J. Ocean Univ. China (Oceanic and Coastal Sea Research)
https://doi.org/10.1007/s11802-025-6140-4

ISSN 1672-5182, 2025 24 (6): 1450-1468
http://www.ouc.edu.cn/xbywb/

E-mail:xbywb@ouc.edu.cn

A Deep Learning-Aided Method for Precise Identification of
Microporosity: A Case Study from the Marine Hydrocarbon
Reservoirs in the South China Sea

GUO Dingrui?-2, GOLSANAMI Naser)-»-*, ZHANG Zhi®, GYIMAH Emmanuel?,

BAKHSHI Elham?- 9, AHMAD Qazi Adnan®- 9, BEHNIA Mahmoud®, SABERALI Behzad?,
YAN Weichao®: 9, DONG Huaimin!®, SHENDY Saeid Ahmadizadeh!D,

JAYASURIYA Madusanka N.3), and FERNANDO Shanilka G.?

1) State Key Laboratory of Mining Disaster Prevention and Control, Shandong University of Science and Technology, Qingdao
266590, China

2) Shenyang Research Institute, China Coal Technology & Engineering Group, Fushun 113122, China

3) College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China

4) Department of Engineering Systems, Talca University, Talca 3460000, Chile

5) School of Mines, China University of Mining and Technology, Xuzhou 221116, China

6) Department of Mining Engineering, Isfahan University of Technology, Isfahan 8415683111, Iran

7) School of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266580, China

8) Frontiers Science Center for Deep Ocean Multispheres and Earth System, Key Laboratory of Submarine Geosciences and
Prospecting Techniques, MOE and College of Marine Geosciences, Ocean University of China, Qingdao 266100, China

9) Laboratory for Marine Mineral Resources, Qingdao Marine Science and Technology Center, Qingdao 266237, China

10) School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China

11) Department of Chemistry, Sofian Branch, Islamic Azad University, Sofian 5381631167, Iran

(Received January 13, 2025; revised March 19, 2025; accepted April 22, 2025)
© Ocean University of China, Science Press and Springer-Verlag GmbH Germany 2025

Abstract The accurate identification of microporosity is crucial for the characterization of hydrocarbon reservoir permeability and
production. Scanning electron microscopy (SEM) is among the limited number of methods available to directly observe the micro-
scopic structure of the hydrocarbon reservoir rocks. Nevertheless, precise segmentation of microscopic pores at different depths in
SEM images remains an unsolved challenge, known as the ‘depth-related resolution loss’ problem. Therefore, in this study, a 3D re-
construction technique for regions of interest (ROI) was developed for in-depth pixel analysis and differentiation among various
depths of SEM images. The processed SEM images, together with the processing outcomes of this technique, were used as the input
database to train a stochastic depth with multi-channel residual pathways (SdstMcrp) deep learning model programmed in Python to
develop a tool for segmenting the microscopic pore spaces in SEM images obtained from the Beibuwan Basin. The more accurate
segmentation helped to detect an average of 1.2 times more microporosity in SEM images, accounting for about 1.6 times more pi-
xels and 1.2 times more pore surface area. Finally, the impact of the accurate segmentation on the calculation of permeability, a sig-
nificant reservoir production property, was investigated using fractal geometry models and sensitivity analysis. The results showed
that the obtained permeability values would vary by a factor of 6, which represents a considerable difference. These findings demon-
strate that the proposed models can effectively identify features across a wide range of grayscale values in SEM images.
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characteristics of reservoir rock porosity (Dong et al.,
2022; Liu et al., 2023). The pore space, serving as the
conduit for reservoir fluid migration (Golsanami et al.,
With the global extraction of oil and gas resources tran-  2015; Wang et al., 2020), plays a crucial role in the ex-

sitioning from conventional to unconventional, and from  traction of the reservoir fluids, and the proportion of mi-
cropores has a particularly significant impact on the ex-

traction efficiency (Wang et al., 2022). Extracting fluid
stored in micropores is challenging because the fluid is
R — trapped by capillary forces forming irreducible fluid satu-
* Corresponding author. E-mail: golsanami_naser@sdust.edu.cn  ration; that is, an increase in the proportion of micropores

1 Introduction

shallow to deep reservoirs, numerous scholars have en-
gaged in research on resource extraction under unconven-
tional reservoir conditions, particularly focusing on the
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