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Abstract
The prediction of proppant bed morphology within fractures is a key and challenging topic in the
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field of hydraulic fracturing. At present, the processing of proppant transport experimental data
still relies primarily on manual methods, which are inefficient and limited in data volume. The for-
mation and evolution of the proppant bed require further in-depth investigation. This study pro-
poses a method for identifying proppant bed morphology and extracting characteristic parameters.
The method first employs a threshold segmentation algorithm to accurately extract the bed con-
tours. Then, computer vision techniques are used to identify and quantify morphological features
of the bed, followed by the application of feature extraction algorithms to obtain six key morpho-
logical parameters. These methods enable automated feature extraction and quantitative analysis
at continuous time steps of proppant transport, eliminating the need for manual measurement. The
proposed approach can accurately and comprehensively capture the morphological features and
dynamic changes of the proppant bed in images, offering new tools and perspectives for studying
bed morphology within hydraulic fractures. Through automated feature extraction, the evolution
of bed morphology can be better understood, thereby promoting the advancement and optimiza-
tion of hydraulic fracturing technology.
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Figure 1. Schematic of 40/70 quartz sand bed morphology and evolution
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Figure 2. Proppant migration experiments schematic diagram
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Figure 3. Otsu threshold segmentation process
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Figure 4. Extracting sand bed morphology feature parameters
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Figure S. Comparison of three image segmentation algorithms
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Table 1. Comparison of three algorithmic evaluation metrics
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Figure 6. Automated extraction and calibration of sand bed morphology features
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Figure 7. Four sand bed morphology parameters and their growth rates
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Figure 8. Comparison of errors in four key parameters of the sand bed at equilibrium under four different proppant particle sizes
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