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Presentation Outline —
1 Intelligent Gas Lift System Introduction

Difference compared to conventional Gas Lift

Intelligent Gas Lift System Applications

2
3
4 Intelligent Gas Lift System Design and Spacing
5 Well Unloading

6

Production Optimization

The course will conclude with a summary and Q&A
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Topic #1
Intelligent Gas Lift System Introduction




Gas Lift Production Optimization is Difficult =

Conventional Gas Lift Challenges

7/0-years-old technology.

Mechanically driven, sensitive to pressure.

Inability to change gas injection rate or depth. N

Safety factors required for gas lift spacing design.

Prone to multipoint injection.
Flowing Gradient Surveys (FGS) required.
Frequent well intervention required.

Typically, 10-20% under-optimum.

Pressure (psi)
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Addressing the Challenges webioars

Intelligent Gas Lift System

. .. . SOLAR POWERED ) B SURFACE CONTROL SYSTEM
] DeS | g n ed fo r th e d Ig Ital O | Ifl e I d . ..i. Low power for remote locations ©. .. Integrated with DIAL Control Room Software
e s

= Digitally controlled from the surface.

= Not effected by pressure or temperature.

. TEC (% Inch)
= Multiple ports at each depth. et ens I ®
INTERVENTION " |
= Real-time pressure and temperature data. Pressure tamperature
B monitoring data
=  Simplified gas lift design. r
MODBUS/RTU/SCADA

. Remote Control and Monitoring
= |nterventionless technology. DAL IWELL UNIT “

variable injection

valves

= Deeper, single point injection.

Continuous production optimization.

-
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Intelligent Gas Lift System Specification 2.

= Multiple mandrel units per well from one single TEC cable.
= 6,000psi Max. Working Collapse Pressure.
= 10,000psi Max. Working Burst Pressure.

= 2-7/87,3.5",4.5" and 5.5 tubing configurations.

= 125°C Max. rated Temperature.
= Fully MR0O175 /1SO 15156 compliant Materials.
» Hermetically sealed with Electron Beam Welded construction.

= Strain gauge sensors for annulus and tubing pressure and tubing temperature.




Actuator and Valve System

Actuated Valve
Enables the flow of gas from the inlet

Annulus 1

Gas Inlet

s
4 '~
*? International
% Naeo
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Bellows
Assist the actuator to change states &
opens the actuated valve

BAT Actuator
Provides the motive force to open and
close the actuated valve

Orifice
6/64 to 12/64
Customizable
Controls the flow rate

Tubing
Outlet

.
Reverse Flow Check Valve

Prevents the reverse flow from the well

Multiple,
independently
actuated flow
paths.



Concentric System | 3.5”, 4.5” and 5.5 =

Electronics &
Sensing Module

Upper Electrical
Connection

Actuator Housings
(Up to 6 valves per unit )

Lower Electrical Connection

Concentric
Bottom Profile

4
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Slimline System | 2.875”and 3.500” =

Mandrel / Body Top Yo

Electronics & Sensing
Module

— Actuator Housings
(Up to 3 valves per unit )

Upper Electrical Connection

Lower Electrical Connection

Slimline profile
for dual
completions

4
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Surface Control System (SCS) W

24VDC or 230 VAC Configurations | IP 66 Rated |Ex-D & Ex-nR Enclosure Options

Address 2 PCB Temp 297.22 Keluin
Serial PO0O0DD2Z Supply 42 Volts
Time 14:29

( X | |1 [ ]
493.15 689.27 0.00

Reluin Bar Bar




Gas Lift for the Digital Era

Webinars

Data Driven and Production Automation

Control Panel

Digital values & valve
status for each unit in
the string.

Control valves using this
interface.

Comments & Events Panel

List of events that occurred
during logging operation.

