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%2 PilotSTRATEGY
Nontechnicalsummary

This report assesses the safety and ldn§ N LISNF 2 NX I yOS 2F ad2NAy3a OFN
Al ftAYS NBASNW2ANI AYy t 2NUdAFT Qa [dzAAGEFYALY . &Ay«
focuses on the Q&V1 prospectlocatedapproximately22 km offshoreof Figueira da Fom 85 m

water depth. The pilot aims to inject up to 1@@sof/ hi 2 @SNJ o &SI NA (2 RSY2)
research scale. Under Portuguese Dedragy 60/2012, this injection volume is treated as a research

LAt 203G FyR A& SESY LIiproEedireswhilersiill reguiridgghdbustSafety adBayice A y 3

and monitoring. The objective is to demonstrate significant risk of leakage or harm to human

health or the environmenE Ay f Ay S GgAGK (KS Decreelawi60/20122 NI 3S 5 A N

The storage reservoir is a Lower Cretaceous sandstone aquifer at approxigz@ely200 mbelow

the seafloor. Containment relies onnaulti-barrier seal systemi) a regionally continuous primary
caprock of tight limestones/dolomites/marisiore than 50 m thickand ii) athick package of
secondary sealdayers ofmudstones/marls in overlying units) providing additional sealing capacity.
Thestorage sitds a gentle anticline with laterally continuous stratigraphy andmajor faults within

the storage sie; mapped fault zones arabout 9¢11 km from the injection point. There is a single
legacy well (DouradaC), plugged and abandoned in 1975, located 11.7 km from the planned injector.
Together, these factors provide strong geological confinement and wide separation from potential
leakagepathways.

A two-round risk assessment (screening + detaiteatlelling concludes that the pilot hasweery low
risk profile due to the geology and planned engineering controls:

T / hi NBYIAYFAGAH 6HAZFRY AYRAOFGS GKS / hi LJ dzy S
does not reach mapped faults or the legacy well, even under conservativedongscenarios
(including 1008yearmodelling.

1 Seal integrity is robustThe caprock system remains intact under expected pressure conditions;
Iy & -bfine-fock interactions are localized and skihiting, with no credible mechanism for
creating a transmissive pathway through the seal system.

1 Seismic risk is lowThe site lies in a loweismicity area. The pilot is operated with strict pressure
control. Injectioninduced seismicity is not expected to be felt; if any microseismicity occurs, it
will remain well below natural seismicity levels and without felt effects onshore.

Overall, the pilotscale operation is expected to lsafe and compliant with no plausible leakage

pathway andnegligible residual risks for the pilot phagéhe same geological features that support

pilot safety also support potential future commercial storage. The pilot is designegdiace

uncertainty, derisk and improve models (pressure response, plumeehaviour injectivity) before

scalng-up to commercial scale, if that opportunity arises

Ly GKS O2YYSNDALFf LKIFAS aOSylINR2 FaaSaaSRx: (KS 1
GxSNE | A3dKE T2ySa 27T (KSmehdzards classifiedSighificant(itéeS S NE A
sense of the CCS Directive risk management framework) for the commercial sclrase are

related to caprockuncertainty andintegrity, as well asinjectivity and storage capacity below
expectations. Theseisks are considered manageable through pressure management, targeted
additional site charactgsation, and a risinformed Monitoring, Measurement and Verification

(MMV) and corrective measurdsamework andshould be reduced and revaluated using pilot data

before any commercial permitting decision.

I Decree Law n.° 60/2012, de 14 de marco, art. 2.°, n.° 3. Diario da Republica.
https://diariodarepublica.pt/dr/detalhe/decretalei/60-2012-553447
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%2 PilotSTRATEGY
Executive Summary
AO2 YLINBKSYyaA @S NR&a|l YR LISNF2NXYIyOS -TAailstsi@ySya 7T
in the offshore Lusitanian Basin, Portugal was carried out under Work Pa&EkMye5) of the
PilotSTRATEGY projethe specific objective of WP5 is to ensure the proposed pilot injection meets
the highest safety and performance standards, with no significant risk of leakage or harm to health or
the environment, in full compliance with EU DirectB@09/31/ECG and Portuguese Decree
Law60/2012. To achieve this, the assessment was structured in two sequentiatis

f Roundl (Preliminary Assessmentp broad screening of all potential risks was conducted,
including expert workshops to identify hazards and initiabdelling to estimate their
likelihood and impact. Thi®und produced a comprehensive risk register and helped inform
1S58 RSOAAA2YA T2NJ GKS LIAf 20 RaP&hicArgkdredquiled £ a2 &
deeper analysis in theecondround.

1 Round2 (Detailed Assessmenth refined evaluation focused on the main risks identified in
Roundl, incorporating much more detailed results from geological stu@ii¢B2), reservoir
and geomechanic simulations (WP3), and pilot implementation planning (WP4). This phase
used advanced quantitative methods (esgochastic dynamienodels, probabilisticseismic
hazardanalysisP3HA, fault reactivation models, e}cto rigorously quantify risks and test
worst-case scenarios.

Two operational scenarios weoensidered

f apilot phaseinvolving injection of up td00kt 2 ¥ / h i yea2sd@r&sbircscale test), and

' Acommercial phasénjecting 0.5sMm®n ad 2F / hi LISNJ 8SIFNJ 20SNJ) o.
injection welt totalling approximately 1630 Mt. This phaseould later expand to 4.7 Myr
by 2045 to include additional emitting sources, using extra injection wells and storage
structures already identified in the northern sector of the Lusitanian Basin.

By comparing these, the study addresses both rfiean pilot risks and the implications for a future

scaleup. The methodology combined deterministic and probabilistic approaghesluding Monte

Carlo uncertainty analysis and stochastigmerical modelling Overall, the WP5 assessment is
RSaA3aySR (G2 06S GNIYyaLINByd FyR FEAIYyAy3d gAGK NB
and ensuring that all stakeholders can have confidence in the findings.

Site Overview and Geological Context

The pilotsiteA & £ 20F SR Ay GKS y2NIKSNYy &aSOd2Nka¥ t 2N
offshore from Figueira da Foz. The storage targetisegp saline aquifewithin the Lower Cretaceous
Torres Vedras Group, which consists of porous fhdetthic sandstones at 820178m depth below

2 European Parliament and Council of the European Union. (2009). Directive 2009/31/EC on the geological
storage of carbon dioxide. Official Journal of the European Union, L 140;133.4 https://eur
lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:32009L0031

3Decree Law n.° 60/2012, de 14 de marco, art. 2.2, n.° 3. Diario da Republica.
https://diariodarepublica.pt/dr/detalhe/decretalei/60-2012-553447

The PilotSTRATEGY project has received funding fron @_PilotSTRATEGY
9dzNR LISIY ! yA2yQa | 2NRIT 2y www.pilotstrategy.eu

programme under grant agreement No. 101022664 Paged
— | —




%2 PilotSTRATEGY

the seabed. These sandstones hdaeourablereservoir properties; prior well data indicate high
porosities around20%) and adequate permeabilitystore/ hi I & GKS LIX I yyYSR AyesS

The site benefits from anulti-barrier seal systemii K+ & LINPPARS& t+F&8SNBR 02y
Immediately above the reservoir is the Cacém Formation caprockci0B8on thick unit of tight

limestone, dolomite, and marl that has very low permeability and serves as the primary seal.
Additional overlyindormations (the Aveiro and Espadarte Formatioosinprising layer®f marine

mudstones and marls act as secondary seals, contribédinigirther vertical containment. Together,

these seals constitute anBfSOG A PSS o6 NNASNJ (12 dzZLlgk NR YAINI GAZ2Y
evidence show the stratigraphy is laterally continuous and undisturbed by major faults at the prospect

area

The storage structure itself is a broad, gentle anticline foay dip closure) that provides a structural

trap for theinjected/ hi ® b2 &AA3IYATFTAOIYy(d Tl dz theinedrebtappddB & Sy (i
faultslie up to 9-11km from the planned injection point. Additionally, there is only one existing well

in the vicinity: Douradd.C (DelC), an exploration well drilled in 1974 and plugged in 1975, located
11.7km north of theproposedinjectionweltb ¢ KA a f S3I O& s#iSHHighludikelRhat (1 y OS
it is reached byi K S infettddduring the pilot phase.

The region hasow natural seismicity especially in the northern basin where the sitddsated ¢
monitoring recorded only a handful of smallagnitude events (M3) offshore neathe storage site

over the past two decades. The current stress regime is extensional and not expected to drive fault
movements.

The pilot injection will take place in a carefully chosen location within the structure that maximizes
distance from anymajor geological discontinuities. Prior to injectioBD seismic surveysmust be
acquired todefine the baseline ancefine the geologic model, ensuring that injection operations can
be planned within safe limits.

Key Findings from the Risk Assessment

The integrated risk assessment evaluated numerous potential leakage paths and other risks, and it
concluded that theLusitanian Basin pilot can be operated with a very low risk prafilehe main
conclusions for eacphaseare summarized below:

1 Pilot phase (<100kt / hi A Yy caSs€sdell 2isk pathwayme Not significant under pilot
conditions.

o TKS /hi LXdzyYS Aa LINBRAOGSR (2 NBYIAYy Sttt O2
bounding faults or the abandoned well BB€. The probability of leakage through the
caprock is negligible even under worstase pressure buidp, the caprock maimtins
integrity (no fractures or transmissive pathways form).

o Well integrity risks ar®&lot significantwith only one new injector (and no observation wells)
designed to modern standards, the chance of any well leak is extremely low (estimated <1%
of injected mass in worst case).

o Meaningful hduced seismicity is also very unlikeippdelling indicates any injection
inducedseismicitywould be toolow to be felt and well below natural seismicity levels.

o Containment performance iadequate¢ multi-layer seals and modest injection volumes

YSFy GKS /hi @Aff adGlre GN}LLWSR gAGK F KAIK R
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¢ PilotSTRATEGY

All hazardge.g. certain injectivity uncertainties) have straightforward mitigations. Importantly,
no scenario in the pilot analysis indicated any unacceptable or unmanageable task
containment, safety, or the environment. In short, the pilot injection is projected to be safe, with
all major risks inherently low or well controlled.

1 Commercialphase injecting15¢30Mt / h in the same wellEven for a much larger injection
over decades, theoverall risk remains low provided that the insights from the pilot and
conservative design are applied.

o The plume is expected to stay within the same structural compartment for a full commercial
injection ¢ modelling1100 stochastic realizations over 10068 NA &dK2 6 SR (G(KS [/ h
reach the mapped faults or escape the reservoir in any scenario.

o ¢KS fA1StEAK22R 2F /hi YAINIGAYy3a G2 GKS fS3IC
term was found to be extremely low (in the most extreme simulation, the plume came within
800m of De1C with very low saturation, insufficient to cause leakage).

o Caprock integrity remains robust for larger volumes; although a larger pressure footprint is
generated, the caprock can tolerate it

o The risk of induced seismicity at scale is still assessed as minimal and managbgble
implementing a Traffic Light System (with rdale seismic monitoring and predefined
response actions), the injection can be controlled to avoid any impfaota induced
seismicity

o Afewrislsdo scale with volume (for instance, injectivity or operational risks like well scaling
or reservoir heterogeneity could introduce moderate uncertainties in §&4&r operation).

However, none of these approaeh a highrisk level, and all can be mitigated with
engineering measures (e.g. periodic well stimulation, pressure management).

The Roun@ risk assessment explicitly updated the risk matrix for the commercial scenario using
refineddata andfoundthaty 2 KIF 1T I NRa FStf Ay (Kivedhelasd Kretairs NI & + S N
Significanthazards that require continued riskeducing measures and evidence from the pilot phase

before scaleup. These are related to caprock uncertainty and integaly,well asnjectivity and

storage capacity below expectations. Most leakage pathway risks (faults, abandoned wvigli, Do

operational wellleakage) remaiiot significantin the updated.

The assessment leads to a set of recommendations structured in four main Rnéa® research and

data acquisitionfocus on reducing key uncertainties through additional seismic data anebesgid
characterisation of reservoir and caprock propertiegection design and operational strategies
emphasise conservative pressure management, phased development, and maintaining operational
flexibility. MMV and corrective measuresighlight the need for continuous pressure monitoring,
plume tracking, geochemitaurveillance, and microseismic monitoring to ensure early detection of
deviations. Finallyegulatory and legal consideratiorstress the importance of aligning the pilot with
permitting requirements and using its results to support future commezgale authorisation.

Overall, the risk assessment provides confidence that the offshore Lusitanian Basin site can be

2LISNF GSR al ¥Ste& F2NJ/ hi &i¢authlasgéuibreactationicgplockA | £ £ & 7
failure, well leakage, or induced seismidjtwere thoroughlyanalysedand classified asow/very low

risk after the detailed Round evaluationsThefew operational uncertainties remaiimg (e.qg.

caprock uncertainty and integrity, with injectivity astbrage capacity below expectatignare

Significantout manageableandare accompanied by mitigation strategies.
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¢ PilotSTRATEGY

1. Introduction

Thisreport presents therisk and performancassessmentor a/ h i A ypBoSidtheiLRsjfanian
Basin,Portugal, in the scope othe BU funded PilotSTRATEGY projethe selected storage siis
locatedoffshore, in thenorthern sector of the Lusitanian Basat,22 km from Figueira da F(izigure

1), where a deep saline aquifer has been identified as the prospective site fogipot £ S / hi Ay 2 S
Theselection of theoffshore sitefollowed a workflow involving geological characterization, reservoir
modellingand social acceptance studjesd theoffshore site proved the most suitabtkie to:

i.  Good data quality and coverag provided by 2D and 3D seismic surveys and several offshore
oil exploration wells;
i.  Excellent reservoir qualityn a deep saline aquifen the Lower Cretaceous sandstones;
ili. Low activeseismicity;
iv.  Containment conditions provided by a multlayered system (Lower Cretaceous reservoir
sealed by Upper Cretaceous carbonated rocks and clays)
v. Expectedninimal impactsfor storageand higher social acceptang&en the offshore setting;
vi.  Highstorage capacityenough to ensure storage of at leastd CQ;
vii.  possibility to upscale frorRilot phaseto Commercialphasedue to the existence of other
suitable storage prospects in the vicinity.

Work Package S\P3 of PilotSTRATE@Valuatesthe integrity, stability, and longerm performance

of the pilot injection site Itcombinesinformation from geological characterisation (WP2), numerical
modelling (WP3) and stakeholder engagement GV derive qualitative and quantitative risk
assessment tocontribute to the Rlot Development Plan and Monitoring, Measurement and
Verification (MMV)plan (WP4)

Depth (m)

15211

Portugal

1360 . 7 1 7 - Sevilha

Figurel: Location of the study area in the Lusitanian basin, shottiagiepth structure map of the top of the
reservoirhighlighting the boundary of the statgeologicmodel by the red rectangle, and the boundary of the
reservoir model in yellow
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%2 PilotSTRATEGY
1.1 Objectives and scope of the deliverable

This deliverable provides a structured evaluation of risks forRkat and future Commercial/ h i
injection phasesltensureghat the storage siteneets thehighest safety and performance standards,
guaranteeing no significant risk of leakage or harm to human health or the environment, in full
compliance with the EU CCS Directive (2009/31/EC) and the Portuguese-Dew(€%.)60/2012.

Therisk assessmerfocuses on the storage component, with the capture and transport risks not
addressed, and followa procedure detailed indeliverableD5.1 (Le Genan et al. 2022), which
includestwo rounds of assessment

1 Round 1¢ involves developing a comprehensive risk register and conducting preliminary risk
assessments, incorporating expert input from all relevant Work Packages (WPs). It also includes
a decision analysis to identify the risks that will undergo detailed etialuan Round 2

I Round 2¢ A detailed evaluation of main risks selectedRound 1 and incorporating detailed
results from site characterization (WP2), reservoir and geomechanmadelling(WP3), angbilot
implementation planning (WP4).

Thisdeliverableprovides essential feedback to the design of the pilot injection site antitd¥ plan
andestablishes the foundation for future updates of the risk regi#ftarpilotinjection sitecontinues
to improve the understanding dhe storage complex performance.

1.2 Regulatory framework

¢KS NB3Idz F G2NB FTNI YS62N] 32 EbBuydiisidgiedsy BexrberaivA OF f & i
60/2012 which translates thEUDirective 2009/31/EC 068Q Geological Storage (CCS Directiizd).
60/2012Sa (i 6f AaKS&a GKS €S3lt ol aira TomNdedlysafdzAidly 3 GKLI
permanentand without unacceptable risks to human health or the environmarthe Portuguese

territory. It outlines the requirements for

9 site characterization

1 risk assessment

9 storage permitting

1 monitoring, reporting, corrective measuresnd

1 longterm liability transfer to the competent authority.

Article 2, paragraph 3, of DL 60/2012 exempts projects injecting less thar fbd@dsearch purposes

from the licencing procedurefor CQ storagé€. This is the case of thgilot phaseproposed by
PilotSTRATEGE.2 NJ / hi &0 2N} 3S LENPLBFDIRsappies AE&SdhE 103he mn n
Decreelaw, the Ministry responsible for geological resources gratdsage concession contragts

while the DirectorateGeneral for Energy and Geology (DGEG) issqyasration licensedor drilling

and injection tests that assess the suitability of a potential storage reservoir. Holders of exploration

licenses receive preference for concession attribution

4DecreeLaw n.° 60/2012, de 14 de margo, art. 2.°, n.° 3. Diario da RepUblica.
https://diariodarepublica.pt/dr/detalhe/decretelei/60-2012553447

5However, DL 60/2012 includes a safeguard that this does necessarily exempt research projects from other
applicable regulations (namely, water resources regimes in maritime space).
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¢ > PilotSTRATEGY

Risk assessment, required under Annex | d@2012, must covelnazard characterization, exposure
assessment, effects assessment, and overall risk characterizafitis involves identifying potential
leakage pathways, estimating leakage magnitude, evaluating pressures, injection rates, and secondary
effects, and assessing impacts on human health and the environment. The final risk evaluation must
integrate uncertanties and determine the short and losigrm safety and integrity of the storage
complex, iluding worstcase leakage scenarios.

Offshore CCUS activities must also consider the regulatory framework of activities in the maritime
area, namely the PSOEM (the Portuguese Maritime Spatial Plan). Accordin@t®88/12015 and the
Resolution of the Council of Minister 2832019, which establishes the policy for the planning and
management of the national maritime space in accordance with the European Direwtive
2014/89/UE, thepilot phaseR2 S& NBIjdzANB GKS | OljdzAaAaidAazy 2F | ac¢.
aLJ OS¢ 6 ¢ hall Beaawardéd<bly ine Directorat®eneral for Natural Resources, Safety and
Maritime Services (DGRM, Article 51°).

DL38/2015 states that the awarding of a TUPEM for new activities depends on the previous approval
of an allocation plan (Article 50(1)). Nevertheless,sfentific research activitieshe TUPEM may

be exempted from previous approval of an allocation pldy decision of the members of the
Government responsible for the sea affairs and environment (Article 50(2)).

To support the consistent implementation of the DirectR@09/31/ECacross Member States, the
European Commission has issued a series of Guidance Docu@B#sD4, firstly issued in 2011 and

revised in 2024 (EC 2024he2024revisedGuidanceDocument 1 (GD1)CQ Storage Life Cycle and

Risk Management Framewol kRS a8 ONA 06 Sa GKS 2@SNIX € | LILINRF OK ({2
sites, including how to demonstrate no significant risk of leakage or hehisrisk assessment follows

the requirementsset out in theDL60/2012, theCCS Directive and i@&idanceDocumentl, ensuring

that the results presented here are consistent wRlortugueseand European standards for safe
3S2t23A0FKf /hi &ad2N) ISP

1.3 Report structure

This deliverable is organised as follo@hapter 2provides an overview of the regionabntext,
summarising the geological setting, site characterisation, and the key outputs from WP3 and WP4 that
supportthe WP5 analysesChapter 3presents the preliminary risk identification, synthesising the
results of Round 1 and introducing the WP4 pilelated decisions that initiate Round €hapter 4
delivers the synthesis of the risk analyisi®Round 2including the integrated assessment of the main
risks identified in Round 1, the updated risk matrix, and the interpretation of the Round 2 findings.
Chayiers 5 and Goresent the recommendations and conclusions, respectively, providing guidance on
future research needs, monitoring strategianddesign considerationsom the WP5 perspective.

While the main body of the report is intentionally concise, supporting material is provided in the
Appendices Some of the risks discussed in Chaptewere quantified in WP3 using numerical
modelling; although their evaluation is summarised here, readers seeking additional technical detalil
are referred to Deliverable D3& Report on near wellbore, caprock and faults/fractures integrity
(Perreira et al., 2026b)
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2. Overview of regional context
2.1 Site location and geological setting

The storage sités locatedin a subsurfacegeologicaktructure, designatedasQ4-TV1prospectin the
Northern sector of the Lusitanian Basinapproximately22 km offshore from Figueira da F@zigure

2). The Lusitanian Basin is a M&Senozoic basin, that evolved as a rift basin throughout most part of
the MesozoicThe evolution of this basin occurretliring the Late TriassigEarly Jurassic with the
onset of the first rifting eventTwo other rifting events occurred during the Late Jurassic and Early
Cretaceous. Continental breaip occurred close to the transition between Early and Late Cretaceous.
During that evolution Mesozoic sedimentation alternated between deposits with continental
influence and marine deposits.

The basin comprises a stacked succession of Triassic to Cesedfinientaryformations shaped by
multiple rifting events, salt tectonics and later compressional phases, all of which controlled
depositional environments and the preseday distribution of reservoir and seal units The
lithostratigraphic chart ané representativeseismic section illustrate the key stratigraphic horizons
mapped regionally, including the T&spadarte TopAveiro GroupJopCacém FormatioopTorres
Vedras Groupand TopAlcdbaga Formation(Figure 3). This seismic section demonstrates the
continuity of these units across theffshore areaand highlights thestratigraphic sequence that
composedhe storage complegFigure3).

Theidentification and selection of #pilot site resulted from the subsurface gexharacterization
studies conducted within the scope of the PilotSTRATEGY projedetaited in D2.{Marques da
Silva et al., 2023Inthese studies, petroleum legacy well data and 2D/3D seisonieyswvere utilised

for the petrophysical and geophysical interpretation of the storage complex in the offshore setting of
the basin and to define thieeservoir and caprock conceptuaid staticgeological models of this area.

