@ S GAS LIFT
57/ I WORKSHOP

The Benefits Of Gas Lift
Optimization

Daniel Hall — Weatherford International

22 . | RDC.COM




# 2 GAS LIFT g

57/ WORKSHOP

Agenda

« Accurate gas lift optimization consists of a combination of field data collection, real-time
monitoring, and advanced analytical techniques. Gathering well parameters, monitoring casing
and tubing pressures, and measuring static bottom hole pressure (SBHP) are essential steps in
understanding actual well conditions. These data-driven insights will allow you to fine-tune gas lift
systems for maximum performance.

Field Data — (Non-SCADA Wells)

Real-time Surveillance

Analytical Tools / Software(s)

« By leveraging the above, operators can ensure that each well operates at peak efficiency,
unlocking the full potential of gas lift optimization.
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Field Data Collection

Gas Lift Schematic / Design — Mandrel depths, GLV PSO, PSC, PTRO, Port sizes.

FWHT — Temperature gun to measure flowing wellhead temp. This will help identify POI during
NODAL.

Flowing Tubing and Casing Pressures — Recording these pressures can help immediately identify a
potential issue downhole when compared to the design.

Wellhead Configuration — Chokes, flowlines, valves, blockages, etc.
Compression — Centralized or on-site, gas meter, choke, how much injection gas is used.
Production — Oil, Water, Formation Gas.

PSO vs actual — Quick comparison of design PSO and flowing casing pressure can usually identify

POl.
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Fluid Levels

* Flowing FL Shot — Shut injection gas off, shoot
both casing and tubing. 6095 i

» Shut in FL Shot — Shoot casing and tubing e
after a 12hr -24hr shut in. A shut in fluid level
shot will help determine an accurate SBHP for

NODAL.

» Packer Installed — Must determine SBHP from
tubing shot and build up psi.

» Packer-less — May use either tubing or casing ;[TEG o
to determine SBHP. LIPEFLSTRe |
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Data Loggers (12-24 Hours)

- Flowing state - Review trends for HIT, Valve throttling, Fluctuating pressures.

- Shut in - Review for pressure build up, equalization, leaks.

Casing

Tubing
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Tubing Integrity Test

- Following the shut in for the accurate SBHP calculation:

— Tubing Integrity Test — If the well has a packer, a tubing integrity test is recommended. This test will identify any
potential hole(s) in tubing or a failed gas lift valve and check valve. With data loggers still installed, we can record this
test.

— Rocking Gas Lift Valves - Pressure up the backside above the top valve’s PSO and rapidly bleed off to perform to
rock the valves of any debris.

S

\

Tubing, 748.1

Casing, 154.6
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Field Data Interpretation / Modeling

- Evaluations
— Data loggers — What do the trends identify?

— Flowing fluid level shot — does the operating psi match the PSO of the operating valve? Does the fluid level
match the depth of the operating valve? Do any kicks show an open valve or HIT?

— SCADA (If available) — Identify time frame of suspected issue.

- Tubing Load Requirement — Run a TLR (Tubing Load Requirement) calculation with current well conditions
and gas lift design to determine POI.

- NODAL Analysis — Calculate SBHP from static FL, production, static psi build up. Create a model in Wellflo to
derive a FBHP and IPR curve.

— Critical Velocity

— Gas Lift response

— Gas lift diagnosis

— Tubing size comparison
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Tubing Load Requirement

 What we can determine from a TLR Plot
1. Injection Point
2. Fluid level confirmation of the injection point
3. Calculated FBHP
4. Possible communication
5. Future recommendations
* To generate a proper TLR
1. Good Data in = Good data out

