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The Problem: Wellbore Stability
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The Equations and BC

Mechanical equilibrium
Linear elasticity

0ijj —fi =0

O'ij = Agijgkk ~+ Z,ngij
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We used PYMFEM to
implement the
solution




Creating a Synthetic Well

Synthetic Well Trajectory

WellHead Coordinates

Xe: Ye: Zc:
100

4
4
4

Well Driliing Design

Number of Drilling Stations: Survey intervals (md): Wellbore intervals (md):
5 - 5 - 30 -
A v b
Input per station:

index « md(m) « inc(deg) « azi(deg) « radius(m) =

1 0 0 0 0.5
2 100 45 0 0.5
3 200 90 0 0.5
4 300 90 0 0.5
5 400 90 0 0.5

Meshing options Discretization Input:

Matrix Representation: Mesh type: Tetrahedral discretization parameters:

@ box () cylinder @ tetra O hexa Borehole perimeter partition:

TopSide/Rwb: 24 s
= -

- Tets max_size/min_size:
10
Min radius multiplier
2

Max radius multiplier
4



Wellbore Segments
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in the x-direction, wireframe

isplacement

D




ield Calculation

The Stress F




Performance and Scalability

Speedup vs. Number of MPIs

—8— Total
AMD Ryzen 9 4900H )
y 6] —® Displacement 487952 nodes
8 Cores —4§— Stress
32 GB
5 -
o
MPls U+Stress U Stress > 4 -
©
1 906.439 384.114 522.325 $
o
2 495.697 229.528 266.169 wn 8.
4 305.521 170.779 134.742
8 236.9 156.42 80.48 5
1 -

1 2 3 4 5 6 7 8
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The Rings

The solution is projected on a
second grid which is a cylindrical
grid concentric with the well at a
given position
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Failure Criteria: Coulomb
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Coulomb index for different values of the mud-weight

PP SFG FG Tensilefailure
MW low 4 & e PP MW high
Collapse Breakout Functional Mud loss Lgst
circulation
Too low Mud weight Too high
Splintering/washout  Shear failure In-gauge Hydraulic fracture

Too low About right Too High

Mohr-Coulomb
Index

Mud weight 0.4 psi/ft 0.6 psi/ft 0.8 psi/ft
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500
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Wellbore Stability Analysis
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Wellbore Stabiity Analysis
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Synthetic Well Trajectory
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