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Abstract
Machine learning (ML) has drastically changed and reformed many fields. Integration of domain knowledge (DK) can further improve data driven ML. Actually, many studies in other fields have already demonstrated such improvements. This integration of domain knowledge represents a paradigm shift in machine learning. However, quantitative representation of such domain knowledge for machine learning is a challenge. If integrated successfully, domain knowledge can be critical to every step in machine learning: from problem formulation, data section, to workflow construction and results interpretation. Such integration will not only enhance the efficiency and effectiveness of ML algorithms but also strengthen the meaningfulness and technical validity of ML conclusions.
 
In this study, we successfully developed and demonstrated a couple of domain knowledge integrations: (1) proxy modeling for reactive transport modeling of dolomitization and (2) clustering analysis for sandstone diagenetic facies. The first example shows that a hierarchical training incorporating expert’s knowledge will significantly improve the efficiency of machine learning network compared to treating all target variables equally. The second example indicates that rock typing based on geological and petrographic studies is the backbone of the machine-learning-based sandstone facies modeling. This study stressed the value of domain knowledge integration in machine learning.
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