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History of Mechanical Longstroke
Units e e

« Originated in early 1980s by Jerry M. Lang &
Gordon R. Lively in East Texas

« Companies have used these units for 40+ years to
lift fluid from both shallow and deep wells while
maximizing rod and pump life and improving
efficiencies.

« History did not bode well with many early
installations due to the lack of safety and
qualified service technicians.

* Mechanical long stroke units have improved
significantly from that time to today’s
technological and safety requirements

» The increased demand for longer stroke units
today is primarily due to higher production
demands in horizontal well applications.
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Rod Lift Production Trends by Unit Size (7000-10500ft)
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Convert to Rod Lift Sooner RRDCOUhCil \ » o
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» Challenges of running ESPs in  » Challenges of Gas Lift in lower
lower volume wells volume wells

» High OPEX & CAPEX » Compressor Availability

» Low tolerance to sand/solids/gas » Injection Gas Distribution

» Generally poor for lower volume » Infrastructure Costs
lift applications (300-500 BFPD)
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Case Study Overview

» Case Study #1
» Highest volume application Post ESP

» Lower probability of maintaining production

» Case Study #2
» Mid range volume application post ESP

» Mid Range probability of maintaining production

» Case Study #3
» Higher volume application post ESP
» “The best range for XL units”

» Highest probability of success & maintaining production

FETEY,

Artificial Lift
R&D Council ;'Hm{)

g™



https://alrdc.com/

i
Artiticial Lift § )

Case Studies R&D ot cil \ -
Well 1: Lea County XL 320-550-416

SN

» Well Data
» Location: Lea County, NM
> Pump Depth: 9,000’ =
» Casing: 5.5” % ______
> Tubing: 2.875” k|
» Downhole: B

£ 1800 i
G W

» 2.25” Pump/ 86 HS Rod Taper with
1.625” Sinker Bars

» Packer Style Separator BHA

GdEERHBBERRNE LY

» Target Production Rate
» Target Rate: 800+ BFPD
» Actual First Month Average: 850 BFPD