Depth (m)

-
l 1 Leads

D Study Area (offshore)

==~ Bathymetry (200m)

[} =
Horizon - Topo_Lower_Cretaceous_Torres_Vedras_Group_MHC, Depth

R Exploration Wells

No deposition/
erosion

— Faults

Figure2: Location of the pilot storage site showing the faults and the position of tiEDlegacy well within the prospect
Q4TV1. P10, P50 and P90 contours of the prospect are also shown.
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The ties betweenthe seismiadata and theseveral key exploration wells (CaDel1C, Mael and 13E
1) show a gently folded geometry in which the reservoir, caprock, and underburden units are laterally

dzy RA&GdzZND SRdr ¢ KS

Cretaceous siliciclastic succession, overlain by a thick, regionally persistent caprock composed of low
permeability carbonates and marls. Above this, the overburden comprises more heterogeneous but

laterally extensiveUpper Cretaceous (Aveiro Group) apdst-Cretaceous sediments that provide

additional sealing capacity.

distal proximal
Lusitanian Basin Layer Lithologies/Environments
T T
2 ._" T Fluvial'shallow marine
"; Ty MOREIA siliciclastics
b — —— —
ESPADARTE | Dolomites/carbonates
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Figure3: Lithostratigraphic chart of the Lusitanian Basin showing its main teestradigraphic units alongside a seismic
section illustrating the mapped key horizons.

This prospect lies in the northern flank of the broad anticlinal structure that was penetrated by an

exploration well Douradd C (DelC), and the trap type consists in a fauay dip closure with about
25 knt, in the P50 scenario, and 250 kimthe P10 scenario (albeit in this case it is defined by a-semi
closed structure, partially bounded to the east and west By bdriented faults)The next subsections

will detail reservoir and caprock properties

2.2 Storage reservoir properties

Theselecteddeep saline aquifeiscomposed by siliciclastic deposits#HrlyCretaceoudorres Vedras
Group (locally designated as Figueira da Farmatiorf). It consists of fluvigdeltaic sandstones

interlayered with claystones, forming a laterally extensive and regionally continuous system: Depth

6 The complex tectonic evolution of the Lusitanian Basin led to the differentiation of manlyamibs in which
the Cretaceous formations, although maintaining the overall sedimentological features, do present differences

and, accordingly, local specificgignations have been adopted for lateral equivalent formations. In this report,
as in all others PilotSTRATEGY, we will adopt primarily the designations from Petroleum Systems in Portugal, as
adopted by DGEG (see DGEG websit@é&droleum Systen)ssince most of the data used in the project results

from the hydrocarbon exploration efforts conducted in the Lusitanian basin.
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©2 PilotSTRATEGY
converted seismic data indicate that the top of the reservoir raf about865 m to 1205m at
the storageprospect, although at regional scale there are significant depth variations due to salt
driven tectonics and differential subsidend&servoirgrossthicknessestimatesin the target areds
about 350 m, with maximum values (>450 m) in basinward sectors where uninterrupted
sedimentation occurred.

Petrophysical analyses from available vertical wells indiezgervoirnet-to-gross ratios between 11
82% and average porosities of(Z3%, with permeability primarily governed by diagenesis and facies
transitions.According to WP3 estimates (D3Rereira et al., 2034%ermeabilityranges widelyfrom

well to well e.g.,medianvalues betweer89-244mD estimated from the well DAC Interbedded
claystone layers create internal barriers to vertical migration of the R@ do not significantly disrupt
lateral continuity of the main reservoir bodieformation water salinity, as interpreted from
geophysical logs, ranges fratf g/Lto 130g/L. This large variation of salinity values mainly depends
on the depth of the target reservoir identified from shallower and deeper welkhe basinwith an
average value of about 56 gfthe reference value used in the modelling tasks)

K—\ 480000 500000 /ﬁ
Do-1C Ca-1
Lithofacies: Lithofacies:
81% sand + 65% sand +
19% clay 35% clay
[480000
Vshale: 36% Vshale: 49%
PHIE: 17% PHIE: 10%
Permeability: Permeability:
58mD 7mD
4460000
13E-1 Mo-1
Lithofacies: Lithofacies:
28% sand + 83% sand +
72% clay 17% clay
j+40000
Vshale: 78% i Vshale: 37%
PHIE: 1% [ — PHIE: 19%
Permeability: 4 Sc‘a:o:m) = W‘%F— E Permeability:
5mD 1:204040 196mD

Figure4: Left: Top depth map of the reservoir, showing the location of the nearest oil exploration wellspGaC, 13EL

and Mo-1) and the average petrophysical parameters obtained from geophysical log interpretation. The dashed rectangle
represents the location ohe pilot site (Figure2). Right: One realization of the stochastic simulation of effective porosity
shown in a crossection of the static model, for the reservoir (colour scale represents parosity)

The optimization of thewell location andadmissibleinjection rateis described in D3.3akinginto
account the uncertaintiesrom the static and dynamic models. It used objective function the
bottomhole injection pressure to minimise risk of fracturing the reservoir and caprock, and considered
the risk imposed byhe legacy oil exploration well (BbC) and the fault systems located to the east
and west of thepilot site. Location of the well igiven bycoordinates 40°133'N, 9°04'®"W (WGS84
datum), with aninjection ratevaryingbetween 0.5 M/yr and 1.0 Mt/yr. The well is open at two
injection intervalsfrom 1025¢1065 m and from 1151205 mbelowthe meansea level.
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Figure5: Onshore analogue of the Lower Cretaceous reservoir.

2.3 Caprock description

The caprockof the storage complex is the Cacém Formaffahich is the lateral equivalent locally
1y26y +Fa GKS [/ 2aila re§iddalNgostiauous anidxomposed yf limestones,
dolomites, and marls. Seismic and well data show that the Cacém Formation exhibitsdew
moderateporositybut very lowpermeability(particularly in the bottom zone in the interface with the
reservoir),and forms a strong, laterally persistenegional)seismic reflectorlt is typically composed
of two sub-units, in which thdLowerCacém Formationonsists of a thin shale/marl package (<50m),
followed by the Uppe€acém Formatigrwith 50 m to 100 m of limestone and/or dolomite.

Do-1C and 138 wells (see location iRigure4) show the best seal facies of the whole seven wells in
the offshoreregion, with the presence of unweathered limestones/dolomites and shales. Thibanay
locally explained due to the combination of lack of -glyapirism deposition (with rapid deposition
with no subaerial exposure), and no fracturing and/or folding during the tectonic inversion phases.
Do1C well, located in the Q4IV1 structure,encountered ~52 m of Cacém Formation caprock
composed of an upper limestone/dolomite unit and a lower rmarh unit(Figure6), confirming very

low permeability Moreover,the caprock is calcitdch, which influences chemical stability.
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Figure6: Lithostratigraphic sequence of the Upper Cretaceous overlaying the reseswothe Do1C oil exploration well
report.

Onshorewhere it has been crossed by groundwater borehdlles transition of the Cacém formation
to the underlying reservoir unit is through a sequence of increasing marly and clayey components
(Figure7) andknown to be thicker offshore and to compose the first seal ofréservoir(seeD2.11).

Above the primary seal, the Avei@roup and the
Espadarte Formation act as potential secondary
sealing units. These formations comprise fgrained
marine mudstones and marls and contribute
additional vertical containment capacity. Together
with the Cacém Formation, these secondary seals form
a robust overburden package with a combined
thickness of roughly 65én. The secondary seal is

. mainly presenting higher values (>50%) of volume of
clay and lower values (<10%) of effective porosity at
the locations close to the wells @aMo-1, and 13EL,
while lower values (<50%) of volume of clay and higher
values (>10%) oéffective porosity were simulated
close to the location of the well BbC

Figure7: Onshore analoguef the Upper Cretaceous formatioas
Nazaré, with theclay, marls anddolomites at the base of the
sequence, grading into the limestones at the top.
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2.4 Fault zones and legacy wells

The 2D and 3D seismic surveys were interpreted for fault identification across the offshore study area,
extending from Nazaré to Figueira da FBig(re2). Fault strikes are predominantly clustered along
N¢S and NWSE orientations, with only a limited number of structures strikirgd\WI'he majority are
normal faults, although some reverse faults associated with salt halokinesis are also present. Fault
throws commonly reach several hundred metres, while throws of a few tens to a few hundred metres
are also frequent. This fault framework controls the development of the regional structural
architectureof the basin including the formation of structural highs, grabens, and-gedbens.

Within the Q4TV1 prospect itselhho major faults are discernible in the available 2D and 3D seismic
data. However, at the broader regional scégproximately 250 km3urrounding thestorage site

six faults have been mappe#igure2). These faults define two main fault zones. One fault zone is
located approximately 8.9 kmastof the proposed injection sitand is predominantly oriented ¢$.

The second fault zone comprises three faults located further west, with the closest at approximately
11 km from theprospect anddisplays a dominant NYSE orientation. This latter fault system
coincides with structures mapped in the QG000 geological map and in the neotectonic map of
Cabral and Ribeiro (198&nd are responsible for the exposure of Cretaceous formations at the
seabed several kilometres easbm the proposed injectin site disrupting the physical continuity
between the onshore and offshorEarly Cretaceoysand avoiding the existence of riskan the
onshore aquifers.

At present, no direct information is available regarding the sealing properties of these faults (e.g.
permeability or transmissivity). Consequently, they must be treated as a potential risk faassible
leakage pathwaysparticularly for commerciascale development, and warrant additional data
acquisition and targeted investigation in subsequent project phases.

Only one legacy well is located time storage structure: théDourada 1COo-1Q exploration well,
roughly 11.7 km north from the proposed &@ection well(Figure2). Drillingfor Do-1Cwas carried
out betweenin 1974 75and itreached a total depth of 3667 .nThe well was drilled for hydrocarbon
exploration and plugged and abandoned after completiof975 Given the time since abandonment
and the lack of data about itstatus Do-1Cmust be considered asp@tential leakage pathway if its
integrity is compromisednd the C@plume reaches it.

2.5 Natural Seismicity

Natural seismicity was one ttfe criteriaapplied during the technical evaluation to decide between
onshore and offshore sites. As such, the selected injection site is looatadregion of lowest
seismicity zone in the country.

The seismicity of the region was characterised in D2.3 (Wilkinson et al. 2024). Epicentres of magnitude
M> 3 are primarily concentrated in the southern part of the Basin, possibly related to a major tectonic
feature in the region, the Nazaré fault (NF) and its associated fault syBigoré8). Further north in

the Lusitanian basin, seismicity A8 range ipracticallynon-existentand in the offshore is dispersed,

and apparently not related to the oceanic extension or any mapped fault.
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-9.4° -9.2° -9° -8.8° -86° -84° -82° -8°

Figure8: Seismicity for the period between 2000 and 2022 for all magnitude. {Figdsible Monte Real Fault (not
mapped) and Nazaré Fault (NF). Green star indicates the location of the storage site.

According to the Eurocode 8 (EC8), the EU standard for the design and construction of earthquake
resistant structures, the storage site is located in zone 1.5 for a seismic action type | (seismic event in
a farfield scenario), with a maximum acceleratioh0.6 m/€, and in zone 2.4 for a seismic action

type Il (seismic event in a nefield scenario) with a maximum acceleration of 1.1 mFsg(re9).

Seismic Action I. Seismic Action (I
{far-field scenario} &8.{mss%} Mearfield scenario a,(m/s?)

1.1 2,5 2.1 2,5
1.2 2, 2.2 2,0
1.3 1,5 2.3 1,7
1.4 1,0 24 1,1
1.5 0,6 2.5 0,8
Lo 0,35 - -

Seismic Action | Seismic Action Il

Figure9: Seismic zoning in Mainland Portugal considered in Eurocode 8 (NP EN A9@8the National Annex (2009).
Sourcehttps://spessismica.pt/eurocodig8/. Green star indicates the location of the storage site.
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3. Preliminary risk assessment gribbt implementation plan

In the context of the CCS Directive, risk management should demonstrate that geological storage of
CQ within a designated storage complex can be or is done safely in accordance with Article 1 and
Article 4. Risk assessments should be documented in a transparent and traceable manner to build
trust among competent authorities and stakeholders that the process has been comprehensive and
that the results are both scientifically robust and operationally relevant.

Akey principle of risk managemeint the Guidance Document GIfHuropean Commissig2024)is

that the level of risk is reducedls Low As Reasonably Practicalfpd ARP). This implies that some
risks may be assessed as contingent acceptable or tolerable if the cost or effort associated with
reducing the risk is disproportionate to the level of risk, and the risk can be maintainedcait a
significantlevel. GD1 advises classifying risks accordirtpéa significance

1 Not significantrisks”: risks that do not call into question the purpose of the CCS Directive for
the storage site concerned; and

1 dgnificant risk$: risks that must be reduced tblot significantby taking riskreducing
measures in order to meet Article 4¢4and subsequently achieve compliance with the
conditions for transfer of responsibility

As set out in the PilotSTRATEGY Grant Agreement, this risk assessment focus only in the storage site
and operations, with risk related to capture and transport of (¥idg outside of the scopd his risk
classification must ensure that, athigh level, storage sites will satisfy three main requirements:

i. integrity: confidence that the site is secure with no significant risk of leakage or material
adverse impacts from induced seismicity, ground motion or earth deformation
ii. injectivity: the site has suitable reservoir properties that allow for sustained injection at
required rates without having a negative impact on the integrity of the storage site.
iii.  capacity sufficient storage volume is available or can be engineered to be available

Two primary scenarios, aligned with WP4 objectives, were studied:

A. Pilot phase:aiming to inject a maximum dfOOkt / h i R dzNJR yofthrde yehi§ Niis2 R
mass injection limit qualifies this phase as research focused, lying outside from the licensing
and permitting procedures under DL 60/2012.

B. Commercial phaseDefined by the maximum estimated injection rate @b Mt/yr to 1.0
Mt/yr CQ for a period of 30 yeari the same injection weland the same Q4'V1 geological
structure. This phasecould later expand to include additional emitting sources, using

" Although the definition is maintained as in the original guidance document, the desigmétiosignificantis

here preferred to the designatiolmsignificantused in GD1.

8¢KS //{ S5ANBOGAGS RSTAYSa WAAIYAFAOLY:d NRATQ & at
magnitude of damage that cannot be disregarded without calling into question the purpose of this Directive
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additionalinjection wells and storage structures already identified in the northern sector of
the Lusitanian Basih The commercial phase would be fully compliant with DL 60/2012.

The purpose of theilot phase is toderisk the commercial phaseby acquiring data about the
geological storage complex on which the uncertaistyigher. Thus, the riskcceptancas inherently
different for the two phases. Risk evaluation during tpiot phase is built on the current
understanding of the geological and environmental conditions, and there is more tolerance to risk
than for thecommercial phase, since the @@lumes involved are small and operations will run for

a short period. For theommercial phase assessment, it is assumed thatpilet phase will have
reduced uncertaintiesproviding the information needed to make informed decisions and manage
risks in the commercial phase

3.1 Methodology

Themethodologyfor risk scenarioglentification and assessmeigtoutlined in D5.1 (Le Guenan et al.,
2022) and depicted ifrigurelO. It follows a tworound-round approach. First, a light version of the
process(Round J is carried out tgoromptly screen all possible risk events and identify which ones
require deeper investigatiorin asecond roundRound 3, more detailed modelling and analysis are
focused on the events flagged adevantin the first round

Different WP technical workshops for
scenarios analysis conducted

1stRound (light approach) —p First round

I I

I I

I I

1 1 —p Second round
. |

| I

| I

I

I

Risks . Scenarios " . . Decision SR
identification Analysis e T analysis

Stakeholder engagement process

Figurel0: Outline of the approach to risk assessment and safety performarRéotSTRATEGY.

The first step isomprehensiverisk identification covering all events that could affect storage safety
or performance, including their causes, consequences and interactions. Thigarsssc risk lists
adapted to the site anbdow-tie diagrams Based on this inventory, an experimental design is prepared
for each scenario, validated in workshops with VB2 and revised after the first analysis round.

In the computation phase probabilities and impacts of key events are quantified following the
experimental designThe analysis conducted in the scopeVdlP5 uses data and models from &P

andWR 2NJ aAYLXAFASR &ai20KIadAO Y2RSta G2 aavdz |
evolution, etc. Round 1 relies on simple models for rapid outputgen modelling is not possible,

expert opinion is usedround 2 uses more detailed models for critical risks where further investigation

is needed.

10The STRATEGY CCUS project indicated 4.7 Mt/yr as the total amount being transported by 2045. These values are being
revised in the CTS project. Source: Coussy, et al. P@li2erable D5.3: Economic Evaluation of CCUS Scenarios in Eight
Southern and Eastern European Regi@tsitegy CCUS Project.
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Whenever the Round 1 assessment identified a relevant risk, that risklagggeedto Round 2 for
detailed analysis. If a given riskladelledas Not significantat Round 1, the analysis stops there.
Hence, Round 1 computation is intrinsically conservative, working on \wasst scenarios, to ensure
that no significant risk is incorrectly identified ldet significant

Decision analysimtegrates the modelling results and evaluates design optiBnsnd 2 updates the
decision analysis with improved simulations, forming the basis for final recommendations.
Stakeholder engagementuns throughout the process to help capture risk perceptions, intéggat
additional concerns and adjust the assessment approachfifidaecommendationsdraw on results

from both rounds and address future research needs, design and option choices, draft monitoring and
correctivemeasures plans.

3.2 |Initial risk identification

The first step of the initial risk identification consisted in the registration of the riBks. risk
registration consisted in identifying and listing all the possible events that can be subject to risk
analysisThis selection was site specifising as guidelines tHists of Features, Events and Processes
(FEP)Ravage et g12014) andCO2QUALSTOHRENV, 2010procedure for risk identification, as well

as other public domain offshore CCS projects.

A GeneridRsk Registration was accomplished inHAZID ljazardidentification) workshopwith the
Portuguese consortium team membersnfiersity of iora, ICS and GalBuilding on the 137 FEPs,

a total of brty-sixriskshave been identifiedTablel) and organised in seven risk categories and three
risk types (Performance, Safety and Stakeholder Managemé&he®.risks have beeorganized by
category to facilitate selecting the most important scenarios for analygisirel1). Thslist ofgeneric
risksis added to this report a8ppendix land kept as a live XLS document for updating under the Risk
Management Strategy during th@lot phaseimplementation.

Tablel: Generic list of risks tie offshore pilot in the Lusitanian basin

Risk Category Main event Type of risk
C_Q ac_cumulation in a secondary reservoir following unexpected vertical Safety
migration.

Slow rateof CQ trappingin the reservoir Performance
Leakage through operational well Safety
Leakage through an abandoned well Safety
Leakage through caprock due to pressure build up Safety
Leakage through caprock due to poor geologic characteristics Safety

Containment | Leakage through faults Safety
Chemical interaction of injected CO2 with caprock Safety
Insufficient and ineffective monitoring during storage Safety
Leakage through observation well Safety

Expected lateral extent exceeded (CO2): iapected leakage paths (spill) | Safety
Migration of formation brine outside expected boundaries. Increased

displacement of high salinity formation: Interaction with other resources Safety
Reservoir pressurization due to unexpected compartmentalisation Safety
Economic | Pilot costs higher than estimated Performance
Reduced injection capacity / reduced well efficiency Performance
Precipitation effect around the wellbore Performance
S Flow modifications: groundwater flow modifications, within the reservoir g
Injectivity Performance
other layers of the storage complex.
Injectivity loss Performance
injectivity below expectations Performance
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Risk Category, Main event Type of risk
Disruption by a later activity. Performance
Legal & - - - -
Potential public resistance to the project Stakeholder Managemer
Governance — - - -
Lack of political will to implement CCS project Stakeholder Managemer
CQ-seal/fault rock interaction Safety
Expected lateral extent exceeded (CO2): Interaction with other resourceg Performance
Unexpected seabed risks Safety
Damage of the well head Safety
Failure in ensuring CO2 in supercritical phase in the sink Performance
Simultaneous operations in injection site (even though with different
— Performance
objectives)
Drilling window and rig unavailability Performance
Operational | Disruption of other uses (injection of effluents, oil production, geothermal
Performance
energy,
Hazards resulting from induced seismicity Safety
Leakage as a result of no@atural seismicity Safety
Infrastructures damage related to natural seismicity Safety
CQinteraction with well cement and materials Safety
Accidental Ovefilling Safety
Impossibility of Surface CO2 storage Performance
NOxdeposition in nature areas Safety
Restrictions to fishing activities around the well Stakeholder Managemer
Social Impact on touristic activities Stakeholder Managemer
Loss of employment in other sectors Stakeholder Managemer
Permeability degradation during injection due to chemical/mineral
o Performance
precipitation
Storage | Undetected flow barriers in the reservoir Performance
capacity | Low average permeability Performance
Smaller capacity than expected Performance
Storage capacity below expectations Performance
15
Type of risk 14
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Figurell: Distribution of generic risk registration by type (left) and by category (right).

3.3 Preliminary risk analysis

The preliminary risk analysis refers to the evaluation conduagidfound 1.The work plan of WP5
focused on assessing théechnical risks(containment, Injectivity, Operational, Storage capacity
categories), with the social, economic and legal & governance biikg addressed in WP4 in the
scope of the pilot designThe WPsteamswere askedto further discardtechnicalrisks that are
considerechon-existentbased on existing knowledg@®ut of the38 technicatisks, elevenriskswere
selected for scenaos analysign Round 1(Table2).
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Table2: Summary of risk groups, scenarios and their classification under the W

¢ > PilotSTRATEGY

Risk and Safety Performance framework.

Risk Group Scenarios Risk Type Risk Category
Leakage through Ui Leakage through operation well .
well i Leakage through abandoned well Safety Containment
i Leakage through caprock due to injectivity pressure build
Leakgge due tq i Leakage t.hr.ough caprock due to poor geologic Safety Containment
containment failure characteristics
i Leakage through faults
Seismicity related U Hazards resulting from induced seismicity .
. N o Safety Operational
risks U Leakage as a result of natural seismicity
Fluid rock i Chemical interaction of injected CO2 with seal (carbonatg Safety Containment
interaction i CO2seallfault rock interaction .
Performance | Operational
Injectivity u InJ.ect!v!ty below expectations Performance | Injectivity
0 Injectivity loss
. . . . Storage
Storage capacity i Storage capacity below expectations Performance .
capacity
tKAa aSOlAzy LINBaSyida I RSaAaONALIIADBS ONBI{R26Yy

S g t dzITheraBayysisdprovides a conservative evaluation of the most relevant risk scenarios for

both the pilotscale C@injection (100k over 3 years) and the commercidale scenario (0.50r to
1Mt/yr over 30 years).

