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Background

Conventional GLVs
* Over 1400 ExxonMobil Permian wells are on GL
Majority of installations have conventional mandrels with 1” GLVs (thanks to 5.5” casing)

* A common cause of tubing-annulus communication is failed reverse-flow check valves

Tubing pulls can be costly, especially if the production packer doesn’t release
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Background

Fracturing

* Unconventional wells are hydraulically fractured
with > 2500 Ib proppant / lateral ft

* That’s > 13 million Ib / mile, enough to fill 2 US
football fields 1ft high...most laterals are > 2 miles!

e Some sand will remain in the well and more will
be produced—is removing it all a feasible goal?

* No matter how clean your unloading fluids are,
100-mesh sand can and will find the GLVs

* Annular- / tubular-flow GL swaps do not help
* So, the GLV checks must be able to resist solids

2. . :roc.coM 4
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API SPEC 19G2 Check Testing

19G2 = Flow-Control Devices for Side-Pocket Mandrels Ei e canine Desiees for Sideqmapkel
* API Specification for GLVs used in SPMs (1t ed., Jun 2010)

* SPMs initially developed when GL went offshore in the 1960s+
* Various Validation (V), Functional (F), and Quality (Q) grades e el Y

« Commonly specified for offshore GL (EM East Canada and Indonesia, recently) B

Annex K.3 = Reverse-Flow Check Erosion Test

 Liquid tests for retrievable GLV checks (gas testing also required in Annex H)
* V2/V1 Test: 1 bbl/min for 400 bbl of fresh water AP -
* Passing Criteria

— “No pressure drop over a 1 min hold-period”

— “No-damage-to-the back-cheekvalve, and the dart should move freely from

open to closed position and from closed to open position without human intervention’

2. . iroc.coM
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v Water? How About

Some Sand for Fun...

= Circulation
Mixing Tank

Flow Return

Low-Rate

Dropped
Attempted 0.5 bbl/min for “easier” test, but found that sand dropped out of solution

* Minimum injection rate for suspension is 0.6 bbl/min

70/100 mesh sand replaced every few runs to ensure angularity

2. . :roc.coM
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Test Plan

1. Chattering
e Test with air at low dp to determine whether the check chatters
* Informational test — haven’t noticed chatter, yet

2. Water “Erosion”
* 400 bbl water at 1 bbl/min
* Reverse-flow seal tests every 100 bbl, if it passes all 4, then

3. Sand Erosion, Low Rate
* 400 bbl water with 1% sand at 0.6 bbl/min
» Seal tests every 100 bbl, if it passes all 4, then

4. Sand Erosion, High Rate
* 400 bbl water with 1% sand at 1 bbl/min
» Seal tests every 100 bbl, if it passes all 4, then it’s done!

2. . iroc.coM
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Model B.A Water “Erosion” Results What “good” looks like...

Data Viewer Plot

Nice and flat

Flow Pressure PT1 Flow Pressure PT1 Flow Pressure PT1 FlUW_p”?'SSU“? PT1
Nominal 160 PSI Nominal 160 PSI Nominal 160 PSI Nominal 160 Pl

100 Seal Test

PASSED
PT3
remained
low as
pressure

40 increases on
PT1&
20 “ 100 BBL Flow Test 100 BBL Flow Test 100 BBL Flow Test 100 BBL Flow Test
‘——-—.W-_,.zh

80

60 -

B TSP —

1913 == e e

09:28 AM  10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:.00PM 12:30 PM 01:00 PW PM 02:30PM 03:00 PM 03:30 PM 04:00 PM 04:30 PM 05:00 PM 05:41 PM

Initial Seal Test Seal Test Passed Seal Test Passed Seal Test Passed

PT2 and PT3 do not equalize during the seal test
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CHIZ BrohEn SRR % Missing in Valve Housing

Other failure had a “unique” sealing Water “Erosion” Results rﬁ:‘t! =3 ﬁ_
design, improvements identified "