https://alrdc.com/

Case Studies

Well 1: Lea County XL 320-550-416

INPUT DATA CALCULATED RESULTS
Pump int. pr. (psi): 1632 . - Peak pol. pod load (lbs): 38386
time (hrs 4, Fluid level : Min. pol. rod load (lbsy: 12010
Tubmg pres. 50 (it over p urngs 4259 Strokes per minute: 4.2 MPRUPPRL: 0.313
Casing pres. Epu} 50 Stufbox fr. (lbs): 100 System eff. (Motor->Pump}: 37% ; ) ;
Foteroiodiim. 156 Permissitie load HP: iy Weamiieng 0%
. rod. A Fluid load on pump (bs): 022 PRHP | PLHP; 0.41
Fluid Properties Motor & Power Meter Fluid level tvd (n from surface): 4739 BWVB“' rod weight (Ibs); 18847
- — " = Polished rod H 60,7 .62 , FofSKr: .13
aler cut: ower meter Dalent
Water sp. gravity: 1 Elect. cost  5.06/KWH Prime Mover 5P‘?°“ Variation .
Ol AP gravity: 350 Type: MNEMA D E‘ipesd varation not considerad Motor Loading: 67%
Fluid sp. gravity: 0.985 Size: 150 hp
Pumping Unit:Liberty XL LS (XL320-550-416) Torque analysis and electricity BALANCED
AP Size: R-320-550-416 (Unit ID: LSLIB4) consumption (Min Torq)
Crank hole number: #1 (out of 1) : ;
Calculated stroke length (in): 416 Peak g b?xmw_r'%m in-lbs): gim.
Crank rotation with well to right: CCw CGYCWEMW“ laclur - ;sugz
Max. cb weight (M Ibs): Unknown oumertialahos woloh(MW tio) i
Daily electr.use (Kwh/Day): 1430
Monthly electric bill $2617
Electr.cost per bbl fluid: $0.100
Electr.cost per bbl oil; $1.001
Tubing And Pump Information Tubing, Pump And Plunger Calculations
Tubing O.D. (in): 2.875 Upstr. rod-fi. damp. coeff..  0.100 Tubing stretch (in): 0
Tubing L.D. {in): 2441 Dnstr. rod-fl. damp. coefl.:  0.100 Prod. loss due to tubing stretch (bfpd): 0.0
Gross pump stroke (in): 407.0
Pump depth (ft): 9000 Tub.anch.depth (ft): 000 Pump spacing (in. from bottom): 439
Pump conditions: Full Minimum pump length (ft): 480
Pump type: Tubing Pump vol. efficiency: B5% Recommended plunger length (ft): 6.0
Plunger size (in): 2.25 Pumg friction (lbs): 0.0
Rod string design Rod string stress analysis (service factor: 1)
Diameter (in} Rod Grade me Min. Ten. | Fric. Stress. Top Maximum | Top Minimum | Bot. Minimum # Guides/Rod
Sir. (psi) | Coeff | Load % Stress (psi) Stress (psi) Stress (psi)
+ 1 LL HS 400 140000 0.2 82.6% 48747 15418 13891 0
+1 LLHS 1325 140000 0.25 79.0% 46531 13854 13301 4
0.875 LL HS 500 140000 0.25 78.5% 47873 16961 16713 4
0.875 LLHS 2375 140000 0.2 70.9% 44447 16124 10104 0
0.875 LL HS 550 | 140000 | 0.25 | 57.3% 34375 8928 8184 4
0.875 LLHS 700 140000 0.25 54.6% 31839 6872 5409 4
075 LLHS 300 | 140000 | 0.25 | T74.6% 41276 7461 7110 4
075 LLHS 1850 | 140000 0.2 731% 39556 5550 1185 0
0.75 LLHS 500 140000 0.25 64.3% 31655 -832 587 4
@ 1.625 Flexbar C 500 90000 02 73.8% 16011 -874 0 o0
+requires slimhole couplings. @ siress calcuations based an slevator neck of 71 (for 1.25 sinker bars) or 1 {lor other sinker bars).
NOTE: Displ stress calculations do not include buoyancy effects (lop minimum and maximum siresses always include buoyancy),
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Real-time Surface Dynagraph Card

32K
272K
224K

Load [lb]

177K
129K
81K

Pump Dynagraph Card

63

130

185
Position [in]

390
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R&D Council

Position

404.61m
Peak Load

35,053 1w

Pump Fillage

93.2 m1

Pumping Speed

4.5 sem

Load [15]

Jverlay m

50

100

150 200 250 300 350
Position [in]
Reset Calibration Clear Cards Save Cards

400

Card Shapes

|

Gross Stroke
418.03 1
Polished Rod Power
7047 g

Qil Production
8838 [BPD]

Intake Pressure

95053 [p=i]

Downstroke Friction 5]

20

Load
29,532 uy
Min Load
11,277
Fill Baze
35

Met Stroke
389.63 i

Gas Stroke

28.40

Fluid Production

883.79 ey

Water Production
79542 e
Fluid Load
11,721.29 i
Upstroke Friction %)

15
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Applications

Well 2: Lea County XL 320-550-416

» Well Data

>

vvyvyy

Location: Lea County, NM
Pump Depth: 10,150
Casing: 5.5”

Tubing: 2.875"

Downhole:

» 1.75” Pump/ 878 HS Rod Taper
» Packer Style Separator BHA

Target Production Rate
» Target Rate: 450-500 BFPD
P Actual First Month Average: 465 BFPD

» Actual First Four Months Average : 450 BFPD
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Applications
Well 2: Lea County XL 320-550-416

