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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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Co2 well tracer is a simple
system that injects a Co2 slug
into the injection gas stream

This slug travels down the
injection conduit until it
reaches an opening into the
return conduit

A small amount of the Co2 will
enter and is returned to surface
at this point

The volume of the return can
be used to calculate the size of
the opening

The time from Co2 injection to
Co2 return identifies the return
depth from surface ##7*%% 3
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Well Tracer basic
information

>

To use WellTracer it is required to build a well model in our
Winglue software evaluation tool, with conduit size, depth
deviation and gas lift design etc.

Monitor Injection volumes while performing test SCADA data
or test information

Monitor production volume during test

This data allows Win Glue software to calculate velocities
throughout the well

At the end of the test the return volumes are balance it allows
us to identify distribution of gas injection thorough out the
entire tube string and depth of each point

Win Glue software and Well Tracer was a technology
developed by Shell specifically for gas lift diagnostic services
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Using Well Tracer in GAPL applications

» GAPL or Gas assisted Plunger lift requires a gas lift system

to be operating properly or at least you need to know where
your gas injection is going

» Looking at operating surface pressures does not always

give you a good indication of valve condition or the depth
where you are injecting

» Finds unexpected injection points I.E holes in tubing

» Provide total tubing gas volumes/velocities through the
tubing based on injection points and % of injection gas
entering at those points
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By removing the fluid in
the tubing, the casing
pressure drops and the
valves close from the top
to bottom

Once all the fluid is
removed, the gas
injected at the

deepest port will help
push the plunger to
surface, lifting fluid
more effective than gas
lift alone.

Injection
Pressure At Orifice




R&D Council

e - 0 -__.4’:‘111“%.

Artificial Lift ( )
ALRDC

SN

Common issues

» After Gas lift valves have been installed for a few years,
there is a good potential they are no longer functioning as
when they were first installed.

» Some common issues
» Washed or failed valve and seats

» Bellow issues: Failure, scale build up other issues
impacting the free movement

» Reduction in temperature due to well condition changes-
such as reduction in fluid production will impact dome
pressure in valves which can well result in valves moving
out of sequence

» Hole(s) in tubing
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Injection
Pressure At Orifice?

When the liquid volumes
reduce so does the
temperature around the
valves which significantly
impact the
opening/closing
pressures

Valve 2-3 cannot close
because the lower
temperature has reduced
the opening pressure to
below valve #4
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GAPL/PAGL - #1 mistake is using injection
pressure as the benchmark on injection depth

» A gas-lifted well may not be operating from the orifice
just because the operating pressure is low. Knowing
points of injection due to open or failed valves and the
amount of gas going through each injection point is
important when choosing plunger type and when
operating PAGL/GAPL systems.
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Well example #1

Valve failure, plugged valves and multipoint

2/25/2022
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Well Details 10 Valves 1 Orifice ROt ()
60 bbl. fluid 345 MCF/D formation

