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Rod Lift Challenge

Upstroke Downstroke

» Most commonly used artificial lift type in the Casing
world 4 l

Tubing

Sucker Rod

» Common rod pump application problem:

» Matching a well's dynamic inflow to the rod
pump system'’s fixed displacement

SuckerRod _—
Damage

» The rate at which fluid enters the wellbore
constantly changes due to

Pumps

Fluid Level

» Reservoir pressure -
Fluid Pound =~

» Pressure in the well assembly (fluid level)
Fluid Pound Conditions

» Pump off/fluid pound
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Rod Lift VSD Operation

» Optimizes SPM
» Prevents sand/sold accumulation
» Rotaflex® long stroke pumping unit application

» Floating condition

7540 — Downhole
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Edge Technology — Future of Rod Lift Optimization (&b

» High frequency data and storage for every
stroke

» Operational and intelligent alerts

» |oT based, instant notification using
MQTT

» Physics-based calculation (rod lift
analysis via dynacard)

» Closed loop Autonomous optimization

» ForeSite® Edge embedded with ForeSite®
and CygNet® platforms
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Achieving Autonomous Control — cf(;;)

Autonomous control improves operations without manual intervention

» Capturing high frequency

+ Create New Well ~ / Change Well Type i View History £ Settings [LSenc Downhole Config jESave f Delete | © Cancel
data - runs analysis e [ e o s e

» Using the well model — Lease Name . Geographic Region
Edge calculates the Rod Fild Name v Foreman Name
Lift alerts for each stroke S— , S

> Beam |Oad MiﬂFMUGMR“St:; 1 v MaxFrequencyRedsl:; 1
» Gearbox torq ue Abs“:::ﬂ::u:m 4 - Min Fillage Setpoint 40
> ROd StreSS Min Fillage Action (P1275) 4 v Prime Mover Sheave 12

» Edge autonomously i L " Moir bl | five
changes the controller Ratio for Reducer 3003 . s ey oo 5
setpoints based on user N v ' S
defined threshold
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ForeSite Edge Autonomous Control Compatibility
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Autonomous Control — Optimizing VSD SPM |
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Autonomous Control — =
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Maximizing Production *:* |

3.38
3.36

3.34
831 an

% == Current SPM

. 3
Y Wi y 120

100

SPM

Untapped Well Potential

-
N

— ‘_x_i_i,.

|
f
E
Current Pump Fillage
& 8
—
—

———

—

8/31 /1
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» Safely increase Max SPM
» Executed in steps

» Monitored with intelligent alerts for
surface and downhole equipment

Average Pump Fillage
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Autonomous Control - Recommendation mode

Setpomnts Configuration

AC Logic
Recommendation Outputs T~

AC Logic
Recommendation/Control Mode *|—— |
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Send Saved Values

0-Disable

1-Enable

Basic SetPont Configuration v WELLPILOTRPOC Get Values  Save Values
Description Saved Values Current Values New Values Units
Low Load Limit 10000 -
Low Low Load Limit 8750
Minimum Load Span 6750
VFD Minimum SPM 35
VFD Maximum SPM 6
Ideal Pump Fillage 8s
Min Pump Fillage Allowed 70 3
Min Pump Fillage Alarm Action (0-7) 05-idle Time - Alarm Select v
VFD Minimum SPM Recommended 0
VFD Maximum SPM Recommended 0
Min Pump Fillage Allowed Recommended 0 %
in Pump Fillage Alarm Action Recommended(0- 0
Autonomous Control Logic 0-Disable Select v
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Software Requirements — Autonomous Control Scripting = FileEs

» SQL/ODBC database

— ForeSite
— CygNet (UIS, VHS)

» Python

» Anaconda Navigator

» Power Shell

» Cygnet services changes (alarms)

» Batch(.bat) files
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SQL/ODBC Database —

Adding Autonomous Logic inputs via the Ul stored in SQL database on the Edge

| ForeSIte' EDGE Y 2 PP Notes () Logs @ Help & EDGE-KATY-RRLuwser -

¢ Configuration + Create New Well /' Change Well Type | i= View History £ Settings [ X Send Downhole Config ’ ‘ ) Save ’ i Delete | © Cancel

