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It is of great significance to study the physical properties of hydrate-bearing sediments (HBSs) for improv-
ing the recovery of the gas hydrate resource. Previous studies reveal that the hydrate distribution patterns
and saturations affect the physical properties of HBSs. However, the experimental techniques are difficult to
investigate the effects of hydrate distribution patterns and current numerical modeling methods cannot pre-
cisely control the hydrate saturations and distribution patterns. Therefore, a new hybrid and robust modeling
method (CT-MO-QSGSM) for generating different distribution patterns and specific saturations of hydrates in
digital models was proposed, which integrates the X-ray CT technique, morphological operation algorithm,
and quartet structure generation set method. The presented method is used to produce a series of digital
models containing pore-floating, cementing, and bridging hydrates with predefined saturations. Based on the
digital models, a comprehensive investigation of the effects of the hydrate distribution patterns and satura-
tions on pore/throat radius, coordination number, correlation functions, permeability, electrical conductivity,
and elastic moduli of HBSs is implemented. The results indicate that the pore-floating hydrates lead to the
most rapid decline in the pore/throat radius and correlation probability of pore space among the three types
of hydrates, but they increase the average coordination number while others decrease the number. Moreover,
the cementing and pore-floating patterns bring about the weakest and strongest damages to the permeability
and electrical conductivity of HBSs containing low hydrate saturations, respectively. Among three patterns,
the bridging type results in a rapid decline in these two properties when the hydrate saturation is high. Fur-
thermore, the pore-floating and bridging patterns cause the largest and smallest increase in the elastic moduli.
In addition, the physical properties of HBSs from the numerical simulations are consistent with the labora-
tory measurements, which proves that the generated digital models containing different hydrate distribution

patterns are reliable.
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