KRIZEN
UJ EL L CONDUIT FLOW DETAIL REPORT
valul o Hﬂpnrtﬂlt..li-ﬁh—lﬂ!l
Diata Source Field Leaze Well String |Completion| Well Zoned| Units
' ‘ Eaglevile h Dthesr ot Eglid | Ol Figld
Marl Prod |  Minel inj Close VPC Begin | Surf Close Valve | UserFlow | Flow Rate
Ml Ho. | MadMD | Med TVD | Med Dev. Press Press  |Vahe Temp| Press | Open Pres | Flow Press | Press Thd Eat Rate Valie Madal Chake Sdnfus Assigned By %
oot tost gegrees | pag | pug azf psig psig paig psig ovg | Mervay st A WG Eiry
1 2762 1762 0.7 10| 918 1350 1,012 L075 1,078 33 45 0.0{Priarity Energy IPOR-1 3/16 {Winkler| olclosed 0.4 00
2 3,251 4254 0.7 13| 955 164.4 %7 o7 %51 81 835 0.0]Priity Energy IPOC-1 3/56 {Winker] gl Transition 0.0 0|
3 5,341 5,337 7482 &7 981 187.5 553, 1,001 1,008 g4 815 0.0{Priority Energy IPOC-13/15 | Winkler) 0| Transition 0.0 00|
4 5,178} 6,150 865 43| 1,000 235 560{ 1,006 1,015 34 800 0.{Priarity Energy IPOC-13/16 (Winkier| 0| Teansition 3.0} 2660
5 g811] 6,784] 56 525 1015 260 o8| 1012 1,0 809 fe 0.0}Priority Energy IP0C-1.3/15 [Winkler} glopen 0.0 0.0]
3 14T 7442 8.6 554! 1,031 s 364 1,010 Lo 738 s 6.7 Pricrity Energy 120C-13/16 {Winkler} 0[1% open 0.0/ il
7| 8,143 g, k00f B85 531 1,046 1% 576 1,815 1,025 2 45 114,31 Priarity Energy 190C-13/16 {Winker| 0[1% open 74 185.0|
| 8778} g, 726| .46 g14] 1,060 B 541 1017 1025 786 758 176.9]Priarity Energy IPOC-1 3/16 Winkir] 0[1% open 101 74|
5 g7l 9384 &85 g2 1075 2655 591 1024] 1,035 783 45 214.7|Priarity Energy IPOC-1 3/16 |Winkder| 92% open 25,0 175.0]
w| om0 437 20 L% ms o0 1029 1,039 780 740 254.9{Priarity Energy [POC-1 3/16 {Winkler) 0] 2% open 0.0 a0
1 w0 10,62 1371 773 1,104] 284.5] NfA N/A NfA N/A ' 607011 inch Orifice /16 [THC) glopen o0 a0
-  WelletPropertis
Test | TestSep. | Maniiold FormGas | LiftGas | Production | Injection
Timesiamp Length | Pressure | Pressure | Choke Size | 0dl Rste | Water Rate | Rale Rate Pressure | Pressure
iy bowen | oo - oy Ny Ny N
Calib 12-Jur- 2071 000000 09 ol 288 D TE 219 5.0 T00.0 188 47|
Orig | 0 1.3 219 34,5 6610 74| 126
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Suspected Valve issues

The evaluation of this well indicates that this well should be injecting at
the Orifice - Summary of valve issues

» Valve #4 is Closed but injecting - Damaged and should not be allowing
gas to enter the tubing.

» Valve #7 is Open - Injecting, condition unknown - higher than expected
injection pressures from issues in Valve #10 and orifice

» Valve #8 & #9 Open - Injecting, condition unknown - higher than
expected injection pressures from issues in Valve #10 and orifice

» Valve #10 is closed - plugged/damaged. Not allowing injection gas to
enter tubing.

» Orifice is plugged/damaged. Not allowing injection gas to enter tubing.

» This gas lift system requires a redesign and valves to be fixed to
maximize operation of a plunger lift & take maximum advantage of
injection gas reduction.
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Based on the information we gathered from our Well Tracer test

The liquid rate is below the minimum liquid rate for tubing size for
continuous gas lift, and requires you to flow above CR to effectively lift
the fluid from the Orifice to valve #9

The failed valves do not allow injection to deepest POI, the velocity
below valve #9 is 100% formation gas dependent. 38% of lift gas is
injecting at valve #4 far up hole

The velocity below valve #9 is likely too low to effectively operate a
continuous cycle plunger — Free Cycle, two piece etc.

In a GAPL application we should only need to inject about 80 Mcf/D to
meet our minimum velocity to make a two-piece plunger to operate

This is a potential injection rate reduction of 620 MCf/d
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Well example #2

High valve failure

222222222
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alve 14-
FODURPR NI |J‘i. . r valve #10
000125 003545 010805 | 014125 | 021445 | 024505 033128 03cear

: - - .~ WellTracer Return Data -
| Return Return Calc Trav | Casing Tubing | Total Gas Calcd Inj
# Return Time Duration | Elapsed Time Trav Time | Trav Time Vel Mand MD MD Pct Error | | Man No. \ Area Area
da-MMM-yyyy hh:mm:ss hh:mm.ss hh:mm:ss fh:mm:ss hh:mm:ss hh:mim.ss featisac feat feat %o \ . inches o

1 04-Jun-2021 10:41:09 00:12:27 01:21:08 01:20:30 01:17:52 00:02:38 1.74080 4,204 4,237 1% 5 37.043 7%
2 04-Jun-202111:14:53| 00:12:44 01:54:52 01:54:46 01:50:08 00:04:38 1.67847 5,779 5,784 0% 8 136.973 24%
3 04-Jun-202111:29:02| 00:13:09 02:08:01 02:09:20 02:03:54 00:05:26 1.61635 6,272 6,256 0% \ 9 92.662 16%
4 04-Jun-202111:48:16) 00:16:36 02:28:15 02:29:40 02:23:15 00:06:24 1.51390 6,797 6,733 1% \ 10 299.267 53%
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This well Tracer test indicated a significant issue in the
upper valves