@ dviewer
File
- ||

sillverwell

SCM1:Long String  SCM2:

DIAL: 2 -- TVD -- 8000.0

Tp.[ 18000 |ap.[ 20000 |op. [ 2000
T [ 160.0 vce[ 160.0 ]Q.hql 3169
HY] @ sTs | ] |[eao[ 14

mm s mEm o c [a]u
Sense Values >>

Flow Values <<

Q-inj V-inj Q-liq V-liq
vi[ o8 453.1 a7 16.1
v2[ o0 00 | o0 00
vi[ 3275 392 | 624 533
va[ 00 00 | oo 00
vs[ se29 3000 | 2498 948
ve[ 00 00 | o0 00
DIAL: 1 -- TVD -- 8500.0 :
Te.[ 19500 |ar.[ 19500 |op. 00
Tr.[ 1800 |pc[ 1800 |Qin 00
HV.] 40 |sts 0 EQO

0
123 T«]5]s] [o][c] [allv

Global Commands

All Open All Close All Update
Auto Update [10 0
Clear CMD Queue
Application Log Events
2021-01-18 12 ~INFO - Added RP result
2021-01-18 12 - INFO - Added Draw Down result
2021-01-18 12: - INFO - Add Gradient cancelled

|12021-01-18 12: 352 - INFO -
2021-01-18 12:26:59,521 - INFO -
2021-01-18 12:27:08,625 - INFO -

Updated Perfs gradient
Updated Perfs gradient

Added Injection Gradient gradient

WELL NAME:Wildcat #1 - Flowrate Sample Legend SCM1: SCM2:
Pressure (PSI)
o 1000 2000 3000 4000 5000
) 822.0145 " " i
FBHP2100. e Tubing Press <
— Annulus Press ~ 1 1 1 1
Reservor Preszure
— ferts
Ol Gradient
Injection Gradient
. Flowing Bottom Hole Pressure(FSHP) 1400 - <+
2000 s Draw Down{DD)
1200
4000044 e o
- v 2
g 3 d
o @ g
H ¢ 1000 - g
= 5}
600003 .
800 4
D2.
SOOOPK
D1
600 4
Bbacoo ! ! ! | ]
== Tubing Temp 07/05  07/06  07/06  07/07  07/07
10000 12:00 00:00 12:00 00:00 12:00
o 50 100 150 200 250
Temperature (F)
REV stop || prav | 1000]= 18-Jan-2021 12:38:57 A TR T
Strip Chart [ SCM1 DIAL:4 | sCM1 DIAL3 | scM1 DIAL:2 | ScM1 DIAL:1 |
Comments Gradients Results Surface Data
~ AddFixed | AddHorizontal | Add Vertical | Add Single Dial | Add Multi Dial Edit Remove
D Name Type Enabled A
4 Injection Gradient Dynamic Multi DIAL Gradient True
3 Oil Gradient Dynamic Multi DIAL Gradient True
2 Peds Fixed Horizontal Gradient True
¥ ] |1 Reservoir Pressure Fixed Vertical Gradient True ¥

Profile Panel

Cross-plot with pressure and
temperature versus depth for
each unit in the string.

Strip Chart Panel

Plot of data from each unit

—

versus time.

Separate & combined plots
available.

Analysis Panel

Enables user to set up various
analysis.
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Topic #2
Differences Compared to IPO/PPO




Differences Compared to IPO/PPO =

Nitrogen
Charged
Bellows

Injection Gas
in Casing

Inlet to
Tubing

)
CRGS
d \‘]r:ternational
" Py

IPO/PPO Intelligent Gas Lift System

= Nitrogen pressure charged. Set-up and
calibration required for each specific well
design.

= No data. No downhole knowledge of
injection point(s) or wells vertical lift
performance.

= Pressure driven operation causes valve
chattering, shallow and/or multipoint
injection.

= |PO valve require casing pressure drops
to transfer injection to deepest valve.

= Single injection port at depth leading to
minimal scope to adjust or optimize
injection rate.

= Well intervention required to optimize
production.

= Surface control and operation
independent of well pressure and
temperature.

P/T data at every mandrel unit. Injection
point, rate and well vertical performance
known in real time.

Surface operation and valve design
ensure no valve chattering, shallow
and/or multipoint injection.

Surface operation ensures that full casing
pressure can be used to deepest point.

Multiple ports within each mandrel
provide incremental increase/decrease of
injection rate.

No well intervention required to optimize
the production.



