@ IGAS LIFT
’’ § WORKSHOP

A Review of Intermittent Gas Lift and Fallback Factor Modeling

Smith Leggett
Assistant Professor
Texas Tech University

|

2. . iroc.coM



53 GAS LIFT
7~ WORKSHOP

Presentation Main Points
1. Atidal wave is coming.
Unconventional wells needing intermittent gas lift (IGL)
2. We need to master lifting liquid slugs with gas.
IGL, GAPL, plunger lift, intermittent lift
3. We can learn a lot from the past.
Literature review
4. We still have more to learn.
Texas Tech Gas Lift Consortium
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Tidal Wave



Permian Horizontal Wells Completed in Last 10 Years

2013

2014

2015

2016

2017

2018

2019

2020

2021 4,768

37,179 total



Lifting Liquid Slugs Using Gas



Intermittent Gas Lift
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Fallback as film

(Brill, 1966)

What is Fallback?

Multiple different definitions in the literature:

it
j nln l

Loss relative to initial % (Alahmed et al.,

amount 2017)

Percent normalized by %/ft  (Winkler, 1959)

depth

Volumetric flowrate Gal/s (Mower et al.,,
1985)

Average penetration ft/s (Brill, 1966)

velocity

iy

Slug produced with fallback receding



Lift Methods for Late-Life Wells Formerly on Continuous Gas Lift

Lift Type Tubing Notes

Gas-assisted plunger lift Intermittently open Intermitted on surface. Side-pocket
(GAPL) mandrels present a challenge.
Intermittent gas lift Always open Requires pilot valve and packer.
(IGL)

Chamber lift Always open Complex tubular configuration
Plunger lift Intermittently open No injection gas

Intermittent lift Intermittently open No injection gas

All methods involve intermittently lifting a liquid slug to
surface using energy from expanding gasses below.



Benefits of Late-Lift Gas Lift Technologies

° Sa me or better prod UCtion rates Long Range Production (LRP) and Aspirational Artificial Lift Strategy

* Less lift gas (~¥50% reduction)
— Operating cost savings
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— Emission reductions

15

— Redistribute lift gas to improve production
on other wells

10

e Defer or eliminate conversions to
sucker rod pump

Total Gas (LP) in Bscfd

0.5

— Capital cost savings

— Avoid high failure rates on high GLR wells
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Bill Hearn, 2022 Gas Lift Workshop ALRDC



Remaining Challenges

How do we design an IGL system?

How do we minimize fallback?

How do we optimize injection rate?

How do we quantity an reduce P,?

How do we reduce impacts on surface facilities?



Learn from the Past



Fallback Factor — Volume Expended per Cycle

Fallback
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Fallback Factor — Volume Expended per Cycle

“Fallback”
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“Slug Velocity?”

Yet, Ali Hernandez notes a
limiting velocity at which
fallback increases with
velocity.

(Brill, 1966)



Fallback Factor — Pilot Valve Port Size, Slug Length

“Fallback”

Minimum bottomhole
pressure achieved (psi)
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(Brown, Jessen, 1962)



Fallback Factor — Surface Restrictions

e Minimize 90° bends

* Yadav et al. saw an average 15% increase in
production after applying a sweeping pipe bend on 3
wells

* If a choke needs to be installed, put it near the
surface facility (Herald Winkler, 1970’s class notes)

Yadav et al. 2021, SPE-207794-MS



Fallback Factor — Viscosity

From Ali Hernandez Fundamentals of Gas Lift Engineering, 2016

At slug velocities of ~1,000 ft/min:
* Fory, ap; > 23° viscosity negligible, fallback around 4-6%
* For 16° <y, 4p; < 23° fallback factor around 12-14%



Fallback Factor — Pipe Diameter
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Fallback Factor — Plunger
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Intermittent Gas Lift Modeling

Empirical:

* Brown, Brill —1960’s
Analytical:

* White, 1963

* Neely, 1974

* Hernandez, 2016

Numerical:

e Liao, 1991 — Mechanistic model

e Pestana, T., Bordalo, S., et al. 2013 — Improved on Liao with gas lift valve throttling
performance, two phase flow in the surface lines, etc...



Literature Review: Gaps and Opportunities

No IGL results published for 2-7/8" tubing

What is the most reliable way to characterize fallback?
— Is “percent per 1000-ft” a reliable indicator?
— Or is penetration velocity or volumetric loss flowrate more predictive?

What is the limiting velocity at which fallback increases with velocity?
There is an opportunity for improved fallback characterization for plungers



We Have More to Learn




TTU GL Consortium: Value Proposition

Address the research need for late-life gas lift technologies for horizontal
unconventional wells to:

Reduce OPEX by reducing lift gas requirements.
Reduce CAPEX by deferring artificial lift conversions.
Increase production by minimizing bottomhole pressures.

The Texas Tech University Gas Lift Consortium will support the development of:
A gas lift research and demonstration well

Simplified intermittent gas lift (IGL) design and application.

Fallback factor characterization and plunger recommendation.
IGL/GAPL smart, automated optimization.

Strategies for managing and mitigating surface facilities impacts.
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Texas Tech Oilfield Technology Center (OTC)
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Wellbore Schematic as Run

27/8” Elec GLV
707’

2 3/8” Elec GLV
1,367

2 3/8” SPM
1,378

2 3/8” Chem inj mandrel
1,397

51/2” x 2 3/8” packer
1,406’

2 3/8” Elec GLV
1,418

27/8” J-55
tbg

2 7/8” XN SN

XOVER
1,362

2 3/8” J-55
tbg

2 3/8” X SN
1,401

2 3/8” XN SN

w/ plug 1,426’

—

9 5/8” 36# csg 1,477 KB
25 KB
PBTD 1,451’

51/2" 17# LTC csg

V4" capillary tubing lines
clamped outside prod tbg:
1. FIMT w/ SMF and MMF
2. Electric gas lift TEC line |
3. Chemical injection line

51/2" x 2 7/8” XOVER 1,438’

2 7/8" perforated sub 1,441’

27/8"x 9 5/8" TAC 1,445
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Conclusions



Conclusions

. Many unconventional wells are or will soon be candidates for a late-life gas lift method.

. All late-life gas lift technologies involve lifting a liquid slug using energy from expanding
gases below.

. Fallback factor decreases with slug velocity (to a point), decreases with injected gas
volume, and increases for highly viscous fluids.

. Improved models for liquid fallback with a plunger are needed.
. Robust, accessible models are needed for IGL design and application

. The Texas Tech Gas Lift Consortium aims to address knowledge gaps in late-life gas lift
technologies.
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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 Gas Lift Workshop, they grant to the Workshop, and the Artificial Lift
Research and Development Council (ALRDC) rights to:

* Display the presentation at the Workshop.

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

* Place the presentation 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).
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Disclaimer

The Artificial Lift Research and Development Council and its officers and trustees, and the Gas Lift Workshop Steering Committee 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 Course and their company(ies), provide this presentation and/or training material at the Gas Lift 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 any 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. The 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, including 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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