This well once repaired, is still in the effective Gas Lift

window and Plunger lift/GAPL is not required at this time

This well is injecting 32%

of the injection gas 5152
ft. above the expected

injection point based on
production volumes and
injectiof@rates

L.
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;‘ | , _Gas Lift Valve Analysis
Mnrl Pred | Mnr Inj Close VPC Begin | Surf Close
MnrlNo. | MnriMD | Mnrl TVD | Mnrl Dev. Press Press |Valve Temp| Press | Open Press | Flow Press |  Press TRO Est Rate Valve Model Status
, feot feet degrees piig paig dg.F pait psig paigy psig psig MCFiday Edths
1 1,814 1,813 L7 341 1,052 1349 1,250 1,290 1,290 1,218 1,135 0.0|Altec AT1-CF-BK 5/16 10|Closed 0.0
2 3,600 2,591 8.31 448 1,077 138.5 1,317 1,317 1,317 111 1175 0.0|Altec AT1-CF-BK 5/16 10/Closed 0.0
3 3154 3,138 3.01 324 1,095 140.9 1,327 1,327 1,327 1,199 115 0.0|Altec AT1-CF-BK 5/16 10|Closed 0.0
| 4 3,679 3,650 12.86 597 1,113 143.2 1,324 1,324 1,324 1,176 1,205 0.0|Altec AT1-CF-BK 5/16 10|Closed 0.0
- 3 4,204 4,153 16.64 671 1,129 1454 1,320 1,320 1,320 1,156 1,215 0.0|Altec AT1-CF-BK 5/16 10/Closed 6.5
] 4,729 4,656 16.64 743 1,147 147.6 1,322 1,322 1322 1,142 1,230 0.0}Altec AT1-CF-BK 5/16 10|Closed 0.0
| 7 5,254 5,159 16.64 829 1,164 149.7 1,317 1,317 1317 1121 1,240 0.0|Altec AT1-CF-BK 5/16 10/Closed 0.0
g 3,779 5,662 16.64 513 1,181 1518 1,311 1,311 1,311 1,100 1,230 0.0|Altec AT1-CF-BK 5/16 10|Closed 4.2
: 9 6,272 6,138 15.00 957 1,197 153.7 1,310 1,310 1,310 1,083 1,265 0.0|Altec AT1-CF-BK 5/16 10|Closed 16.4
10 6,797 6,647 14.35 1,092 1,215 1558 1,307 1,307 1,307 1,065 1,280 0.0|Altec AT1-CF-BK 5/16 10|Closed 529
11 1312 7,158 13.27 1,203 1,233 157.3 1,256 1,296 1,296 1,041 1,295 0.0]Altec AT1-CF-BK 5/16 10/Closed 0.0
12 7,815 7,640 1213 1,314 1,250 158.6 1,285 1,285 1,285 1,019 1,310 0.0}Altec AT1-CF-BK 5/16 10|Closed 0.0
13 &,341 8,160 7.94 1,440 1,268 1539 1,269 1,269 1,269 993 1,325 0,0jAltec AT1-CF-BK 5/16 10/Closed 0.0
14 8,831 8,646 7.94 1,564 1,285 161.1 1,246 1,246 1,246 964 1,335 0.0]Altec ATI-CF-BK 5/16 10{Back Checkeq 0.0 ]
15 9,356 9,166 7.34 1,704 1,304 162.3 1,255 1,225 1,225 936 1,350 0.0|Altec AT1-CF-BK 5/16 10|Back Checkeq 0.0 0.00 0.0
16 5,881 9,686 7.94 1,850 1,323 1634 N/A N/A N/A N/A N/A 0.0|Altec AT1-0 3/16 (THC) 0} Back Checked
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Well Example #2

» In this last test example, the casing/injection pressure was
993 PSI

» Based on the injection pressure and valve design, it could
easily be assumed that this well is injecting at the orifice.

» Customer wanted to evaluate for potential GAPL
» WellTracer test indicated this was an incorrect assumption

» After evaluation, a better solutions was to redesign &
repaired existing Side pocket system

» With the expected well production increased, this will put
this well back into the “true gas lift" range for fluid
production and likely would not see a benefit from the
implementation of GAPL/PAGL
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Questions?

Please .... Don't ask me to do the math ©

2/25/2022
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Slide 3 Acknowledgements/Thanks & =1
Questions

» Thanks to my team at Kaizen Well Solutions/Appsmiths and Trido Industries

» 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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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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