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Real-Time Gas Lift Surveillance Objectives and Opportunities

Objectives Opportunities
* Optimize gas lift operations in Real Time to * Best practices for Gas Lift Surveillance are
* Increase production and reduce well-developed and often present in-house
downtime and can be used to solve asset-specific
* Increase lifting efficiency challenges
* Reduce engineering hours spent on Gas Lift * Most gf the Gas L',ft Surveillance and
Analysis Optimization routines can be automated
and used to highlight ongoing issues and

* Make gas lift optimization a part of routine

. : . potential
engineering practice and promote . ) ) o
advanced engineering skillset to wider * Commercial Gas Lift modelling applications
sudience are available and can be enhanced by
external calculations in case of modelling
limitations
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Real-Time Gas Lift Surveillance Challenges

Any Artificial Lift Surveillance is an advanced data- and modelling-intensive
routine that requires significant pre-work, including

Data mining

Model-building

Consolidation of gas lift expertise and best practices into automated workflows
Overcoming limitations of the available commercial modelling tools

Requires maintenance effort to keep the data and models evergreen

May require advanced engineering skillset
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Real-Time Surveillance System Components

* Highlights issues
* Presents solutions

Are results easily interpretable?

Ul
* Provides guidelines
* Best practice
Logic Does logic fit asset-specific needs? * Operations by exception
* Overcomes modelling limitations
* Model quality
Models Are models maintained and reliable? * Model update & tuning
* Modelling limitations
* Data availability
Data Can data be used for automation? * Data quality

* Data structure
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Data and Modelling Approach

Data Models
* Data used for automation must be * Physical
standardized and QC-ed * Actual physical models
* Qutside of Real-Time Application * Surrogate models
* Within Real-Time Application data * Data Driven
model if one exists * Hybrid

* Required data includes

* Design data, PVT, Real Time, Well Tests,
etc., depending on the models used and
required calculations
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Real-Time Surveillance System High-Level Architecture

Visualisation & User Interaction D

I User Dashboards & Reports I

Data is standardized and
suitable for automation
FTTTTTTTT T ! FTTTTT T mmmes ! FTTTTTTTTTTToTTommmmmeees ; SR e !
1 ! 1 DataHierarchy / ! 1 1 | Model & Engineering Workflow !
: Data Sources : : Standardisation : : Application Services o 1 1 Repository :
1
1 1 1 1 1 ! | |
1 i ! 1 T ! A I 1 . Q * ]
| Real Time Data 1 \ 1 lﬁ ‘V IIII I : : I Process Models I 1
| Allocation :—H : 1  — :
1 I ! Workflow Orchestration _—
: \,‘;V\f-;”esm : . I ‘ I : I I | : | | Workflow Logic ] :
[} [} 1
I Desl ] | I I i ! ! I
esign 1 1
| ! 1 ! 1 ' e e = i
_______________ 1 P L | TS EEEEEE - = - === -
Workflows are scheduled and Models: Well/Network/Reservoir, etc.
executed, results are reported Workflows: pre-processing workflows,

gas lift surveillance logic, etc.
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Use case: Digital Qilfield System for a field intAlaska
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Alaska Digital Oilfield System
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Facts Workflows
e Conventional Qil Field DOF Model Maintenance: Well Test Suite:
* _600"' aTctive produce.rs, Automatic Well Addition « Well Model Validation
wg::’sd'ng 500 Gas Lifted Prosper Model Update + Well Test Matching
* Physical well models are used Network Suite: * Perf. Curves generation
* DOF Development driven by Real-Time GAP Update * VLP Generation
IT security, requirement to Heater tuning S o
replace obsolete & o _ urvei ?nce. _
unsupported in_hOUSe Plpellne tunlng * Gas L|ft TrOUbleShOOtlng
applications and provide What-If Scenario * Pump Lift Surveillance
remote engineering support Backout Calculations * Flow Assurance

Deployment Phase #1 Phase #2 Phase #3
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Road to Gas Lift Surveillance Gains