Intelligent Gas Lift vs IPO Valve Well Design Comparison

_—

Webinars

Full Casing Pressure | Wider Spacing | Less Stations | Deeper Injection | Increased Production and Stability

IPO Valve Gas Lift Design

Pressure

IPO Valve #4

IPO Valve #3

Depth

IPO Valve #2

Orifice Valve

Intelligent Gas Lift Design

Pressure

DIAL Unit #4

DIAL Unit #3

Depth

DIAL Unit #2

DIAL Unit #1

r
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Conventional Valve Inj. Rate Comparison o

Flow Comparison - Silverwell vs. Standard Gas Lift Valve
4.0000
Silverwell Max. Flow Rate
All 6 valves open 5 :
SE500 Silverwell Min. Flow Rate
4 === Standard Valve Flow Rate
30000 Typical standard gas lift valve
& 25000 B
— -
Q
(2]
=
?_, 2.0000
o . . . .
= Intelligent Gas Lift System Operating Window
o
w. 1.5000
1.0000
0.5000
v 1 valve open
0.0000
0.00 200.00 400.00 600.00 800.00 1000.00 1200.00 1400.00 1600.00 1800.00 2000.00 2200.00 2400.00 2600.00
Downstream Pressure (Psi)
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Intelligent Gas Lift System Applications




Technology Performance Metrics o

150 43
actuators ran Units ran
192 21

Combined Operating Years Combined Operating Years




Value Delivered to Operators

>
o
Webinars

Well Optimization

Mitigating Instability

Gas Management

Operting Trends - 17th April (Optimisation)

——BHTP (psi) ——BHCP (psi) ——GL (msefd) ——BHT (DegC)
1100 . 110
Approx. 2pm 17th April ! T approx. spm 17th April
994Psig| 1 108
1000 -
|
= . 969Fsi
8 888Psig . e 106
2 900 /| '
< : "
2 | |
§ o T | 752Psig 102
o —\~"\0\_ 100
1 1
N N o8
00
[ ! | soomscF o
2 s H -
i [
& ! 94
4comscr‘ |
400 g
. 92
1 1
300 . 90

17-Apr-17
17-Apr-17
17-Apr-17
17-Apr-17
17-Apr17
17-Apr-17
17-Apr-17
18-Apr-17

BHT (DegC)

Through downhole gauge measurement, the operator
recognised the opportunity to increase gas injection rate
from 400 to 500MCFD.

Intelligent Gas Lift valves were opened, increasing the
drawdown from the reservaoir.

Operating Trends

TP (] ——BHCP (ps) =BT (D550
i HHTP (psi) BHCP {psi) HHT (et . i -
8/6ath | 1jesth ; W/sdth
1600 I 1 |
) ! us
%
1400 :
\.. o

800 +
1 1

. 100
1 |
s .
| |
1 1

ane . %

Gfebi?
1 e 17
16-Fab17
rebar
26-Fab 17
3017
17

BHT (Deac]

Operating Trends - 28th to 30th Aug.

e iyl Casing Prassars Prig) et Dbk Temparatuns 1101

1200
V5 + V6 Dpen {18/6ath)

8/64 orifice size causing multi-point injection and
well instability.

Upper IPO valve continuously opening and closing.

Operator increased the port size to 10/64 by
opening an additional valve.

Valve closed to replicate issue & confirm Intelligent
Gas Lift action.

Through downhole gauge measurement, the operator
recognized the opportunity to reduce the gas injection
rate.

The valve combination was changed from 18/64 to
12/64ths.

The operator and




Single String Intelligent Gas Lift Completion =

Webinars

Ssilverwell

USA (ONSHORE), SINGLE STRING, MULTI-DROP DIAL SYSTEM L 2. " op: 4. "o 2. » . . .
B e 2870 [0t 4507 02,441 =  Multiple Intelligent Gas Lift
Ty Units Using a single TEC.
PRODUCTION TUBING
A = Pressure sensing on each
TEC LINE __DIAL INTELLIGENT GAS-LIFT . . .
sze: 2.875” | o0:4.450” | 0:2.441” Intelligent Gas Lift giving
[ - - 6,700 ft well pressure profile and
l—l DIAL INTELLIGENT GAS-LIfg FBHP analySiSl
= DIAL INTELLIGENT qAS-LI —DIAL INTELLIGENT GAS-LIFT . Real time ContrOI and
T B o iap size: 2.875" | o0:4.450” | 0:2.441" optimization.
I . wp:7,500 ft L . )
l%y = Slimline Intelligent Gas Lift
l_ DIAL INTELLIGENT QAS-LI for Small casing.
I e 875 o4 450 | 2441 * Concentric Intelligent Gas
T et L 08,300 ft Lift for increased flow.
R ' '

PRODUCTION PACKER:
. 9,200 1L,

ol |y

"SPE C
d \‘]rlternational



Dual String Completion

N
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SAFETY VAl

CABLE PROTECTOR
sa: 3.500" 4

silverwell

MALAYSIA {OFFSHORE}, DUAL STRING, MULTI-DROP DIAL SYSTERA(S)

LVE (TR):
»ane 6040 .