Well Configuration Current Wellbore General  WellAttributes ~ Surface  Weights ~ Downhole  Rods

@ Surveillance Lease Name v Geographic Region v

Autonomous Control
Field Name v Foreman Name
Well Status
Engineer Name v Gauger Beat
Well Trend
Min Frequency Reduce 1 v Max Frequency Reduce 1
Step Step
Absolute Frequency 4 v Min Fillage Setpoint 40
Minimum Limit
Min Fillage Action (P1275) 4 v Prime Mover Sheave 12
Gear Reducer Sheave 36 Y Motor RPM 1170
Ratio for Reducer 3003 v Max Frequency Increase 5
Step
Chain Ratio  6.185 v VSD Max Output Frequency 90
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Scripting language used

» Any programming language that
communicates with Web API
(Python and PowerShell)

python

AN
jupyter

o
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Accessing ForeSite Edge API

Name X Headers Preview Response Intastor Timing Cookies
2 1
L Dynacards/Analyze/MiniReport/1/1/637370964270000000 Request URL: http://localhost/Surveillance/kell/SetPoint sParans el 1 1d18dgTypensSetPointsbstrOralnalonullbecheckForExistingshever
_‘] 3 Request Method: G£T
Dynacards/GetOptenalCBTWithUnets/1/1/63 73709642 70000000 Status Code: @ 200 0K
F 3 Remote Address: [::1):80
Dyvnacardsy/Analvze/MiniRep /1 2/6373635 16060000000
Referrer Policy: strict-origin-uhen-cross-origin
_J‘ 3 X Headers Preview Response Intister  Timing  Cookies ;
Dynacards/GetOptmalCETWithUnits/1/2/637369516060000000 ¥ Response Headers  view source v {Wellld: 1, DataGroupName: “SetPoints®, DataGroupdrdinel: mull,.)
3 Access-Control-Allow-Credentials: true ?""Gm:"'”f: -s'm:ﬂ:".
_J . ) - e DataGrougOrdinal: null
Uynacardy/Ansiyze/ MiniRepory/1/5/051 62 /U1 SN Access-Control-Allow-Origin: http://localhost: $000 ErrorMessage: “success”
3 Cache-Control: no-cache, no-store, sust-revalicat vSetPointslist: [{Elementld: "POLoadSP*, Description: *Pumpoff Load Setpoint®, OriginalUnitkey: *X", UnitKey: *¥",.},.)
Dyvnacarde/GetOotimalC BTWithUnits/1/3/63725 7807720000000 »: (ElesentId: “POLoadSP™, Description: “Pumpoff Load Setpoint®, Originalunitkey: *¥°, Unitiey: *¥°,.)
N O Content-Length: £562 »1: {Elesentld: "POPosSP*, Description: *Pumpoff Position Setpoint®, OriginaluUnitiey: *%*, Unitkey: *¥°,.)
[ Content-Type: agplication/{son; charsetsutf. »2: (ElesentIa: "PODeadBang”, Description: “Pumpoff Deadbang (e/+)", OriginalUnitkey: null, Unitkey: nell,.) 2
_J WelMTBE/GetAdditionalRodDetailsUoM b 3: {Elementld: "ldleTime™, Description: “ldle Time Following Pusp OFf", OriginalUnitkey: *s",.)
: Date: lied, 32 Sep 2020 21:02:55 G4 b4: (Elesentld: "HiHiLin®, Description: "High High Load Linit®, Originalunitkey: null, Unitkey: mll,.)
J . Server: Micrasoft-HTTPART/2.0 b S: (Elementld: "Milia", Description: "wigh Load Limit®, OriginalUnitiey: mull, UnitKey: mull,.)
'WelMTBF/GetAddtonalRodDetailsUoM p6: {Elesentla: “Lolin", Descripticn: "Low Load Limit®, OriginalUnitkey: null, UnitKey: mill,.)