2. Wellhead temp is important

3. You can calculate a TLR without a fluid level, but knowing where the fluid is in the annulus will confirm or
disprove TLR findings.
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V Weatherfgrd Weatherford Gas-Lift S‘_-,rstems
- Tubing Load Requirement — Run a - | | N | | | |
- - - 1500 TS —
tubing load requirement calculation | 1842/1047 : : I I I I |
with current well conditions and gas : | | | Tubing LDy 1.995in :
I I I Water Cutt 30.0% I
- . . . 3000
lift design to determine POI. It will e : | \1 | AN i
compare how the well was designed & | | | | |
: | I I |
to produce vs. actual production. 4500 | mH i i i i
. _53;??5433\I I | | |
_ % 5000 LB966/6069 \1 | | |
ZIIVD | MD [ Vave JPIRO|Port] TEF JTV] TCF [Ac | OP JCP [DELPJTLR| OP [PSO|PVC[PSC| GasL = \ n\| | |
Type Size PT |OPT Act PT Valve F6587/6705 “i'x | |
(/) | () (psi) | (in) °F (psi) | (psi) | (psi) | (psi) | (psi) | (psi) | (psi) | (psi) | (psi) | Status - 2905/7334 ;\ | I *L |
13| 1842 1847c2TC| 840 1200484 11708933 ] 220| 940|815 125|2583| 929 894 | 897| 862|]  Closed 500 | — % | == |
12| 3175| 3208|c27c| 835| 12]00484|142 08519 278 | 90| 841| 139|2872| 967 906 | 935| 874]  Closed - |\ | | Ss o |
11| 4084 | 4136 |c21C| 825| 1200484160 08260 | 312| 990| 859| 140|2893| 984| 905| 953| 874|  Closed | 8467/8627 | |x
10| 4701| 4770 |c21c| 815| 1200484 |172|08093 | 335| 1007 | 872| 135|2789| 991| 899 | 960| 868| Closed | \ |
9000 L9087s9258 | I | [
9| 5347 5433|c21C| 805| 12|00484|184 07927 350|1016| 885 131]|2707| 998| 893 | 969| 864| Closed ! \ ! L !
8| 5966 6069 |c2TCc| 790| 12|0.0484]196|07774| 382|1016| 898 | 118|2438| 998| 880 | 969 851 Closed 57119887 | | | |
71 6587 | 6705|c-21C| 780| 1200484 |208 07629 405|1022] 912| 1102273| 1003| 871 | 975| 843| Closed -_|0343H[155_|| \ | H | |
6| 7205 7334 c2TC| 765| 12|0.0484 220 07492 4290|1021 | 925] 96 )1983| 1000] 855 974| 829|  Closed 10500 — 3 ! | |
5] 7826 | 7964 |c2TC| 755| 12]0.0484231|07363| 452|1025]| 939| 86 |1777| 1004 | 845| 978| 819 Closed I | | Mid|Perfs 10713/1f789
4| s467| se27|c21c| 745| 12|00484|242 07240 482 | 1020 953| 76|1570| 1006] 833 | 981| 808|  Closed oo o ek, L askeR, , asleE, L L23)F, | 28lF
3| 9087 | 9258 |c2Tc| 735| 12|0.0484 252 07136 5121030 | 967| 63 )1302| 1005] 818 982] 795|  Closed 0 400 800 1200 1600 2000 2400 2800
2| 9711 | 9ss7|catc| 725| 12]0.0484|260 07050 | 542 |1028| 982| 46| 950| 1002| 800 | 981| 779 |Transitional Key for Tubing Gradients Pressure (psi)
1110343 [ 10551 |c2T1Cc| 710| 12|0.0484 | 266 |06904 | 573 | 1015| 997| 18| 372| 87| 770 | 968 | 751 Open — OP with Actual PT — — Static BHP = 2773 ps
— PVC
— PWH=160 Rate=50 GLR=9340 WC=30%
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Well Model Configuration & Well Status

Flow Configuration Tubing — 2- 3/8”

Pressure(psia)

Prod. WH Pressure 140 pSi — Casing Pressure: @ lig =501 STB/d— Tubing Pressures: {1 lig =50.1 STB/d
— Temperature: Q1 lig =501 STEB/d -Tul::-ing pressureio open wvahve