Data Model building Gas Lift Operations by
and tuning Surveillance Exceptions
e Design data, PVT, ) (Models are ) /-Gas Lift Surveillance\ (OHighest producers
Well Tests, Real automatically built workflow are with issues and
Time data, etc. and updated running on Well Test opportunities are
collected from eModels are and Real Time data highlighted for
multiple sources automatically *Gas Lift Surveillance engineers
via queries that validated and tuned is enhanced by valve eTroubleshooting
structure.the_data to the new well tests performance tools are provided
and provide first *This allow reliable calculations using to analyze and
\_ level of data QC ) well rate estimation VPC catalogue resolve issues
for Real Time \_ )
surveillance N J

J
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Well Schematics

Prosper Data

HANGER
Tubing
SAFETY LV
Tubing

GAS LIFT
Tubing

GAS LIFT
Tubing

GAS LIFT
Tubing

Well

Tubing
Tubing
Tubing
Tubing
Tubing
Tubing
Tubing
Tubing
Tubing
Tubing

b

299 10.850 372 10/77200500:20:02 0.00
299 3500 22974 10/7/200500:20:07 628
281 5937 23018 107/200500:20:08 628
299 3500 31939 10/7/200500:20:11 628
292 53% 32005 10/7/200500:20:12 628
299 3500 42174 10/7/200500:20:15 628
292 5390 42244 1077200500:20:16 628
299 3500 51175 107/200500:20:19 628
292 5390 51241 107/200500:20:20 628
299 3500 51702 10/7/200500:20:23 0.00

A 4

Build/update well models and Dashboards

Last Updated on:
PVT

2/8/2022 1:00:16 AM
Pressure Surveys

( Successful }

Last message on

2/8/2022 1:00:16 AM

: Oil Gravity updated; Gas Gravity updated; % CO2 update

Well Status: Active

P21 Well Type:  WATER JET L

T T

Query additional
data (deviation, PVT,
Gas Lift Design, etc.)

Prosper Type:  WATER JET U Wl Test Date
Tubing Fressure  [208 g Drvstion
Liquid fate ST/d 14z 3
GoR wUST

Water Cut -

Waterly Rate (1105 ST/
14 Pressure. 2535 =]
GugePrews | ]
: Model Res Press 150 ] 2
- Madel P1 o2 STa/pu an STd/pu

Value
Gas Gravity (sp.g) 074
€02 (mol%} 228

Water Gravity (so.g) 0

Oil Gravity [AP) 222
H2S (moiss) 001
N2 (molss) 041

Date

02/02/2022
02/02/2022
12/30/1899
02/02/2022
06/14/2021
02/02/2022

Date Pressure

©6/01/2015 2520
06/04/2008

04/23/1998 2649
02/04/2015 2365
09/30/2003 3080

Sl Time

1733
323

Deviation Survey 04/04/2003

Completion
. Injection Depth, MD
MD Component

281 HANGER OV Depth [ft] Manual: Depth [ft] Port Size [64th] Selected
4885 Tubing 45869 0 o ov
4087 Tubing o
4599 NIPPLE G ot Vilves
28334 Tubing Station Make Type MD Port size oD R value TRO Run Date
28423 GASLIFT 1 CAMCOR20 GV 28423 12 1 0038 1243 03/24/2020
2675 Tubing 2 CAMCO_RDO-20 OV 46569 16 1 0 0 03/23/2020
6868 GASLIFT 3 CAMCO DMY 6003 0 1 0 0 03/26/2015
59941  Tubing 4 CAMCO DMY 69841 0 1 0 0 06/02/2015
6003 GASLIFT 5 caMco DMY 74108 O 1 o a 09/16/2013
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Model Validation against