8 ¥ Request Headers VeW source » Eilew\tldf :toL::a;:n'.' scr:n::or:: ch-:: Low Load '.'.r.t': Orig:ml.r'.ue-,'.:“wl:., Uj:t(f;-:ﬂmll.-}
PP o . #§: {ElesentlId: "MinlaSpan®, Description: "Minimum Load Span®, OriginalUnitXey: mull, Unitkey: aull,.}
— VRV DFOEtAGAIIONIIROCUERIISUON Accept: application/ison, text/plain, */* b 9: (Elementld: “VFOMinSPM®, Description: "VFD Minimam SPM®, OriglnalUnitkey: null, Unitkey: mell,.)
. ; 0: {Elementld: "VFDMaxSPM®, Description: *VFD Maximum SPM*, OriginalUnitiey: mull, Unitiey: mull,.)}
S i . ge flat »10: ) ’ Y » Y » 2
_] ASBLITRE oot A dibinnalBad atadd Inkd AcceptEncodig: g2lp, deflate, be P 11: (Elementld: "IdealPF=, Description: "Iceal Pusp Fillage®, OriginalUnitiey: null, Unitkey: mull,.)
il Accept-Language: en-US,en;4:0.9 $12: {Elementld: "MinPFA", Description: "Min Pump Fillage Allowed™, OriginalUaitkey: *X", Unitiey: "¥",.}
SetPoints DG Wellld 21 c »13: (Elementla: "VSMAPFAR®, Description: "Min Pump Fillage Alarm Action (0:7) (rew)",.)
e -Control: no-cach . ; ’ i
a2 Rurvedance/We he-Controk: no-cache b 14: {Elementld: "VSMnPFA™, Description: "Min Pump Fillage Alarm Action (0-7)", OriginalUnitiey: mull,.)}
' ' Cpnection: keep-alive »15: (ElementIo: "VFOMinSPR", Description: "VFD Minimum SPM Recommenced”, OriginalUnitkey: null,.)
SetPointsParamsWelld= 1 &dgType=SetPoints&strOrdinal=nublicheckForbxisting = " »16: {Elementld: *VF PR", Description: "W# ! " R *, OriginalUnitkey: null,.
dgType g Clie: _xsrfa2]| 39767026 | cbacode1sasdcadnssce| lf _!‘mn 1d ) D“an'ns_ , De cuptw’s D Max e:.n P . ecomended”, Or E nalUnitiey mf . ) ) 1
SSurveilance/Well »17: (Elesentlo: "MinPFAR", Description: "Min Pusp Fillage Allowed Recommended™, Origlnalunitkey: *X°,.)
hHON1 2 JUR26Ys | 88890406c02656a90¢1735047d644) »18: (Elementld: "VSMnPFARR®, Description: *Min Pusp Fillage Alarm Action Recommended(9-7)",.) L
SIVEOTFOINTSVANAMS 0 (I : - , : Teaneactis sass: *3070.33.30T15:36:37 15500007
| < " o 038ve2NoZNihcyS4bhixzb2FuladyZyd3cyByHOAILZALL2) . ;"“;V'”‘”"S‘“" 220-09-38115:25137. 5000008 1
— Survedance/We v Wellla:
brRuYWllljoiMlcilsInvtYil s joilinidXBul joilin = = - = e ¥
120 gt | 250 MB tronsferred | 249 MB resources | Funish: 6.7 mir OMCont i . . o N "
s sl Ko i resources | Fiish 67min | DOMCOnEN 030 i Joanu0ivadad g1 XRoDX)eb ) JckattvoS 1 InF 2CT6Tandctbly91adcud Vi cadvcauy 292 1. 1tPhEp 19y FYL0n2Jp8leqiSiox-HmdaosP 0113 y
i Comsole  What's New X X

Highlights from the Chrome 85 update
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Trigger custom autonomous control alarms

| ForeSIte EDGE Y 2 B Notes () Logs @ Help & EDGE-KATY-RRL\user ~

Start Date: 8/31/2020 B2 EndDate: 9/30/2020 5

Autonomous Centrol

2 _6 6/30 1 84- 1 9/29 1 O -8 Scan  ClearErrors  Start  Idle  Stop
Well Status
Software Timer Down Time Set Points
Well Trend Cycles 30-Day Failure
Control Transfer