INPUT DATA CALCULATED RESULTS .
- - No Malfunction
Strokes perminute, 39 Pump int. pr. (psi} 410 Production rate (bipd). 485 Peak pol. pod load (ks): 43275 i
Run fime (hrs/day) 24.0 Fluid level ! production : Min.pol. rodload (ks 13717 funning, kilago
p (s}
Tubing pres. (psiy 180 (ft over pump): @21 Strokes per minute: 38 MPRLIPPRL: 0317
Casing pres. (psi: T0 Stuf.box fr. (Ibs): 100 System eff. (Motor-=Pump): 33% Unitstruct. | .ad' ) ?ﬁl% State F
Pol. rod. diam. 1.5" Permissible load HP: 158.9 niLsiruct, ‘oading:
o Fluid load on pump (ls): 10342 PRHP/PLHP: 050 1day09:11:17
Fluid Properties Motor & Power Meter Fluid level tvd (ftfrom surface) 9179 Buoyantrodweight (s 21383
Polished rod HP: T9.8 NiMo: 18 , FolSKr: 151
Water cut: 79% Power meter Detent Required ori . P Start B Stop
Water sp. gravity: 1.09 Elect cost.  S.08/KWH EQuIred prime mover size BALANCED
il API gravity: 20 Type NEMA D (speed var. not included) (Min Torg)
Fluidsp.gravy: 10324 NEMA D motor: 125 HP
Single/double cyl. engine 100 HP
Multicylinder Engine: 126 HP
Pumping Unit:Liberty XL LS (XL320-550-416) Targue analysis and electricity BALANCED
API Size: R-220-550-416 (Unit ID: LSLIBS) consumption (Min Torg)
Crank hole number: #1 (outof 1) P - - ;
Calculated stroke length (i) ‘ng E‘;:'ﬁg bﬂxogi?élﬂ in-lbs}: %';35% & Operational Status
Crank rotation with well to right Cyelic load factr ;30? Today =1 Yesterday
Counterbal ight{M lbs): )
Max. chweight (M Ibs): Unknown unterbalance veighi(M e} Y = n
Daily electr.use (KwhDay): 17491 HRS(E
Manthly electric bil: £320 — . L
Electr.cost per bbl fluid 0276 Run Time (hh:mm:ss) 20:38:25 24:00:00
Electr.cost per bbl il §1.074
Peak Load (Ibs) 39900 39900
Tubing And Pump Information Tubing, Pump AndPlunger Calculations o Load (1bS) 14790 14900
Tubing 0.0.{in) 2.875 Upstr. rod-fl. damp. coeff:  0.100 | Tubingstretch (in): 0
Tubing LD. (in): 2441 Dnstr.rod-fl. damp.coeff.  0.100 | Prod. loss duetotubing stretch (bfpd): 0.0 Pumping Unit Speed (avq) 37 37
Gross pump stroke (in): 3832
Pump depth (ff): 10150 Tub.anch.depth (f): 10150 PI_JI'I'_IDSDBCII'IQ (in. from bottom): 479
Pump conditions:  Full Minimum pump length (ft): 470 Current
Pump type: Insert Pump val. efficiency: 85% Recommended plunger length (ff): 6.0
Plungersize (in): 175 Pump friction (Ibs): 2000 | Pumping Unit Speed (SPM) 3.7]
Rod string design Rod string stress analysis (service factor: 1)
Diameter (in) Rod Grade Length | Min. Ten. | Fric | Stress | Top Maximum | Top Minimum | Bot. Minimum # Guides/Rod Fluid Load (Ibs) 14130
() | Str.(psi) | Cosff | Load% | Stress(psi | Stress(psi) | Stress (psi)
Last Stroke Peak Load (Ibs) 39553
G (e |gmisielm | BB |
+ . A% i s
0875 LLHS 635 | 140000 | 025 | %ge% 55727 16543 3 4 i oML (b e
+1 LLHS 1500 | 140000 | 025 | 3B6% 18136 -1456 -255 4
+requires slimhole couplings.
NOTE: Displzyed bottom minimum stress calculstions do not include buoyancy effects (top minimum 2nd maximum stresses shways include buoyancy).

