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Challenge:
Excessive influx of
gas/water

Asset Business Need

Modelling & Simulation

H Completor
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Possible solution:
Delay/restrict gas/water by inflow control technology

Hardware qualification incl. testing
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SOLUTION: Autonomous inflow control

» AICD based on different operating

principles
» Input data to flow modelling
N .  |terative process between supplier

and operator

Housing
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Inflow control device
(AICD/ICD) E d?
B Filter (mesh/wire wrap) typically 6-7 [m]g Q
12 meter i //’////////’
Souce: Tendeka
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AICD Qualification — risk based approach
1. Risk assessment (FMECA) Identify risks and

mitigating actions

2. Verification of final design - of AICD and Screen TRLO Unproven idealproposal
3. Verification of plugging robustness .y Concept demonstrated. o — SDG2
4. Verification of erosion resistance
5. Multi Lateral (MLT) compatibility TRL2  Cenceptvalidated.
6. Bending of base pipe test
TRL3 Mew technology tested

7. Factory acceptance test (FAT) of each individual inflow control device
8. Factory acceptance test (FAT) of each screen including inflow control ~ TRL4  jechnoleay qualiied forfirst

device ] SDG3
9. Pressure Burst Test TRLS Technology integration tested

e . Implementation

10.Verification of flow performance for full-scale AICD TRL6 Technology in operation P
11.Scale and deposits SDG4

TRLT Proven technology

12. Bullheading
13. Longevity of moving parts

Open



Benchmarking qualification study equinor -
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Verification of design e+t +++ +4++ +++ +++

Well clean-up /plugging resistance

Erosion resistance

Full scale flow performance verification
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AICD implementation overview

40
- 15 years field experience

« More than 175 wells completed
with AICDs 30

- 10 assets currently using AICD

35

25

N

- Several field development
projects are evaluating use of
AICDs

15
- 6 AICD technologies currently y
qualified for use (TRL 4-7)
- Several others in qualification 3 l
o O 5O

process (TRL 1-4)

20

Number of wells

0
2008 2010 2012 2014 2016 2018 2020
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Number of wells
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AICD as a CO2 intensity measure

Field

experience

2008 2010 2012 2014 2016

Equinor energy intensity target of 8 kg CO2/boe
20 wells from 3 NCS assets

1-5% increased recovery compared to reference
wells
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CO, intensity, with and without AICDs

A =0.1 kg CO,/boe
Green field example

0.5% decrease

A =0.3 kg CO,/boe
2% decrease

A = 0.5 kg CO,/boe
4% decrease

—— Mean with AICD

- - =Mean without AICD
—P10 with AICD
---P10 without AICD
—— P90 with AICD

- --P90 without AICD

9¢0¢
T€0C
9€0¢
1702
990t
150¢

cumulative CO,
CO, emission (kg)

intensity

cumulative barrels of oil equivalents
of hydrocarbon export (boe)
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Field case - Mariner equinor %+

Heavy oil field (70-500 cP) with
significant reservoir heterogeneity

Multi-well inflow control programme

and learning curve:
1. Stand Alone Screens (SAS)

3. AICDs (4 vs 2 per joint)
4. AICDs + MGH

Objectives:
* Improve profile and recovery
* Improve Value of Water (VoW) and P:l ratio

‘ Two inflow control
learning wells per year

_ _ AICD AICD AICD AICD AICD
First Qil #1 #2 #3 #4 #5

I iI illillililll

2019 2020 2021 2022 2023
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Mariner — Qualification of ResFlow

s
Feb-Mar 2019: Flow loop qualification and test results . |® 3 wy
in Porsgrunn (Mariner) - =
June 2019 : TRL4 status meeting =
Dec 2019 : Final test at Houston SWU T
19 Dec 2019: TDG3 approval meeting 3 /‘ Vil
: S
20
A
Total flow rate [m?h]
Qualification
, ) AICD AICD AICD
First Oil 41 4 4 A;I#(iD AL(;D
| } R Vo b

2019 2020 2021 2022 2023
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Mariner - Implementation equinor 3¢