Round 1 characterized riskdsing two approaches:

1) Bow-tie diagramsprovide aschematicrepresentation of each risk by explicitly linking causes to
consequences, while identifying the preventive and mitigative barriers acting within the geological
system and the operational design. Their use ensures that the screening process is not baged sol

on likelihoodtimpact scoring but is grounded ia conceptual understanding of causes and
consequences of events and on possible prevention and mitigation measufdss approach is
suitable under conditions of limited sHgpecific data and high uncainty, as is the case in Round 1.

Bow-tie diagrams are used for consistency with Guidance Document 1 (GD1) of Directive 2009/31/EC,
which recommends an initial conceptual representation of risks, barriers, and failure pathways prior
to detailed quantitative modelling. This approach is almned with the PilotSTRATEGY risk

assessment framework described in Deliverable D5.1, whereti@odiagrams are used to support
hazard identification, barrier analysis, and conservative screening under uncertainty.

2)Risk Analysisising a quantitative risk approagbhenever enough data is availabkes suggested in
D5.1 (Le Guenan et al, 202@therwise expertopinionwas consideredo estimateLikelihoodand

Impact

1 Monte Carlo simulatios were appliedto generate probabilistic risk evaluation from the
product of Likelihood and Impacthe simulations were performedvith @Risk (Lumivero)
with 50,000realisationgo ensure statistical robustness. The Pert distribution egliedfor
Likelihood andmpact Theuse of distributions foboth parameters should not be interpreted

as independent or additive uncertainties, but as a pragmatic way to capture limited

knowledge atRound 1 Thelikelihood distribution reflectaincertainty in the occurrence of

the senario (based on expert judgement and available data), while the impact distribution

represents therange of possible consequencéthe scenario occurs. Their combination
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provides an envelope of plausible risk values rather than a strict probabilistic frequency
interpretation.

1 Wheneverthere is a higher degree of information specifictools were being developed in
WPs, numerical models were appljexhd risk is evaluated from applying those models.

For transparency and regulatory consistency, the transition from quantitative risk estimation
O[A1StEAK22R P LYLI OGO G2 GKS O0AYyIFINEB Ofl aaAx¥FAOl(
explicit decision rule aligned with the CCS Directive riskag@ment framework and Guidance

Document 1 (GD1). A hazard is classifie8igsificantin this report when at least one of the following

conditions applies:

T GKS O2YoAylGA2y 2F [A{1StAK22R FyR LYL}I OG LI
zones of the risk matrik

91 the Impact class is assessed as Medium or above and relates to containment integrity, long
term environmental protection, or regulatory compliance;

T YFGSNRAIE &O0OASYGAFTAO 2NJ 3S2ft23A0Ff dzy OSNI I Ay e
AAAYATFAOLYd NRa] 2F €SIF1F3AS¢é¢ dzy RSNI 5ANBOGABS

Hazards not meeting these conditions are classifieN@sSignificant meaning that they do not call

Ayid2 1jdSaGAaz2y GKS AyiaSanNaidGe 2F GKS &aG2Nr3IsS 02y
assessed scenarioBhe designation of certain commerefatiase hazards &&ignificantdoes not imply

the existence of uncontrolled or unacceptable risks. Rather, it identifies areas requiring continued
evidence gathering and risk reduction prior to commercial deployment. This ensures consistency
between probalistic modelling results and regulatory terminology.

The following sections present the risk analysis results.

3.3.1 Leakage through wells

The leakage through wellsither the injection well or abandonedlegacy)wells, is one of the main
containment risks, as any wells drilled through the caprock of the storage formation constitute a
potential leakage pathway for G@ escape from the reservoir. The overall contribution of wells to
the risk profile depends on the number of operational and abandoned wells.

The assessment of leakage through wigllwed the approaclin the studyDeep Geological Storage

2F /[ hi 2y GKS 'Y [ 2yiGAySy@aniels dt kS 20RADespitetifell | A y Y Sy
differences between th&lorth Sea offshore settings and the geological and operational context of the
northern Lusitanian Basjredopting the same leakage rate categories ensures comparability and
supports a structured evaluation of potential wedllated leakage event3 able3 defines leak severity

categories, from Seep (/M) to Major (>1000/d). The methodology assumes that any leakage would

be governed primarily by the leak rate and the duration of the ev@ngeto the small injection rates

only the Seep and Minor leaks cases apply to the Pilot Phdske thecommercial phase considers

the four leak rate categorieshe risk of leakage from the operational well and from the abandoned

well have been addressed separately.

L Arisk is classified adighwhen the combination of probability and impact places it in the upper range of the
risk matrix and implies a potential challenge to containment integrity or regulatory compliance. A risk is
classified a¥ery Highwhen it corresponds to scenarios with both high likelihood and high consequence,

LRGSYGAlft8 O2YLINRYAAdAAY3 GKS RSESY2yaidNIGA2Y 2F ay2 &A:
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Table3: Well leak categorieaccording toDanielset al. (2023.

Category

Seep

LeakRate
(t/d)

Less than 1

%2 PilotSTRATEGY

Description

Low level nuisance leaks through micro cracks in casing cement or tiny gaps in valves ¢
Whilst there is no minimum reportable leakage rate in the regulations, these may be consi
easily dispersed or absorbed into seawater with limited impacthair surroundings. Detecteq
through testing or targeted monitoring. Expected to be unlikely to be remediated (
established.

Minor

1¢50

Failure of well barrier components in active wells or cement plugs in inactive wells resultin
minor leak that can be addressed by well intervention and component/plug replacen
Detected through regular testing of the pressure builaffall-off through barriers or wellheag
area monitoring. The leak is resolved withinsignths of discovery as securing the equipmg
required (e.g. a rig) may be deemed Rorgent based on impact. For active leaks the well
usually be shuin until fixed to eitherstop the leak or reduce leak rates by reducing the press
at the leak location. This shirt would only include the leaking well, injection could continue
the remaining wells.

Moderate

50¢ 1000

Similar tothe minor leak scenario except that there is an escalation in the rate of the leak
concentrations of COcould be at a level to make a well intervention unsafe for drill cre
Temporary plugging techniques can usually be deployed on active wells to stop the leak
may allow a well intervention or reduce the volume leaked while mobilising for reptie léak
rate cannot be stopped or reduced it is assumed that an emergency relief well is required t
the flow. Typically, it takes four mams to drill the relief well as the increased impact of the le
would justify an expedited approach to securing the rig.

Major

Greater than
1000

Represents an unconstrained flow rate. Major leaks are more likely to occur during drilling

intervention operations but are still rare as well control equipment is installed to pre
uncontrolled flow from the well. A major leak could also be tbsult of structural failure and s
may be difficult to shut in pending repair. The force of release and volumes involved may n
impossible to intervene on the well directly via the wellhead to temporarily or permane
remediate, requiring an emergey relief well to stop the flow. Typically, this takes four mon
to drill assuming that a rig can be sourced with priority given the severity of the leakage rat

3.3.1.1 Leakage through operatiavell
Operation wells are defined as gi@jectors or observation wells. In PilotSTRATEGY, only one injector
isconsideredand observation wells aneot included as they would be sources of risk of leakage

Injection wells are designed to have multiple barriers to protect the surrounding environment from
contamination by produced or injected fluids, and to prevent flow between different subsurface

formations Well barriers are important risk management elements and can be passive (e.g. casing,

packers, cement) or active in enabling or preventing flow (e.g. valveBgst practice of well design
for CQ injection, performance standards are established for each barrier and barrier element to
ensure the hazards and riskssociated with the well construction, operation and decommissioning
can be managedAsshown in the bowtie diagram(Figurel2), the consequences lie essentially with
the amount of C@leaked and costs associated with possible need for-shand workover or even
drilling additional well.
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Causes Hazard Consequences
[ Poor drilling or completion! d of formation |
( Poor well design ]
[ Improper selection of materials for the well ]
[ Poor quality of cement jobs ] ( Leakage thmugh

Two phase flow inside the well resulting in higher
[ Topheee N elociy thandasigned | ‘ operation well

[ Damage to wellhead or injection components ]
( Subsidence around wellhead )
[ Improper closure and abandonment ]
Prevention
+ Detailed well and driling design Mitigation
= Ensure proper driling conditions + Interrupt injection and workovers of the well
+ Proper qualification and selection of materials = Well closure and abandonment
+ Ensure proper completion + Remediation of leakage effects to marine ecosystem

* Implement protection zone to wellhead
+ Maintain record of well performance and pressure management

Figurel2: BowTie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk of leakage througimjection well.

The topic of potential leaks frof@Q injection wells has been subject gkveral studie®ver some
decadeswith CQ injectionhaving already a track record B8 years for enhanced oil recovery agél

years for C@storage. There is also a variety of studies on leakage from oil and gas wells from fugitive
emissions, loss of integrity data and major loss of containment evemgsature reviewby Daniels et

al. (2023)ndicates approximatékelihoodfor the injection well leakdisted inTable3:

Seeps0N.1% to 10% chance per well of continuous minor leakage (lifetime)
Minor: 0.001% to 0.1%robability of occurrence per year;
Moderate:0.001% to 0.01%robability of occurrence per yeatr;

Major: 0.0001% to 0.01%robability of occurrence per year

=A =4 =8 =9

Theimpact is provided by thenass of C&(M,) that would leakquantified aghe product of the leak
rate and the duration of leakage event in the single injection Welkriskis the percentage deaked
CQ with respect to the total injected GOn 3 years for thepilot phaseand in 30 years for the
commercial phasePert distribution$? were used torepresent the distributions ofikelihood and
impact, with most likely value in the centre of the intervdb significantvell integrityderisking will
result from the pilot to the commercial phasas these risks are tirm@ependent However, the pilot
will provide substantial systefievel derisking, particularly through improved understanding of plume
behaviour and pressure evolution.

12The PERT distribution is a smoothed form of the triangular distribution, defined by minimum, most likely,
and maximum values, and commonly used to represent uncertainty in ekpsgd estimates. See:
https://en.wikipedia.org/wiki/PERT _distribution
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Probability density functions forisk ofleakage through the operational injection well are shown in
Figurel3 for two categoriedminor leakand major leak in Table3, with all othercategories having
lower risks. Across all scenarios, the overall risk remains low to verywath,the impact of leakage
through the well being less thah01% of the total injected mass

Minor leak / Pilot Major leak / Commercial

0.00365 0.02809 0.0012 0.0225

Frequency

- o « = n
o o o S o
= =1

0.06

o n o n
I o o o
=3 =1 =3 =]

0.000
0.005
0.010
015
0.040
0.045
0.050
0.00

= = S = = =) S =
Leakage amount (as % of total injected) Leakage amount (as % of total injected)

Figurel3: Probability density functioof risk of leakage quantified as percentage of the total injecteg @@he Minor leak
category of the Pilot Phase (left) and in the Major leak category afdhenercial Phase. All other leak categorie$able
3retrieve even lower risks:-akis and-axis scale vary in the two charts.

However, ahoughthe impactin terms of amount of CQeakedis minor, the same cannot be about
other consequences illustrated in the beig diagram Figurel12), such as thecoststo drill an
additional well or the costlor shutin and workoversn the event of anoderate ormajor leakageln
that respect, the impads highto very high Nevertheless, the likelihooaf amoderate/major evens
beingvery low(<0.01%yr), the risk qualifies aNot significantfor the pilot phaseand thecommercial
phaseandis not addressed irRound2.

Leakage through The percentage of leakage that could occur is less th@?0. Not significant
operation well for the pilot phaseand for the commercial phaséut the costs

of workovers or drill a new well would be prohibitive for the

pilot phase and significant for theommercialcase. However,

likelihood of a major leak is very low, lower than 0.01%.

3.3.1.2 Leakage through abandoned well

Well Do-1C, located roughly dtl.7 kmnorth from the proposed Cginjection well(Figure?), is the

only abandoned weltloseto the storage siteL & NBLINBaSyda | LRGSyidAlt LI
casethe CQplumereachesit. This scenariadepends oni KS / hi  LJfthdziitBgrit$ &f well y (i =
seals, and the characteristics of the surrounding formatidigurel4 presents the bowtie diagram

illustrating the main causes and potential consequences associated with this leakage scenario.
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Causes Hazard Consequences

Well not properly abandoned

CO2 corrodes materials of
abandoned well

{ )
[ )
e (e (S
[ )

Impossibility to find location of
abandoned well

) Mitigation
) Prevention ) » Stop injection
+ Identify abandoned wells and assess their status « Re-enterwel to cement properly
+ Cement abandoned wells if found unsuitable
+ Map pre-injection baseline of CO2 flux at seabed
+ Surface monitoring around abandoned well

Figurel4: Bowtie diagram to identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofleakagethrough an abandoned well

The abandonment programmef Dol1Cincluded several cement plugs, heawud intervals, and

multiple casing cuts, reflecting the operational standards of the 1970s. These barriers include a 163

ar 01 OSYSyd LXdzAa Ay GKS dzZLJLISNI) ¢St to2NBx OSYSyi
cement plug betweer2324nm;2415m(Figurels). There is no information about thstatusof the well,

of its cements and casintn a more conservative view shouldbe expeced that the cements and

material used in the plug and abandonment are not adequate for water acidified due {0 CO
dissolution.A worst-casescenario considarthat a well abandoned 50 years ago will leak if the CO

plume reaches it. The risk then becomes a function oflitedihood that the plume reactes Do-1C

with the impact being the C@saturation when it reaches the plumeas thisrelates directly tothe

leak rate

During Round 1, WP2 had already characterised the structural features and petrophysical parameters

of the reservoir. Hence, a preliminary dynamic modelling assessment using the TOUGH2® simulator
supported the risk analysis. The evaluation examined wheih&S / hi LJ dzyYS O2dz R YA
the abandoned exploration well BXC, based on the average petrophysical parameters of an assumed
homogeneous reservoir, with an anisotropy factor of 1@k@#. Simulations were run for the pilot case

and for the commaerial case, with injection periods of respectively 3 years and 30 years, and
simulation times of 1000 years.

Figurel6 illustrates one such simulation for#300 mD and effective porosity+15%. In the pilet

a0FtS aOSyINA2>X GKS [/ hi LI dz¥S NBYlIAya O2yFAYSR
commercialscale scenario, after 1000 years the plume exhibits northward migration but remains

more than3 kmaway from the abandoned well and with a &aturation below 0.1, implying that it

would not leak in any case. Therefore, theradsrisk for thepilot phase and the risk iserylow for

the commercial phase
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Figurel5: Plugand-abandonment schematic of the El&C well showing cement plugs, casing cuts, and-filed intervals
installed during abandonment. Reservoir extends from 878m to 1243m (2881ft to 4078ft) depth. Source: PSOC (1975).

However, there is considerable uncertainty in the key parameters that constrap p@e
movement, particularly in what regards the mean permeability of the reservéigu(e 17).
Additionally, the utilised homogeneous model does not represent the complexity of the reservoir and
the possibility of the plume reaching higlermeability sand channels. Thus, the risk of leakage
through the abandoned well should be addressed in deligiinground 2 for the commercial phase
sinceit is Not significant for the pilot phase.

CO, injector

CO, injector

Seal Seal

Reservoir

—

Reservoir '

5

Figurel6: CQ free gas plume dispersion for the pifitase(left) and the commercigihase(right).
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Figurel7: Distributions oporosity (left) and permeability (rightf the reservoir

Leakage through During thepilot phase, the plume is too small to reach tt Pilot phaseNot

abandoned well well Do1Cand even if it reachsthe well, the impact significant
would benegligibleas the C@saturation would be very  Commercial phase:
low. For thecommercial phaséetailed analysis is Round 2 analysis
required.
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3.3.2 Leakage due to containment failure
Leakage due to containment failui®analysed in three scenarios

i. Leakage through caprock due to pressure buildleading to loss of mechanical integrity of
the primary caprock;
i. Leakagethrough caprockdue to poor geologic characteristics, such as localised high
permeability,poor lateral continuity of the caprock and localised low capillary pressures;
iii. Leakage through faults, providing pathwalggoughthe sea) possiblyto the seabed.

These risks are not expected to remain constant throughoutitb@f thestorage site. The geological
containment risk profile starts at zero, but as increasing amounts efa@Oinjected, the pressure
increases and thplume spreads e probabilityof a leakand itsimpactincreasegluring the injection

period (higherpressures,higher CQ saturationsand larger plumes). Sometime after stopping
injection, risks start decreasing as pressure decreases, and residual and dissolution trapping relevance
increase to reduce the mobility and size of the plume.

3.3.2.1 Leakage through caprock due to pressure build up
Pressure build up can lead to leakage through the caprockal(fegurel8):

1 Pressureexceeds a critical threshofdr whichexisting faults may slip or be reactivated, or
new fractures in the caprock may be created.

1 CQ pressure exceeds the capillary pressure in the caprock, allowing faio@®@netrate in
the caprockand providing the opportunity to reach higher permeability areas.

The bowtie diagram Figurel8) illustrates that injectioinduced overpressure is the primary initiating
causewith leakage of CQo the layers above the primary seal being the consequenoces&vative
pressure limits, multiayer sealing, and operational pressure can effectively prevent mechanical
failure of the caprock at pilot scale.

Causes Hazard Consequences

Fracturing of the caprock by over-
pressurisation leads to loss of mechanical
integrity of the caprock

Local over-pressurisation
around the injection well

4 h
Leakage through
caprock due to
Reservoir over-pressurisation injectivity pressure
(regional scale) build up
Mitigation
Prevention « Downhole P/T gauges along the wellbore as part of monitoring plan
+ Conduct a comprehensive geomechanical » Re-evaluate presence of secondary seal/additional barriers in overburden
characterization of the reservoir, overburden, seal, etc. Injection wells designed to have low risk of loss of containment
and stress field, in order to optimize the drilling program = Seismic monitoring

+ Proper well driling and injection program according with rock failure limits
(following best industry practices)

Figurel8: Bowtie diagramto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofleakage through caprock due to injectivity pressure build up

There are no reported geological leaks to surface from any current or former CCS pktgece,
calibrating leakage risk probabilities and magnitudes cannot be established from operational CO
injection sitesWe chose to resort again to Daniels et al., 2023, whitessetkelihoodsand CQ
leak ratedrom the storage complex via geological pathwayssideringpublished articlesanalogue
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scenarios (including natural gas storage sites, petroleum reservoirs, naturally occurring CO
accumulations)preliminary modellingandexpert opinion

Not all the leakage pathways through the caprock will result in a leak to the seabed but if they do, the
resulting leaks are likely to be diffug@aniels et al(2023) citesleakage rates of less thart/tay/km?

for diffusion and capillary flow leakdHowever,these are very slow processes in figeained
lithologies in which lekage might occur over geological time (after thousands to millions of years for
a 100m thick sea), but not over shorter timespans. Since the caprock is at least 70 m thibke in t
target siteand that the secondary seal is even thickeissafe to considethat diffusion and capillary

flow do not poseany riskfor both the pilot andcommercial phases

Leakage througtiaults undetected in the seismic surveysilf-seismic scale faulisfaults by the
injectionandfracture network leaksan pose a risk HE leak rats from Daniels et al. (2028)eshown

in Table4. The leak rate can be converted into Impact by quantifyirgmass of C&hat would leak

in 3 years filot phasg andover the period of injection operationB0 yearsplus 100 years post
closure(commercialphase) Thelikelihood results from expedpinionamongst team members about

the probability of the CQ plume encountering transmissive fasithat crosses the entire seabp to

the seabednot detected in the seismic surveys, but possible since not all of the target site is covered
by 3D seismicspPert distributions were used to likelihood and impact, with most likely value in the
centre of the inerval.

Table4: Leak rate and probabilities ftgakagethrough faults,adaptedfrom Daniels et al. (2023)

Category Leak rate (t/day) Likelihood of transmissive faults crossing th
max | min sealup to the seabed

Subseismic scale fault{ seep 1.0 0.027 Pilot: 0.a.; Commercial: 0.1

& fracture network minor | 2.7 | 1.0 Pilot: 0.0L; Commercial: 0.1

The risk ishe percentage of total injected G@hat would leak in 3 years for the pilot and in 130 years
for commercial phase andsesentedin Figurel9. Therisk of leakage during thalot is always much
lower than 1% of théotal injected, and even for theommercial phase the risk liswer than 1.8%6for

the 90% percentildi.e., more than 98.2% of the injected amount would remain sequestered in the
reservoii.
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Figure19: PDFs of leakage risk quantified as percentage of the total injectedh@Owould leak through undetected
fractures due to pressure buildup in thigot phase(top) and in the Commercial Phase (botyofor the Seep (left) and the
Minor Leak (right) categories.

Therefore, the risk of leakage due to pressure build up inducing diffusion, capillary flow or migration
along subseismic faults, fracture network or smaltale induced fractures is considerébt
significantfor the pilot. Still, the knowledge about the risks imposed by the pressure build up during
the longterm injection in the commercial phase is a function of ftihéial reservoir pressure
something that there is no information about. Given that uncertaittijs risk is flagged for revision

in Round for the commercial phase

Leakage through
caprockdue to
pressure build up

Percentage of CQhat can lealdue to pressure build ug Pilot phase: Not

through undetected faultss less 0.1% for thgilot
phase.Inthe commercialphase the amount that could
leakis below 2% Impact would be higher in the pilot

significant
Commerciaphase:
Round 2 analysis

phase, as it would question tHeasibilityof upscaling.,
but a moderate publi@cceganceimpact could result
for the commercial phase.
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3.3.2.2 Leakage through caprock due to poor geologic characteristics

The primary seal is composed mainly by limestones at the top and marls and dolomites and clays at
the base(see sectior2.3). Based on the seismic interpretatiptine sealing layer is expected to extend
across all the full extent afite, althoughfacies variations not captured in seismi®ata derived from
boreholes that penetrate the seal can provide important constraints on seal properties, but the
number of boreholes in the target area is small, and in areas further away from the boreholes there is
a risk of reduction in seal qualityd to lateral facies changes.