|

B ——
MEERIRIRELE

4% Equipment Loading

Gearbox Loading (%)

Structure Loading (%)

Current

N/A

130

Rod Number %

Highest Loaded Rod Taper 1 87
@ Production Status

Today Yesterday

0il {bbl/day) 120 144.4

Gas (mefd) 18 21.6

Water (bbl/day) 2549 306.9
| Total Fluid (bhi/cay) 374.9 4513 |

Current

Instantaneous (bbl/day) 459.1

Pump Leakage (t:bl/day) 32,5
| Pump Fillage (%) 93 |

Surface and Downhole Cards
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Case Studies i)
Well 3: Winkler County XL 320-550-416

» Well Data

>

vvyvyy

Location: Winkler County, TX
Pump Depth: 8,950

Casing: 5.5”

Tubing: 2.875”

Downhole:

» 2.25” Pump/ 86 HS Rod Taper with
1.625” Sinker Bars

» Packer Style Separator BHA

Target Production Rate
» Target Rate: 500+ BFPD
» Actual First Month Average: 500 BFPD
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Case Studies
Well 3: Winkler County XL 320-550-416

INPUT DATA CALCULATED RESULTS
Strokes per minute. 2.8 Pumpint pr.(psi} 800 Production rate 505 Peak pol. pod load (bs) 42312
Untime (Nrsiday) : Fluid level it procon Min. pal.rod load (ksk 15080
Tubing pres. (psi) 50 (ftover pump 1518 Strokes per minute: 2.8 MPRLEFRL: 0355
Casing pres. (psi): 50 Stuf.box fr. (Ibs): 100 System eff. (Motor-=Pump): 43% Unitstruct | .ad' X ﬁ,%
Bt e b Permissible load HP: 114.1 TS eseng:
. : . Fluid load on pump (s} 12851 FRHP / PLHE: : 0.47
Fluid Properties Maotor & Power Meter Fluid level tvd (ftfrom surface) 7429 Buoyantrod weight {bs): 20020
Polished rod HP 534 MiMo: 108 , FolSKr: 175
Water cut: T0% Power meter Detent Pomiedi ;
Water sp. gravity: 1.04 Elect cost  S.08MKWH SOUIET PO MOVEL =28 BALANCED
Dil AP gravity: 420 Type MEMA D (speed var. notincluded) {Min Torg)
Fluid sp. gravity. L2 NEMA D motor: 75 HP
Single/double cyl. engine: 75 HP
Multicylinder Engine: T& HP
Pumping Unit.Liberty LiftSolutions (XL 320-550-416) Torgue analysis and electricity BAE_.ANCED
P Size:R.220-550-416 (Unit |Dcu5“rgr:n{ - consumption {Min Torg)
ran e number. outof n B =
Calculated stroke length (in): %EW Eﬁ;}gﬂ}ﬁ(ﬂﬂ?&h‘l in-lhs): %az
Crank rotation with well to nght Cyelic loadfackr, ;};};3
Max. cbweight (M Ibs: Unknown CoumatannceNcoh(tin: '
Daily electr.use (KwhDay): 1132
Monthly electric bill: 52071
Electr.cost per bbl fluid: 50134
Electr.cost per bbl oil: s0.448
Tubjng And Pump Information Tubi:ng, Pump And Plunger Calculations
Tubing0.D. (in): 2.875 Upstr. rod-fl. damp. coeff:  0.100 Tubing stretch (in): 0
Tubing|.D.(in): 2441 Dinstr. rod-fl. damp. coeff: 0100 Prod. loss due to tubing stretch (bipd): 0.0
Gress pump stroke (in): 3598
Pump depth {ft): 8350 Tub.anch.depth (ft): 8350 Pump spacing (in. from bottom): 269
Pump conditions:  Full Minimum pump length {ft): 470
Pump type: Tubing Pump vol. efficiency: 85% Recommended plunger length (ff): 6.0
Plunger size (in):  2.25 Pumpfriction {Ibs): 2000
Rod string design Rod string stress analysis (service factor; 1)
Diameter (in) Rod Grade Length | Min. Ten. Fric. | Stress | Top Maximum | Top Minimum | Bot Minimum # Guides/Rod
{f) Str. (p=i) Load % Stress (psi) Stress (psi) Stress (psi)
+1 LL HS 800 | 140000 0.2 90.8% 53747 19327 16685 0
+ 1 LL HS 1700 | 140000 | 025 838% 49750 16452 13455 4
0875 LL HS 2500 | 140000 | 025 91.0% 52879 17069 11168 4
0.875 LL HS 1350 | 140000 02 68.3% 9827 9509 7521 0
075 LL HS 2000 | 140000 02 89.4% 48719 9064 4453 0
@ 1625 C [API. 5B 600 90000 02 90.6% 21202 1338 -36 0