Jhk Casing pressureto open vale

H&B (Comp.) x | Gas it Diagnoss Pt o
1.000 Notes on Values Derived (red) : = oot (T empke(dl - -
o8 o SBHP - 2773 psi derived from . \ .
1.02 shut-in tubing fluid level - .. T {
. FBHPof 704 psi : . | i
. : : E ki ererrer sttt ettt eeperrnerspersss s
267t * FLinconsistent with POl at 8 500 ; .
10,884’ e X N
1714 : eerr—————— TO—
- ACaciee Mol A Y | e ¥ S L R —
e ——— -
9000 A ]
10000
m 415 mcf/d : S S S ... R - wo—: 11
11000

Point(s) of Inj. 10,884°

10
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Modelling Validation

 Dynamic Transient Modelling- Simulates the
dynamic behavior and characteristics of the gas-lift
unloading process. It uses the transient modeling of
flow in both the wellbore and the reservorr.

— Configuring a model with the gas lift design that is
installed along with current well conditions will
simulate an estimated POI, which will confirm
what the NODAL and tubing load requirement
already have.

V6 4 ¥

Injection Gas Rate (MMSCF/d)
0.417

Casing Head Pressure
(psig)
560

Timestep(Seconds)

75

Elapsed Time(Min)
1548

Accepted Error
-5

Tubing Head Pressure (psig)
160

Keservolir urawaown
(psi)
1930
Bottom Hole Pressure
(psig)
828
inflow (bbl/d)

67

Produced Gas Rate (MMSCF/d)
0.085

Produced Liquid Rate (STB/d)

48
Produced Oil Rate (STB/d)
34

Produced Water Rate (STB/d)
14

Tubing/Casing Liquid Depth (ft)
30

Annulus Liquid Depth (ft)
10568

Reservoir Liquid at (ft)

Kill Fluid Bbl Lost to Reservoir (bbl)

| 1 Injection Gas 0
. Reservoir Fluid
| () Open Valve
| O Closed Valve
Open Back Check
Closed Back Check
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NODAL Analysis o : w e

. After a model is built, NODAL analysis can | ™ |
be used to optimize the gas lift well if there ) |
are no equipment failures downhole. w00\ N

* SenS|t|V|t|eS 4000 - \ \

— IPR curve oo \

. . . E ------ e {I i e e e e . -
— Tubing size comparison 5 b '.,

. . . . % _II"'.\I - ..III.
— Optimal gas injection rate o

_ Critical velocity S e b S

5000 Y |

e | R Ay ety A sy g AL M i Ly S st

[
I.I I|
. A- |'
10000 A |
\ |
........ B
11000
0 ROG 1000 1500 2000 2500

Pressure{psial

— Tubing Pressure: Q lig =580.1 STB/d— Temperature: Q liqg = 50.1 STB/d
— Casing Pressure: Q liq=50.1 3TB/d
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IPR Curve

- Using the data gathered on-site we have
built a model in Wellflo that will give us an
accurate IPR Curve to evaluate.

« Pl —-0.0363 std/d/psi

yV | ¥

v

J000

2800

2600

3 3
[ T
o R e |
[ R e |

2000

1800

1600

1400

1200

1000

600

Fressure (psia) at casing, TWD 10713.00 (ft)

GO0

400

200

Inflow/Outflow Curves
sensitivity To: Lift gas injection rate

10 20 30
Total Production Rate (STB/d)

= Inflow: 0.417 MMSCF/d == Outflow: 0.417 MMSCF/d

ALRDC.COM

40

R0



2 GAS LIFT .

Operating Ratevs . Lift gas injection rate

Optimal Gas Injection Rate @ ** . «———————%———,

43.00

45.00

- Was the operator over/under injecting? = .

39.00

36.00

- With accurate data gathered on location, | _
our NODAL will show us a gas lift 2 00

response curve. § 7o

o 24.00

21.00

O perat

18.00

« More injection gas recommended if
available.

15.00
12.00
9.00
6.00
3.00

0.00
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.300 0.900 1.000

W Lift gas injection rate = 0.417 MMSCFI/d
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C rit i ca I Ve I O c itY Sensifivity To: Lift gas injecion ratg)

Critical unloading velocity (fsec)
0.00 Job 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900 4200 4500 4800 51.00

« A NODAL on critical velocity will show if

the well could be prone to liquid fall back
or slugging.

o]
=

« We see that 417 mscf/d is just below

critical whereas 800 mscf/d is above
critical velocity.

