Expediting Fracture Analysis: A Deep Learning Workflow for Borehole Image Segmentation
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Abstract

In reservoir depositional and structural modeling, wellbore-scale data may provide valuable information between what is observed in core
samples and seismic scales. Borehole images, in particular, reveal numerous geological features related to reservoir formation and evolution,
such as beddings, faults, and fractures. Moreover, they provide valuable insights into how these features impact reservoir quality. However, the
fracture mapping and characterization process is manual and laborious. Additionally, it heavily relies on the interpreter's expertise. The process
becomes more complicated when dealing with naturally fractured pre-salt carbonates. These formations are highly subject to diagenetic
processes, which may alter the primary features, enlarging and cementing the fractures. Consequently, computing attributes crucial to
estimating fracture statistics, such as aperture and length, is complex. Deep learning solutions have been widely proposed to deal with complex
image problems. Moreover, convolutional neural networks have the power to make several operations with the image pixels, converting the
image to highlight its structures. As a result, these artificial intelligence solutions have become state-of-the-art for object detection and
segmentation. This study proposes an automated deep-learning-based workflow to map and characterize fractures on borehole images. The
segmentation model was trained with more than a thousand meters of ultrasonic borehole image from 9 wells from 4 Brazilian pre-salt fields.
In addition, the VGG16 pre-trained layers were adopted in the model encoder to optimize predictions and reduce the need for more data.
Moreover, by using pre-trained layers, it is possible to reduce bias in the model results. The model was evaluated using data from 2 wells from
one of the input fields. Although other wells from the field were included in the training database, both wells were kept apart to guarantee
validation strength. The developed fracture segmentation model achieved up to 80% accuracy, ensuring model robustness. Furthermore, the
model segmented new fractures not detected by the interpreter, stating the interpreter's bias reduction. Fracture parameters, such as type,
aperture, and length, were also automatically derived from the borehole segmentation image. The algorithm also interpolates a sinusoid
function in each cluster prediction of the model, allowing for a complete estimation of fracture parameters such as dip and azimuth. The model
captured the fracture azimuth orientation trend with a deviation of approximately 3 degrees in comparison to a prior manual interpretation.
During our tests, the workflow took an average of 50 minutes to segment fractures and estimate their parameters for a well with a length of 500
meters. This novel interpretation workflow can detect fractures in ultrasonic borehole images and promptly infer fracture characteristics, such
as fracture dip, azimuth, type, aperture, intersection angle, and confidence. Assuming it takes 8 hours to detect and characterize fractures in
borehole images manually, the model interpretation process was expedited approximately 8 times.