+iequires slimhole couplings. @ stress cakoulstions based on elevator neck of 778 {for 1.25 sinker bars) or 1 (for other sinker bars).
NOTE: Displayed bottom minimum stress calculations do not include buoyancy effects (top minimum and maximum stresses always include buoyancy).

Real-time Surface Dynagraph Card

36.7K
32.6K
28.6K
245K

Load [Ib]

20.5K
16.4K

12.4K

Pump Dynagraph Card

6k
3k
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-3k
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Position [in]
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150

200
Position [in]

Reset Calibration

250 300

Clear Cards
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Card Shapes

Stroke Statistics
Position
54.8 mm
Peak Load
34,404 iy
Pump Fillzge
96.6 p
Pumping Speed
257 [SPM]
Gross Stroke
405.07 n
Polished Rod Power
37.65 thp

Qil Production
126.21 emn

Intake Pressure

41 3 2 53 [psi]

Downstroke Friction [%]

10

Load
31,644 1
Min Load
15,036 oo
Fill Base 2
45

MNet Swoke
391 29 [in]

Gas Stroke

13.76 mm

Fluid Production

504.82 (epo

Warer Producton
378.62 zeo
Fluid Load
14,011.05 mm
Upstroke Friction [%]

10
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Operations

» Variable Speed Drives Preferred

» Speed Zone Control
» Optimize DH Net Stroke & Efficiency

» Allows for better gas separation and higher pump volume efficiency due to speed

change capability within one long slow stroke

» Properly evaluated and sized BHA/Separator
» Perform well clean outs (if solids are suspected)

» Space Out Well Properly

» Check Rod Star for design in POC and Current Conditions

A

» Re-Spacing as FL drops [

Length
Max Insert Pump
Diameter 2
Tubing Pump 2 25" or
Diameter greater

Pump Length 36’

Polished Rod Length [kI3

2"

2"

2.25" or

2.25" or greater greater

40’

40

42’ (caveat
for the 2”)

46'

FETEY,

Artificial Lift 7~
R&D Council .emnf—;‘)

s o
he o

1.75"
2" or

greater

47
50°


https://alrdc.com/

LIBERTY ¢ LIFT

Acknowledgements, Thank You, &
Questions

2023 International Sucker Rod Pumping Workshop
Aug 28-31, 2023. Midland TX



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 International
Sucker Rod Pumping Workshop, they grant to the Workshop, the Artificial Lift
Research and Development Council (ALRDC) rights to:

>
>

>
>

» 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.

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.

Links to presentations on ALRDC’s social media accounts.

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

o
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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 front page of the
International Sucker Rod Pumping Workshop Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the
International Sucker Rod Pumping 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 Training Course and their
company(ies), provide this presentation and/or training material at the International Sucker Rod
Pumping 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 Eresentations and/or,traim’nﬁ, 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 sourcés.
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 Presentatl.ons.and/or training materials, or any part thereof, including ang. _
warrantees of title, non-infringement of copyright or patent rights of others, merchantability, or
fitness or suitability for any purpose.
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