Inflow Control

4 x 2. 5mm ICDs
4 x 2. 5mm ICDs

| Wems 2 x 2.5mm ICDs**

2 x AICDs per joint**

2 & 4 x AICDs per joint***
2 & 4 x AICDs per joint***
2 & 4 AICD per joint
2 AICD per joint
2 AICD per joint

Well#7
Well#8

**Revised based on experience on well#1

**ESP failure 01/08/2021 —following workover gauge failure has occurred
***combination of 2AICD/Joint & 4 AICD/Joint were installed to optimise
inflow based on log data

Blanks + packer T = ) =
To reduce the risk of gas solating the water saturaticn san
and tracer to assess water

St MRS a2 R R Shale fecTre thatidivides the well II

sand

l 1
K Pmed 45 1 fﬁh.xﬁ - 5 e

1%t packer(purple rectangles) is to isolate the htank at heel

o i
Higher risk of early water break through * 2n¢ packer isolates _the low pressure resj‘sure sand 3 .
Decided not to blank due to reduced ov L] 3 and 4 packers isolate the higher water saturation interval

net length/productivity and presence af and tracer ( green rectangle} is placed here as well

AICD screens

2700 2750 2800 2850 2900 2950 3000 2050 3100 3150 3200 3250 3300 3350 3400 2450 3300 3350 3000 36350 3700 IT0 3800 3850 3900 3
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Mariner — Learning #1 - Transient Pl

. SAS Pl increases

rapidly. Delta PI 4 *-'I .
between near- JET . . I
wellbore and ; e "'i--'r :
reservoir grows with _ - M ol :
watercut. 5 -
£
u AICD
x
Pl increases LB #1
similar to SAS — no £ 3 3
i . O . & fes Fas
benefit & . 4 § 2
2 G
T =
- AICD PI remains 3 %, AICD o
relatively low 0 5 |#3 I
throughout water-cut a Z N .t
development = -
u L] L
] ::I e
- Additional variability e
due to gas ! . I
. . Sy
- '..' I et " /
- " BV T a ey
Date
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Mariner — Learning #2 — PTA

PTA comparison of SAS vs ICD vs AICD
Derivative vs dt shaded by date (dark=recent)

SAS

Flow capacity increasing with wct

L { adid

L 5

Flow capacity
increasing with wct

Flow capacity
increasing with wct

AICD \

Flow capacity AICD equinor %~
reducing with wct #1

% 4 e Flow capacity
@ 2% reducing with wet AICD
L

Flow capacity AICD
reducing with wct? #3
M .
"Ll
® o

L]
L ] o
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Mariner — Learning #3 - Multi- Rate Test (MRT) sauiner

I ? 1
> ' deepD. m g #2Need stronger

08 .D.\D\..\W-\. | AICD choking at
| ® o . deeper / wetter

v 5 = | | intervals?
|_.____________________________'
0.6 .v
Watercut
O T EEEEEE R : @ AcD
” | 2|30D Watercut i @ ICD
N reversal | #1 Need local @ sAs
| | ‘ injection to pull
02 N | producers harder?
0.1 i______________________________i
0
0 500 1000 1500 2000 2500 3000

Liquid Rate
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Mariner - Summary .
% & . .
IR
g . .. A .
- Qualification — 9 months. ¢ e e
- Implementation — averaged two learning inflow control wells ofekeiaits
per year with tracers. Iterated from ICD to AICD. rev rete.
 Optimizing AICD strategy with: {
1. Local water injection to pull AICD completions harder { i
2. Stronger choking at deeper / wetter intervals e e P
- Continuing to identify candidates and accelerate learning curve ( L l
E=) Multilaterals? Wireless ICV combination?
. . AICD AICD AICD AICD AICD
First Qil #1 #2 #3 #4 #5

I iI illillililll

2019 2020 2021 2022 2023
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Field case - Troll

cum oil [kSm?]

1400

1200 -

Cum oil vs Cum gas

300 400 500 600
Cum gas [MSm?]