Figure20 shows the corresponding betie diagram representing uncertainties related to caprock
heterogeneity and undetected highgermeability zones as initiating causes, with site
characterisation ad highquality geophysical datacting as preventive barriers, and monitoring and
stop of injectionlimiting the consequences afpotential leak

Causes Hazard Consequences

Sealing deficiency of the caprock -

caprock lateral continuity,
geometry, thickness

[ Poor characterization of the

permeability zones allow the
diffusive leakage via these

Presence of an undetected mgnw
higher permeable zones

Prevention
+ Comprehensive geomechanical characterization of the reservoir, overburden,
seal, etc. and stress field

Mitigation
+ Seismic monitoring

+ Laboratorial analysis of core samples from the seal + Stop injection

+ Acquire image logs
+ Acquire new high-quality 3D seismic for advance reservoir characterization
studies

Figure20: BowTie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofleakage through caprock due to poor geologic conditions.

TheCQ plume dispersion modelled athe pilot-scaleis very small unlikely to reach the top of the
reservoir and get in contact with the seal. However, for the commesciale scenario, a largplume
footprint increases the possibility of encountering areas where seal quality may vary due to facies
transitions, diagenetic changes, or local heterogeneities. The risk results from the data scarcity and
potential undetected heterogeneitieExpertopinionin Round 1 considered that, for thpdot phase,
likelihood isVeryLow, since the C&plume will be concentrated arourtthe injection well Figurel6)

and may not even reach the top of the reservoir. Thpactwould be high, not due to the amount of

CQ, which would be irrelevangiven the small amounts injectetut because it would prove that the
storage complex would not be reliable.

However, tofully assess this risk, one must consider the full scope of stochastic models built for the
dynamic simulations in WP3hus, the specific risk déakage through caprock due to poor geologic
characteristics is considered relevant both for thidot phase and thecommercial phase ands
analysed in detail in Round 2.

Leakage through caprock du¢ The risk results from the data scarcity and Round 2 analysi®r
to poor geologic potential undetected heterogeneities. both pilot and
characteristics commercial phases.
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3.3.2.3 Leakage through faults

9EA&GAY3I TFldA Ga Oy AyONBFH&asS G4KS Nral 2F [/ hi
the seafloor Leakage risk depends on whether fluids will reach thegxisting faults and that the
faults are permeable along its lengRigure21).

Causes Hazard Consequences

Leakage via discontinuities
(fractures, faults) present within the
caprock

Not observed/interpreted faults Leakage through
in the seismic data faults

Prevention o o Mitigation
+ Comprehensive geomechanical characterization of the reservoir, overburden, + Seismic monitoring _— .
seal, efc. and stress field + Proper well drlﬂlng and injection program according with fault reactivation
+ Laboratorial analysis of core samples from the seal (following best industry practices)
+ Acquire image logs + Pressure monitoring
+ Acquire new high-quality 3D seismic for advance reservoir characterization + Tracerinjection
studies

Figure21: BowTie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofleakage through faults

Fault interpretation was based primarily on the 3D seismic volume, complementedditjonal 2D
profiles to trace fault continuity beyond the limits of the 3D survey. Within the immediate injection
area, no major faults have been mapgad, in the largedomainsurrounding it, twdault zonesvere
identified at about 8.9 km and 11 km from the injection wigection2.4). The risk then becomes
function of the likelihood of the G@lume reaching those faultas was the case for the risk of leakage
through the abandoned well DdC.

The spread of the plume was assessed with the TOUGH2 numerical model described irBs2atidn
when evaluatingthe risk of leakage through an abandoned well. Parameters and setup of the model
were the same. Has evidenced by the plume spiiedegurel6 (page29), the CQdoes not move in

the direction of the faults and the distance travelled would in any case bshod.

Wecan safely say that there is no risk for fiilot phase. Even for theommercial phasgand although
awider plume dispersion is anticipatede probability of the plume reaching the identified faults is
negligible. Therefore, this risk is classified\Nas significant, for the pilot phase Still, given the larger
volumes injected and the extent of the g@lume, he risk evaluation for theommercial phasés
revisited in Round .2

Leakage through During thepilot phase, the plume is too small to reach Pilot phase: Not
faults the mapped faults For thecommercial phase detailed  significant
analysis is required. Commercial phase:
Round 2 analysis

3.3.3 Seismicity related risks
Seismicity related risks encompasatural seismicity, which is well known and characterised by
instrumental seismic recordandinduced seismicitydue to pressure build up.

3.3.3.1 Leakagealueto naturalseismicity
Seismic events can, theoretically, compromise the effective containment oivifin the reservaoir,
by generating cracks / fractures in the caprppbtentially reactivating existing faultsor affect
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¢ 2 PIlotSTRATEGY
infrastructure either directly or via tsunami¥he bowtie associat€s natural seismic events with
potential loss of containment through damage to wedisalsor reactivation of faults

Causes Hazard Consequences

a given area, higher than N oL
those retrieved from the of natural seismicity

e -

Prevention
+ Study of fault reactivation, oriented by a strong seismic
event (stress field orientation)
+ Have a previous map of natural seismicity in the area
+ geomechanical model and induced stress (e.g. study
about the scenario of a close event and estimate the
Coulomb stress in the area)

Abnormal increasing of
seismic events occurrence in {Leakage asa TBSU"W

Figure22: BowTie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofleakage as a result of natural seismicity

The available information and mapping existent for seismii€tpresented in sectior2.5. The
Eurocode 8 framewonwas used as the basis for the risk assessment of the leakage as result of natural
seismicity.Eurocode 8 imposes that structures are designed for an earthquake with a probability of
exceeding 10% in 50 years, which corresponds to an average return period of 475 years.

For thepilot phase lasting for 3 yearghelikelihood of suclan event i9.6%. Impact can be assumed
from the expected acceleration in EG8gure9), as 0.6 m/5 Even for a near field type Il earthquake
the expected acceleratiowould not exceed 1.1 mfsProper design of the injection infrastructures
would ensure low impact, which is in line with the experience withi@j@ction wells in high seismic
risk sites such abomakomain Japanwhere a 6.7 magnitude earthquake at 30 kmom the injection
site, did not cause any G{@ak or damage to thafrastructure (Japan CCS Co., Ltd., 2019)

However,for a type Il earthquake, a tsunami could resulcdinciding with the periodiuring which
the vessel is injecting G@uring the pilot phas¥, it could result in CQ leakagedue to loss of
connection between vessel and wellhead. Eserandgiven the small amounts ofdz being injected
in the pilot, lower than DO K in total, andin batches ofiround 650tons per vesselthe impactwill
be limited during the pilot phase

For the commercial scaleyer a 30year period, the probability aiin event with areturn period of

475yearsisaround6%d | 2 6 SASNE aAyOS [/ hi gich dnajodBaxhquake
will certainlyoccur inPortugal(albeit tens to hundreds dimsaway from thestoragesite). Clearly,
assessing the hazard imposed by natural seismicitgleant for the commercial phase and is

conducted in Round 2.

QX
i

Leakage due to natural During the3-yearpilot phase, likelihood of a higt Pilot phaseNot significant
seismicity magnitudeearthquake ipelow 1% For the Commercial phase: Round
commercial phase detailed analysis is required analysis

13 During the pilot, injection of CGs done directly from the ship, with no platform being involved. In the
commercial scenario, G& delivered to the wellhead by an offshore pipeline.
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3.3.3.2 Inducedseismicity

Induced seismicitgue to uncontrolled pressure buidp that reactivate or initiate faultsan damage
infrastructure at the surface, imposing additional cost and/or mitigation strategies that may negatively
impact the project economicslhe bowtie (Figure23) links injectionrelated pressure changes to
possible fault reactivation, showing conservative injection strategy and pressure control as preventive
barriers, and operational response and seismic monitoring as mitigation should seismic events occur.

Causes Hazard Consequences

potentially to induced from induced
seismicity on other subsurface

structures (on wells notably) seismicity

Loss of mechanical integrity in g -
the reservoir leading Hazards resulting _ :

Prevention - Mitigation
+ Control microseismicity during injection + Control of injection rate
« Control injection pressure + Stop injection 7
- Model the relationship between injection and induced seismicity + Determine the extension of the break (seismic event analysis such as spectral
(e.g. optic fiber or using an array of geophenes at the seabed or analysis, variation of the stress field)

in depth along the injection well)
« Have a previous map of natural seismicity in the area
« geomechanical model and induced stress

Figure23: Bow-Tie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofinduced seismicity

Induced seismicitynazardwas evaluated by considering the expected pressure evolution during
injection and the mechanicabehaviour of the surrounding geological formationghis is a
consequence of the optimization procedure undertaken in WP3, describddliverableD3.3. The
maximum allowabldottomhole pressure (BHP) of 165 bars was defined to ensure that no fracturing
of the reservoir or seal is induced.

For thepilot phase the combination of a relatively small injectioatesand short operational duration
results in minimapressure induced in the reservpitecreasing significantly thmssibilityof inducing
seismicity.Even if it occurredand precisely becauste pilot aimsto tests injectivity,immediate
decrease/or interruption of injection is perfectly accommodated in the context optlue phase.

Inthe commercialphase continuous injectionvill leadto higherpressures, increasing thibeoretical

potential for induced seismicity. However, the knowledge acquired during ghet phase will
decreag uncertainty about the pressure build dpr the commercial phase and will impropeessure
managemento preventinduced seismity. This is consistent with observations from international

/' hi ai2N}F3S LINR2SOGa ¢ KSNDSHoweldR detpacRmust Seh assegsad A i @
carefully, given the concerns expressed by stakeholders about this risk. Therefore, the risk of induced
seismicity during th&€ommercial Phase ansladdressedn detailin Round 2.

Induced seismicity Inthe pilot phase small volumes will be injected = Pilot phaseNot significant
and intermittency will dbw for pressure decline. Commercial phase: Round 2
For thecommercial phase detailed analysis is analysis
required.
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3.3.4 Chemical interaction of injected ®@ith seal
¢CKA&a NARa]l NBtrdsSa d2 / hi NEFOGAGAGe 6AGK GKS Ol
limestonescseesectio.30 @ [/  Nb2yl G4S RA&A&a2fdziA2y YI & 200dzNJ A -
seal, depending on fluid composition and ghg(re240 ® 2 KSy [/ hi RA&az2ft @dSa Ay i
creates a mildly acidic solution that can dissolve carbonate minerals.

Chemical reactivity of a seal sample {8BRNL5) was conducted in WP2 and reported in D2.9
(Kilpatrick et al., 202%nd D210 (Mathurinet al, 2026) Sample CIDARNlp a4 S| f Q& dzLIJLISNJ f 7
fre@8SNE 6KAOK Aa dzytA(lSte (2 Gablmedtodewitt chigite (89%HE NI ( A y
and accessory quartz (7%), kaolinite (2%) afeldSpar (2%). Batch tests used 5g of crushed material

(125250 ym) in 15Q4 n n Y-$aturatédi brine under reservoir¢® for 2 months (see D2.9 for

details). Disslution of the crushed rock was relevant, but the?Qamncentration curve stabilised and

dropped, indicating I / hi &l Gdz2NF GA2y |yR &4SO2yRINE | Y2 NLK?2 dz
with PHREEQC modelling results (see D2.10). Under natural conditions, water/rock ratios are much
lower and rapid saturation from abundant calcite and limited fluid volume greaslricts bulk rock

dissolution in static systems.

Causes Hazard Consequences
— -
sealing minerals that may
increase the reactivity (more
than those predicted from
modelling) Chemical
interaction of ,
Formational fluids mixing with injectad CO02 with
non-equilibrium fluids caprock
Mitigation
Prevention = Stop injection

+ Robust geochemical model » Evaluation of the used brine

Figure24: BowTie diagram to identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk of chemical interaction of injected Q@th caprock.

Flowli KN2 dzZ3K SELISNAYSyiGa 2y G(KS alyS NRrOl &b YLX S a
FNI OGdzNBR 02 NB -satiraied Kikelfit 30 éurs {s€e D2.9).iDissolution occurred but

notably subtler than those in the batch experiments. Thite$ the tightness of the sample used in

the flow-through experiment, limiting the surface area available for reactions (compared to the
powdered material in the batch test), better reflecting field conditions.

¢KS G(GSadSR alyYLXS NBLNBaSyida (GKS &Skt Qa dzLJLISNJI |
migrating from the reservoir. Therefore, results may not reflect the full seal heterogeneity, as its lower
sections consist mainly of marl, clay, and dolomsiec(ion2.30 ® CdzNJI KSNXY2NB X / hi A a
reservoir base (>300 m thick). Upward migration is limited bygdewneability clay layers, making

OF LINPO] O2yidl Ot dzyf A1 St & -Retizbkdhe/rEachéskite capibck i ihe LIK | & S
commercial phase, rapid carbonate saturation and minerdfeoing are expected to constrain

dissolution processes, suggesting limited impact on seal integrity.
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Nevertheless, even if sheteérm interactions are minor, lonterm chemical effects are uncertain, so
the risk of chemical interaction GBeal is worth further investigation in Round 2 for the commercial
phase.

Chemical interaction During the pilot phase, small volumes will be  Pilot phase: Not significant
of injected CO2 with injected and plume may not reach the seal. For Commercial phase: Round 2
seal the commercial phase detailed analysis is analysis

required.

3.3.5 Injectivity

An injectivitybelow the expected0.5 to 1.0 Mt/yrwill impact the operational aspects of thm@lot
phase and the operational and economic aspects ottdmmercial phaseSimilarly an injectivity loss
along time, for instance due to mineral precipitation will also impact the storage operafitrese
two risk scenarios are addressed in this section.

3.3.5.1 Injectivitybelow expectatios

Injectivity below expectations implies that the volume of,@@t can be injected while maintaining
the pressure below the formation fracture threshold lower than anticipatediesulting intechnical
and economiaonsequenceso the feasibility of the projectHigure25). The mitigation actions are
related todecreasing the amount to injecstimulatethe injection wellor even drill new wells, and
ultimately impact inthe costs per ton of CGtored

Causes Hazard Consequences

Low well eﬂlclency I high skin ]

lack of data

[
[

(ln ectivity below
=== oxectsion 1
[
[

Poor geological assessment / }

Reservoir heterogeity / }
Undet d flow barriers

Unanticipated brine migration or
groundwater flow modification Mitigation
+ Reduce injection rate
* Drill additional wells
Prevention + Workover/ stimulate well
= Ensure proper driling conditions + Enhance permeability / acidification/ hydraulic fracturing
« Consider uncertainty in reservoir heterogeneity / permeability in the dynamic modeliing « Dril pressure relief well (brine production)
» Conduct hydraulic tests in exploratory well
+ Proper characterization of mineral composition of reservoir and of formation water
» Favor horizontal well instead of vertical well (look at cost / benefit ratio)

Figure25: BowTie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofinjectivity below expectations

Theimpact of the existingincertaintyin the reservoirpermeability and heterogeneityas evaluated

during injection rate optimization ideliverableD3.3(Chassagne, 2024A detailed numerical model

of the storage sitewas implemented in & LIS y (s&t@ateAspenTEMPESTand a Bayesian

optimization algorithm (Bordas et al., 2020) was used with an objective function for maximizing the

total injection rate over a 3@ear injection period. To account for subsurface heterogeneity, at each

well location, 1@arameters ofgeological uncertainties were varied, including statistical parameters

from the interlinked porositypermeability reservoir models, dependent on lithofacies variations.

Further details about the modelling procedure can be foundefiverableD3.3(Chassagne, 2024

Figure26A K2 ga (GKS NI y3IS 27F (20l fyearsTihe key Hattislics @zt R 0 S 7
about 41 M (1.37 M/yr), Pso= 18 M (0.60 M/yr) and Re= 4.2 M (0.14 Ml/yr).
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Figure26 also depicts the range of CAPEX and OPEX for the injection well designed in WP4 and for
which the details are provided oteliverableD4.11 (Canteli, 2026)

Total Mass Injection CO,
P10:4.2M  P50:18M P90:41M

!

0.08

0.07]

o
2

£

Probabilty Density Function
Probability density

o wn o n

] B
CAPEX (M€) per injection well

° ry
? 2

1€7 267 3E7 4€7 SE7
Values

Figure26: Distribution of total C@mass injection over a 3earperiodd f ST 0 ' yR RA&GNROdziA2Yy 2F /[ |
(right). OPEX are 5% of CAPEX.

Given that thepilot phase aims at injecting 0.1t\ver a period of three yeard feasible only irone
year), theexpected injection rate for theilot phasewill then be from0.03 M/yr to 0.1 Mt/yr. The
likelihood that injectivity is below expectations in tipdot phaseis lower than 10%. Furthermore,
Impactrelates to the length of time requiret inject the same volumsinceeven avery lowinjection
rate still meetgthe pilot aimto test the reservoiinjectivity.

As for the commercial phase, the injection rate being considered ranges from 0.5 Mt/yr to 1.0 Mt/yr,
which is consistent with theentral tendency of the distribution (P50, mediashown inFigure26.

Likelihoodwas considered for the number of wells required to inject at least Q&1 well¢ 50%;
2 wells- 30%; 3 wellg 15%; 4 wellg 5%. That is, a maximum injection rate given ky(Pwell) and
a minimum given by i (4 wells). A discrete distribution was assumédpact is the variation in
CAPEX+OPIX the injection wells, considering as input the distributiarfrigure26 for a single well.

The resulting risKistributionis shown irFigure27, asanincrease in CAPEX+OPEX with respect to the
scenario with a single injection well.

0.0 82.0

5.0%

o
H
o

Probability density
g

=] o o = o (=) o
& I <+ ©° o S

Increase in CAPEX+OPEX (M€) with respect to single Well case

120
140

Figure27: Probability density functionfodh 81 2F Ay2SOdGAgrade f26SNJ Ky SELISOGSR | a
to the single well case.
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L¥ YdzZ 0ALIX S ¢Sftfta | NB NBIJIdANBR 02 | OKASGOS |y AY
increase substantialllK A & A YLIJ OG A& YAGAIFGSR o0& GtkwdichLIAf 2 G Q2
results in lower associated probability densitieand by the fact that the cost increases shown in

Figure27 are far less relevant when evaluating the fthlain costs of the commercial phase.

Injectivity below During thepilot phase despite the moderate likelihood  Pilotphase:Not
expectations (<10%), theiskis residuakinceassessing the injectivity i< significant
an objective. For theommercial phasethe Impact would Commercial Phase:
be high for the costs of storage, bilite likelihood is much Significant
lower due to data gathered in the pilot

3.3.5.2 Injectivity loss

Injectivity loss refers to the progressive reductioririjection rateduring operation, typically caused
by geochemical precipitation, fines migration, or changes in -medibore flow properties.The
decrease in injectivity may result in lower well efficiency and higher cost per torp@fij€Qed Figure
28).

Geochemical interactian of CQ-reservoirbrine was studied through laboratory experiments
described in detail in 29 (Kilpatrick et al., 2025and modelled in D2.1QMathurin et al., 2026)
Reservoir sample CORRLO, a mediurdine sandstone, fine grained, with quartz (91.1%) and K
feldspar (8.9%), was submitted to batch reactivity tests, with 5 g of crushed sample (siev@5025
um) in 15@H n n Y-$aturatédibrine under reservopressure and temperature ¢fF) conditions

for 2 months (see D2.Kilpatrick et al., 2025jor details). There was no evidence for significant
dissolution of the primary mineral assemblage, or secondary precipitation on the timescale of the
experiment.

Causes Hazard Consequences

Precipitation effect around
wellbore

(

. due Iml l |n100ﬂV“y|083 }

ac

Prevention
« Proper characterization of mineral composition of reservoir and of formation
water
+ Maintain records of well performance

Mitigation
» Reduce injection rate
« Drill additional wells
+ Workover/ stimulate well
+ Enhance permeability / hydraulic fracturing

Figure28: Bow-Tie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk ofinjectivity loss

Therefore, likelihood of injectivity loss due to mineral precipitatiocoissidered aNot significantfor
both the pilot andcommercial phases.

However, there is still the possibility thaalt (halite) precipitation caused bywater (brine)
vapolization around the injection well may have some impact. During filet phase, with
intermittent and low injection rates, any decline in injectivity due to salt precipitation would have
minor operational consequences and is unlikely to restrict the ability to aclievelanned injection
rates. Hence, for theilot phase this risk iblot significant
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However,a continuous injectiorduring the commercial phase majead to salt precipitation and
impose @erational adjustments such as rate optimisation, stimulation, or the addition of a
supplemental injector- potentially resulting in operational interruptions.Therefore, this riskis
addressed through numerical modellingRound2.
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Injectivity loss  During thepilot phase risk isicceptableas Pilot phaseNot significant
operations are inherently flexible. For the Commercial phase: Round 2 analy:
commercial phase detailed analysssequired

3.3.6 Storage capacity

3.3.6.1 Storage capacity below expectation

Storage capacity below expectations is a performance risk since it could reduce the commercial
interest of the prospectRigure29). The consequences would ultimately result in an increase in costs
per ton of CQ stored. As defined in the FEP databastayageet. al, 2004) the storage capacity
depends on several geological categories, namely the reservoir geometry, the lithology and the
petrophysical properties.

Causes Hazard Consequences
Lack of data to properly
characterize porous media
Unsuitable approach for
storage capacity assessment
Poor storage concept (e.g. Undetected flow ( Storage capacity '
barriers, poor characterization of reservoir .
e o ‘ below expectations
{ Poor injection design (e.g. horizontal or ] _
vertical) / injection depth
Prevention Mitigation
* Add petrophysical analogue data from onshore wells (if data is available), » Identify additional storage sites in different structures
including shallow groundwater wells « Injection control
« Produce reliable static and dynamic models incarporating the maximum - Increase the number of water well producers to reduce pressure and

information available

« Conduct uncertainty analysis to assess the range of expected storage
capacity

+ Acquire new data: well (log, cores, cuttings, pressure, temperature, etc) and
seismic data

increase CO2 storage capacity (in case of closed structure)
« Promote dissolution using an intermittent injection strategy to increase
dynamic storage capacity

Figure29: Bow-Tie diagranto identify key causes, preventive barriers, potential consequences, and mitigation measures for
the risk of forage capacity below expectations

The total storage capacity is irrelevant for the pilot phase itself, since only 0.1 Mt are aimed to be
injected. Thus, the risk does not exist really exist for the pilot phase.