TEC LINE+

«CABLE PROTECTORS

+TEC LINE

DIAL INTELLIGENT ¢
POCKET M,
DIAL INTELLIGENT GAS-LIFT~

SIDE POCKET M

DIAL INTE

AS-LIFT

JANDRE!

ANDRELs

GENT GAS -

SIDE POCKET MANDREL
)IAL INTELLIGENT GAS
+SIDE POCKET MANDREL

SIDE POCKET MANDREL

DIAL INTELLIGENT GAS-LIFT
:3.500” | 0.5.150" | ©2.963"
w.1,200 ft

SIDE POCKET MANDREL.
w 1,210 ft

DIAL INTELLIGENT GAS-LIFT
:3.500" | 05.150" | ©2.963"
2,000 ft

SIDE POCKET MANDREL.
w2,100 ft

DIAL INTELLIGENT GAS-LIFT
sze: 3.500” | 0:5.150" | ©2.963"

e DIAL INTELLIGENT GAS-LIFT
L o BT 3.5007 | 005.150" | ©2.963"
BRLEELEARE 1,100 ft
i SIDE POCKET MANDREL

- w1,110 ft

. DIAL INTELLIGENT GAS-LIFT
P o= 3.500" | 00.5.150" | £2.963"
101,900 ft

SIDE POCKET MANDREL
w 1,910 ft

— DIAL INTELLIGENT GAS-LIFT
i szz: 3.500” | 00.5.150" | ©2.963"
2,600 ft

SIDE POCKET MANDREL
102,610 ft

SIDE POCKET MANDREL—1 |
e 2,810 ARy

it,

[~ *SIDE P! OTANDREL

PRODUCTICN PA

CKER*

SIDE POCKET MANDREL:
e 3,200 1t *SIDE POCKET MANDREL
SIDE POCKET MANDR| .
+TEC LINE
PRODUCTION PACKERs
*DIAL INTELLIGENT SENEING

PRODUCTION PACKER |

PRODUCTION PACKER__.

__TECLINE
DR e 11mm | w0 3% Cu | weAB25
e POLYPROPYLENE {RND}

DIAL INTELLIGENT GAS-LIFT
| see: 3.500” | 00:5.150” | ©2.963"

w 7,000 ft [FEEET -

Two slimline production
strings in single casing.

Complete Individual
Control of each
reservoir/zone with
efficient gas lift
distribution.

Eliminates multi-pointing
and gas robbing;
problematic with IPO/PPO.

Increased ROI as two zones
can be produced through
one drill.

Dual sensing unit allows
dual measurement of both
producing zones.



In-Situ (Auto-Gas) Lift Completion

N
o
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silverwel

IN-SITU GAS-LIFT, SINGLE STRING, DIAJ/SYSTER

TUBING HANGER

aze: 9.625" | w1 47.0#  per 8.525"

CASING——
CABLE PROT]

PRODUCTION PACKER, !

LINER___
sze: 7.000” | wr29.0# | DDDDD 6.055”
PRODUCTION TUBING
see: 3.500” | wr 9.2# | orer. 2.992”

RESERVOIR (IN-SITU GAS)

DIAL INTELLIGENT GAS-LIFT

sze: 3.500” | 00:5.787" | 10.2.992"
wo. 7,000 ft

PRODUCTION TUBING
4zt 4.500" | vor: 1164 | omnr: 3.875" TEC LINE
DIAL INTELLI|
PRODUCTION PACKER= —
LINERe
PRODUCTION TUBING?
v .
RESERVOIR (IN-SITU GAS)e— —DIAL INIE
PRODUCTION PACKER e

*DIAL INTELLI
RESERVOIR {OIL PRODUCER])» !

