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Restating the opportunity in CCS & the Energy Transition

Annual investment in technologies that share synergies with the skills and expertise of the oil and gas industry
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Investment is lagging....massively

Average annual investment in clean energy technologies, 2019-2022
IEA (2023)
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The Capture/Storage Gap
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Urgent need for more CO2 storage
development
= Storage development lags capture
development
= NZ-2050 requires 1,500 Mtpa CO2
stored by 2030
= QOperational capture & storage under
capacity

mmmmm Capture in development
Storage in development
Operational capture

= = == Qperational storage



CCS Themes
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= Liberating CCS prospectivity from library 3D
data

= Developing and applying high end
subsurface workflows

= Providing acquisition & processing solutions
for identification, development & monitoring




Northwest Europe Leading the Way in Carbon Storage License Award Process

CCS Cycle
Screen |dentify Characterize Monitor
Public Library, new High quality data Development

PGS Products and Services

GeoStreamer acquisition and
MultiClient data library sales processing for project development
and monitoring

Technology development

MultiClient library rejuvenation for long-term monitoring

Geoscience advice and project partnership

4 years injection 40 years injection 80 years post injection



CCS Demands for advanced geophysical solutions
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Northern Endurance survey (Operated by BP)

* NEP - Reduction of onshore N ik
emissions by 1/3 Falinersip

* Quantification of CO2 storage
capacity - Saline aquifer
formation structural trap

@ ENDURANCE STORE

« Assess integrity of the seal e ‘ Q//~
« Detect shallow hazards DARLINGTON ®

* Injection well planning ® GRIMSBY

« Stablish a baseline dataset for SCUNTHORPE ®

future seismic monitoring
« Water depth of 20m
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Reservoir & Elastic Property Integration

Drives subsurface risk identification and storage complex definition

Faulting Geological knowledge Seal property transform
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Common risk assessment

Capacity quality
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Containment quality
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SPECIAL TOPIC: MODELLING / INTERPRETATION

Ranking and evaluation of CO, storage sites using

an advanced workflow

Abstract

The world is in urgent need of carbon capture and storage (CCS)
sites/facilities to achieve ambitious net carbon dioxide (CO2)
emission reduction goals. Afier CO2 capturc and transport, stor-
g and utilizing

age is the third step of the CO2 journcy. Access
regional seismic information is a significant part of any workflow

attempting to identify and characterize proposed subsurface CO2

storage sites. In this paper, we have developed and implemented
a workflow over a proof-of-concept (PoC) area to assess CCS

storage capacity and containment at a candidate saline aquifer

(Wood McKenzie, 2021). Their analysis points to less than | Gt

of planned storage currently within the planning pipeline for

2030, with this needing to grow by eight times for the target to

be met. Against this backdrop there is an urgent need to identify

viable carbon storage sites that meet the cost and efficiency

imperatives of this growing sector. PGS has a stated a strategic

ambition to play a role in supporting the delivery of the energy
de

sites. In practice,

transition alongside technical subsurface capabilities to deliver

the necessary maturation of carbon stora

this means accessing and integrating a wide range of data

Seal lithology

Seal integrity

Overburden lithology

Seal geometry

High risk

Low risk
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PGS Data Rejuvenation drives evaluation of Triassic CCS Play

SNS Vision — coming in 2023 (dual purpose)
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Integrated CO2 Storage Evaluation

CCS Play - Closure Evaluation

Incoherency (Full stack)

Cell count. Total: 1 048 800 Active: 586 601
Main Grid 1,J,K: 57, 92, 200 2-Scale: 5
Cell Property: PORO

FEart sral3
R R ]

Statistics: Current Time Step and Visble Cells

M 30 Mean  PI0 Max  Sum
0.0400005 0.0599191 0.0991581 0.1381 0.231347 58166.2
Liobile Volume Weighted Mean: 0.108241

Store identification

) \ B R“IIW:VZOZO.IOJ
Detailed store mapping, characterisation
& risk assessment e MMV planning, license/acreage capture
(+monitorability feasibility)

