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« Field introduction

- Johan Sverdrup reservoir monitoring
- Inwells
- Permanent Reservoir Monitoring (PRM) giving 4D seismic data
- Example of value creation from 4D seismic data
- PRM
- Business drivers
- Equinor PRM Portfolio
- Technology testing and applications
« Summary
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Located at Utsira High ~160 km west of Stavanger. Start-up: October 2019
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P - reservoir monitoring - in wells

Repeated saturation logging (Pulsar)
- Monitoring fluid changes

Continuous pressure measurements (down-hole)

- Voidage control

Production/Injection logs
- Safeinjection
- Reservoir performance

Tracer injection/production and well chemistry analysis
- Connectivity between wells

Fiber
- Distributed Temperature Sensing (DTS)
- Distributed Acoustic Sensing (DAS)
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Open hole saturation profile (left), horizontal permeability profile (linear scale), density / neutron logs and saturation
profiles from (Fortier, B., et al. SPWLA 65" Annual Logging Symposium, May 18-22, 2024).
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DTS data from a 1-year period recorded in an oil producing well with occasional gas lift.
(Haavik, Kjetil E.. "Annuli Liquid-Level Surveillance Using Distributed Fiber-Optic Sensing Data." SPE J. 29 (2024): 1195-1209).
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onitoring - fieldwide with 4D seismic data equinor =
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time 2 (monitor) time 1 (baseline Atime interval
- Water Injectors (downflank) ( )

/ PRM cables installed in 2019
% PRM cablesinstalled in 2020 Water saturation Water saturation Change in water saturation for
8

N® / 7 Oil Producers (upflank)

3D cube time 2 (monitor) 3D cube time 1 (baseline) 4D cube (xy.z.Atime)

<:’ % AAl+

Change in amplitudes for
Atime interval

Permanent Reservoir Monitoring system installed 2019-2020 for
monitoring reservoir behavior with time-lapse (4D) seismic.

Water replacing oil is seen as +AAl (hardening) in the 4D seismic data.
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xample - value of 4D seismic monitoring

Reservoir topography

shallow

- In general:

- Injectors are placed down-flank

deep

- Producers are placed up-flank

- Large distance between injectors and producers to delay
water breakthrough.

White = Producers

Magenta = Injectors

« Value of 4D seismic monitoring:
4D signal hardeni
(Monitor 3 - Base)

- Strong 4D signal = preferential pathways for the injected water.

strong

- Weak and/or absence of 4D signal = areas with poorer sweep.

- The 4D seismic data gives possibility to assess reservoir behavior in
areas outside of well control.

- Locations for infill wells (both injectors and producers) are based on
4D seismic data in combination with data from in-well monitoring.
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Remaining reserves per active field as of 31.12.2023
Total production per field as of 31.12.2023
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* |mportant IOR tool
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* Frequently repeated monitoring surveys
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* High repeatability with early time-lapse insights
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ir Monitoring Johan Sverdrup
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ASAQC — Automated acquisition QC and
interface management

Real time cloud based data access/storage

Fast turnaround: 3 wks
High data quality

Streamlined processing
sequence

High resolution velocity
model

Observed Amp map
Mon-base
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Model Amp map
Mon-base

Model Swater
Mon-base
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shallow overburden monitoring equinor

*Time lag full waveform inversion derivative
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« Several solutions evaluated for monitoring

0.5 * Mirror/Multiple imaging

* Full wave form inversion imaging

0.8

Sadikhov et al, EAGE 2024
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* Noise measurements
* PRM system monitoring _ \I;//IVVeV"D ‘3‘3& (e)stigmted from
* Microseismic detection
* Drillbit monitoring
* Injection/fracturing monitoring Planned well patf . I } 100

* Characterization of near well bore noise/fluid losses, etc.
* Drill bit imaging

* Earthquake recordings
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DAS VSP - Distributed Acoustic Sensing equinor

DAS 3D DAS 4D PRM 4D

Time (s)

1.9

Olsen et al EAGE 2023, Galyga, et al, EAGE 2023, Lico, et al, EAGE 2024
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Processed data

14dB Less source energy.

Work performed by MV BASS J ndomi et al, EAGE 2024
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reation equinor

PRM gives high quality 4D seismic data:

e The 4D seismic data reveals subsurface reservoir behavior in areas outside of well control

* The 4D seismic data is important for optimal placement of infill wells, leading to better drainage of the

—_— subsurface reservoir

Integration:

* Dynamic time lapse information utilized together with other data sets to support reservoir

management decisions

Technology applications
« Efficient operations and high quality data provided by PRM system

« Further developmet and testing of new solutions in the PRM system
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Johan Sverdrup PRM value creation
Emin Sadikhovand Tonje Malbakken

© Equinor ASA

This presentation, including the contents and arrangement of the contents of each individual page or the collection of the pages, is owned by Equinor. Copyright to all material including, but not limited to, written material, photographs, drawings, images, tables and data remains
the property of Equinor. All rights reserved. Any other use, reproduction, translation, adaption, arrangement, alteration, distribution or storage of this presentation, in whole or in part, without the prior written permission of Equinor is prohibited. The information contained in this
presentation may not be accurate, up to date or applicable to the circumstances of any particular case, despite our efforts. Equinor cannot accept any liability for any inaccuracies or omissions.
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