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Introduction

» Clint Mason
» President of Kaizen Well Solutions Ltd. — Well optimization

» Managing partner in Trido Industries, Trido Solutions LLC
(solar drive platform development) and Appsmiths LLC
(Well Tracer Co2 technologies)

» Started working Oil and gas in 1987, Pipeline & plant
construction, well/plant operation, wireline, downhole
production tools, optimization
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Introduction

» Spent most of my working life focused on well Optimization
technologies.

» Plunger lift, Gas lift and Jet pump are some of my key
focus areas over the past 30 plus years

» Multiple patents

» Been part of many plunger lift equipment design
developments that are standard today

» Was part of the API 11 PL committee on lubricators design
requirements
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Let's talk about our thought process
when we approach liquid loading

Typically, “Tubing focused” and based on our known Vertical well experience

2/22/2022




But is focusing on the EOT to
surface
optimal for optimization?
Where are the potential
fluid hang up areas?
When is fluid hang up happening:
Why is this happenjng? .




Fluid Movement in the Transitional

CHALLENGES
-Heavier fluids, like
water, will separate in
the Hz

-Fluid collects in the
undulations of the Hz
section

-Hz leg is consistently
SLUGGING

-Even if tubing is well
above CR the wells
liquid production can be
erratic.
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The Hz section is never a nice straight line. There are
many oscillations within the HZ potentially adding up to
hundreds of points, creating significant flow restrictions
and fluid hold up.

Pressure drop due to
1300psi g fIU|d.|n the HZ 1400 psi
section caused by

fluid restriction

1200 psi
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Inefficient fluid

movement
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End of Tubing
Observations
Setting yourself up

for success
Where should

— we land the
tubing ?
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Operating similarities we identified in
troublesome wells

» Wells with even a short shut in 5-20 minutes will not restart
without - swabbing or blowing out with Nitrogen

» First few swabs were high % water cut even in low % water
cut wells

» Well loads up unexpectedly and erratically even with high
flow rates

» Excessive DP between tubing and casing pressures
» High percentage had a EOT below 75 deg.
» Most were 80-90 deg. EOT
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After g short shut-in time, you can have a large amount
of fluid collapse and collect around the EOT. As a result,
this can make it difficult to restart the well because of
the amount of fluid entry into the tubing
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Typical EOT position 70 deg

Vertical « Fewest start up issues after a shut in
« Allows fluid and gas to enter
« EOT is still in the lower churn area

Below 70 deg
 Issues with start up of high liquid

producing wells I.E. well appears to load up
while it is shut-in
Above 70 Deg.

 Difficult to lift fluid to the tubing

sitional

Required CR profile
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If we are missing the
Liquid loading below the
Tubing
Could we be missing
potential production too?
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Stages of liquid loading HZ — long before tubing loading

Well deviates from its
natural decline

Transitional critical rate
3.5 mmcf
«-—

4.5" HZ Critical rate 1.5

loading in HZ
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Natural Decline

When liquid loading is
typically identified

Water & heavier Fluid
stops moving in HZ
section — notice a GLR

2 3/8” end of tubing Critical Rate o
point well will drop in production ve
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When should we apply artificial lift...

What if we started to optimize
the wells before we reached

tubing critical rate?
~ Dotent.
ec//ne ~y

Liquid
loading in HZ
area

\5 Bubble flow
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_ Plunger Lift installation —

impacted
rate of decline even above critical

rate/

Est. EO

\

critical rate .

Project
pomt ar

4 SN | |
cU 11U1d 104l N

1d decll

VA AN

23

2015 2018
Praduction Year




- '_Iul" M= [ [ 1'-1 MI — ‘.-—n -'.'k .
d e s
5 ] ]
= ] =
I
|
. ]
=" == ..rlifl L : =t
"\ A S| Plunger Lift
VIV |

installation at
critical/

2011

2013

2015
Production Year




!
1000 L
o =3 I J
| ] e L
T t ] i Plunger Lift
I ] (E*H 4 / installation
100
" 'f".
. ¥, h‘t‘x ;1;'1 ._ll'l
!— ‘.J 1]
\
|
1 it | . s : . |

2011 2012 2013 2014 205 2018 2017 2018
Production Year




Pad project 1

Installs after liquid loading

Gas & Condy Before & After Plunger Installation

o
[
o

—
o
S
o
|5
R
>
°
c
o
()
—
=
o
S
)
E
n
L
=
wn
©
0

.
o
o

=4
o

o
G
o

-200 -150 -100 -50

0

50

Days Pre/Post Plunger Install

Install

» Older wells show
loading prior to
install & steady
production after

Incremental Praduction (Boe)
.
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Pad project 2
Installs before liquid loading

Gas & Condy Before & After Plunger Installation
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Long before the wells are typically identified as having .
issues with liquid loading in the tubing, Liquid loading

has been occurring in the transitional and Hz section of

the well. Impacting production

Observations

Observation #2

There are limited solutions to moving fluid in the Hz
area

Observation #3
Early intervention can have significant positive impact
on decline rates on even currently strong, free flowing
wells. Delayed intervention has a significant negative
impact on wells production

A
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Solution to maximizing production

Optimize the entire wellbore, liquid loading is happening
before tubing is liquid loading early intervention can have
significant positive impact.

o

Points to
consider Results

Early implementation results in increased recovery
W|th a N Use the wells energy to move fluid HZ to the tubing

Hz. Well

o

Key learning
Focus on decline rate, not hours on. More hours per day might
not equal more production

A
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|dentified Failure points in our current
methodology

» Using production increase as the “gauge” of success

» |f you wait for the production to drop low enough to result in
production increases, there has been significant lost
opportunity

» There are positive effects by implementing early
optimization strategies on Hz well to help remove fluid
build up in fluid hang up areas.

» It is much harder to succeed implementing optimization
methods after the well is loaded than if we employ a
proactive early implementation strategy
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Conclusion and evaluation Hz wellbore

» We can optimize the tubing using several AR methods very
efficiently

» BUT these AR methods are not likely optimizing the
transitional and Hz sections of the well.

» Manipulating the well flow patterns can add benefits in
deliquefying the HZ section beyond efficient removal of
liguids in the tubing. Extra closed time might be beneficial

» EOT position is Key

» The rules of thumb in plunger selection built around
Vertical wells does not always apply in Hz wells
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Final word on this

With HZ wells, the learning never stops ....
Don't be hesitant to try something different...

2/22/2022
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Thanks to my team at Kaizen Well Solutions/Appsmiths and Trido
Industries

Dr. Anand Nagoo for letting me bounce my thoughts and idea off of him
around flow patterns in the Hz. and transitional areas of the wellbore

Thanks to all of our customers that have worked with us to gather data
and work together to identify some best practices and the opportunity
to expand my understanding of Hz wells.

Thank you to the ALRDC and its members for hosting this valuable
event
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Questions?

Please .... Don't ask me to do the math ©
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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 Artificial Lift Learning Course. A
similar disclaimer is included on the Artificial Lift Workshop webpage.

The Artificial Lift Research and Development Council and its officers and trustees, and the 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 Artificial Lift Learning Course and their company(ies),
provide this presentation and/or training material at the 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 fitness or suitability for any purpose.
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