] Firstly, the containment model was constructed based on the
structural parameters of the AP1000 (Advanced Passive PWR) Nuclear Power Plant, and a muography framework
was established combining "Monte Carlo simulation framework + ART (Algebraic Reconstruction Technique)
algorithm." Then, the basic principles of cosmic ray muography were summarized into forward and inverse models,
and the ART algorithm was introduced. Finally, muography simulations of the containment were conducted using the
Geant4 program to obtain multi-directional muon transport information. [Results] The simulated data for three-

dimensional reconstruction by using ART algorithm successfully achieve imaging of key structures such as the
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containment shielding wall, PCCS (Passive Containment Cooling System), and steam generator, while validating the

potential to distinguish between materials like air, steam, water, and concrete. Simulation analysis results indicate that

with an ideal muon detection system featuring a 1 000 ¢cm® sensitive area and a cumulative measurement time of

months, muon transmission images with approximately 100 cm spatial resolution can be obtained. [Conclusions]

This research provides technical references for the design and implementation of muography experiments, offering

significant guidance for enhancing the practical application of muon imaging technology in nuclear power safety

inspections.

Key words Cosmic-ray muon, Muography, AP1000 nuclear power plant, Containment structure inspection
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Structure Material Density / g-em™ Dimension
A7 D WO JRJE 1 Concrete 2.30 4M%22.098 m, 5 52.3 m, JE 1 m & f2
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of 52.3 m, and thickness of 1 m
%42 58-PCCS 7K Water 1.00 T BT (0 e e 1A
Containment-PCCS Solid of revolution with trapezoidal cross-section
G- A R Air 1.29x10° AL Cylinder
Containment-air cavity
GARGE-RA T ANEEAN Stainless steel 8.00 iy R Sk AT, P42 19.8 m, 155 65.6 m
Containment-vessel shell Cylindrical shell with elliptical heads at top and
bottom, radius of 19.8 m, height of 65.6 m
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Fig.2 Schematic diagram of Monte Carlo simulation settings (color online) (a) Geometric model of AP1000 containment vessel
and steam generator, (b) Simplified model of steam generator
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Fig.3 Cosmic ray muon energy spectrum generated by CRY
software at the location of SanMen nuclear power plants (with
logarithmic energy binning)
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Fig.5 Schematic diagram of detector measurement view field (color online) (a) Top view, (b) Side view
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Geometric Structure Physical Model
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B Physical Processes: Electromagnetic, etc.
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Cosmic Ray (CRY, EcoMug, etc.)
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W Detection Data Matrix
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B Visualization
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B Image Quality Evaluation
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Fig.6 Framework diagram of Muography
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Fig.7 Three views of reconstructed image from PCCS
simulation (color online) (a) Slice at Y=0 m, (b) Slice at
X=0m, (c) Slice at Z=49.5 m
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