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For the safe underground storage of radioactive waste, it is crucial to carefully determine the porosity of the
host rock as pores control all of its physical properties, such as the essential low permeability. Specialized
scanning electron microscopy (SEM) is an established method in the analysis of Opalinus Clay and used
in many studies, e.g. [Houben et al., 2013], [Laurich et al., 2018], and [Keller, 2021]. In the studies, the
pores are characterized and evaluated by size, orientation, and frequency using binary segmentation masks.
However, the creation of these masks entails some difficulties, such as interpretation limitations, non-standard
procedures, and in particular, the nanoscale resolution limit of the SEM. In addition, the overlap of gray
values between grains and pores makes conventional methods like the gray value thresholding method not
applicable.

Over the past decades, technical achievements in image analysis and machine learning have led to the devel-
opment of new methods. Especially methods based on self-learning algorithms show the potential to perform
even sophisticated analyses. From a geoscientific point of view, the goal is to analyze high-resolution infor-
mation from sample material in large quantities.
This requires at least a semi-automatic analysis workflow.

This work presents a method that enhances the original micrograph’s resolution and improves the quality
of pore identification. First, the resolution of the SEM images is artificially increased. Our approach uses
an Enhanced Super-Resolution Generative Adversarial Network (ESRGAN) [Wang et al., 2018] trained in the
upsampling of SEM images. The enhanced images showmuchmore detailed pores and pore edges so that even
small pores can be identified with greater clarity. This step is followed by a voting algorithm that combines
several machine learning classifiers (MLC) and calculates a probability field on that basis. Nine differentMLC’s
were trained in this process. This training allows the derivation of different confidence levels that reduce false
pore segmentation and capture the pore edges more smoothly and consistently.

The proposed method is able to detect pores in Opalinus clay that were previously undetected or poorly
segmented. Thus, even small pores are now detected with better quality and a clear edge identification, which
makes it possible to lower the practical truncation limit [Bonnet et al., 2001]. We discuss the results and
further ongoing work to improve the reliability of MLC’s with ESRGAN images.
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