Model C.A
Make|Model|Size| Change [Assembly|Rnd| Date Water
A0 1 - Single Jul-23 Yes )
: WPS M1 Flow
A.l 1 Coating Single Jul-23 Yes Confirmed GLV valves were correct. | roblem: 5K falve have Ramped up to
N R ~ Pro art Jlammed clo | 5 d Ori ng creating S8E maximum
A A2 1 Coating Single 1 Jul-23 Yes . y Tk s | High back pres s
A.0 1 - Dual Jul-23 - : maintain M1
Al [ 1 Coating Dual Jul-23 - —1 | PEESSIE,
< 400PSI
A2 1 Coating Dual Jul-23 -
A 1 - Single 1 | Mar-23 Yes
B 1 Materials Single 2 | Aug-23 Yes
B C 1 Geometry Single Feb-24 Yes
D 1 | Geometry Single 3 Feb-24 Yes
E 1 Geometry Single Feb-24 No
A 1 - Single Mar-23 No
C B 1 Pressure Single 1 | Mar-23 Yes
C 1 | Geometry Single Mar-23 Yes
A.0 1 - Single Nov-23 Yes DZ56PM 0300PM  03:03PM  D30SPM  03D9PM 03I2PM  03:15PM  ORISPM 03:21PM 0324 PM  032TPM 0330PM O
D | A1 [ 1] coating | single | 1 | Nov-23 | ves Initial Seal Test Passed Serpes
AQ |15 - Single Nov-23 [ 5K(psi) check dart jammed in the body and had to be punched out,
A 1 - Single 1 Feb-23 Yes L. X
£ 5 | 1| Geometry | Single | | Jul-23 Yes some had missing/broken springs. All others tested were 10K
B 1.5| Geometry Single

ALRDC.COM
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Model E.A Sand Erosion Results What wear looks like (1 bpm)...

Data Viewer Plot

< J< B < |

Flow Pressure PT1 Started @ 250 Psi and degraded rapidly to 180 Psi then slowly decreased to 150 Psi

Pressure Loss = Metal Loss!

Seal Test

After

100 BBL Flow Test fresh '.‘:l Glicy

200 =
-4.049 :;_' : et
08:33 AM 0910 AV 0220 AM 0330 AM 0940 AM  09:50 AM 1000 AM 1010 AM 1020 AM 1030 AW 1G40 AM 10:50 AM 100 AM TTHI0AM 1118 AM

Initial Seal Test samples Seal Test Seal Test
Passed Fresh Water Flush Fresh Water Flush

PT2 = PT3 = No Seal
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Model B.A Sand Erosion Results

Data Viewer Plot

311.085

280
260
240

Different model — smoother
pressure decline, still failed

Flow Pressure PT1 Started @ 140 Psi_and rapidly decreased to 60 Psi

Seal Test

Disassemble
Visual Inspect
Water Flush
Reassemble

After
Flushing
Twice with
fresh water
100 BBL Flow Test 20 BBL Flow

Lost Power to GLV Skid

-8.073

0920 AM 0S40 AM  10:00 AM  10:20 AM 1040 AM 1100 AM 1120 AM 1140 AM  1200PM 12:20 Ph.l'i 1240 PM_ 0100PM 0120 FM 0140 PM D2:00 PM
Seal Test Seal Test

Initial Seal Test Seal Test PASSED

Samples
Passed

Fresh Water Flush Fresh Water Flush
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Sand Erosion Results — Not Passing

Pass?
Make|Model|Size| Change |Assembly|(Rnd| Date Water |Sand 0.6 Sand 1.0 General

AQ |10 ol Single lul-23 (09 - * No seal after flushing = failure

Al |1.0| Coating Single Jul-23 Yes No - . . . .
o | A2 [10] coating | single | . [ Jul-23 | Ves No - » Sealing after punching free still = failure

A0 |1.0 - Dual Jul-23 - No . .. .

[ ]

Al [10| Coatrg | Dual R - » - Fallgre modes mimicked thqse seenin

A2 |1.0| Coating Dual Jul-23 - No - equment pUIIEd from the fleld

A 110 - Single | 1 | Mar23 | Ves No -  Dual checks did not solve the problem

B 1.0| Materials Single 2 | Aug-23 Yes No -
B C 1.0| Geometry Single Feb-24 Yes No

D 1.0| Geometry Single 3 Feb-24 Yes Yes No .

E 1.0| Geometry Single Feb-24 No - - Failure Modes

A |10 - Single Mar-23 | No - - * Eroded/cut sealing faces
C B 1.0| Pressure Single 1 Mar-23 Yes No - .. .

C 1.0| Geometry Single Mar-23 Yes No - * Broken/mlssmg sSprings

AQ | 1.0 - Single Nov-23 | Yes No * Solids sticking (holding open)
D Al |1.0 Coating Single 1 Nov-23 Yes No

A0 |15 - Single Nov-23 | Yes Yes * Bored/fluted flow paths

A 1.0 - Single 1 Feb-23 Yes No . . .
E B 1.0| Geometry Single 5 Jul-23 Yes No Cascadmg dEbFIS

B 1.5| Geometry Single Aug-23 Yes Yes

AR, . ALRDC.COM
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Sand Erosion Results

Check Valve Assembly Valve Housing

// Dart Eroded

O 00

Seal Pad Looks Good
Seal Washer Seat Pad " Seal Washer Slightly Worn

o |
Flow Ports Bored and Eroded Housing
;

v

Note check housing “fluting” in line
with the flow ports; results shown at
0.6 bpm unless specified otherwise

Dart & Washer Assembly

Dart Sealing Face Warped

Dart Tip Erosion

Dart Tip Eroded and Unable to Make
Contact with Seal Washer Surface
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polishing/wear and

Sand Erosion Results “unsticking” punch

Valve Seal Housing Assembly Bottom Housing Assembly Inlet Top Housing Dart & Seal Assembly

Seat Pad Assembly

_ Dart Erosion
" Post 200BBL

Seal Pad Eroded Pattern at Dart Tip Q ?

