
 

Artificial Intelligence has learned to estimate
oil viscosity
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A group of Skoltech scientists have developed machine learning (ML)
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algorithms that can teach artificial intelligence (AI) to determine oil
viscosity based on nuclear magnetic resonance (NMR) data. The new
method can come in handy for the petroleum industry and other sectors
that have to rely on indirect measurements to characterize a substance.
The research was published in the Energy and Fuels journal.

An important parameter of oil and petrochemicals, viscosity has
implications for production and processing, while helping to better
understand and model the natural processes in the reservoir. Standard oil
viscosity assessment and monitoring techniques are very time and money
consuming and sometimes technically unfeasible. NMR can help
determine the properties thanks to a material's ability to absorb and emit
electromagnetic energy. Oil is a chemically heterogeneous mixture of
hydrocarbons, which makes the interpretation of NMR results extremely
difficult.

A group of scientists from Skoltech, the University of Calgary (Canada)
and Curtin University (Australia) processed NMR data using ML
algorithms. Their model trained on NMR data on various types of oil
from fields in Canada and the Unites States produced an accurate
prediction of viscosity which was confirmed by lab tests.

According to Dmitry Koroteev, a professor at the Skoltech Center for
Hydrocarbon Recovery (CHR) and one of the study leads, their research
illustrates how ML algorithms can help characterize materials' properties
measured indirectly and, more specifically, by using NMR
measurements instead of viscosimetry at the lab. In practical terms, this
means that one can obtain information about oil in the subsurface
reservoir without extracting samples and taking them to the lab for tests.
"Surprisingly, ML works better here than the traditional correlations,"
says Professor Koroteev. "The direct and indirect experimental
measurements that we had at our disposal were a good training set for
our ML algorithms. The tests demonstrated that the algorithms have
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good generalization ability and do not require retraining."

"What is especially interesting is the high accuracy ML models achieve
on extra-heavy oil and bitumen samples. Due to their complex chemical
composition, the relationship between NMR relaxation and viscosity is
not well defined for this oil types. For the empirical models, the
workaround for this is to make additional measurements to determine
the relative hydrogen index (RHI) of the oil—the information which is
often not readily available or difficult to measure in the field accurately.
Our study shows that by using ML derived NMR viscosity models, these
measurements are not necessary," explains Skoltech-Curtin Ph.D.
student Strahinja Markovic, the first author of the paper.

The scientists are positive that their method can find use beyond the 
petroleum industry. It is not infrequent that the test sample is unavailable
for direct tests, which makes indirect measurements a lucky alternative
for a variety of sectors, such as the food industry where the quality of
fruit could be tested without even cutting them open, or in agriculture
where soil quality assessment could cover much larger areas.

  More information: Strahinja Markovic et al. Improved Oil Viscosity
Characterization by Low-Field NMR Using Feature Engineering and
Supervised Learning Algorithms, Energy & Fuels (2020). DOI:
10.1021/acs.energyfuels.0c02565
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