PRODUCTIONPACKER___
A !

| iy

LML

~ | DIALINTELLIGENT SENSING
! sze: 3.500” | 00:5.787" | 0.2.992"

| 108,000 ft

Upper (or lower) gas zone
provides lift gas for the oil
zone.

Intelligent Gas Lift allows
real time adjustment of
drawdown as reservoir
characteristics vary.

Intelligent Gas Lift sensing
unit can provide pressure /
temperature readings in oil
zone.

Eliminates surface gas lift
infrastructure.

Speeds up field completion
and production schedule.
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Topic #4
Intelligent Gas Lift System Design and Spacing




Intelligent Gas Lift Design and Spacing =

Webinars
“ Injection Gas at Surface

= As with the IPO spacing design, production VLP can
be plotted on pressure vs depth chart for the well.

-
-

Pressure
Surface 1 ~

= The VLP can be determined using nodal analysis
software such as Prosper.

= The injection pressure and gas gradient can also be
plotted.

Injection Gas at Surface plus
Gas Gradient

Depth

= These are the two boundaries in achieving the
desired injection depth.

® The target differential pressure at the desired
injection depth should be >100Psi. Desired | e N e N

Injection
Depth

. -
d \‘Jullernatlonal
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Intelligent Gas Lift Design and Spacing =

Webinars
“ Injection Gas at Surface

= The spacing design line is constructed between two
points:

Pressure
Surface 1 ~

= Surface = Pwh + (SF * (Pc — Pwh)).
® |njection Depth = Pt @ depth.

Injection Gas at Surface plus
Gas Gradient

Depth

Where:
Pwh = Tubing pressure at wellhead
SF = Safety factor (varies depending on well PI)

. Desired
Pc = Casing Pressure Injection

Pt @ depth = Tubing pressure at depth Depth




Intelligent Gas Lift Design and Spacing =

Injection Gas at Surface

= The first unloading Intelligent Gas Lift unit depth is

L
1

Pressure

. . . Surface
placed at the kill gradient pressure (Psi/ft.) from the
wellhead pressure
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Unt #4
Injection Gas at Surface plus
'ag. Gas Gradient
8
Desired
Injection |~ T
Depth




Intelligent Gas Lift Design and Spacing =

Webinars
Step #4 o
Injection Gas at Surface

= The second Intelligent Gas Lift unit depth is placed

-
-

Pressure

Surface -
at the kill gradient pressure (Psi/ft.) from the first
Intelligent Gas Lift unit at the spacing design line.
= Unlike with the IPO valve design, a pressure drop | Ne unit 4
isn’t required to close the upper valves at the first
Intelhgent GaS L|ft un|t Injection Gas at Surface plus
E Gas Gradient Unit #3
pesired ( N N
Injection
Depth

wé P ;
d \‘Jullernatlonal
" Py



Intelligent Gas Lift Design and Spacing =

“ Injection Gas at Surface
‘ i

= The same process is followed to achieve the spacing
for the third Intelligent Gas Lift unit.

i,
-
1

Injection Gas at Surface plus
Gas Gradient Unit #3

Depth

S o
o
S
=S a
h\ LI [ —




Intelligent Gas Lift Design and Spacing s

Step #6

= The same process is followed to achieve the spacing Injection Gas at Surface .
for the fourth Intelligent Gas Lift unit and final ‘;:
injection depth. surface Fressure _

= |ntelligent Gas Lift can achieve the desired injection

depth:
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, unit #4 —
= Without lowering casing pressure. I
. . . Injection Gas at Surface plus
= With less unloading stations compared to the g GasGradient | .. =
IPO design. ° I
= With a higher differential pressure atthe | A\ unit #2 =
injection depth. I
= As the valves are active and not pressure s O S et | B
X ) i njection ) =N
operated, no nitrogen charge is required to Depth — ]

set the opening and closing pressures.