Paolished Opening
Eroded ~0.156"

Dart After & Before 200BBL Erosion Test

—

i

Punch Set Used to Free the \ &

Dart then Flush Assembly
Before Seal Integrity Test
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Sand Erosion Results

Broken / missing springs
in after/before photos
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Sand Erosion Results

Dart & Washer Assembly Check Valve Assembly Dart Tip Erosion Valve Housing

QPO

Seal Pad and Washer Worn After 400 BBL

After & Before 400 BBL

Check Valve Assembly After 400 BBL Valve Top Housing Polished

Note seal face changing
from a sphere to a cone

After & Before 400BBL .
Y After 400 BBL 1% Sand Erosion
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Model A.A.0 Sand Erosion Results — Dual Checks two are better, right?

024

Data Viewer Plot

Nominal flow pressures
~40 psi higher than single check

R ;i Dual Stack Dissembled and Visual Inspection
due to longer restricted section Use Stainless rod to Free dart

Flush check valve at sink and check sealing

Dart Stuck “Open “ after 100BBBL Flow

Seal Test
Flow Pressure PT1 PASSED
145 PSl drop to 130 PSI PT3
remained
low as
pressure
increases on
PT1&

Flow Pressure PT1 165 PSI
decreases to 150 PSI
Normal Response

Seal Test
100 BBL Flow Test 100 BBL Flow Test
PT3
increases
with
pressure
itracking
PT1&

S | ee— VI —
Initial Seal Test : : Seal Test Seal Test Passed : Seal Test ' Seal Test Passed
10:18 AM 11:00AM  11:30 AM 12:00 PM 12:30PM 01:00PM  01:30PM  02200PM 02:30PM  03:00PM  03:30PM  04:00PM 0430PM 05:00PM  05:30 PM

Fresh Water Fliggimples Fresh Water Flush

ALRDC.COM
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Sand Erosion Results — Dual Checks

Higher injection pressure at same rate appears to have destroyed check springs more quickly
Dual checks failed seal testing 200 bbl earlier (sticking) than a single check

Broken upper spring parts could interfere with lower check
Dual checks are not better than single for erosion resistance

However, dual checks may still offer sealing redundancy if fluids are clean

. N

nio 09
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Sand Erosion Results — Passing

Pass?
Make |Model|Size| Change |Assembly|Rnd| Date Water | Sand 0.6 | Sand 1.0
A.0 1 - Single Jul-23 Yes No -
Al 1 Coating Single Jul-23 Yes No - SUCCESS...partia"y
A A2 1 Coating Single 1 Jul-23 Yes No -
AO | 1 . Dual Jul-23 . No : 3 passed the 0.6 bbl/min test, but...
Al 1 Coating Dual Jul-23 - No -
A2 | 1 Coating Dual Jul-23 - No - e Two were 1.5” checks!
A 1 - Single 1 [ Mar-23 Yes No -
B 1 | Materials | Single | 2 | Aug-23 Yes No - * These were “bonus” tests — but they
B L.C L1 | Geomety | Single Feb 28 L Yes No : did show something interesting
D 1 | Geometry Single 3 Feb-24 Yes Yes No
E 1 | Geometry Single Feb-24 No - -
A 1 - Single Mar-23 No - -
C B 1 | Pressure Single | 1 | Mar-23 Yes No - * More on the 1.0” check later...
C 1 Geometry Single Mar-23 Yes No -
A0 1 - Single Nov-23 Yes No -
D Al 1 Coating Single 1 Nov-23 Yes No -
A0 |15 - Single Nov-23 Yes Yes -
A 1 - Single 1 Feb-23 Yes No -
E B 1 Geometry Single 2 Jul-23 Yes No -
B ies

Geometry Single Aug-23 Yes Yes Yes
ALRDC.COM 21
o



v 1.5” GLVs in EM Bakken
' g GAS I.IFT 7” csg. have had minimal

g C?IWORKSHOP solids-related issues
Water Testing — 1” vs. 1.5” Checks, 1.0 bbl/min