Well Schematics

Model Tuning via Well Test Suite

Tuning of Prosper to Well Tests and trending

Well Status: Active We” Tests Tet  Cwke Tbng Tubmg Loud Wae GmOl .o WA Gauge  Gauge faichedl | e
Prosper Type:  GAS UFT OIL Oate Opening  Pressre  Temperst Rate Cut Rato o Pressre Prossre Degth G s
Ty GO = = | of Test and Model Parameters for GL & ESP
» [ pug  degF  STBidey oci/STB MMscl/  psg pug  feet
ez % 25 46 W 285 1045 1344 ST 86 w6es4 100 100 68 17 1% 459 kwakd Wammgp OK  OK 0 ¥
FTP: 23747 psig @) AP 64720 25 243 55 . 159 1863 2054 102 &7 96854 Dusa. 033 083 156 17 1% 165 Vald T OK oK OK Waneg B ¥
= . U2 % % 6 . 205 81 243 112 6% %654 12044 0589 013  Duws. 093 089 1156 17 115% 165 VedT. Wamng OK  OK Wemrg [ ¥
% 582 B 218 %5 - 29 1420 192 1006 626 96654 112044 05 00518 Dunea. 1R 104 1% 16 1% 18 Vad T Waming OK oK Waming B ¥
e = w2 % 25 % 16 7 178 %89 64 %S4 112044 036 (0078 Duwa 09¢ 087 1% 19 1% 189 VedT. Wamng OK  OK  Wemg [ Y
— %) ) I e 27 - 201 1087 175 S7% 685 %654 112M4 0716 192 Duwa 1001 102 1% 16 1% 159 VadT. OK  OK  OK oK =
e » W 5 - 205 1009 152 355 685 %6654 112044 0583 0105 (Dwws 101 102 156 16 1% 159 VadT. Wemmg OK  OK Wereng (4 Y
v
Well TestPlot () Signiées No Convergence
A 1106 MMscl/d P/T  Raes Ratios Matched Paameters DataQusity Rate Table Devistion Well Test Matching
IR (VPO Midsci/d TestToUpdate | SAVORERTAM  ~
T ) Update Model
= =gl e PN 60 Value To Update | v
== - wamned 00 11 0 v E—— e Updste Pries
P Well Test Validaton - 228 P
T e TestTo Rerun LIARERTM v
2 [ cemesmpsm s 56 3
= . R 3 Rerun Testwith | v Raeun VTV
T = e . 2 Sarve Tod Parama
5 Ancther test W.,..r;_,gip.ma
& P GetProsper Model
Manual Inputs
Theashold Tyse S Vake  Abs Ve 4 % Request Date Dowrioad Prosper
Ui e Tes Rate Table Analysis Performance Curves generation, QC and upload to SCADA
Gauge Pressure Threshold (4, SoectedTest  OUZ320220834AM P21 Test ID: WiSH i Model Version Date: 12022
Load Well Test | () e AGmatLL T o —

a1 Reference Test:  04/08/2022 03:46 PM  1P21 Test 1D: WLSHS 1)-174-02284

Rate Table Comparison

selected test
FTP reference test

100 27
15 2
LGR [MMscf/d]

A
LGR recommended change
Incremental Qoil due to LGR

Incremental Qoil due to Total Gas.

Rate Table Validation Range

Threshold
A
LGR recommended change

Incremental Qoil due to LGR

_me o

Type  Percent

Automatic Status

st Dats Validation
Warning

Percent

Well Test Validation Range (WT to WT deviation)

Threshold

FGOR

wC

Type

1. Re-Vahidate \Well Test
2. Re-Match Well Test

3. Generate Rate Tables
4 Generate VLP

1 Apply Makched Parameters
2 Re-Vahdate Vel Test

3. Update Test Status or Match
4. Generate Rate Tables

5 Generate VLP

Several levels of QC:
- Raw test data applying ML algorithms

e % |- Changes in Model Parameters
£ £ B |- Changes in Performance Curves
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Real-Time Gas Lift Troubleshooting