@ e

VSD Min Fil Enabled

0 9/30 0 9/29

() Low Pump Efficiency

Pump Fill Effective Runtime Runtime @ Gearbox Unbalance
95.73 144 1 0 () Low Pump Fillage
%o 100 % 100 0 hr 24

DynaCard WellPilotRPOC Device Type: WellPilolRPOC
Last Successful Scan Time: 09/30/2020 12:16:09 AM

24292 Last Scan Time: 09/30/2020 12:16:00 AM
Communication Status: o OK
19202 Well Status: Active

POC Mode: POC

Mator Statue: Running

2021 International Sucker Rod Pumping Virtual Workshop



Task Scheduler

@ Task Scheduler

File Action View Help
LK Il
= Create batch files |~ “iras e,
= Schedule batch

file frequency

Name Status Triggers Next Run Time LastRun Ti
(€] ForeSite - Analysis Running At 12:00 AM on 9/19/2019 - After triggered, repeat every 00:02:00 indefinitely. 9/29/2020 2:08:00 PM  9/29/2020 2
(® ForeSite - GL Allocation Produ... Ready At 12:01 AM every day 9/30/2020 12:01:00 AM  9/29/2020 1
(® ForeSite - GL Intelligent Alarm  Ready At 12:00 AM on 9/19/2019 - After triggered, repeat every 04:00:00 indefinitely. 9/29/2020 4:00:30 PM 972972020 1
(D ForeSite - RRL Autonomous C... Ready At 12:03 AM every day 9/30/2020 12:03:00 AM  9/29/2020 1

B CreateB...

= CreateT..

Import T...

(® ForeSite - RRL Intelligent Alarm  Running At 12:02 AM on 9/19/2019 - After triggered, repeat every 00:02:00 indefinitely. 9/29/2020 2:08:30 PM 972972020 2

- M u Iti p I e AC L (® ForeSite - RRL VSD Autonomo... Ready  At4:35 PM on 6/19/2020 - After triggered, repeat every 06:00:00 indefinitely. 9/29/2020 4:35:26 PM 972920201 | [l Display ...
(™ ForeSite - Well Run Status Deri... Ready At 12:02 PM on 9/12/2019 - After triggered, repeat every 15 minutes indefinitely.  9/29/2020 2:17:30 PM  9/29/2020 2 ﬂ Enable A...
(® GoogleUpdateTaskMachineCore Running Multiple triggers defined 9/30/2020 4:13:50 AM  9/29/2020 2 -

batch files that

1 New Fol...

( GoogleUpdateTaskMachineUA  Ready At 4:13 AM every day - After triggered, repeat every 1 hour for a duration of 1 day. 9/29/2020 2:13:50PM  9/29/2020 1 )

®RunGLAC1 Ready  At12:15 AM every day 9/30/2020 12:15:00 AM  9/29/2020 1 View 4
Ca n ru n ®RunGLAC2 Ready At 10:50 AM on 6/5/2020 - After triggered, repeat every 30 minutes indefinitely. 9/29/2020 2:20:48 PM  9/29/2020 1| | @3 Refresh
simultaneously ‘ > [ her

General Triggers Actions Conditions Settings History (disabled)

Name: ForeSite - Analysis ] 2

Location:  \
Author: EDGE-PC\user & Disable
Description: Export...

= Properties

x Delete
| = B

Generate Log CSV and Text files (Optional):

* ACL outputs can also be viewed in CSV files for analyzing well
performance
16 2021 International Sucker Rod Pumping Virtual Workshop
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Conclusion

» Edge enabled VSD

» Existing traditional VSD with rod pump controller at wellsite can be
enhanced with edge capabilities

» Value gained through autonomous control

» Optimizing VSD SPM: Expected increase of rod lift surface and
downhole equipment life by 20-30% and personal efficiency gain by
5-15%.

» Maximizing production: Increase in production by 5-10% on potential
wells.

» Customizable autonomous control

» Using Python with interface to ForeSite well analysis software APIs
allows Engineers to develop custom logic to autonomously optimize
individual rod lift wells

2021 International Sucker Rod Pumping Virtual Workshop
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Thank You
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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 International Sucker Rod Pumping
Workshop 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 on a 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).
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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 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 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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