700

800

900

— Allocated

Expected
P90
P10

1000

AICD standard completion at
Troll

More than 100 AICD wells

Focus on continuous AICD
improvements

Open



Troll -> Improved Recovery
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Other applications

- Other NCS fields
- Grane, 12 cP. Both gas and water choking
- Oseberg, light oil. Gas choking

- Offshore UK
- Mariner, heavy oill
- 70-500 cP. Water choking

- Brazil
- Peregrino, heavy oll
- 13-15 API / 130-400cP.
- Water choking

Open
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- Completor® — simplified well modelling with inflow control

{%} Internal developed software - Unix command line tool (Python 3.6)
@ Automatically generating well schedules WITH INFLOW CONTROL -> commercial/open-source reservoir simulators
Bﬁ Functionality for modelling:

- All passive inflow control technologies (ICD, AICD, including AICV and DAR)

- Open annulus with or without packers at user defined locations

Broadly implemented across Equinor assets -> extensively tested

\ﬁ/ Compatible with optimization tools (FMU/ERT, Mepo, Basra etc.)

18 | ICT Forum June 2022 Open
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Business value

- Increase oil and gas recovery - and reduce CO2 intensity
- Extend well lifetime
- Decrease erosion risk (safety)

- Smart solutions for our 3000 wells to come
- Smaller & challenging reservoir targets
- Connecting into existing infrastructure

- We need flexibility to choose the most optimal AICD's since
this may depend on field conditions

- Increase collaboration with industry, suppliers and
academia for efficient business descisions, standardization,
qualification and implementations

Open
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Future plans equinor

- Technology needs
- Water shut-off in gas producers (low viscosity contrasts)
- Increase performance, flexibility and reduce well cost
- Efficient verification methods
- Technology need: reaching more targets in one well

- New technologies — Operator/supplier collaboration

- New AICDs and continuous improvements of existing
AICDs

- Density driven AICDs to choke back water
- Wireless technology for ICVs
- Retrofit solutions

- Electrical ICD well concepts
- Standardized work processes

20 | Document Title
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Electric ICD well concept

- Electrically operated valves in each screen

- Technology need: reaching more targets in one
well

- Important, since many of our new wells will be
tied into existing infrastructure

- Interval Control Valves vs electrical ICD’s
- Supplier collaboration

Closed

21 | Open
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Thank you!

Acknowledgements:
Partners at Mariner (Ithaca, One Dyas & Neo Energy) , Johan S S
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Field experience - comparison between wells with AICD and

CD

Norwegian
Continental shelf

- 7 wells with AICD

compared to 7 wells
with ICD

- Average GOR

Sm3/Sm?

8 000

7000

6 000

5000

4000

3000

2 000

1000

0

| AICD wells

ICD wells
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Well design

* Run the lower ICD completion
» Swell packers
« Breakable glass plug

» Clean out down to lower completion, circulate in

packer fluid

* Run the upper completion
« Connect via wet-mate fiber

» Cycle pressure to break glass plug

» Ready for production

25 | Increased recovery and lower carbon intensity — field experiences and future potential
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7" 294 tubing

10-%" 60.7# casing

7" SCSSV

@b“
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13-5/8" 88# casing

10-% x 7" ASV

7 5/8" 33.7# tubing

Gas Lift Valve

9-5/8" 53.5# casing
9-5/8" tie-back

7" 29# tubing

2 x Downhole Gauge

Chemical Injection

Production Packer

PBR
Optical wet-mate

Screen Hanger

Glass plug

65/8" SAS

8-1/2" Open Hole
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Field case - Johan Sverdrup

Real-time inflow profiling using fiber-optic sensing

DAS - Distributed Acoustic Sensing -|||I|-|- Eed

DTS — Distributed Temperature Sensing &

26 | Increased recovery and lower carbon intensity — field experiences and future potential
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Modified ICD screens with groove
for the fiber optic cable

40 Nozzle ICDs

400m long reservoir section (almost
horizontal)

Three production zones separated
by packers

Single-phase oil inflow before June
2021

Early signs of water production in
June 2021, water production kept
very low since then
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Inflow profiling (Field case - Johan Sverdrup)
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« PLT vs model DAS data

« The inflow profiler has

been verified for single-
phase (oil) inflow, ICD
completion



