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» Background/overview

« Anomaly detection

. Physics engine

« Setpoint philosophy
« Baselining procedure

« Recommendation iterations



Production operations always in reactive
mode, dealing with unknowns

Production Ops = Manual & Reactive

Full Field of Daily Unknowns Challenges Outcomes
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Game has changed (10K ft HZ wells),
but the tools haven't kept pace

Engineering & Optimization Challenges

Vertical Well

Math + Logic Manual Workflows

Crooked, deep wells Slug Flow
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Anomalies common: detection/remediation
first step in optimization

Empirically, up to 80% of wells
struggle with anomalies
leading to:
«  Well instability
 Inability to optimize
setpoints at scale

Anomaly detection of five key
Issues preventing setpoint
optimization:

« Well loading

« Stuck plunger

« Surface restriction

« Leaking valve

« Mis-calibrated sensors




Better physics = better analysis = better

results

Shouldn't critical flow
change based on
deviation?

Traditional Critical Flow:
Turner: 3,000m3/day
Coleman: 2,500m3/day

Ambyint Critical Flow:
Wang: 4-6,000m3/day
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Traditional Critical Flow:
f Turner: 3,000m3/day
| Coleman: 2,500m3/day

Ambyint Critical Flow:
Wang: 1,000m3/day

Traditional Critical Flow:
Turner: 3,000m3/day
Coleman: 2,500m3/day

Ambyint Critical Flow:
Wang: 3-5,000m3/day

Wang et al, Prediction of the Critical Gas
Velocity of Liquid Unloading in a Horizontal

Gas Well

“Fudge factors” on Turner-

Coleman or Foss & Gaul don't

change with HZ deviation

« Off by >50% depending on
deviation

« Manual heuristics not scalable

« Not systematic to drive
consistent setpoint changes

Physics engine applies better

math to setpoints which provides:

« More accurate assessment of
downhole conditions

« Faster issue detection

« Standardized approach to
setpoint management



Setpoint optimization using physics and Al

Al / black-box optimization

Rule-of-thumb, physics
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Open Triggers:

CP — modified Foss&Gaul [computed, but usage challenging in horizontal wells]

Plunger fall time / minimum close time — set once
CP-LP (lift pressure)

TP-LP

LF (load factor)

Close Triggers

Max plunger rise time — set once
Close delay timer — set once
Max afterflow time

Critical flow rate

Percentage of critical flow rate



« Baselining for new well:

- Evaluate current triggers
- Provide setpoints aiming at stabilizing cycles

« Computational steps:
- Compute physics parameters for well
- Analyze historical data

e Outputs:
- Most suitable set of triggers for each well
- Recommended setpoints for all triggers
- Setpoint upper and lower boundaries



Data-driven open/close trigger selection

Low
correlation

High
correlation
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Plunger Rise Velocity, ft/min

Lift Pressure at Open Load Factor




« Black-box optimization:

- Provide setpoints aiming at increasing production

« Computational steps:
- Create safety box around setpoints
- Iteratively optimize setpoints within safety box

- Output: setpoints for all triggers



« Baselining: Use physics and data
analytics to stabilize plunger cycles

« Production optimization: Use Al /
Numerical Optimization to iterate on
setpoints to optimize production
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Production is noisy

Discontinous
functional dependence of
production on flow rate



Functional form of production
changes over time

Al tracks combination of
setpoints maximizing production




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 ALRDC Artificial Lift Workshop, they grant to the Workshop, the
Artificial Lift Research and Development Council (ALRDC), and the
Southwestern Petroleum Short Course (SWPSC), 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.

= Place it on a CD for distribution and/or sale as directed by the Workshop
Steering Committee.

Other use of this presentation is prohibited without the expressed
written permission of the author(s). The owner company(ies) and/or
author(s) may publish this material in other journals or magazines if
they refer to the Artificial Lift Strategies for Unconventional Wells
Workshop where it was first presented.
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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 front page of the ALRDC Artificial Lift
Workshop Web Site.

The Atrtificial Lift Research and Development Council and its officers and trustees, and the ALRDC
Artificial 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 Continuin? Education Training Course and their company(ies), provide this
presentation and/or training material at the ALRDC Artificial 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 fithess or suitability for any
purpose.
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