The uncertainty analysonductedin D3.2(Bouquet, 2024allows to assess the likelihood of storage
capacity not meeting the commercial phase expectations of L®NO0 M of CQ beinginjected over

30 years The analysisppliedthe volumetric approach to quantify thstatic storage capacity and
considered the variation in the petrophysical parameters that affect the rock porous volume, but also
uncertainty regardinghe storage efficiency factor, pressuead reservoir temperatureFigure30
showslikelihood of storage capacitandindicates a mean capacity of 117 Mvith Ro, R and Ro
values of 298/t, 158 M and 81 M, respectively. In fact, the likelihood that storage capacity is below
the required 15 Mto 30 Mt for the commercialphase ielow 1% to2%, respectively.
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Likelihood

8 § g H g g
Storage capacity (Mt)

10
200

Figure30: Likelihoodof storage capacity based ahe volumetric equationn Mt.

Theimpactisthe variation incost per ton of C@stored, since the investment woulésultin storing

a smaller amount of GOGiven the preliminary costs assessment availabl&oaind 1, a Pert
RAAGGNROdzGAZ2Y SAGK tE WAYRXAdzY (IORBGR 2FIFEmpuak 2 F  H N
admitted for storing 15 Mof CQ.
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99.9% 0.1% 0.0%

7

© a
~ N

Cost €/ton if less than 15 Mton stored

v
™

20
23

Figure31: Distribution of risk of storage capacity below expectations as costs per ton sfot€dlif less than 15 Mof
storage capacity.

Storage capacity Risk dosnot exist for thepilot phase due to  Pilot phase: Not significant.
below small amount to inject. kelihood is very low Commerciaphase:Significant
expectations during the commercigbhase even if impact

can bevery high

3.4 Preliminary risk evaluation

TheRound 1preliminary risk evaluation integrates the outcomes from all assessed categories and
LINEPARSE |y 20SNIftt @ASé 2F GKS LRGSYUGAlLf NRala

The preliminary risk analysis in the previous secpoovides a first estimate of the potential risk
scenarios and identifieshose which are Not significant (i.e., no significant risk to safety or
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performance according to th&DL) and those thathould be addessed in detailn Round 2Table6
LINBaSyda SIFOK NRal aoSy pilotpragesds conheicBlphade aiRe I Yy R A Y
resulting risk evaluatiorNot significanor flagged for Round 2)

The qualitative rankig (Table5) of Likelihood and Impact is adapted from the categories proposed
within WP4 by REPSOL.

Table5: Likelihood and Impact qualitative categories (adapted from REP&(&cts Risk Management Process)

Probability
Very low low Medium High Very High
Frequency of
occurrence <1/100 1/100¢ 1/10 1/10-1 1-10 >10
(timesl/yr)
% description \ <10% 10%- 40% 40%- 70% 70%- 90% >90%
Remote May happen less Expected to Expected to occur Oceur once or
Event . . . . more per year in
L chance of than once during occur in the several times in the :
description : : e - e . e the project
happening the project lifetime | project lifetime project lifetime lifetime
o : Almost certain,
ORENIENTS Rare, very | Unlikely but not Possible Moderately likely |  will probably
description unlikely impossible arise

Impact
Very low low Medium High Very High
(V)
CAPEX (% of total [y 0.01¢ 0.1 0.1¢1.0 1-10 >10
investment)
o ey am——
Schedule (% projec s 0.5-5 5-10 10¢ 20 >20
duration)
0
QA (POSEET) <0.01 0.01¢ 0.1 0.1¢1.0 1-10 >10
budgeting)
Cost increase (%
perton GQ stored) <0.01 0.01¢0.1 0.1¢1.0 1-10 >10
. Fugitive Controlled Emissions exceeq Some damage to Widespread
Environment S o . damage to
emissions release limit environment .
environment
Public image Individual Local Regional Industry-wide . Natlon_aI/
international
Qualitative . Minor, easily Mode_ratg, some Majpr, most Most objectives will
o Negligible ; objectives objectives
description remedied not be met
affected threatened
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Table6: Preliminary riskevaluation.

Scenario

€<= > PilOtSTRATEGY

Risk Evaluation (Not significant/flagged for

Risk Category

Round 2)

containment failure

due to poor geologic

R1- Leakage through operation| Pilot¢ R1p Very bw High Not significant Well designed to best practices.
Leakage through wellg well Commerciak R1c | VerylLow High Not significant Well integrity tested during pilot.
R2- Leakage through Pilot¢ R2p Very low Very low | Not significant Plume too small to reach BXcC.
abandoned well Commerciak; R2c | Round 2¢ numerical modelling of plume dispersion
R3- Leakage through caprock | Pilot¢ R3p Very Low | High | Not significant Pressure management during Pilot.
due to pressure build up Commerciak, R3c | Round 2¢ numerical modelling of containment failure
Leakage due to R4- Leakage through caprock | Pilotg R4p Round 2¢ numerical modelling of caprock integrity

Commerciak R4c

Round 2¢ numerical modelling of caprock integrity

Sesmicity related
risks

characteristics

RS- Leakage through faults Pilot¢ RSP Very low | V_ery low | _Not S|gn|f|cant_PIum§ too small to reach faults.
Commerciak R5¢ | Round 2¢ numerical modelling of plume dispersion

R6- Leakage due to natural Pilotc R6p Very bw | Low | Not significant

seismicity

Commerciak R6¢

Round 2¢ Analysis of semicity hazard

R7- Induced seismicity

Pilot¢ R7p

Very low

Low

Not significant CQ volume to inject is small
Intermittent injection allows for pressure decline.

Commerciak R7c

Round 2 ¢ Fault reactivation and probabilistic saiicity analysis

Not significant CQ volume to inject is small. Plum

R1ilc

:j]lgg?;c:%%k VI?/ﬁ;}(;Zzlrmcal interaction of GO| Pilot¢ R8p Low Very low may not reach the seal.
Commerciak, R8c | Round 2 ¢ Modelling of caprock integrity
R9- Injectivity below Pilot¢ R9p Medium Very low | Not significant Aim of the pilot is to test reservoir.
expectations Commerciak, R9c | Low High Significant Pilot provides additional reservoir data.
Injectivity Pilotc R10p Medium Low Not .s.,|gn|f|cant Pilot is adaptable to injectio
o conditions.
R10- Injectivity loss -
CmImEers Round 2¢ injectivity loss modellin
R10cC cinj y g
_ Pilotc R11p Very low Very low Not S|gn|f|cant.G|ven the small amount to injedhere
. R11- Storage capacity below is no risk.
Storage capacity expectations Commerciak
P Very Low Very high | Significant

* Not significant risks that do not call into question the purpose of the CCS Directive for the storage site concerned, according to Qa@aneat 1.
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Scenarios identified flagged in Round 1 through the combined ofib@malysis and likelihoad
impact estimations are subsequently examined in Round 2 using detailed numerical modelling and
probabilistic analysis, to quantitatively test the robustne$she barriers identified at the screening
stage.

Overall,from the 22 scenarios reviewed in Round 1 (11 for the Pilot + 11 forcaimenercial phase)

twelve scenarios were regarded et significant two hazards Ifjectivity below expectationand

storage capacity below expectationsire regarded asSignificantfor the commercial phase and 9

risks are addressed in detail in Round 2. Forpile phase scenario, the risks remain consistently low

due to small injection volumes, short operational duration, and operational flexibility. Onlyatrerd

G SF{lF3S GKNRBdAdAK O LINEKO NI RdzS dNdocéri i @éRiot Arsizst 2 34 O
addressed irRound2. For thecommercial phase, higher injection rates, longer operational periods

and reduced operational flexibility (due to continuousG@ply) introduce an increase in likelihood

and impact of events in injectivity, containment failure or seismicity related, rigkgiiring a more

detailed assessment in Round 2.

3.5 Pilot implementation plan

¢KS AYLX SYSyGldAz2y L stoyage piloriwill Aby Sadried Kot gn piaétiG, / hi
incorporating safety and performance considerations from the risk assesshisrdeveloped in WP4

and includes several other aspects beyond safety and performance, namely regalspests, well

and injection design, operational strategy, and monitoring activities for the pilot piheseertheless

Round 1 ofthe risk assessmenprovided recommendationsthat are included in thepilot plan
includng:

1 Regulatory Classificatiorithe pilot is limited tdnjection of100kt2 ¥ / hi = ¢ KA OK Of |
as a research and demonstration project under Portuguese law. This means it is exempt from
the full licensing procedures of a commercial storage project (as pes0R012).
Nevertheless, thémplementation planrmust considerthe need fora Title for Private Use of
Maritime Space (TUPEM) from DGRMawerthe offshore activities

1 Injection Well and Drilling PlariThe pilot will utilizea singltlRSRA OF § SR / hi AyaSo0i
observation/ monitoring wells are plannedas they would impose an unnecessary.rigke
injection well location has been optimized througmodellingto minimize riskof leakage
through faults and the legacy weldo-1C The well will be drilled using best practices, with
multiple casing strings and cement barriadequate toprevent any leakage up the wellbqre

1 Formation evaluation data during drilling formation evaluation data should be collectddy
example, coring and logging of the reservoir and caprock inteneaiefine their properties,
and measurement of the formation pressure water salinity for baseline data. After drilling, the
well will be completed with corrosieresistant materials and downhole monitoring
instruments (such as pressure and temperature ggs) to facilitate continuous data
collection during injection

1 Injectivity tests given the lack of data about the permeability of the reservoir, an injectivity
test withwater equilibrated with the reservoir mineralogy should be conducted (as the use of
water not in equilibrium with the reservoir and brine could led to precipitation of minerals
and decrease in porosity and permeability);
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71 Injection Operations:The target injection rataluring thecommercial phase may be up to
1.0Mt/yr or lower (it may ramp up gradually). The injection will be actively pressianeaged
to ensure that bottomhole pressure stays below defined safety thresholds to avoid fracturing
the reservoir or caprock. If monitoring indicates pressure rising too quickly or signs ef near
well permeability loss, injection ratgill be reduced accordingly.

Overall,Round ltranslated the risk assessment findings into concrete actions and design cHoices
WP4 By limiting the injection sizelefining well locatiorand maintaining operational flexibility, the
LX 'y ONBFGSa | O2yiNRffSR SY@ANRBYYSyYyG (2 LINRBGS

The nextchapterwill synthesize the risk analysisnducted in Round.2
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4. Risk assessment synthesis

The Round 2 assessment relies on integrating updated numerical modelling results, Bayesian
stochastic analyses, and geomechanical evaluations from WP2, WP3, WP4, and WP5. The refinement
process follows a structured workflow that progressively narrows uncerésrand improves the
reliability of risk quantification.

4.1 Risk analysis

Round 2 incorporates a continuous feedback loop between geological characterisation (WP2),
numerical simulation (WP3), pilot development (WP4), and risk and safety performance (WP5). In
several cases extensive modelling was done, but for concisenesgdlignsprovides a synthesis of

the assessmentyhile detailed analysis is presented Appendicesto this report, or indeliverables
D3.4(Pereira et al., 202§ and D3.5(Pereira et al., 202§, when the analysis was conducted in the
scope of the modelling tasks related to the letlegm fate of CQ(D3.4) orof the phenomenological
impacts for storage (D3.5).

4.1.1 Leakage through abandoned wells

¢KS LINBfAYAYIFINER FaaSaavYSyid Ay {SOGA2Y ododmdPH S¢
legacy exploration well DBC The assessment indicated that such an occurrence is not possible during

the pilot phaseand is unlikely during theommercial phaseHowever,high uncertainty in the

LISGNR LK@ aA Ot LI NI YSi{S NEmppdughedanalshisingttie detdiledzy S Y A =
numerical models developed in WPThe analysitere presented focusesolelyon the Commercial

Phase, with detailed descriptions of the numerical approach and results providgmbandix 2

4.1.1.1 Key data and assumptions

Thelocation of theabandonedwell Do-1Cwith respect to the proposed injection wedleparated by

11.7 km,is shown irFigure2 (pagel?). Section3.3.1.2(page27) describes the main features of well

Do-1C, including its plug and abandonment feature$975 under standards that differ from present

RFE& [/ hi a02NF 3S NBI dzA NBY Sy (i dobDotl@thaSabuldAldad to @0 dzi S &
leakageinclude degraded cement, incomplete plug placement, subsidence around the wellhead, or
corrosion of casing or cement. Howevepr@condition forthisd OSy F NA 2 A& GKI G GKS |
reach theDo-1C thusthe risk analysis focused on the likelihood of tigsurring

4.1.1.2 Modelling approach
The modelling approach appliedin expanded stochastic simulation framewark the dynamic

numerical modeto quantify the longterm migration2 ¥ G KS Ay 2 S @vér$R codrdeiof LI dzY S
1000 years (30 years of injection at a rate of OtBykMand additional 970 years of simulation)

A refined geological model was adopted, based on the structural interpretation and petrophysical
characterization delivered in WP®&ith coarsening of the grid in regions distant from the injection
well to allow thesimulation of 1100 realizations over a 10@€ar time horizon(Figure32). The
stochastic methodology was specifically configured to evaluate the likelihood of plume migration
approaching either the legacy well or the faults under wide ranges of uncertaiatyral throughflow

in the reservoir was assumed negligible, since the structure is not connected to any potential recharge
area onshore antighsalinitygroundwaterindicates that residence times are vdrigh.
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250m x 250m 800m x 800m

N
s

50,9080,

Figure32:GridNB a 2 f dzi A 2 ya dza SR mofleliR@@Tid l&ftinddel /(250 m A 2EEnS>CL mRcyiresponds to
the configuration fromtask 3.3. The right model (800 m x 800 m x 10 m) adopts coarser grid cells to reduce computational
time while maintaining representative flomehaviourduring the 1006year stochastic variation analysis.

Modelled uncertainties included porosity, permeability, vertical anisotropy ratios, irreducible water
saturation, residual gas saturation, and relative permeability. Each parameter was sampled with either
PERT or triangular distributions depending on the certantyavailability of supporting data. All 1100
realizations were generated by sampling from these distributions, allowing adjustments during
iterative simulationFor completeness,xtreme cases with unlikely high injection rates of 5000

in 30years were also investigated.

4.1.1.3 Results

The ensemble of 1100 simulations produced a broad distribution of plume footgFigsre33). The

free-LJKI &S / hi LI dzYS A& yYSOSNI G | oRAwelAco3%ll f Saa
realizations, the plume remains structurally confined @otla singlescenario showshe / h plume

reaching the D@LC wel|l even for the most extreme scenariagith 51 Mt of injected mass
Furthermore, when the plume for the extreme cases in which the plume is less tmarirbm Del1C

the CQ saturation below 0.1, implying that that thiésk ofleakage does not exist.
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Figure33: Left) example offee LK &S / hi &l GdzNF GA2y |G mnnn @SIFNR F2N a0Syl N
showing the maximum lateral plume extent relative to the-DDlegacy well in plan view. Right) Distribution of distances

between the plume front and the EiC abandoned borehole after 1000 years. In all realistic scenarios the plume is never at

distance shorter than 800 m from thegacywell and all results below 1 km distance are from the extreme injection rate

scenario (51 Myr), imposimg higher pressure gradients and faster plume movement.

Consequently, it can be concluded that tmmmercial phase

1 Scenario ProbabilityExtremely low (effectively negligible).
f Potentiallmpactb 2 / hi fSF{1 IYGAOALI 6SR®

4.1.1.4 Risk evaluation and recommendations
Based on this analysis, the risk of leakage from an abandoned well is evaluated as follows:

Leakage froman ¢ KS / hi LJ dzYS R2Sa y »{dC)Ndddr &k Not significant
Abandoned Well simulated injection scenario, even under conservative modelling
assumptions.

The analysis confirms that existing wells do not pose a risk under normal storage system evolution.
However, to further reinforce this conclusion, the following is recommended:

1 Monitoring of DolC the MMV plan for the pilot phase delineates a strategy for
unambiguously identify the location of EldC, resorting to geophysical methods, characterise
the baselinearound itand plan for regular monitoring during the commercial phase.

1 Redorisk assessment following the Pilot Phasthe pilot phase will allow to reduce the
uncertainty in the petrophysical parameteisat govern the Ceplume migrationPrior to the
commercial phase depyment, the dynamicnumerical model should be updated and
revisitedto confirm the plume migration and reassess the risk of i@@ching DelG

1 Monitoring the CQ plume: during thecommercial phase and in accordanagh national
regulationsand the CCS Directivplume monitoring shoul@¢onsiderthe location of DelC
and ifit indicates plume movemerlikely to reachDo-1G early warning methodspossibly
based orSpotight™, a passive seismic monitoring systeshould be implemented.
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4.1.2 Leakage through faults
Figure2 in section2.4 shows the location of thenajor faultsboundingthe storage site roughlyat
8.7km tol1lkmfrom the injection wellwith the two closest faults beirfeR to theeastof the injection
well,and F5 to thevest Faults strike roughlyd$ and NWSE. If such discontinuitiasetransmissive,
they canprovide potentiapathsfor CQ leakage if thgplume reacheshem. This risk was deemedot
significantin section3.3.2.3 butsince it can bassessed with the same numerical model used to verify
the risk of leakage through well EicCin the previous sectionwe address it here agaiAppendix 2
includesdetailedanalysis, while we present here a summary.

4.1.2.1 Key assumptions and data

Interpretation of 2D and 3D seismic surveys admit that the faults may extend up to the seabed, but
there is no indication whatsoever about the permeability along the faults, although the fact that they
are normal faultamay favour the existence ofmeaningfulpermeability. Thus, stochasticmodelling
considered scenarios of fault totally impermeable to scenarios of permeability equal to the reservoir.
Nevertheless, the precondition is dictated by the risk of the @@ne reaching faultaot only during

the CQ injection (30 years)f the commercial phasdut also for longer periods (10§ears)o check

if the plumeimmobilizes.

4.1.2.2 Modelling approach

The same stochastic methodology applied to assess plume migration toward the legaay tivell
previous sectiorwas deployed here to evaluate the likelihood of @&€aching the major bounding
faults up to 1000 years after injection.

4.1.2.3 Results

1 oo Across all 1100 realizationshe plume
remains contained within Q4TV1
prospectand does not reach the mapped
faults on either side of the reservoir.
Figure 34, shows an example oplume
extent and CQ saturation remaining
several kmsaway from the mapped fault.
No realization indicates plume contact
with these faults, confirming that the
reservoigfault system remains effectively
Y hydraulically isolated under all plausible
A — . modelling realisationseven for those in
 E W | ' which the faultsare aspermeable as the
R ) reservoir itself.

“r1800

Figure34: Example of3D view offreelJK I &S / hi al Gdz2NF GA2y G wmnnn &@SIENBR F2N &0
realisations, illustrating plume geometry and vertical distribution relative tddbé#s.

4.1.2.4 Risk evaluation and recommendations

Based on these results, tresis no rislof CQ reaching the faults and causifepkage and no specific
monitoring procedures are recommended other than tracking the @@me during the commercial
phase.

Leakagethrough Faults ¢KS / hi L)X dzYS R2Sa vy 2 Notsignificant
(Commercial phase) under any simulated injection scenario, even unc
conservative modelling assumptions.

The PilotSTRATEGY project has received funding fron @.P"OISTRATEGY
N N - www.pilotstrategy.eu
QdzNRB LISIYy | YA2yQa | 2NAI 2Y Page52

programme under grant agreement No. 101022664
—— — — == == == =5 == — R




¢« ) PilotSTRATEGY
4.1.3 Containment failurelue to pressure buildup

Containment failure refers tothe lossséalA Yy § SANA G LR GSYydAlLtte ff26A
reservoir pressures exceed the mechanical limits of the overlying formatidhs. risk of
geomechanical failure of the caprock may occur due to pressure-bpilc the storage complex,

particularly pressure propagation from the reservoir into the caprock. This is more critical during the
304/ear injection period, although understanding and assessing the geomechanical behaviour in the

first years of the pst-injection period is also importaniThis risk was evaluated through numerical
modellingin WP3, and the approach and results are described in detdiléliverable D3 (Pereira et

al., 2026b) The following section presents a summary of the work conducted.

4.1.3.1 Key data and assumptions

The evaluation of the structural integrity of the £@rage compleis centred on the geomechanical
characterization of the Cacém Formation, recognized as the regieaklihg unit (caprockConsisting

of Upper Cretaceousarbonatedrocks, it isolates théop of the reservoir from the overlying Aveiro
Group(Figure35), which acts as a potential secondary seal (caprock) and the first geological layers of
the overburden The 3D geological model initialization assumed a local geostatic equilibrium
condition. Thetimeline of the mechanicanalysis was segmented into two distinct phases:

1 Operational Phase (Injectior§0-year duration
1 Shutin Phase (Podnjection):70-yearperiodto assess system stabilization and relaxation.

To validate seal robustness and perform an uncertainty analysis, the following scenarios were studied:

1 Reference Case: Injection rate of 0.5y through a single well.

9 High Injection Scenari¢njection iate increase to 1 kMyr, evaluating singlevell versus dual
well configurations (i.eqne perforation intervals versuw/o perforation intervalsn the same
injection wellfor CQ injection).

i Sensitivity AnalysisSystematic parametric variation ofiechanical parameters cohesion
(0.1, 1 and B/Pa),friction angle (L0° 20° and 3°), Young'snodulus (5 33 and60 GPa), and
Poisson'satio (0.2 0.29 0.4), focused on the most critical scenapieviously assessdie.,
the injection rate oflL Mt/yr using two perforation interva)s

Importantly, it is assumed that the initial reservoir pressure is assumed to be hydrostatic, as there is a
complete lack of data about thie-situ pressure conditions.