. -
d \‘Jullernatlonal
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Intelligent Gas Lift vs IPO Valve Well Design Comparison o=

Webinars

Full Casing Pressure | Wider Spacing | Less Stations | Deeper Injection | Increased Production and Stability

IPO Valve Gas Lift Design Intelligent Gas Lift Design
I
Pressure Pressure
IPO Valve #4 Unit #4
ES IPO Valve #3 ES )
% .................................................................................................... % Unit #3 —
Q [ S ettt NS ittt ittt E
IPO Valve #2 l
Unit#2| =
Orifice Valve | Kb | | | |70ttt [T T T T T e e —
unit#1| =




Intelligent Gas Lift System Orifice Selection Nt

Results
:Z Z-factor 0.90
Step #7 1500 |- Psi Unique Flow Rates 39
e tx i::‘gF Max Flow Rate Step 173.6 MSCFD
Torget Flow Rate A 2o |Timscro || Total Flow Rate 2811.5 MSCFD
= Select the port sizes which achieve the design gas T i <l <l <las oo <l <o e || Grifical Rate 30029 MSCD
lift injection rate. E——
= Consider incremental sizes to ensure the gas lift =
injection rate can be adjusted to ensure the
optimum state can be achieved as well conditions
change (i.e. increased water cut, lower reservoir
pressure etc.)
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Well Unloading




[} ° A
Unloading Workflow and Philosophy =
Webinars
Input gas sg When gas gradient
and unit present between
depths unit #4 and unit #3, ;*%
close valves. pressure iy
When gas gradient
Open all valve at all present between
units unit #3 and unit #2,

Start gas injection
via casing

When gas gradient
present between
surface and unit #4,
close valves.

close valves.

When gas gradient
present between
unit #2 and unit #1,
close valves.

Well unloaded.
Configure for
optimum gas lift.

Unit #4

Depth




. S,
Unload to Unit #4 from Surface =
Webinars
Unit#4 is unloaded when:
Unit #4 Cp < CHP + Depth to Unit #4 (ft. TVD) * g,
GaS Gradient Pressure :
Then the Intelligent Gas Lift System
reconfigures the valves.
A% \ V3 \Z V5 V6 . 777""""””"""””Hf’jfff‘
This act allows for a soft transfer of the S IR I R N
injection gas to Unit #3, whilst continuing well -
Vi V2 V3 V4 V5 V6 "i Unit
flow with gas injection at Unit #4. 2 e
(o] 1] Open Open Open Open Open
A% V2 V3 A V5 V6 77"”"777”"""777”"“"7777"”777""""””"""””"‘{“j‘ff{z
Open Open Open Open (o] 1] (o] 1]
Open Open Open Open OPEI’I Open 7777777777777777777777777777777777777777777777777777777777777777}]”1’{?-}

4
'SPE ¥
*? International
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Unload to Unit #3 from Unit #4

o
Webinars
Unit#3 is unloaded when:
ﬁll
Pressure *
Then the Intelligent Gas Lift System
reconfigures the valves.
A% V2 V3 va V5 V6 Unit #4
This act allows for a soft transfer of the S N I I R
injection gas to Unit #2, whilst continuing well .
. L. . . V1 V2 V3 va V5 V6 g nit #3
flow with gas injection at Unit #3. R e
Close Close Close Close Close Open
A% V2 V3 A V5 V6 ,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,quf’f’g
Open Open Open Open (o] 1] (o] 1]
Vi V2 V3 V4 V5 V6 7”7”7”””””””””””””77”7”7”7””””””””””y”’j{g-}
Open Open Open Open Open Open




Unload to Unit #2 from Unit #3

o
Webinars
Unit#2 is unloaded when:
Pressure
Then the Intelligent Gas Lift System
reconfigures the valves.
Vi \ V3 \Z V5 V6 Unit #4
This act allows for a soft transfer of the S I I (N N A
injection gas to Unit #1, whilst continuing well -
Vi V2 V3 V4 V5 V6 s ni
flow with gas injection at Unit #2. ] R Sy ST e
Close Close Close Close Close Close
V1 V2 V3 \Z V5 V6 N 77""""""""""L{’U'Eftz
Close Close Close Close Close Open
Vi V2 V3 V4 V5 V6 .
Open Open Open Open Open Open




Unload to Unit #1 from Unit #2 —

Unit#1 is unloaded when:

Pressure
Then the Intelligent Gas Lift System reconfigures
the valves.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Unit 74
The We” has been fu”y unloaded_ Close  Close | Close Close  Close  Close
The well can now be configured for gas lift by vioowo ovowowo v s
. . . . £ T
adjusting the valve depending on the optimum Close  Close  Close  Close  Close Close
gas injection rate at Unit| #4. N T T T .
Close Close Close Close Close Close
I_ A% A V2
T SO L unit #1
[} Open Open
e 1

4
'SPE €
*? International
73 Nae v
-,
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Topic #6
Production Optimization




Intelligent Gas Lift Production Optimization =

From Months to Minutes

= |ntelligent Gas Lift System’s real-time data analysis and surface control enables production optimization
in minutes.

