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Synergistic Solution

» Hybrid lift approach using chemical flow improvers in conjunction with conventional
gas lift

» Used in pre-identified and selected wells/scenarios
* Ultimate goal = improve flowing conditions to optimize existing gas lift
* ROI based on bridging the gap between theoretical VLP vs actual

— Typical outcomes are an uplift of 20% gross fluid production

GAS LIFT + FLOW IMPROVER = I SALES & 1 OPEX
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What is Foam?

* Object formed by trapping pockets of gas within a liquid/solid.
* Many types we interact with daily
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Gas Lift Flow Improver

* A GLFI reduces the velocity required to lift fluids out of a wellbore
— Reduces fluid column density and slippage (“lightens” fluid load)
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Plateau Border

Gas is colloidally dispersed into a
continuous liquid phase

Thin Film
Region

(Liquid Phase

(2-D Surface Phase)

ALRDC. COM s




@)~ GAS LIFT
%2/ & WORKSHOP

Candidate Selection/Field Trial

* Picking the right well

* Selecting the correct chemistry/concentration
* Determining application

* Setting the right trial and monitoring plan

* Interpreting the results

* Extrapolating results to the rest of the field
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Candidate Well Selection

* Modeled to be below critical rate

* Departure from expected VLP curves
* Gas lift system bottlenecks

* Irregular production/flow patterns
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Will my
injection

Which
Selecting the Right Chemistry/Concentration product

equipment
be able to
handle it?

and how
much?

= Benchtop Qualification Testing = Fluid Compatibilities
- Bottle Test

- Waring Blender
« Sparge/Small Column :
» Large Column
* Surface Tension
= Material Compatibilities
* Metallics
* Non-metals

» Water-in-oil emulsion tendency
 Qil-in-water emulsion tendency
Physical Properties
* Pour Point (winterization)
» Flash Point/Gunking Tendency (application specific)
* Viscosity (chemical pump requirements)
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Performance Influencers

* Percent Hydrocarbons H]{;ﬁ o HﬁH;[H
— More hydrocarbons = higher flow improver concentrations needed L T
* Hydrocarbon Composition e
— Aromatic content has greatest (negative) impact H@H

* Brine Chemistry
—TDS and TSS increase the weight of the fluid to lift and impact lamella  Total Dissolved solids (T1Ds)

¢ V@IOCitieS <50 100 | 250 200 750

ma/L or ppm

— Excessive shear can impact foam stability both ways
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Chemical
Injection
Line

Chemical

ﬁ;‘:c“t'iz;(Ba"ks'de) Capillary injection Gas lift injection
_ = Must be stable at = Required to travel down
* Required to travel down bottom hole conditions gas lift line
the casing in the cap string = Required to remain
= Can be “lost” to the = Must be stable at mobile in gas lift flow
casing surface conditions (zero = (as lift injection
=  Formulation must be precipitation) qualification (prevent
compatible with casing = Must be compatible to gunking/solvent
metallurgy capillary metallurgy package stripping)
= Annular qualification I = Capillary qualification L= * Canbe “lost” to the i
casing
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Field Trial (Monitoring)

Establish key surveillance metrics
* Production parameters (P, T, Q)
* G@Gas lift volumes
* BS&W values
* OIW values
* Vessel levels/visual observations
Record baselines
Initiate flow improver injection at desired PPM

Adjust in stepped intervals and build foamer response curve,
recording data at each step

o Response time may vary based on application method used

Once flow improver concentration is optimized, adjust gas lift
volume down until production parameters just begin to decline

Chemical Injection in PPM
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Measuring Success

P{ﬂg:f: sﬂ:ln Gas Lift Equipment Chemical
Rate Rate OPEX OPEX
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Less Gas
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ROI from Daily Production Increase

Return On InveStment (ROI) (Based on $30/bbl oil price)

= Typical successes range from 20%+
more production 1025%

» SPE-184217-MS
- SPE-189201-MS

» SPE-195452-MS

= Success will be situation and well 500 600 650
dependent

* Actual Delaware Basin examples without gas lift optimization
** ROl based solely off liquid production increase via GLFI
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Production Summary

Production (GLFI versus Untreated)

Total Fluid (bbl)

Treated Untreated Treated
l L]

6/3/21 7f23/21

= Actual Total Prod — Estimated Prod

Initial
BTFD

606

550

Average

Increase
BTFD

254
193

Average
Uplift (%)

47
35

/69

200

26

~J (o) &) L e [~

1279

/6
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Thank Youl!

\We welcome your 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 Gas Lift 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 website, 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 a 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 Continuing Education Course. A similar
disclaimer is included on the Gas Lift Workshop webpage.

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 b?/ 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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