Petrografl A: Artificial Intelligence in Identifying Lithologies of the Barra Velha Formation - Pre-Salt
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Abstract

In the Brazilian Pre-Salt oil fields, the time elapsed between the moment a side sample is taken during the drilling of a well and the obtaining of
the microscopic description from the petrographic slide made from this side sample is excessively slow. During this process, it is possible to
accumulate a large backlog of samples without descriptions, and often the delivery of results does not meet the time needed for the
incorporation of data into the geological models developed by reservoir teams. Seeking improvement in processes and greater speed in
incorporating this data into the models, the proposal developed in this work was to automate lithological classification through the training of a
network, enabling the inference of the most common lithologies in the Barra Velha Formation: stromatolite (ETR), laminated (LMT),
spherulite (ESF), and reworked (RET; corresponding to grainstones and rudstones). A deep neural network was developed using more than
2,000 photomosaic images with parallel polarizers as a database for training, testing, and validation. The descriptions related to these samples
were extracted from a corporate database, carried out by various petrographers. The developed model uses a convolutional neural network to
extract relevant features from complex data, where a one-vs-all approach was applied, with each model running independently. The target class
consists of images identified as class 1, and the remaining images are classified as class 0 (zero). Four separate models were created, one for
each corresponding class (LMT, RET, ETR, and ESF). After validating the 4 models, the accuracy achieved was 79.15%. The classification is
made available through a web application called PetrograflA. In it, images can be temporarily downloaded directly from the database, and the
prediction results are displayed in an Excel spreadsheet. In addition to the mnemonic referring to the facies diagnosed by the model, the file
contains the probabilistic analyses involved, such as the predictions of each model, their maximum probability values, and the difference
between the maximum predicted value and the second-highest value. This data can be useful to determine if the user wants to work with two
rock classes when the difference between two models shows low results or to establish a reliability cutoff based on their needs. This tool has
great applicability for optimizing the time of receiving preliminary lithological descriptions, assisting in screening priority descriptions by
specialists, and opening doors for the development of other initiatives using Al, such as applying it to the development of new fields or a new
model trained for other reservoir characteristics, like Itapema. Another interesting application would be to use the proportion of the lithological
inferences from the four models to create a facies prediction profile, as the difficulty in classifying the facies of the Barra VVelha Formation
often arises from the variation of elements in the rocks, which directly impacts their porosity quality. Therefore, understanding the other
lithotypes present in the same photomosaic image is of great added value for lithological and petrophysical models.