= Conventional gas lift optimization can sometimes takes months due to the need for scheduling of
flowing gradient surveys and well intervention to change valves.

Prepare Report Review

and
Decide

Model

Unit & Well Test with

Data Collated ELEIEL Optimization

Analyze Options

Collect Model Review

ER 5

N

Continuous Process




=

Gas Lift Optimization Webinars

Three Scenarios for Gas Lift Optimization

Increase Gas Reduce Gas
Injection Injection
L) Optimum
Injection
Under Injected Rate Over Injected
Intelligent Gas Lift System opens . Intelligent Gas Lift System
a valve to inject more gas ' closes a valve to inject less gas

Liquid Production

Shallow Unit

— T

\ 4

wép.
d \‘Jlllernatl
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Scenario 1 | Can the Intelligent Gas Lift System Inject Deeper?

N
o
Webinars

Unit #1
Gas Lift Unit™ |

Unit#2 ___
Gas Lift Unit

Unit #3 (Sensing)

Sensing Unit

g \"
d \‘Jlllernatlonal
" Py

Depth

WHP Pressure
Unit #1 a
Unit #2
Unit #3 Sensmg .
Production Packer
Drawdown
Perforations g ®
FBHP SBHP

Extrapolated from Unit #3 (Sensing)

Scenario 1 Pre-Optimization

= |nthis scenario, injection is currently
occurring at Unit #1 and the measured
FBHP is above the target/setpoint.

= The Intelligent Gas Lift System identifies a
deeper unit (#2) with an positive deltaP
of 2100Psi.

= The Intelligent Gas Lift System opens a
valve at unit #2 and closes all valves at
unit #1 (refer to the next slide for this
action).



Scenario 1 | Optimization through Deeper Injection -

Webinars

WHP Pressure
Scenario 1 Post-Optimization
Unit#1 _ Unit #1
Gas Lift Unit « =  |njection has now been transferred from

Unit #1 to Unit #2.

The FBHP has decreased and moved
Unit #2 - closer to target set-point. Drawdown
from the reservoir has increased.

Unit#2 ___
Gas Lift Unit

= |nsummary, the Intelligent Gas Lift
Unit #3 Sensing System has optimized the well and
increased the FBHP through deeper
injection.
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Scenario 2 ‘ Can the Intelligent Gas Lift System Inject more? e
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WHP Pressure
Scenario 2 Pre-Optimization
Unit#1 _E= Unit #1 >
Gas Lift Unit ™ = = |nthis scenario, injection is currently
occurring at Unit #2 and the measured
FBHP is above the target/setpoint.
o Lnit#2 — Unit #2 » = The Intelligent Gas Lift System identifies
- that another valve can be opened at Unit
II #2, allowing for increased gas injection.
A = Unit #3 Sensing . =  The Intelligent Gas Lift System opens a
- valve at Unit #2 (refer to the next slide for
Production Packer this action).
Drawdown
= Perforations V| >
a FBHP SBHP
8 Extrapolated from Unit #3 (Sensing)
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Scenario 2 | Optimization through Increased Injection -
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WHP Pressure
Scenario 2 Post-Optimization
Unit#1 _ Unit #1 o . .
Gas Lift Unit < =  |njection has increased at Unit #2 through

the opening of another valve.

The FBHP has decreased and moved
Unit #2 » closer to target set-point. Drawdown
from the reservoir has increased.

Unit#2 ___
Gas Lift Unit

= |nsummary, the Intelligent Gas Lift
Unit #3 Sensing System has optimized the well and
increased the FBHP through increased
injection.

Unit #3 (Sensing)

Sensing Unit
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Scenario 3 | Can the Intelligent Gas Lift System Inject less? —
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Unit #1
Gas Lift Unit™ |

Unit#2 ___
Gas Lift Unit

Unit #3 (Sensing)

Sensing Unit
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Depth

WHP Pressure
Unit #1 »
Unit #2
Unit #3 Sensing
-8
Production Packer
Drawdown

Perforations
FBHP

Extrapolated from Unit #3 (Sensing)

°
SBHP

Scenario 3 Pre-Optimization

= |nthis scenario, injection is currently
occurring at Unit #2 and the measured
FBHP is above the target/setpoint.