4.1.3.2 Modelling approach

The modelling methodology adopted a coupled therihgdiraulicmechanical (THM) approach to
simulate the rock mass response to effective stress state changes induced by fluid injection.

w

Injection Well

500
750 -
1000 —
1250

488000 492000 496000 500000
Dist: (m)

Depth (m)

Figure 35: 3D geological model and correspondingBAtrosssection of the storage complex near the injection well,
illustrating the succession afainmodel units: reservoir (red), caprock (green), and Aveiro Group overburden (blue).
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The structural stability assessment was grounded orMibér-Coulomb failuresriteriawhichenables

the determination of the maximum shear strength of the material as a function of effective normal
stress. System safety was quantified via Baetor of Safety (FS)efined by the relationship between
the acting stress state and the failure envelope.

4.1.3.3 Results

The integrated geomechanical assessment validatesathequacy2 ¥ G KS / hi &ad2NJ 38
confirming the competence of theaprock as a tight barrier capable of ensuring letegm
confinement. Simulations demonstrate that under all operational scenarios, incligegion rate

of 1 Mt/yr and variations in well configuration, the system operates strictly within the elastic domain,
exhibiting millimetrescale deformations and stress states consistently remote from the Mohr
Coulomb failure envelopelhe Safety Factor remains consisterglyove rupture level foboth the
Cacém Formation and the Aveiro Group throughout the simulations. The primary caprock (Cacém
Formation) shows only a very minor initial decrease during early injection before stabilising, while the
secondary caprock (Aveiro Group) remains esstynti@nstant. This indicates that injectiémduced
stresses do not threaten mechanical stability and that both sealing units maintain robust mechanical
integrity over time.

Containment failure due to caprock breach remains unlikelynutiericalsimulations show caprock
YEAYOGFAYAYy3a AyGSaANRGE o6y andtheréforeNdBritaldmientyfailurelrisk2s@ S LINJG
considered low.

4.1.3.4 Risks evaluation and recommendations

The likelihood of caprock failure, even at commercial scale, is low due to the favourable initial stress
state and because the perforation intersdbr CQ injection are definedat the deepest partof the
reservoir, several dozen meters below the caprddkwever, the analysis is constrained by the
assumption of initial reservoir pressure, bringing uncertainty to the analysis and leading to a
Significantclassification.

Containment failure =~ Geomechanicahodel demonstrated that the caprock Sgnificant
integrity is never breached during the 30 years injection
period, even if the injection rate is expanded up to 1/yW,
but if it occurred impact would result from social
acceptanceassues.However, the lack of data about initial
pressure conditions is an important constrain to the
analysis

Pressure management is paramount to keep tlois risk, so it is recommended that

9 Monitoring bottomhole pressure monitoring efforts during the injection and early pest
injection phases should focus on pressure evolution and integrity verification

1 Redorisk assessment following the Pilot Phagaaintain periodic reviews of geomechanical
models as additional field data become available

1 Operational control:Operational planning should avoid sudden, large increases in injection
pressure, and any future expansion of the injection should be preceded by Zpsitfic
reassessment of caprock stress conditions
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4.1.4 Chemical interaction of G@ith seal
The risk of CQeakage due to geochemical interactions betweer, @@l caprock at the reserveir
caprock interface is critical in €8orage operations and must be carefully assessed over the long
term postinjection period (1008/ears).Dissolved Cgacidifies the brine and in contact with the
carbonated phase afaprock may create chemical disequilibrium, particularly through the dissolution
of mineral components and a localised increase in porosity and permeability. This can lead to the
generation of potential leakage pathways through the caprock. If this ociturgy pose a critical
threat to caprock integrity and the safe lotgrm containment of C&in the reservoir.

This risk was evaluated through numerical modelling in3VeRd the approach and results are
described in detail in Deliverable B3Pereira et al., 2026bJ he following presents a summary of the
work conducted.

4.1.4.1 Key data and assumptions

The caprock is represented as a thick, mithiofacies formationcomposed primarily of carbonate
dominated units with interbedded marl and shaleh layers(see sectior2.3). A key feature of the
system is the presence of a lqgermeability shale layer at the reservaiaprock interface, identified
atthe legacy well DAG the nearestonetd KS / hi Ay2SOliAzy airiasSo

Petrophysical properties assigned to the caprock reflect conservative values reported in the literature

for shale and marl formations, with very low vertical permeability lwdto-moderate porosityfrom

the bottom towards to the top of the caprockn the reference case, the shale layer is assumed to be

laterally continuous and acts as the primary sealing barrier. Mineralogical composition includes clay
YAYSNIfas OFNb2ylidSas yR YAY2N At A0 G-&BX | ff 2
brine (Table7). Uncertainty in mineral volume fractions is explicitly considered through sensitivity
scenarios, while porosity and permeability are initially assumed to remain constant unless altered by
geochemical reactions.

Table7: Caprock mineral composition for the reference case scenario.
Samples (wt%)  Lithofacies Quartz FeldK Calcite Dolomite = Kaolinite

Upper member Limestone 7 2 79 10 2
Marl 15 3 32 5 45
Lower member Dolomite 5 1 15 75 4
Shale 25 5 5 2 63

Fluid properties and thermodynamic conditions correspond to deep saline aquifer storage; @ith

in a supercritical state. The simulations assume fully saturated conditions within the caprock; no pre
existing fractures, and no mechanically induced damage during injection. Chemical equilibrium is
assumed between formation water and caprock mineralghwlisequilibrium induced only by the
upward diffusion or migration of dissolv&ld. These assumptions are intentionally conservative and
designed to test caprock performance under both realistic and pessimistic conditions.

4.1.4.2 Modelling approach

Caprock integrity was evaluated using a fully coupled reactive transport modelling framework that
accounts for multiphase flow, geochemical reactions, Hsmthermal (complexThernmo-Hydro
Chemicak THG simulation) and porositypermeability evolution. Thenodelling domain focused on

the reservoircaprock system in the vicinity of the injection welarticularly the top layers of the
reservoir to represent the interface with the caprockjowing detailed analysis of vertical £0
migration, dissolution processes, and geochemical alteration at the interface.
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A reference case scenario was first established, representing the-ebtistate geological
configuration, including the intact shale layer at thettom of the caprockTable7). Two sensitivity
scenarios were then defined to evaluate the impact of mineralogical uncertainty within the caprock,
by varying the volume fractions of carbonate and clay minerals while keeping petrophysical properties
of the different lithofaciesinchanged. These scenarios aim to capture uncertainty in reaction kinetics
and buffering capacity rather than structural sealing efficiency.

Finally, a deliberately conservative worsise scenario was simulated, in which the petrophysical
properties of the basal caprock unit were significantly increased to represpregdominantlymarl-
carbonated facies or the partial absen@ateral discontinuitypf the shale layer. This scenario tests
the sensitivity of caprock integrity to enhanced permeability pathways and reduced sealing efficiency.

All scenarios were simulated over the injection perital represent the simulation scenario of a
previous C@migration towards the caproclo@.4,Pereira et al., 2024, followed by a longerm post
injection phase extending to 1000 years. Model outputs include gas and aq@épdsstribution, pH
evolution, mineral dissolution and precipitation, and porosity changes. Particular attention was given
to the extent of CQ penetration into the caprock and the spatial distribution of geochemical
alterations.

4.1.4.3 Results

Figure36illustrates the extent oCQ migration within the aquifegcaprock system for the reference
caseafter 1000 yeargostinjection periods. The&€Q plume remains verticallgonstrainedat the
bottom of the caprock, with no observable penetration into the overlylitgofacies of thesealing
formation. This behaviour highlights the dominant control exerted by thepgemwneability shale layer
at the reservoigcaprock interface, which effectively prevents upward migration of -fshaseCQ
despite prolonged exposure to elevat&f) partial pressures.

Carbonate minerals (calcite and dolomite) undergo dissolution during injection duetn@@ed
acidification, followed by partial requilibration during the posinjection phase. Porosity changes are
minor (on the order of 18or less), and do not impact the sealing capaoftthe caprock

The sensitivity analysis shows results that are nearly indistinguishable from the reference case. In
contrast, theworst-case scenarig characterized by increased porosity and permeability of the shale
layer ¢ exhibits limited upwardCQ migration into the lower part of the caproclalthough CQ
penetration is restricted to a few meters above the resengaaprock interface. Over 1000 years of
postinjection evolution, localized zones show full penetration of the bottom shale layer, with gas
saturation reaching values up to 0.2. Despite this lized breach,CQ does not propagate into
overlying geological units due to the substantial overall thickness ofc#pEock DissolvedCQ
concentrations andacidificationare confined to thebottom of the caprock, and porosity changes
remain minimal.
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injection (initial state) (top) and 1000 years of pogection period (bottom). The red line illustrates the interface between
the reservoir and the caprock

Overall, the results demonstrate that, under realistic reference case and sensitivity conditions, the
caprock maintains its sealing function oveng timescales. Even under pessimistic assumptions
regarding caprock petrophysical properti€ migrationin the caprockemains limitedover time

4.1.4.4 Risks evaluation and recommendations

Likelihoodof occurrence of geochemical interactiorhigh. However, the isnulation results indicate

for the most realistic scenarioglowimpact2 ¥ / hi LISYSGNF GAy3 GKS OF LINR O]
Only the worsicase scenario where caprock petrophysical properties were increasetiowed

f AYAGSR [/ hi LISy S iGNeniHe ghicknessf thé capFoSke50 M)SupvaniBedkage

into overlying formations isot likely. Nevertheless, thee is considerable uncertainiy the caprock
petrophysical propertiesnineralogicalcomposition, and lateral continuity of its most impermeable
lithofacies (notably the shale layesince it is based in information from a single well{[@). Thus, a
conservative approach imnchtes thatimpact is very low for the pilot phaseand medium for the

commercial phase, withthe overall riskbeing assessed asow. Where caprock petrophysical

properties were increasefbr worst case scenario, modelligigk 2 4 SR f AYAGSR / hi LISyYyS
meters.

Chemical interaction of C©  While localized Cfnigration within the caprock  Not significant
with seal may occur, it is unlikely for the GO fully

penetrate the caprock and create leakage

pathways to shallower layers.

The following recommendations are made:
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1 Refine geological model of the caproaktilise geologicablata from thepilot injectionwell to
be integrated with additional 3D seismic data and core analysis to better constrain the
mineralogical compositigrfacies variation and lateral continuity of tHewer part of the
caprock;

1 Monitoring plan: the MMV plan should considethe detection of any earlytraces of
geochemical alteration or pressure changesponsesat the reservoircaprock interface.
Contingency plans should also be developed to address potential localized containment
issues.

4.1.5 Leakage due toatural seismicity

Section 3.3.3 clarified thatthe storage site liesvithin the 29 lowest seismicity risk zoned &G.
Nonetheless,a probabilistic analysis of natural seisnfiazardis necessaryto understand the
likelihood of natural seismic events of a certain magnitude occurring over the commercial phase
project. This section presents a summarised version ofpftebabilistic analysis.ppendix 3 includes

a detailed report.

4.1.5.1 Key data and assumptions

A combined dataset was constructed from the IPMA regional earthquake catalogue;2024) and
the oneyear PilotSTRATEG¥ismicmonitoring network implemented in 2023 irSerra da Boa
Viagem

ThelPMAseismiccataloguecomprises 54 years of recordsumber of eventsand their magnitude,
the GutenbergRichter parameters and the variation of the Gutenb&ighterb-value over timeThe
regional catalogue contains approximately 150 events within a larggm00L00km areacentred
around thestorage site The maximum recorded magnitude at regional scale wastN et onlyfive
natural earthquakes have been recorded within a 400 km? area surrouttiéngforage locatiorover
the past 54 yeargqyrovingthat it lies ina tectonicallystabledomain(Figure37).

Snapshot at t = 0.0 days

Figure37: left- Location of the injection well (red triangle) and of the seismic eantight- regional scale (10000 kn?);
left - localscale (400 ki) . See Appendix 3 for high resolution images.

The seismic data collected the PilotSTRATEGQ¥twork from January2023to December2023
corresponds to 154 seismic events, the vast majority very distant from the prospegeaedallyof
very low magnitudéM<1).
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4.1.5.2 Modelling approach

TheORIONoolkit (Kroll et al. 2024a, hyas used to carry out an analysis of the natural seismicity and
seismic hazard in the region around the prospect site. ORION is ansopere toolkit to support
decision making on seismic hazard analysis and risk management for geologic carbon seégpiestrat
Theprobabilistic analysiwas carried out at regional and locaalefor a better understanding of the

risk of natural seismic events nearby the injection well, and the probability of those events to exceed
acertain magnitude over givenperiod- 100 years.

We focused on the Seismogenic Index forecast model and used both the IPMA and PilotSTRATEGY
catalogues. The Seismogenic Index Model is defined in ORION considering the coefficient of friction,
typically assumed 0.4 for sandstone reservoirs, and the tectsimear and normal stressing ratéhae

tectonic loading rate in mainland Portugal is very low, ranging between 0.05 to 5 MPa/10000 years.
Therefore, a value of 0.5 kPa/yr was used for the tectonic shear and normal stressing rates.

4.1.5.3 Results

The results suggest that, at a regional scale (1000%), khe probability of occurrence of natural
events with magnitudes greater than 2.0 and &l®e most common recorded earthquak@sthe
region), is certainwithin the next 100 years/hen the analysis is restricted to thecal scalg400
km?2), probabilities decrease sharplyeing

1 Earthquakesod »x Ilas®tharB0 %chancein 100 years
1 Earthquakes of Nk  oledsith&n20 %chancein 100 years
1 Earthquakes of Nk  nledsithén< 5 %chancein 100 years
 Earthquakesoh x p®nY STFFSOLGAGStEe n 2

These results confirm that moderate natural earthquakes capable of generating significant dynamic

stress are unlikely near the storage complex duringpite phase (3 years) and evenring injection

in the commercial phase (30 yeard)he likelihood of an earthquake bk n ®n 2 OO dzNNA y 3 R dzN
year pilot is <5%, and even over 30 yearsisfF M ®Pp:>2 @ a2 NB2JSNE |ye &adzOK S
reservoir/seal is expected to be minor given the distance and depth.

4.1.5.4 Risk evaluation and recommendation

The probabilistic analysis confirms that natural seismicity poses no credible threat to caprock integrity,
well stability, or storage containment under normal conditions. Forgilwt, the risk idNot significant

for the commercial phase, while large regional quakes can occur, their impact at the site would be
minimal, and this risk is effectively managed.

Leakage due to The likelihood of earthquakes¥in 2 O OdzNNX y 3 Not dgnificant
seismicity phase is less tha®.15% and in the commercial phase is le

than 1.5%during the injection phase, but certain to occur

post-closure A moderateimpact of such evenisither due

to interruption of the injectiorof leakage through the

operation well could result.

The analysis confirms that existingtural seismicityposes a\ot significantisk under normal storage

system evolution.Overall, the existing IPMA network is enough for monitoring requirements.
However the following is recommended:

1 Link between earthquakes and fault Fhe seismic network implemented in PilotSTRATEGY
detected a M=3 earthquake in the vicinity of fault F5, 11 km to the west of the injection well.
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It is recommended that the PilotSTRATEGY seismic netto8erra da Boa Viagens
maintained through the Pilaand supplemented bgcean bottom nodes (OBNY clarifyif it
is an active fault

4.1.6 Induced seismicity

OELISNASYOS TNRY &AYAtI NI/ hi Ay2S8S0iAaz2y LINR2SOG4&

injection pressures are kept below fracture pressure, as designed in PilotSTRATEGYe Still, t
preliminary assessment in secti@3.3.2advised on conducting detailed risk analysis for induced
seismicity, both for thepilot and for thecommercial phases. In this assessment we followed a dual
approach:

91 Probabilistic slip tendency analysisbased on the Mok€Coulomb criteria,focusingon: i)
assessinghe probability that faults identified to the east and west of the prospetiay
reactivate andii) performinga similar analysis fanndetected faults that may occurear the
injection well This analysis is reported in detaildppendix 3, with the main features described
in this section;

9 Faultreactivation modelling usinga geomechanicalumerical models and focused once again
on the two sets offaults detected in the seismic surveys. Thain featuresand results of this
analysisaredescribed below, but Deliverable D3Pereira et al., 202&)as a detailed description.

4.1.6.1 Probabilistic slip tendency analysis

4.1.6.1.1 Key data and assumptions

A probabilistic analysis of the slip tendency of -psésting and hypothetical undetected faults is
performed to understand if the pressuracreasewill activate those structures and cause injection
induced seismicityThein-situ stress conditions are fundamental for assessing induced seismicity risk.
Based on Ribeiro et al. (1996), this study adopts a maximum horizontal stress azimuth &dr145
Portugal and the adjacent Atlantic region. Assuming an orthogonal stress field, the minimum
horizontal stress was assigned an azimuth of 23#d the vertical stress was considered purely
vertical. Both horizontal stresses were assumed to have a plunge of 0

No reliable values for the magnitudes of the principal stresses were found in the literature, so
approximate estimates based on stakeholder input were used. The site is believed to lie within a
normal faulting regime, and the corresponding principal straaghnitudes were defined as.

Y cu 0K
% Y cu OFKI (1)
Y ™Y c¢m 0K

The initial reservoir pore pressure is assumed hydrostatic, ranging from 5.6 tdP&5with an
average of 9.8/1Pa across the reservoir. A radial flow model was applied using a transmissive
thickness of 50nt Slj dzZ £ G2 GKS A yh&e didrzty progide faf condervaineS y
estimate, even though the reservoir is thick€he calculations were performed for a reference depth

of 1250 0 ¢ St f Qa 2 LIBoy a iKjectios ratd & Tk 2§ tbyr) over 30years, the
model predicts a maxinma pressure increase of about 150a A MRajJ atithe injection point.

The East and West fault zones (§égure21 for location) were conceptualisess shown irFigure38.
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©2 PilotSTRATEGY
Furthermore, hypothetical fractures that may exist buére notdetectedfrom the seismicsurvey
have also been considered. Analysis of the fracture netviiank the seismic sections nearllge
prospect site suggests two main families of fractures: 8S®/ and ESENW (Barata, 2024). The
strikes were therefore estimated to range between1? and 106108 with dips ranging 8®0 for

the first fracture set and 790 for the second set (Barata, 2024). Considering these results, a total of
50 random fractues were generated within a reservoir grid®f8 km (Figure38).
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Figure38- Left) Simplified geological conceptual model used in FSP for the slip tendency analysis. The red dot indicates the
injection well; right) Map of hypothetical fractures randomly generattthe location of the injection well.

4.1.6.1.2 Modelling approach

The probabilistic analysis of the slip tendency and activation potential was carried out with the
software FSHCISR, 2023). The tool combines M@mulomb analysis witlsemianalytic pore
pressuremodelling

Animpact assessment was performed based on linear seismic source models (i.e., faults) and areal
sources (i.e., homogeneous distribution of the seismic sources in concentric) ramgsis
complemented by a ground motion prediction equation adapted to the national territory.
Additionally, site conditions are accounted for using a geologically basgdmé8el developed
specifically for mainland Portugal (Vilanova et al., 2018). The main objective of this analysis is to
calculate the peak ground acceleratioftlwa 10% probability of exceedance over ay&@ar horizon.

4.1.6.1.3 Results

Using the Moh¢Coulomb criteria, the estimated -situ stress field, and a friction coefficient of 0.4
(typical for sandstone reservoirs), most gristing faults in the study area af@vourablyoriented

for slipbut not at a critical state of stres§hese faults could be reactivated if pore pressure increases
by 7.2,16.3 MPa (104&357 psi) much higher than thestimatedpressure increase of 1 MPa

Overall, the sligendency and reactivation assessments indicakevalikelihood of fault activation at
the planned injection conditionsProbabilistic sligendency analysis shows that quagitimally
oriented faults have a 17% slip probability under thedelledpressure increase of ~30 psiposed

at the location of the faulténdicating that pore pressure near these structures should remain below
GKAA OGKNBakKz2ft R (Fog2d89.al FS / hi &ad2Ny 23S

As for potential fractures undetected by the seismic surveys, these fractures are not critically stressed,
though quasioptimally oriented fractures may slip if pore pressure increases by more than 6.9 MPa
at 1250 m depthKigure39). The probability of slip for these fractures at the forecasted maximum
pressure increase of 1 MPa (150 psi) is approximately B@pdar€39). Since the pressure front decays
with distance from the injection well, slip probability decreases for structloestedfurther away.
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Figure39 - Qumulative probability function of sligs a function of pore pressure increase for: lefteachdetectedfault;
right) of each randomly generated fracture in the fracture network

As forImpact and theprobabilistic seismitazard the resulting Peak Ground Accelerativaries
between 0.0130.021 g,and Modified Mercalli Intensitie@VMMI) between 2.43.3 inthe populated

areas nearest the offshore injection poifitigure40), with 10% probability of exceedance over a 30
O 2 NNB a LIpn/ttie MWscatetypRallnotXes by ¢

year horizon¢ KS &S @I t dzSa
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City Council) CMCO (Coimbra City Council).

4.1.6.2 Fault Reactivation modelling
4.1.6.2.1 Key data and assumptions
In the scope of WE, a detailed hydromechanical model was implemented in FLAC3D to evaluate how
evolving pressures during the 3@ar injection periodnayinfluence the effective stress stateoalg
faultsF2 and Fhi.e., the faults located in the east and west, respectively, at the prospeddQ4l he
hydromechanical model reproduces the structural geometry, lithological layering, and fault
architecture used in the reservoir flow modgligure4l).

8°15'W

ity of exceedance in 30 yeatsjdofion site, CMFF (Figueira da Foz
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The initial state and boundary conditions are chosen in accordance th@h_usitanianBasin slight
extensive regimewith a major horizontal stress direction of N145° (Heidbethl, 2025). The initial

state is obtained by applying gravity and settthg horizontal stress as , and,

@ , on all four model sides, hence leading to a slightly extensive regime. Bottom boundary has
fixed normal displacements, and top boundary is free. The initial pore pressure is hydrostatic.

The elastic parameters are based on the static model in [@hassagne, 202N o data is available
for the plastic parameters the faults. Standard parameters were used: cohesion c=10;, KEton
Fy3atS .Tonco

caprock
overburden

reservoir
underburden

Z: Up
Y: North

X: East

Figure41l - Geological considerations of the mechanical model: rock layers integrated (leff) lardi#tbcations (right, view
in the reservoir layer).

