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Historical Modeling for Vertical Wells
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» Gibbs

» Considered:
» Elasticity of the Rods
» Viscous Damping

» Simplified:
» Gravitational forces
» Buoyant forces

» Ignored:

» Coulomb friction
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Non-vertical Wells

» Gravitational Forces:

» Gravity/Weight pressing rod string against tubing wall
» Buoyant Forces:

» Unbalanced forces caused by hydrostatic fluid pressure

» Induce additional rod/tubing interaction

“Side Loading”/Reaction Forces
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Traditional Approach

Deviated Rods

Side Load
vs Depth
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Customary Side Load Presentation
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Side Load vs Measured Depth
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More Modern Approach

w,
» 3-D Finite element modeling (FEM) of the sucker rod stringg

» Treat each rod as a cylindrical “bar element” with 6 degrees
of freedom at each end

» Consider Gravitational Forces in 3-D
» Consider Buoyancy as an unbalanced force acting in 3-D

» Parameters are calculated at each time step (4-D)

ROD3D
» 3-D, dynamic FEM specifically formulated to address deviated sucker rods
Full consideration for the specific “problem”

Easy to configure

vV v Vv

Fast run times
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ROD3D - Reaction Forces in 3D + Time
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Does it make a difference?
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Conclusions

» The dynamic nature of the rod string forces at various depths and times throughout the
stroke induce dynamic side loading

» These changes are significant both for the magnitude and range of the PR loads, but
also for the stroke length

» Therefore, sucker rod modeling software must consider dynamic - rather than static -
side loading

» Finite element modeling can account for this 4-D side loading

» Special FEM formulations - like ROD3D - deliver improved understanding of sucker rod
systems
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Thank You

Questions?
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Copyright

» Rights to this presentation are owned by the company(ies) and/or author(s)
listed on the title page. By submitting this presentation to the International
Sucker Rod Pumping Workshop, they grant to the Workshop, the Artificial Lift
Research and Development Council (ALRDC) rights to:

» Display the presentation at the Workshop.

» Place it on the www.alrdc.com web site, with access to the site to be as directed
by the Workshop Steering Committee.

» Links to presentations on ALRDC’s social media accounts.

» Place it on an USB/CD for distribution and/or sale as directed by the Workshop
Steering Committee.

» Other uses of this presentation are prohibited without the expressed written
permission of the company(ies) and/or author(s) who own it and the
Workshop Steering Committee.
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Disclaimer

The following disclaimer shall be included as the last page of a Technical Presentation or Continuin
Education Course. A similar disclaimer is included on the front page of the International Sucker Ro
Pumping Workshop Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the International
Sucker Rod Pumping Workshop SteeringhCommittec-; members, and their supporting organizations and
companies (here-in-after referred to as the Sponsoring Organizations), and the author(s) of this
Technical Presentation or Continuing Education Training Course and their c.ompanyf(ies), provide this
presentation and/or training material at the International Sucker Rod Pumping Workshop as is" without
any warranty of any kind, express or implied, as to the accuracy of the information or the products or
services referred to by any presenter (in so far as such warranties may be excluded under anly relevant
law) and these members and their companies will not be liable for unlawful actions and any losses or
damage that may result from use of any presentation as a consequence of any inaccuracies in, or any
omission from, the information which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are
those of the author and not necessarily those of the Sponsoring Organizations. The author is solely
responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the
source documents, although we do make every attempt to work from authoritative sources. e
Sponsoring Organizations provide these presentations and/or training materials as a service. The
Sponsoring Organizations make no representations or warranties, express or implied, with respect to
the presentations and/or training materials, or any part thereof, [r]cludm? any warrantees of title, non-
infringement of copyright or patent rights of others, merchantability, or fitness or suitability for any
purpose.
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