= The Intelligent Gas Lift System identifies
that a valve can be closed at Unit #2,
allowing for reduced gas injection.

= The Intelligent Gas Lift System closes a
valve at Unit unit #2 (refer to the next
slide for this action).



Scenario 3 | Optimization through Reduced Injection o~
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WHP Pressure
Scenario 3 Post-Optimization
Unit#1 _ Unit #1
Gas Lift Unit * = |njection has reduced at Unit #2 through

the closing of another valve.

The FBHP has decreased and moved
Unit #2 » closer to target set-point. Drawdown
from the reservoir has increased.

Unit#2 ___
Gas Lift Unit

= |nsummary, the Intelligent Gas Lift
Unit #3 Sensing System has optimized the well and
increased the FBHP through reduced
injection.

Unit #3 (Sensing)

Sensing Unit
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Real Well Optimization Examples
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o . . Unit #2 ice (Open/Closed
Surface Injection Rate ~Casing Pressure ~Tubing Pressure £
Pressure (Psig) Vi V2 V3 Va4 VS Ve Eq.
Orifice
0 500 1000 1500 2000 2500 3000 3500 4000 .
0 Size (/64)
Unit #2 (Psi Unit 2 (Psi
50 | % T ____. Natural Flow @ (Psig) @ (Psig) 6/64 6/64 6/64 11/64 11/64 11/64
000 D —
1600 1.0MMscid njcton S o | o BN o
2000 1.3MMscfd Injection feiiie o o e o
N\
2500 \ 1.5MMscfd Injection
2.0MMscfd Injection 3,500
3000 3,356
3500
_ 4000 \\ 3,000
o — 3,088
\ !
= 4500 N [Base case model based on § 2,954
1_:, 5000 Ih{(illigent Gas Lift well data E Proqu Model Well test 6th Wiﬁjgf“’
Boss00 Lo \ | Z 2,500 Prediction Curve August
= D e \ N i i St e al il el 2
6000 5
©°
2
6500 I
.'g 2,000
7000 g
7500 g
8000 1,500
8500 S 1,446 Base case for model calibration based on natural flow well test (27th July)
N
9000 N
S 1,000
\\ 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
.
Gas Injection Rate (MMscfd)
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Cluster Wide Optimization and Automation el

Cluster/Field Wide Optimization with Efficient

Intelligent Gas Lift System Data and Control
Management of Injection Gas

Well#4
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. /0/ \
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. 5 Well#3
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= y J
a Well#2
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Intelligent Gas Lift Case Histories | SPE Papers =
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Year Paper # Title
2016 SPE-184184-MS The Benefits of Introducing Intelligent Gas Lift Management to Create a Smart Field
2016 SPE-184221-MS Gas Lift - Past & Future
Ground Breaking Technology in Artificial Lift 1st Installation of Full Digital Intelligent Artificial Lift (DIAL) System at DL field,
2018 SPE-191885-MS
Brownfield Offshore Malaysia
2018 SPE-192463-MS Pilot installation of in-well digital gas lift system in PTTEP Sirikit Oilfield
2019 SPE-196146-MS First Digital Intelligent Artificial Lift Production Optimization Technology in UAE Dual-string Gas Lift Well
2019 MEALF-2019 DIALing in Gas Lift Production Optimization - Unconventional Well Case History
2019 SPE-197824-MS World's First Digital Gas Lift Application in Dual Completion Technical & Economic Consideration for Successful Implementation
2020 SPE-201140-MS Pilot Application of Remotely Operated Gas Lift Valves in Permian Basin Unconventional Wells
2020 SPE-205763-MS Successful Pilot of DIAL Digital & Interventionless Gas Lift Production Optimization System Offshore Malaysia
2021 SPE-206182-MS Digital Intelligent Artificial Lift DIAL Gas Lift Production Optimization Deployments Across Assets
SPE-206262-MS Gas Lift Design Optimization Using Intelligent Gas Lift Valves a KJO Case Study
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Q&A and Thank You =
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