4.1.6.2.2 Modelling approach

FLAC3D enables threlfmensional simulation of stress redistribution, deformation, and potential
FlLAfdNBE YSOKIFIyAayYa AYyRdzOSR o6& AYyONBFaSR LER2NB LI
geological formationslt allows assessment of reservoir integrity, caprock stability, and fault
reactivation risks under various injection scenarios. Mibeellingresults provide valuable insight into

GKS &I F¥S RSaAdy 2F AyeSOGAzy , tiSdmerkdddd simbafioR NI G S 3
of stress redistribution, deformatig and potential failure mechanisms induced by increased pore
LINBaadz2NBE | 4a20A1F 4G4SR ¢6AGK /hi Ay2SOGA2Yy Ayid2 RSSL
TheFLAC3Inodel simulated the mechanical response of faults over multiple injection time steps (1,

4, 8, 10, 16, 20, and 30 years). For each time step, the effective stress state in fault cells was plotted
on Mohr diagrams to determine whether stress paths approalctie failure threshold.

4.1.6.2.3 Results

Across all simulations, faults remained well within the stable domain of the &@dulomb failure

envelope. Even after 30 years of continuous injection, no fault cells exhibited stress conditions close

to shear failure Geomechanical simulations using the calibrated model show that injection at the

LX I YYSR LINBaadz2NE oXmcp 0 N RZlbsiress/stties rdandiRwedS & K S
within stable limits Figure42d shows the Mohr circles far from failure envelope). No scenarios
predicted any seismic events that would be felt.

TheMohr¢Coulomb relation was applied to compute the extra overpressure needed at each fault cell
to trigger fault slip For the reference scenario, this additional overpressure exceeds 180 bar, far
0S@2YyR | y@& LINB&adz2NB LIS NheiexasuitdifidiBateRxizbidiely Brge/ saféty A y 2 S (
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margins relative to fault failure thresholds and demonstrate that fault reactivation is mechanically
implausible under the planned injection strategy

-
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Figure 42: Fault reactivation assessment results after 30 years of injecti(m. FLAC3D tegiew showing reservoir
overpressure distribution and fault traces, indicating low perturbation near fault plaf@sEastwest crosssection
illustrating vertical distribution of overpressure and fault geometry, with no rupture conditions obséyétistogram of
overpressure within fault cells intersecting the reservoir, showing values generally below(d [&dfective stress state of
fault cells plotted against the Moh€oulomb yield envelope, demonstrating that all points remaihénstable region with
significant safety margins.

4.1.6.3 Risk evaluation and recommendations

The two methodologies applied confirmed thatluced seismicity does not present a credible risk to
containment, well integrity, or operational safety under the planned injection scenBgsentially,
the analyss indicate induced seismic risk very low, but careful pressure management and
monitoring should nonethelessbe implemented to ensure any microseismic activity remaeiew
harmful thresholds

Risk scenario Key findings Conclusion
Induced Slip tendency analysis and mechanimainericalmodelling confirmed  Not
Seismicity that the risk of fault eactivation is Lowio very Lowand that its impact significant

is Lowsince any induced seismicity would below the threshold for
being felt bypopulationandmuch lower than the natural seismicity o1
the region
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Despite the very Low risk, and given the social acceptance relevance of seismigithigisiowing
recommendations are made

1 Implement a Microseismic Monitoring Baseline and PlaRrior to injection, establish a
sensitive monitoring network toharacterize the background seismicity of the sitelto detect
and locate any microseismic activity during operatighsrebyverifying model predictions and
ensuring early awareness.

1 ImplementaTraffic Ligh Systemdecision tool a decisioamaking approach to mitigate the risk
of potentialseismic events induced by g@jectionshould be impmented based on the trét
light system described ingpendix3.

4.1.7 Injectivity loss

Injectivity loss refers to a progressive reduction in well deliverability during opegatigpically
caused by neawellbore phenomena such as mineral precipitation, salt crystallisation, fines
migration, or pore throat blockagdJnmanaged injectivity loss may limit the capacity to sustain
planned injection rates arequiretemporary shutdowns for remedial actions.

Section3.3.5.2 relying on the laboratory experiments anabdellingwith PHREEQC, demonstrated
that CQ-rock-brine interaction in thesiliciclasticreservoir doesiot pose a risk for loss of injectivity
due to mineral precipitation. However, injectivity loss can result from the potential precipitation of
salt (halite) during COnjection. Thisriskwasevaluatedthrough numericamodellingin WP3 and the
approach and results are described in detail in Deliverabl® [Bereira et al. 204§. Below is
presented a summary of the work conducted.

4.1.7.1 Key data and assumptions

Dynamic simulations to assess potential injectivity loss were conducted based on tHgainallic
chemical (THC) data. Key data included reservoir properties such as permeability, porosity, relative
permeability and capillary entry pressure curves, as well as thermal conductivity and heat capacity for
the reservoir rock. All data sets were based onsenalefined in the static and dynamic model
described irD3.2(Bouquet, 2024)

The reference case scenario was established, along with an uncertainty analysis that examined several

key parameters: reservoir salinity, injectibattomholetemperatureandinjectionrate. The reference

case scenario targeted an injection rate of approximately 15 Mt over thgead® period. The
bottomhole/ hi GSYLISNI GdzZNBS ¢l a aSid +d wHccec/ T YR GKS N
uncertainty analysis, the following variations were considered and compared with the reference case:

An increased injection rat® 1 Mt/yr;

Variations in reservoir salinity (10 g/L and 130 g/L)

+ NAFGA2ya AY /hi Aya2SQidAz2y GSYLISNI GdzNB OHAC/
A worstcase scenario combining the higher injection rate ¢lyN) with the highest salinity

(130 g/L).

)l
1
)l
1

4.1.7.2 Modelling approach

A 2D radial model was used to represent the lowenb0f the reservoir while preserving the original
depth, pressure, and temperature conditions. Petrophysical properties were aligned with previous
static and dynamic modelling, with minor adjustments riggd when converting the 16h thick
Cartesian layers to a radial grid withmlvertical resolution. The model was simplified into five
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homogeneous layers, maintaining vertical heterogeneitlyile assuming lateral homogeneity within
each reservoir layer. A larger radial extent was included to ensure realistic reservoir pressure
behaviour during injection. Chemical parameters accounted for halite precipitation using the Wolery
thermodynamic database.

The potential for injectivity loss was evaluated in terms of halite precipitatieservoir porosity
changes and thenjectivity index The evolution of the cumulative CQnjection rate wasalso
presented and compared across the different simulation scenarios to identify potential losses.

4.1.7.3 Results

The results from the reference case scenario stiwav after 30 years of injection, halite precipitation
extends up to 40m from the injection weRigure43) resultingin porosity changes and higher £0
residual resistance factors. Despite these phenomenological impacts in theve#bore zone, the
cumulative C@injection rate does not suffer major disruption, reaching the expected amount of
approximately 15 M¢ the same as without halite precipitation. These results suggest that reservoir
injectivity remains intact over time.

| Injection Well

Halite Precipitation (gmole/m3) |

1160.0

Depth (m)

11800 —

1200.0

ISR 7
0 20 40 60 80 100

Distance (m)

Figure43: Vertical section of the reservoir illustrating the salt (halite precipitation) close to the wellbore of the
injection well for the reference case scenario.

Uncertainty analysishows thatreservoir salinity, injection rate, and injection temperature influence
halite precipitation differently. Higher salinity significantly increased the amount of halite
precipitation although the spatial extent did not differ markedly from the reference case. A similar
impactwas seenfor higher injection rates, witlihe area affected by porosity changes and halite
precipitation extendingto about 50m from the injection well, particularly in the lower part of the
reservoir. Still, no major impact on injectivity integrity was observedh bottomhole temperature

had minimal impact on total halitprecipitation butit alters the spatial distribution of porosity
changes and local precipitation.

Only the worsitase scenariq combining the highest reservoir salinity with a higher injection rate
resulted in localized injectivity losses. However, for the referecese injection rate, even when
combined with higher salinity, these localized injectivity issues did not occur. This suggests that even
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if some injectivity loss is observed over time, controlling botipote pressure through temporary
reductions in the instantaneous injection rate may overcome poteirjattion rateissues.

4.1.7.4 Risks evaluation and recommendations

Based on the simulation results, the risk of injectivity loss is assessed as low, baltaosghthe

likelihood of halite precipitation is moderate-high, its impact on injectivity loss iegligible Even

thoughKl t AGS F2N¥a ySIFEN GKS ¢gStto02NB8 20SNJ on &St N&
target of ~19Mt. A lowto-moderate risk is only foreseen in a woerstse scenario of significantly

elevated reservoir salinity and increased injection rates, which could lead to localized permeability
reduction and a temporary drop in injectivity.

Injectivity loss due to ~ Numerical modelling of the injection peripihcluding a Not significant
mineral precipitation  geochemicatomponent demonstrates that the likelihood of

salt precipitation is moderate to high, but therevisry lowto

low impacton the injection rate.

The following recommendations should be considered

1. Monitoring for BHP:monitoring of bottomhole pressure is essetidf pressuresuddenly
rises this may indicate potential plugginglue to salt precipitationand, therefore,the
instantaneous injection rate should be temporariyguced,and operational measures should
be implemented for removal of salt;

2. Baseline hydrochemistry During well drilling, accurate piBjection measurement of
formation watersalinity is recommended teassess the risknd guide the injection strategy.

4.2 Risk analysis synthesis

Thefindings from preliminary (Rount) and detailed (Roung) analysesvere integrated in aisk
matrix for the[ dzZA A G YAl Yy . | & (FigureAdrand Tabld8} Wde BsR matriconbines
qualitative Likelihood and Impact classes for internal risk prioritisatipccording to categories in
Tableb. In parallel, risks are classifiedZignificantor Not Significantfollowing the CCS Directive and
Guidance Document 1 (GD1), which focus on containment integrity and environmental protection.
Accordingly, thedighand Very Highzonesof the risk matrixcorrespond toSignificantrisks requiring
mitigation or design adjustment, while lower zones are considéMed Significantprovided they
remain within acceptable limits and are managed through design and monitoring.

It shows that most identified hazards fall in thew-risk categoryin terms of both probability and
impact. In Round, some scenarios were flaggled Round Zue to uncertaintieg, e.g. potentialwell
leakage, caprock failure under pressucaprock integrity due to geochemical reactiois induced
seismicity. However, after incorporating siépecific data and advancedodellingin Round2, most
risksin pilot phasehaveclassifiedto low or very low levelswith the exception of the risk aleakage
through operation weflwhich plots as moderate risk. During the commercial phase there are several
hazardsthat classify as moderatdsk, namelytR3c-Leakage through caprock due to pressure build
upé |y Rleakageaitidough caprock due to poor geologic characteristicc - Injectivity below
expectations| Yy R g Btwrag® capacity below expectati@ns

For instance, fault reactivation amdduced seismicitywhich were initially a concern, were shown by
geomechanicaimodelling and PSHAo be Not significant (negligible slip tendency at expected
pressures) and would in any case result in only minor, undetectable seismic events.
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Thelegacy welDo-1Cwas showmot to pose a risk to the site, sinéeK'S /ot reaéhit.njéctivity

loss wasexamined by coupledhodelling(including salt precipitation effects), and it was found that
injectivity will remain sufficient over time; only under an extreme combination of high salinity and
highinjectionrate, would localizeddecrease in porosity result in a reductioniiectivity which can

be managed by pressure control. In summamy,scenario evaluated in either Rourfdor Round2
indicates an unmanageable or unacceptable ris& containment, safety, or environmental
protection. This comprehensivevo-stage risk assessment providebigh degree of confidencéhat

the Lusitanian Basin pilot site can be operated safely and in compliance with regulatory standards

> C
o S
> T
<
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T
gl 5
£ | 5 R9p R10p
[<5) (]
x | =
-
§ R8p
S R2p R5 Rép R11 R3p R4 R1
g o p Rop R7p p p p p
Very Low Low Medium High Very High
Impact

Figured4 ¢ Risk matrix. ThRisk ID (R#p and §#ollowsTable8E ¢ péli K ofifeferdngto Pilot and Commercial.

Table8: Updated riskanalysisLikelihood and Impact categories folldable5.

Risk : : o Risk

D Risk Scenario Phase Likelihood Impact Evaluation*
Rlp Leakage through operation well Pilot Very low L/izrg/ Not significant
Ric Leakage through operation well Commercial| Very low | High Not significant
R2p Leakage through abandoned well Pilot Very low | Very low | Not significant
R2c Leakage through abandoned well Commercial | Very low | Low Not significant
R3p tﬁﬁgigpe through caprock due to pressu Pilot Very Low | High Not significant
R3c tﬁﬁgigpe through caprock due to pressu Commercial| Low Medium | Significant

Leakage through caprock due to poor
geologic characteristics
Leakage through caprock due to poor
geologic characteristics

R4p Pilot Very low | High Not significant

R4c

Commercial| Low Medium | Significant
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Risk Scenario Likelihood AL .
Evaluation*

R5p Leakage through faults Pilot Very low | Very low | Not significant
R5c Leakage through faults Commercial| Very low | Low Not significant
R6p Leakage due to natural seismicity Pilot Very low | Low Not significant
R6c Leakage due to natural seismicity Commercial| Low Medium | Not significant
R7p Induced seismicity Pilot Very low | Low Not significant
R7c Induced seismicity Commercial| Low Low Not significant
R8p |/ KSYAOIt Ay dSNI O A|Pilot Low Very low | Not significant
R8 |/ KSYAOLFt Ay idSNI Ol Al Commercial| Very high | Very low | Not significant
R9p Injectivity below expectations Pilot Medium Very low | Not significant
R9c Injectivity below expectations Commercial | Low High Significant

R10p | Injectivity loss Pilot medium Low Not significant
R10c | Injectivity loss Commercial | High Low Not significant
R11p | Storage capacity below expectations Pilot Very low | Very low | Not significant
R1lc | Storage capacity below expectations Commercial| Very Low ;‘/'Z?‘/ Significant

*Designationgollow the CCS Directiv&uidance Documerit: Not significant risks that do not call into
guestion the purpose of the CCS Directive for the storage site conceBigguficant:risks that must be
reduced toNot significanty taking riskreducing measures.

4.3 Analysis of Consequences and Implications for Scalability

ThistwoNR dzy R NAxal lFaaSaavySyid O2yO0fdzRSa GKIFG GKS A"
YIF22N) al FSde& AYLI OGa RdANAYy3I GKS tAf20 TaMds)aS o0 Xmr
NEBGIFAya | b2i {AIYATFAOI Yy RSaA3IylrGdAz2y | ONR&a
O2yaSljdsSy0Sa¢ IINB y2i (GKS R2YAYlIyldi RSOA&AA2Y RN
For potential scalaip to a Commercial scenario, the dominant consequences are instead linked to
performance, uncertainty reduction, and the strength of the evidence base supportingtdomg
containment. InTable8, four hazards remain designated Significant for the Commercial case: R3c
(caprock integrity under pressure builgh), R4c (caprock uncertainty related to potentially
unfavourable geological characteristics), R9c (injectivity below expectations), and R11ce(storag
capacity below expectations). These designations follow the terminology of the CCS Directive risk
YEYFISYSyld FNIYSE2N] 6L abasdddesigatva tofe), dng'thei fkirStiod INE 2 S (
as triggers for targeted risk reduction and evidence gatiterather than as indicators of immediate

unsafe conditions.

4.3.1 Dominant Uncertainty: The Impact on the Commercial Performance (pressure,
injectivity, and capacity)

In the Commercial scenario, the most decisiks  S@F yi a 02y aSljdzSyo0Sé¢ Aa (K
the achievable injection and storage envelope under conservative pressamagement constraints.

The key uncertainties that shape this envelope map dirgotthe four commercialphaseSignificant

hazards:
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Pressure and caprock response (R3c): If pressure -bpilis higher than expected,
conservative pressure limits may constrain injection rates and/or require phased operation,
additional wells, or revised injection strategy to maintain a robust containmeargin.

Caprock geological uncertainty (R4c): Uncertainty in caprock continuity/heterogehaity
may constrain operational flexibility until reduced by targeted characterisation and model
updates.

Injectivity below expectations (R9c): Lower injectivity primarily affects feasibility and
economics (number of wells, CAPEX/OPEX, and operational flexibility) rather than
containment integrity. The Pilot phase is the primary mechanism to calibrate infgdtiom
measured ratepressure behaviour and to validate neaellbore assumptions.

Capacity below expectations (R11c): Capacity uncertainty affects the commercial
development envelope and investment confidence. It requires updated capacity estimates
using pilotderived data, refined geological/dynamic modelling, and consideration ofgohas
development or alternative structures within the storage complex.

Decision Pathway for Project Scaling

The findings can be synthesised into a clear fidetommercial decision pathway:

1)

2)

3)

The PilotSTRATEGY project has received funding fron e R L
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Pilot execution and evidence acquisition: execute the Pilot injection programme and collect
critical monitoring and characterisation evidence (pressure response, injectivity calibration,
plume/pressure behaviour, relevant caprock indicators, and basediisenscity).

Model wupdating and risk revaluation: integrate piletlerived data into the
static/dynamic/geomechanical models and-eealuate Table 8 designations, focusing on
Significant hazardfk@c/R4c/Rc/R119.

Commercial readiness decision: proceed to commercial deployment only when (i) no hazards
fall within the High or Very High zones of the risk matrigire44), and (ii) the residual
Significant hazards are reduced to Not Significant and/or shown to be robustly manageable
through proportionate monitoring and corrective measures, consistent with the lifecycle risk
YEYEFE3ISYSyld € 23A0 diasedleshnation #p@oatdINE 2S00 Qa D5
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5. Recommendations
This chapter consolidates the recommendations derived from the WP5 risk assessment, structured to
support decisiormaking for the pilot phase and any potential transition to commerplaase

deployment. The recommendations below are structured to reduce these hazards towaddta
significantstatus prior to a commercial decision.

5.1 Future research and data acquisition

Objective: Targeted reduction of key geological and operational uncertainties identified in the risk
assessment, particularly those governing pressure response, containment robustness, and scalability.

A) Enhance storage complex characterization

Action A.1: Acquire highresolution 3D seismic data covering the full storage complex.

Risk justification The current seismidnterpretation relies partly on 2D data. Improved 3D
imaging will reduce uncertainty regarding fault presence, structural continuity, and depth
conversiondecreasinghe risk of unexpected leakagathsandreservoircompartmentalisation.

Action A.2: Collect comprehensive formation evaluation data during pilot well drilling, including
coring and logging of reservoir and caprock intervals.

Risk justification: Key reservoir and caprock properties are currently constrained by legacy data
and analogues. Direct measurements from the pilot well will reduce uncertainty in parameters
that control injectivity, pressure response, and lelegm contanment performance

Action A.3:Update the static geological model by integrating newly acquired seismic and well
data.

Risk justification: Updated geological models supports robust prediction of plume migration,
pressure evolution, and fault stability under both pilot and potential commercial scenarios.

B) Derisk caprock and abandoned well integrity

Action B.1 Perform laboratory testing on newly acquired core material to refine reservoir and
caprock properties.

Risk justification: Laboratory measurements will reduce uncertainty associated with permeability,
YSOKLF yAOL f a 0 N@&KideKidteradtioh®k This hdirectly addresses residual
uncertainties highlighted in the risk assessment related to injectettylution and longerm
caprock integrity.

Action B.2 Precisely locate and characterise the legacy welllDoand establish an
environmental baseline around its wellhead.

WAA]l 2dzZAOGATFAOFGA2YY ' fGK2dAK Y2RStfAVIB tRSY2Yal
physical condition remains uncertain. Baseline characterisation and monitoring reduce
uncertainty associated with legacy well integrity and strengthen-kengn assurance.
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5.2 Injection design and operational strategies

Objective: Translate risk assessment findings into robust design rules and operational controls
ensuring safe injection and adaptive management.

O Pressure management
Action CI Maintain bottomhole injection pressure within conservative geomechanical limits.

Risk justification: The injection operations should follow the ALARP principle (As Low As
Reasonably Practicable) for risk: i.e. keep botiome pressure as low as feasible while still
meeting injection targets. This means continuous pressure monitoring and procedures to cut
back injection rate if pressure approaches the limit.

D) Phased Injection strategy
Action D1 Incorporate Pilot findings before scaling.up

Risk justification: Use thgilot phaseto inform any future larger injection. This effectively means
implementing a phased development: the pilot is a required precursor that must demonstrate

safe behaviour before ramping up. Regulators and the operators should formally agree on criteria
(eg.dy2 AYRAZOSIR B@ESlyid lWAf 20¢ 2N aLINBaadz2NE 0 SKI ¢
220 GKIFG ¢2dd R GNRAIISNI I NBDGASE 0SF2NB all f Ay

B) Well design and integrity

ActionEL5 S&AA3JYy |yR O02YLX SGiS GKS Aya2SOilAizy ¢Sttt dz
service and verify integrity prior to injection.

Risk justificationRobust design and verification reduce the likelihood of \nediited leakage.

The injection well design should follow best practices and undergo integrityttestnfirm no
behindcasing leaks. During the pilot, routine integrity monitoring (valve checks, annulus pressure

tracking) is recommendeduring the pilot, routine integrity monitoring (valve checks, annulus
pressure tracking) is recommended.

F) Operational flexibility
Action F1 Preserve operational flexibility to adjust injection ratesstop injection if required.

Risk justification: Operational flexibility enables rapid response to unexpected pressure
behaviour, injectivity decline, or monitoring signals, ensuring that emerging risks remain within
acceptable boundslhe operational plan should include procedures for periodic wellbore €lean

2dzi 2NJ a2t @Sy iQa Aya2SOilAz2y AT artid 2N aoltS A3

Action F2 Plan for contingencies

Risk justificationA contingency plan for any credible operational issues should be devised. All
corrective measures should be in place before injection starts, including decision thresholds for
when to execute them. This includes having the ability to rapidly reduce inje@te or shutin

if needed, deploying pressure relief, and criteria for mobilizing a relief well if a serious loss of
containment occurs.
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5.3 Monitoring, measurement, verification, and corrective measures

Objective: Ensure early detection of deviations from expected behaviour and enable timely,
proportionate corrective actions.

G) Tier 1 monitoring, primary safety indicators

Action G1: Implement continuous downhole monitoring, including Bottétole Pressure (BHP),
temperature, flow rate and distributetibre-optic sensorsAcousticDASTemperatureDTS)

Risk justification: Continuousell monitoring provides early detection of deviations that could
precede injectivity loss or containment issues. Tdaatinuousmonitoring should be used to
refine model predictions (history matching) and to provide earrning of any injectivity issue.

