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Abstract

Huge investments have been made by the Brazilian oil and gas (O&G) industry for well plug and abandonment (P&A). Thus, there is a need
for more economical and environmentally safe P&A methods. Decarbonization trends have also encouraged more sustainable P&A actions by
looking for alternative sealing materials to cement and evaluating safety against fluid leakage through abandoned wells that reach carbon
dioxide (COZ2) injection reservoirs. Autochthonous creeping rocks such as shale and salt are candidate sealing materials provided that strength
and tightness levels requirements are met. This being the case, using a natural material to restore the environment — as far as possible — to its
condition before well drilling is also environmentally positive. In Brazil, shales are frequent in post-salt fields. Unconventional reserves in
shales have also been studied. Nevertheless, not all shales exhibit creep and ductile behavior that is desirable for the formation of geological
barriers in the well P&A context. Methodologies to study shales from Brazilian exploration basins are essential to support using shale barriers
in the near future. Contributions and insights to date on shale geological and geomechanical relevant aspects for well abandonment from the
research project Shale As Barrier (SABAR) are presented. This project is carried out by Tecgraf Institute of Pontifical Catholic University of
Rio de Janeiro (PUC-Rio) and Petrobras. One of the main contributions of the project is the development of “SABAR Web”, a web-based
application to assist professionals in predicting shale barrier formation. The tool combines well data from logging files to identify shale (and
clayey formation) intervals. The shale/clayey intervals can be classified as ductile or brittle based on their mineralogical composition and
physical properties from the well file or calculated using correlations. Additionally, a qualitative factor has been introduced to assess shale’s
proneness to form an effective barrier based on its mineralogical and physical properties. Another important contribution is in terms of
computational simulation. Predicting barrier formation by rock creep requires considering many parameters, making numerical modeling and
simulation essential for evaluating different geometries and material constitutive behaviors. A creep constitutive model has been selected to
simulate the shale behavior; however, parameter determination remains a challenge. In the absence of shale creep data from O&G Brazilian
basins, a widely studied claystone from the radioactive waste disposal context has been taken as a reference material for calibration.
Furthermore, an analytical solution originally developed for salt-induced well closure has been tested for shales using the calibrated
parameters. The current and future planned developments within the project aim to provide valuable insights into this technique, adding value
to the scientific community and Brazilian O&G industry.