Project execution
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SNS Vision KPSDM (Early Out)
Porosity Estimation

5
O
=
S
=
=
&)
%
o
Y
c
2
L
>
%
Z
7

¥ !
AN /"./,,/ ..//’./,

N\
A1)

)

Legacy PSTM Porosity Estimation

)

Improving imaging and reservoir properties predictions




Integrated CO2 Storage Evaluation - CO2 Injection

80 yrs after injection ceases — 15t January 2147

* Integrate SNSV data and establish benefit
2 Tin Step: 65/6501,Jan 2147 to reservoir characterization

-- BC28_C_BIGAQ --

Cell count. Total: 1 048 800 Active: 608 129 ° Re-bulld and re‘SImulate FFM

Main Grid I,J,K: 57, 92, 200 2-Scale: 3
Cell Property: SGAS

Statistics: Current Time Step and Visible Cells ° Move Into geomeChanICS domaln

Min P90 Mean P10 Max Sum

0 0000826763 0,0578042 0.320515 0706554 968,857 . Cou p | ed f| OW-g eomec h an iCS m Od e |

Mobile Yolume Weighted Mean: 0.049728

e = = « Return to seismic domain for MMV
assessment

# GOV.UK Contracts Finder

Help us improve Contracts Finder
Sign up for user testing

IERI This s anew service - your feedback will help us improve it Register  Signin

Home
Maodelling the impact of geological heterogeneity on pressure connectivity in the Bunter Sandstone Fm in response to sustained CO2 injection

Cell Results:

o S Modelling the impact of geological heterogeneity on pressure
06300 connectivity in the Bunter Sandstone Fmin response to
05400 sustained CO2 injection
0.4500
0.3600 OILAND GAS AUTHORITY
0.2700 (x) Published date: 8 November 2023
0.1800 b Last edited date: 21 November 2023
0.0900 Print this notice
0.0000 ReslInsight v2020.10.1 Closed opportunity - This means that the contract is currently closed. The buying Closing: 24 November 2023,

department may be considering suppliers that have already applied, or no suitable 1pm

offerswere made
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4D monitoring — Sleipner

@ EAGE ANNUAL

BROADBAND PROCESSING IMPROVES 4D

« CO2 stored in 9 layers

« 4DS used for monitoring development and migration of CO2 REPEATABILITY AND RESOLUTION AT THE
lume SLEIPNER CO2 STORAGE PROJECT, NORTH SEA
p ' M. Wierzchowska', H. Alnes?, J. Oukili', C. Otterbein'
« Improved interpretability and base Utsira Fm. ' PGS; * Equinor

1994-2008 4D Difference 8 e S e S - 1994-2008 4D Difference 2020 Reprocessing
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Meeting the challenges of large-scale CO2 storage — combined potential of
>4.4 Gt (NPD)

« Large scale storage opportunities in under-explored,
low prospectivity regions
— Proven regional top seals & regional storage units
— Limited oil and gas development — low well
integrity risks
» 2 storage concepts:
— Open (non-closure) regional sloping aquifer —
migration assisted storage
— Closed (structural) — free-phase storage

PGS ongoing high quality Geostreamer seismic-
simulation project to evaluate storage potential within
the AOI




Top Melke: Container Height

Norwegian Sea Long Distance Migration (residual/capillary & solution trapping) & shallow marine systems

B

Several structural traps observed Structure identified in the NPD Atlas ASSHUZRA
across the area

Most have been evaluated as HC 16508/5:1]
prospects, however lack of AVO or EM
validation and high-risk HC migration
resulted in relinquishments

‘

50907/8-5

B507/12-2

Slope of AOI has chaotic texture providing plenty of local small scale trapping




Takeaways g

All guidances
recognizing the high
resolution seismic
role

Importance of specific
design for different
challenges

4D monitoring, how
sparse?

Business models

Interaction with
different agencies
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Obrigada!

Juliana.santos@pgs.com
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