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Abstract
Hydraulic  fracturing  simulation  is  essential  for  optimizing  unconventional
reservoir  development,  yet  the  high  computational  cost  of  physics-based
models limits their practical use. This presentation demonstrates high-fidelity
finite  element  simulations  in  Abaqus®,  capturing  fully  coupled  processes
including  fluid  flow,  rock  mechanics,  fracture  propagation,  proppant
transport, and stress shadowing. A machine learning (ML) surrogate model,
trained  on  sampled  simulation  data,  replicates  fracture  geometry  and
pressure predictions with R² exceeding 90% while reducing computation time
from hours to milliseconds. Sensitivity analysis highlights certain parameters
as key drivers of fracture development. Results demonstrate the feasibility of
ML surrogate modeling as a scalable complement to physics-based simulation
for real-time hydraulic fracturing design and optimization.
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