6000

True vertical Depth (it

=]
=]
2
[==]

=

11000

== (ritical unloading velocity: @ lig=50.1 STB/d, Lit gas injection rate=0.417 MMSCFid== In-situ gas velocity:Q lig=50.1 5TB/d, Litt gas injection rate=0.417 MMSCF/d
== Critical unloading velocity; Q lig=50.1 3TB/d, Lift gas injection rate=0.8 MM3CFd  ==In-situ gas velocity:Q liq=50.1 STB/d, Lift gas injection rate=0.8 MM3SCF/d
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Tubing Size Comparison

« How does the well respond when we
compare tubing sizes?

- |s there any uplift potential by configuring
the well with a bigger tubing size?

Operating Liquid Oil Water Formation Gas InjectionGas Water Produced Injection Giata Sens 1:Inside dia.
Pressure  Rate  Rate  Rate Rate Rate Cut GOR MD ™™ of one well node
(psia)  (STB/d) (STB/d) (STB/d) (MMSCE/d) (MMSCF/d) (Fraction) (SCF/STB)  (ft) (1n)
698.00 .10 3500 15.00 0.06 042 03000 1361157 10884.00 Stable 200

534.58 S0 3620 15,30 0.06 042 03000 1324335

10884.00 Stable 24

yV | ¥

v

InflowOutflow Curves
Sensitivity To: Inside dia. of one well node
3000
2600
2600

2400

=]
(o]
[
(=]

2000

1800

1600

1400

1200

1000

Fressure (psia) at casing, TWD 10713.00 (ft)

[}
[
(=]

600

400

200

Total Production Rate (STB/d)

== [nflow: 1.995 in == Qutflow: 1.9856 in==0utflow: 2.441 in
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Temperature (deg F)

Recommendation o .

Pressureand Temperature vs Depth Analysis

0
+ TLR, NODAL, and Dynamic Transient e
Modelling all confirm us a well that should 200 T s
be lifting on bottom. Flowing fluid level 00 e e N —
shot indicates that our POl is somewhere ~ 2a0 o N
up hole. S s\
+ HIT, Failed or stuck valve? 5 oom A— e
o I N U
- With an obvious failure based on pressure N e N
trends and modelling, a recommendation 0 L F s e N
was made pull the well and replace with a L I N
conventional tubing flow design. 1o - 1me - _— _—

Pressure(psia)

— Tubing Pressure: Q lig =501 STB/d— Temperature: Q lig =50.1 STB/
—(Casing Pressure: Q lig=50.1 5TB/d& FL @ 5,764 MD
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Production Before and After

1,400

1,200

1,000

800

600

400

200

PP PSP PP PP PP PP PP PP PP PP PP PP ISP

G U A O s o S R S A e A R O R P . A S R i MK N I A

& & ¢ 2 & 4 J ST SN M QAR LA A S L L N S AL A DM S LI M L A LA M M
Oil Gas esssm\Vater ess=Total Fluid LiftGas CsgP Tbg P
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Produced Gas Rate (MMSCF/d)

Injection Gas Rate (MMSCF/d) 0.387

0.45 Produced Liquid Rate (STB/d)

355
Produced Oil Rate (STB/d)
0

Casing Head Pressure
(psig)

Prod
Timestep(Seconds

25

0

Tubing/Casing Liquid Depth (ft)
0

Elapsed Time(Min
510
Accepted Error

i

Annulus Liquid Depth (ft

9103

oO"o'O'oof’ R N R A Ll N

. . 2 . y cervoir 1i id (1)
Tubing Head Pressure (psig) . Reservoir Liquid at (ft

155

eservoir Drawdown

Bottom Hole Pressure
(psig

1736
Inflow (bbl/d)

229

vl STY Bbl Lost to Reservoir (bbl)
Kill Fluid 0
& Injection Gas
. Reservoir Fluid
() Open Valve
O Closed Valve
Open Back Check
Closed Back Check
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Question Time
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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).

22 . | RDC.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.

ALRDC.COM
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