1” Model D.A.O 1.5” Model D.A.O

Flow Pressure PT1 Started @ 375 Psi and slowly decreased to 325 Psi over 400 BBL of Flow Flow Pressure PT1 Started @ 180 Psi and slowly decreased to 175 Psi over 400 BBL of Flow

Flow pressure start = 180 psi
dp loss = 5 psi

100 BBL Pass #1 100 BBL Pass #2 100 BBL Pass #3 100 BBL Pass #4

100 BBL Pass #1 100 BBL Pass #2 100 BBL Pass #3 100 BBL Pass #3

Flow pressure start = 375 psi
dp loss = 50 psi

Pass #3 Pump Data

0.32”ID=167.5ft/s  Smaller flow path = 2.5x higher velocity = More severe erosion! 0.50” ID = 68.6 ft/s

2. . iroc.coM
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Model B.D Sand Erosion Results — 1” Passing at 0.6 bbl/min

Data Viewer Plot

(< J < [R < |

Flow Pressure PT1 Started and remain Steady @ 80 Psi over 200 BBL of Flow

=] 3

Stable 80 psi flowing is ~70 psi less than
original, now more “open” flow geometry

Seal Test

PASS#3 PASSED
PT3
remained
low as
pressure
increases on
PT1&

100 BBL Flow Test
100 BBL Flow Test

Seal Test

P13

. - as increases

! 1 e b

-3.745 In:rba-l‘;eai Tedt ] T T T T ITIGH "fﬁ'Fn's'sed 1 s T o T [USH SiT Passed iresi!:lrE

08:38 AM 0900 AM 0330 AM 10:00 AM 10:30 AM 1100 AM 11:20 AM 12:00 PM 12:30 PM 01:00 PM 01:30 PM 02:00 PM 02:30 FM 03:02 PM IF?: S:lng
Passed samples

No need to punch the dart free between passes!

2. . :roc.coM
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Sand Erosion Results — 1” Passmg at 0.6 be/mln

.,"""" 2 J " \.‘-—'

BL “Opened” Flow Ports g
on | | e W

. r A h'l- W Sﬁght SPr";g Damuge Seat Pad & Dal"t Assemblv E L
: Dart & Seal Pad ALL GOOD __ il -
Check Assembly “Tapered” Dart Pin

Worn, but functional. Improved materials, shielded spring
. . LRDC.COM M
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Model B.D Sand Erosion Results — 1” Almost at 1.0 bbl/min

Data Viewer Plot

< < |

Higher flow pressure with higher rate
Flow Pressure PT1 Started above 200PSI and slowly deceased to 150 PS5l and steady by Pass #3 Blockage from components breaks

Increased pressure caused housing Failure |

1<

PASS #2 PASS#3

Seal Test
PASSED

PT3
remained
low as
pressure
increases on
PT1R

100 BBL Flow Test 100 BBL Flow Test 100 BBL Flow Test
Seol Test

. PT3
|v'e . i ; 4 i : i - increases
| 1.| L;,_| H"( with
Initial Seal Test g : {UBH  SIT Passcd : ' TUSH . SITPassed ' ; "ELUSH  SiTPassed | ' Fil RIEssine
08:52 AM  08:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:30 PM 01:00 PM 01:30 PM 02:00 PM 02:30 PM 03:00 PM 03:30 PM 04:00 PM 04:30 PM 05:00 PM 05:27 PM itracking
PT1&
Passed Samples

Component debris led to housing failure following 300 bbl check

ALRDC.COM 25
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Sand Erosion Results — 1” Almost at 1.0 bbl/min

0 F

{[FROSION] &
(200BBL ) 5 v
[Taa ) (.-osion . =
. | Flow Rate | 4% . e T "_L_"—_"':' - ’
"'EROSION | * * Flow ports worn but intact, seal pad failed [EROSION|
. . . i A00BBL |
S00BBL Dart, post, and spring in good condition K .
—tosion ) o * Internal blockage led to housing ID point erosion g '
"_'-’-r-—w“ .

e Almost survived...
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Next Steps
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Summary and Next Steps

Fine frac sand is difficult to remove from producers

GLVs and API 19G2 reverse flow check testing
were not designed for wells with entrained sand

>20 checks were tested with 1% sand in a modified API procedure
Only one survived the 400 bbl, 0.6 bbl/min test...so far
1.5” checks are more resistant to erosion, 5Ks and dual checks are not

Geometry and material changes have shown the most promise,
upgrades could also be applied to offshore / critical service 1.5” GLVs

Keep improving until 1 bbl/min test is passed...or the flow loop wins!
(Keep recommending 7” casing—1.5” GLVs and SPMs are nice)

2. . iroc.coM
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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).

2. . iroc.coM
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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 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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