Central ProceSSIng FaC”Ity (CPF) Level Gas Lift Suveillance Summa: Last Run Time: 4/23/2024 12:52:54 PM
. . P Max Benefits | Wells List
— Top wells for oil benefit from lifting from e woi-was | oumate | oot | omme | wonmex | tawmem | o
. 2 Point Injection [STB/d) [MMSct/d] [MMScf/d] = [MMSct/d] [psi] | = B
deepest available mandrel wen ol ESTEdl 201 181 235 22 1258
. . R . . 133 129 1.29 1336 1283
— Summary of multi-point injection wells with
133 1.04 1.65 1316 1229
guidelines on Gas Lift Gas Rate and Injection 135 s il s
1.95 191 1.9 1230 1242
Pressure 2.03 1.82 1.82 1327 1176
. . . 177 1.54 2.08 1323 1244
— Summary of wells with gas lift velocity below
0.86 0.52 1 1359 1186
critical lift velocity with guidelines on minimum
Wells - Below Oil Rate Q6L LGR at Cr.Vel (iteration) LGR at Cr.Vel (make-up)
requ”,_ed GaS Llft GaS Rate Critical Velocity [STB/d] [MMSct/d] [MMSct/d) [MMSct/d]
[} 38 3.36
— List of wells where lifting OV depth in models 0 52 292
are different from WellView — — —-—
0.14 2.24 2.23
0.82 0.66 0.63
0.45 0.3 031
1.33 253 256
156 0.9 1

ALRDC.COM ”




AS LIFT
ORKSHOP

Real-Time Gas Lift Troubleshooting

Quicklook Plot

Gas Lift Valves Statuses
Well Level 0 3
. . Station Depth (3] Opening Pressure  Opening Pressure VPC  Closing Pressure Lift Gas.
— Valves Opening/Closing Pressure overlayed on el (alvefSurface)  (VabvefSurface)  Valve/Surface)  (Coc by VPO
. . . 2000 G E
Tubing/Casing gradients ) 6 ol
— Valve Open/Close Status ' ‘ : [a¥]
o [eams]
— OV and Valve Sensitivity Curves using VPC
— Oil Benefit potential from lifting deeper 6000
oy . . e 200 400 600 800 1000 1200 1400 1600
— Critical Lift Velocity & Well Stability it
Ty ng Top — Casing Top A VaveOpening g
. . . . . . . e e (VB Valve Cpening ov <
— Operating guidelines for avoiding Multipoint == R ) o AT & prmare
Battam Up ottom Up Pressure
. . . . . GLV Sensitivity
Injection and Liquid Loading e o —
300 g ‘: | Tubing Pressure 2t Vaive Depth
;: — ] | Casing Pressure at Valve Depth
f 1 | GLV Closing Pressure 144595
i - | GLV Opening Pressure (VPC) 1532 Psi
3
0
o 200 400 600 80O 1000 1200 1400 1600 1800 2000
Pressure [psig)
—Qgas TBG sens. @ Pcf =1432 Psi Qgas TBG sens. @ Pcf =1621Psi  —Qgas TBG sens. @ Pcf =1811Psi
GL Performance  —— Qqas TBG sens. @ Pcf =2000Psi  — Qgas TBG sens. ® Pcf = GLV O Pres (VPC) 1532 Psi
LGRWT @ : 0848 MMscf/d 10 . o .
Deepest Point of Injection and Net Oil Benefit
LGRatWT (vpc) | : 1820 MMsci/d
LGR min (vpc) I : 1926 MMsci/d MD, ft Qoil, STB/d | Qoil benefit, STB/d
LGRmax (vpe) | : 1908 MMsci/d Current injection point 28537
LGR at Cr.Vel. (iteration) | : 1175  MMsci/d Deepest injection point 847194
LGR at Cr.Vel, (make-up) | : 1472 MMsci/d (] 05 1 15 2 Critical Velocity Estimath
[ Desmption of Variables \ Lift Gas Rate [MMSct/day] = o

i : #s
i s
L] PES Stabily Check s Stable Flow | Technical background
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Conclusions

Gas Lift Surveillance and Optimization challenge can be tackled by monitoring operations in Real-
Time

Operations by exception, along with promoting advanced engineering skillset hold a promise to
enhance the practice of gas lift operations

Gas Lift Surveillance is an advanced step that can be achieved after the major data, modelling,
automation and engineering design work has been done

Implementation tools must be selected to fulfill major technical requirements, however, if
limitations are encountered, can be enhanced by additional analysis and logic
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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).
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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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