Action G2:Conducttimef I LJAS aSAAaYAO adaNBSeéa G2 GNIX Ol [/ hi |

Risk justification: Plume monitoring provides direct verification of containment and validates
dynamic model predictions, reducing uncertainty related to lbexgn plume behaviour. Time
lapse (4D) seismic surveys need to be condubefdre and aftetthe pilot injection to monitor
plume migration.

ActonG39aiGl ot AakK olFlaStAyS F2N¥YFOA2y ¢! in&toh OKSYA &
and monitor for geochemical changes.

wAdl 2daAaUGAFAOFIGA2YY DS20KSYAOIf Y2yAG2NRAyYy3 &dz
or chemical reactions that could affect injectivity or seal integfityis is especially important to

manage halite precipitation risk.

H) Tier2 monitoring, containment verification
Action HL: Operate a microseismic monitoring network.

Risk justificationReakime monitoring and predefinednicroseismicitythresholds ensure that
any seismic response remains controlled and does not escalate into a safety orguakltance
issue.Results of this monitoring network should be used to implement the Traffic Light System
(TLS), with defined magnitude thresholds that trigger operational responses.

Action H2 Implement seabed and waterolumn monitoring around the injection site and the
legacy well location.

Risk justificationWhile leakage is not expected, seabed monitoring provides an added safeguard

for offshore operationsgespecially around the injection wellhead and the legacy well DolC.
'GAtAAalGAR2Yy 2F FTAESR aSyazNa G2 GNIO1 / hi Tt
complemented with periodicsurveyswith remotely operated or underwater autonomous

vehicles ROV/AUY to scan for visual indicators or biological shifese recommended

Occasional watecolumn checks (e.g., vesdmsed sampling o€onductivity, Temperature,
Depth(CTDXkasts with pH sensors) can further confirm stable water quality.

K) Continuous risk management

Action K1: Regular risk assessment updase®l maintain a corrective measures plan.

Risk justification: The risk matrix should be revisited using the collectedddatzgy the pilotto
refine the risk assessment for theommercial phaseDuring the pilot, if monitoring data
significantly differ from predictions, start an interim risk revidRvepared corrective measures,
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aligned with CCS Directive requiremergssure rapid response’to any deviation from expected
behaviaur, preventing unlikely issues from escalating.

5.4 Regulatory and legal considerations
Objective: Translate technical safety assurance into regulatory readiness and permitting clarity.

L) Regulatory compliance for upscaling
Action L1 Develop the Pilot as R&D but ensure permit compliance

Risk justification:The Pilot does not require a storage permit, but it still needs certain
authorizations(e.g. TUPEMand compliance with environmental and safety rules. Planning
aK2dz R Ay Of dzRS SINI& Sy3al3aSySyd gAGK NBEIdz G2 N

Action L2:Use pilot outcomes to progressively build the technical basis for a potential storage
permit under Decred.aw 60/2012.

Risk justificationEarly preparation reduces regulatory uncertainty and prevents delays during
scaleup. This includes compiling pilot results into a perreiidy dossier site characterisation,
updated capacity estimates, risk assessment, monitoring plan, and alasstre plan-up. This
includes compiling pilot results into a peranéady dossier site characterisation, updated
capacity estimates, risk assessment, monitoring plan, and aghoestire plan.

Action L3 Align stakeholder engagement with risk assessment and monitoring results.

Risk justificationMaintain regular engagement with local communities, government agencies,
and independent experts throughout the pilot improves social acceptance. Risk assessment
results and monitoring data should be made public and transpaaswt alocal stakeholder
committee shouldreview progress and address concerns to support social acceptance.
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6. Conclusion

The WPS5 risk and safety performance assessment fof thei & G 2 NJ Id¥fshardiLustahiank y G K S
Basin has integrated a wide range of geological, engineeringnadellinganalyses to evaluate the
aA0SQa adz i gikduding ®oth the Kiliai Rolinil screaniighadd the refined Rouid

updates ¢ provides an evidencebased confirmation of the lonterm containment behaviour

injectivity performance, and overall rigkalysiof the storage siteTheoffshore pilot storage siteis

a technically viable, geologicallfavourablez ' yR 2 LIJSNI GA2y | tf & apilstS aAGS
scaleand at acommercial scale.

The storage formation is wellefined and sealed by continuous stratigraphic boundaries; the
overlying caprock is thick and mechanically strong, with very low permeability, and is reinforaed by
secondary seal. This mulédyered barrier system ensurgsry low probabilityof pathwaysfor leakage

2F /hi 2d2di 2F GKS &ad2Nr3IS O2YLX SE® ¢KS NBaSND:
permeability to accommodate both the pilot injection and much larger volumes (commercial injection)

without pressure issues.

The advanced Rourlsimulations have strengthened confidence in containment predictions. While

the preliminary models already indicated secure storage for thgedl injection period, the extended

1000year stochastic simulations have quantified the lgagn plumebehaviourunder uncertainty.

AONRaa ft O2yaARSNBR OlFasSax GKS [/ hi LX dzYS NXBY
compartment, never reaching the bounding faults or the legacy WellLlCin any of the 1100

scenaria. In the most extreme wilier case, the plume came within ~80@ of the wellDo-1Cafter

many centuries, but evethen,i KS / hi  &F GdzNI A2y | 1jtkebitwalilddzy S SR:
be immobile and incapable of causing leakage. These results indicate a consistently low probability of

any structural or weltelated leakage, even under wide ranges of geological uncertainty. In summary,

the longterm modelling confirms that/ hi gAftf NBYFAYy al F¥Ste N LLISR
foreseeable future with no credible mechanism for escape.

The risk assessmemias prudent, since éxamined conservative, worsase scenarig$or each risk.

For example, induced seismicity was evaluated assuming maximum stress and full fault transmissivity,
yet the resulting seismic risk remained low (no events above the low magnitudes of rsaisralcity.
Likewise, even a hypotheticahd unlikely strategyf high injection raten ahigh salinityreservoir

only caused minor neawell effects (salt precipitation) that did not compromise injection goals or
containment.

The updated Round 2 retains Significant hazards for the commercial scenario (R3c, R4c, R9c and R11c).
These hazards are not expected to translate into uncontrolled leakage under the modelled scenarios,
but they represent uncertainties and lostigrm performance considerations that require continued
risk-reduction, monitoring, and evidence from the pilot phase before any commescaé decision

and permitting. In contrast, the pilegcale scenario remains Not significant across all hazards in the
updated asessment, reflecting the small mdagectedand operational flexibility.

The designation of certain commerelalK &S KIF T NRa |a G{AIYyAFAOlI Y
application of the explicit decision rule defined in Chapter 3 and does not imply the existence of
uncontrolled or unacceptable risks. Rather, it identifies aregsiiring continued evidence gathering

and risk reduction prior to commercial deployment.
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Fom a regulatory and safety standpoitiie analysis shows that the pilot injection will not pose any
significant risk to the environment or human health. The likelihood of any leakage or other adverse
event is extremely low, and even in the very unlikely event that something does occur (e.g. a
microseismic event or a small leak), the monitoring and contingency plans in place would detect and
address it well before it became a problem.

Overall, the risk assessment concludes that with continued implementation of the
recommendations ipcludingadditional data gathering, model refinement, robust monitoringtc),
the Lusitanian BasitCQ storagesite is well positioned to move forward to the operational pilot
phase and even to future commercialcale development.
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(grouped into seven categories) from the initial HAZID. Each risk is categorized by type (PedoBadety, or Stakeholder) and linked to the relevant
phase (Pilot and/or CommerciaRisk register considers to status clasgedive - risksthat are either not fully eliminated or depend on operational
conditions and therefore must be tracked throughout the project lifecyClesed risks that have been assessed and are considered no longer relevant,
either because they are demonstrated to be negligible (or because they arenitithated No further monitoring or mitigation actions are required

under currentassumptionsa A G A A GA 2y YSI & dzNBa
conclwsions but the MMV plan and mitigation measures are specifically addressed in DeliverableH24mit Dossier: Operation, logistics and well

maintenance plans description, Well permits road map, MMV plan and HSE, emergency response and well containment plans

This register is intended to be a living document to be updated as new data are acquired during the Pilot.

RiskiD Risk Description Category  Type ‘ Phase Possible Mitigation Measures Status

1 / hi | OOdzydz I (i A| Containment| Safety Pilotand CK2NRdzZaAK aAiGS OKI NI Ol § Activegstrong multilayer
secondary reservoir following Commerciall @St AYydSaNRG@T Y2yAail2 containment, no credible pathway
unexpected vertical migration. migration (e.g. seismic surveys). identified.

2 {ft26 NIYGS 27F /| Containment| Performance | Pilotand Conservative injection design to ensure adequatg Active¢ no indication of containment
reservoir (e.g. slower trapping Commerciall NBaA RSy OS GAYST LAt 20 |issues(monitor longerm retention).
or containment than expected). performance.

3 Leakage through operational Containment| Safety Pilotand Robust well design (corrosieesistant casing, Active ¢ Mitigated to ALARP in desig
injection well (well integrity Commerciall highlj dzt t AGe / hi OSYSyiio | (Round2 analysis classified this leak
FILAfdNB f SFRAY before operation; continuous wellbore pressure | risk as very low); ongoing integrity

monitoring and emergency shin protocols; monitoring during injection.
contingency plan (e.g. relief well) in place.

4 Leakage through abandoned | Containment| Safety Pilotand Abandoned well is 11.Km awayc plume not Active ¢ Negligible risk for pilot
well (legacy well D/ 0 A F Commercial| €xpected to reach it. Perform geophysical survey| (plume remains far from D&C); will
plume reaches it. locate and assess well condition; establish basel{ continue monitoring in MMV plan as

water chemistry around well for early leak a precaution.
detection.

5 Leakage through caprock due t{ Containment| Safety Pilotand Strict pressure managemenqtinjection bottom Active ¢ Mitigation in place (Round
pressure builelip (fracture or Commercial| hole pressure kept well below fracture pressure; | modelling confirms caprock will
caprock breach). reattime pressure monitoring; multiple sealing remain intact under planned

formations above reservoir provide buffer. pressures; low risk).
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RiskID ‘ Risk Description ‘ Category Possible Mitigation Measures Status

6 Leakage through caprock due t| Containment| Safety Pilotand Extensive caprock characterization with new corq Active ¢ No evidence of caprock
poor geologic characteristics Commercial| and logs to confirm low permeability and strength] deficiencies (thick, tight caprock; risk
(e.g. unexpected caprock 3D seismic to detect any undetected deemed negligible in Rourig.
permeability or discontinuities). discontinuities; design injection conservatively.

7 Leakage through faults Containment| Safety Pilotand Site selection avoids faults; no major faults within Active ¢ Classified as Not significant
(migration along unseen or Commercial| ~8km of injection well. Additional higtesolution | for both pilot and commercial phase
activated faults). 3D seismic will verify absence of faults. Injection| Will continue monitoring in MMV

pressure kept low to avoid fault reactivation. plan as a precaution

8 Chemical interaction of injected Containment| Safety Pilotand Laboratory experiments on caprock reactive Active ¢ Medium risk; minor
/' hi AGK OF LINR Commercial| behaviour (using core samples); monitor geochemical effects expected in shg
reactions weakening the seal). geochemical indicators (e.g. pH, carbonate ions)| term, will reassess with pilot data for

reservoir and seal formations; tirdenited pilot longterm safety.
minimizes exposure.

9 Insufficient/ineffective Containment| Safety Pilotand Comprehensive MMV plan using alternative Active ¢ Being addressed via robust
monitoring during storage (risk Commercial| monitoring techniques: downhole monitoring program; confidence in
of undetected issues). pressure/temperature gauges in injector, time early anomaly detection.

t1rLAaS o5 aSAavYaoszr aSto
periodic remote surveys. This compensates for
having no dedicated observation well.

10 Leakage through observation | Containment| Safety Pilotand - Closedg No separate observation
well (if a monitoring well is Commercial well is planned for the pilot (risk
drilled, it could become a eliminated by design).
leakage pathway).

11 / hi LJX dz¥Y$ SE OS| Containment| Safety Pilotand Conservative storage capacity estimates and Active¢Roundd & 5@ IN&E S ¢
lateral extent, leading to non Commercial| injection volumes; 3D reservoir modellingwith | Y2 RSt ft Ay3 aK2gSR
anticipated spill points or uncertainty range (1,009ear simulations confirm | confined in the intended reservoir
leakage paths (e.g. migration plume remains within reservoir); tim@pse seismiq (no spill).
out of structure). to verify plume boundaries.

12 Migration of formation brine Containment| Safety Pilotand Offshore storage. No sensitive resources (e.g. Closedc Brine migration would have
outside expected area Commercial| potable aquifers) connect hydraulically to the no impact in other resources
(displacement of higisalinity storage zone.
water into other formations or
resources).

13 Reservoir ovepressurization Containment| Safety Pilotand 3D seismic to identify any internal flow barriers; | Active ¢ Low risk for pilot (small
due to unexpected Commercial| design injection with ample pressure margin; real volume); will update reservoir model
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RiskID ‘ Risk Description Category Possible Mitigation Measures Status
compartmentalization time pressure monitoring to catch abnormal build| with pilot data to mitigate risk for
(undetected flow barriers cause up; contingency reduce pressure (e.g. brine commercial scale.
pressure to rise more than production) if needed.
predicted).

14 Pilot costs higher than Economial Performance | Pilot Detailed project management and cost control; | Active¢ Being managed through
estimated (budget overrun risk) include contingency funds; optimize drilling and | budgeting and funding oversight (no

operational scheduling to prevent delays. technical risks to storage safety).

15 Reduced injection capacity / Injectivity Performance | Pilotand Drill and complete injection well with best practic¢ Active ¢ Round2 modelling indicates
lower well efficiency than Commercial| t0 maximize injectivity (e.g. appropriate injectivity is sufficient, continue to
expected (e.g. due to near perforation, damage control); perform injectivity | monitor well performance (mitigate if
wellbore skin or formation tests and adjust injection rate as needed; maintal any decline).
damage). flexibility in injection schedule.

16 Precipitation effect around Injectivity Performance | Pilotand Baseline water sampling to assess brine salinity { Active gmonitor wellhead pressure
wellbore (salt or mineral Commercial| scaling risk; injection plan to avoid excessive for signs of halite scaling. In
precipitation reducing injectivity| evaporation (manage bottorhole commercial phase, operational
near well). temperature/pressure); if any injectivity decline is| adjustments (rate optimization,

detected, apply mitigation (e.g. brief shint to possible stimulation) can address
dissolve salts, onject solvent). this.

17 Flow modifications in Injectivity Performance | Pilotand Offshore storage. No sensitive resources connec| Closed flow modifications in
surrounding formations (e.qg. Commercial| hydraulically to the storage zone. surrounding formations would have
groundwater flow changes no impact in other resources.
within reservoir or adjacent
tFeSNR OF dza SR

18 Injectivity loss (significant Injectivity Performance | Pilotand Flexible well operations to mitigate injectivity droff Active ¢ For longesterm injection,
decline in injectivity over time, Commercial| adjust rates, perform wellbore cleavuts or mitigation strategies exist (this
potentially stopping injection). stimulations if needed. Pilot data will reveal any | uncertainty was considered

trends; for commercial scale, plan redundancy (¢ ¢ Y2 RSNJ S NRal
ability to drill a supplemental injector if required) | manageable).

19 Injectivity below expectations | Injectivity Performance | Pilotand Pilot phase as a learning testise pilot injection Active ¢ Ongoing evaluation; pilot
(reservoir overall Commercial| results to recalibrate models and reduce results will likely improve confidence|
permeability/capacity is lower uncertainty for full scale. Maintain conservative | Currently considered a low risk for
than forecast). design margins; if needed, employ additional both pilot and future scaleip.

injection wells or longer injection period for
commercial volumes.

20 Disruption by a later activity Legal & Gov.| Performance | Pilotand Early coordination with regulators to secure the | Activeg very low likelihood during
(e.g. future drilling, mining, or storage site area against incompatible activities; | the pilot timeframe; will be managed
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RiskID Risk Description Category Possible Mitigation Measures Status
other operations intersecting or Commercial| monitor any new license applications in vicinity aj through regulatory permits and
impacting the storage complex) engage authorities to prevent conflicts. spatial planning.

21 Public resistance to the project| Legal & Gov.| Stakeholder | Pilotand Stakeholder engagement prograqnctontinuous Active ¢ Ongoing and future
(local community or NGO Management | Commercial| outreach to local communities, fishermen, and communication aims to ensure publi
opposition delaying or halting authorities; transparent communication of acceptance and trust in the project.
the pilot). monitoring data and safety measures; involve log

stakeholders in a committee to address concerns

22 Lack of political will to Legal & Gov.| Stakeholder | Pilotand Proactive regulatory engagement: work closely | Active ¢ External risk. Mitigated by
implement the CCS project Management | Commercial| With government and regulators to demonstrate | early regulator involvement and
(policy or permitting support is alignment with climate goals; voluntarily meet hig ensuring the pilot meets or exceeds
withdrawn). safety/environment standards to build confidence permit requirements.

leverage EU support.

23 /| hcseal/fault rock interaction | Operational | Safety Pilotand [0 adGdzRASa 2y O2NBa (| Active¢No major faults reached by
(chemical or mechanical effects Commercial| interaction with caprock and fault rock (mineral | CQ, and short pilot exposure limits
2F [/ hi 2y NBa$s changes, friction); monitor for any anomalous any interaction effects.
rocks or faults). pressure or microseismicity near faults that could

indicate changes. Not a significant issue given la
of through-going faults at site.

24 / hi LJX dz¥Y$S SE i S| Operational | Performance | Pilotand - Closed There are no hydrocarbon
expectations and interacts with Commercial fields or aquifers.
other subsurface resources (e.¢
hydrocarbon reservoirs,
aquifers).

25 Unexpected seabed risks (e.g. | Operational | Safety Pilotand Baseline will identify any anomalous occurrenceq Active¢ To be evaluated in detailed
seafloor instability, Commercial| seabed and well may be repositioned accordingly engineering; no specific seabed issu
archaeological artifacts, or othe identified so far.
marine hazards impacting
operations).

26 Damage to the wellhead (e.g. | Operational | Safety Pilotand Establish a safety exclusion zone around the Active ¢ Managed through marine
from vessel impact or fishing Commercial| injection site (no fishing or anchoring near well); | safety measures and regulatory
gear), leading to a leak or robust wellhead design (subsea tree or protectior, exclusion zones (to prevent third
shutdown. structure); realtime monitoring of wellhead party interference).

pressure to detect any damage immediately.

@PIilotSTRATEGY
www.pilotstrategy.eu
PageS3

The PilotSTRATEGY project has received funding fron
9dzNRB LISIY ! YyA2Y Q& | 2NRIT 2y
programme under grant agreement No. 101022664




€<= > PiIlOtSTRATEGY

RiskID Risk Description ‘ Category Possible Mitigation Measures Status

27 ClkAfdzZNB (2 Sy é&| Operational | Performance | Pilotand Confirm reservoir pressusemperature profile Active ¢ Reservoir is ~8@1200m
supercritical phase in the Commercial| With new well data to ensure >7dar and ~31°C; | deep (likely sufficient for supercritica
reservoir (if P/T conditions are operate injection within parameters that maintain| / hi 0T gAff GSNAT
02NRSNI AYS> /h I hi Ay RSy&asS LXKIaSeo LT
supercritical). RSLIGK 2NJ LINBaada2NB (2 |

28 Simultaneous operations Operational | Performance | Pilotand Careful scheduling to avoid concurrent higgk Active ¢ Standard operational
interference (overlap with other Commercial| operations; integrated operations planning planning will avoid simultaneous
activities at the injection site (coordinate any well workovers, surveys, or near| activities that could pose a risk.

e.g. maintenance or research projects so they do not conflict with injection
operations causing conflicts). schedule).

29 Drilling window missed or rig Operational | Performance | Pilotand Advance contracting of drilling rig; flexibility in Active ¢ handled in project planning
unavailability (timing delays Commercial| project timeline to accommodate (could affect schedule but not
impacting the project seasonal/weather constraints; have backup optio| storage safety; mitigation in place vi
schedule/cost). (alternate rig or window) identified. project risk management).

30 Disruption of other uses in the | Operational | Performance | Pilotand Consult regional development plans to ensure ng Active ¢ No conflicting subsurface
FNBI Rdz§ (2 GK Commerciall overlapping subsurface uses; engage with other | use identified in the pilot area; will

operators if any to coordinate activities. Regulato, remain vigilant through regulatory
G2 F2NXYFEATS LINR2NRGE | channels.
area to prevent conflicts.

31 Hazards from induced seismicif Operational | Safety Pilotand Implement a Traffic Light System (TLS) for seisn Active ¢ Continuous seismic
(injectionttriggered micre Commercial| monitoring and controt, a dedicated microseismic| monitoring in place; modelling
seismic events causing ground array will detect any induced events in real time, | indicates any induced seismicity
motion or concern). with predefined thresholds to adjust or halt would be too small to be felt.

injection. Maintain injection pressure below levelg Protocols ready (TLS) to ensure
that cauld induce faults. seismic risk remains minimal.

32 Leakage as a result of natural | Operational | Safety Pilotand ¢KS NBAIA2yQa aSAavYaOAa i ActivegUnlikely during the pilot
seismicity (an earthquake Commercial| geological seals provide resilience. Well design | (short duration). No credible large
damages storage integrity accounts for worstase ground motion. If a quake scenario leads to leakage in
Ot dzaAy3a /hi 8§ significant earthquake occurs, perform immediatq analyses (containment remains

inspections (well pressure, seabed survey) to chg¢ secure under regional seismic loads
for any leakageContingency plans (including
possible well intervention) in place.

33 Infrastructure damage from Operational | Safety Pilotand Ensure facilities (wellhead, pipelines) are built to | Active ¢ Low probability event.
natural seismicity (earthquake Commercial| relevant seismic standards; have emergency Emergency response plans exist for
damages surface or subsea shutdown systems that trigger on abnormal natural disasters; risk accepted with

conditions. Postarthquake inspection protocol to| engineering safeguards.
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RiskID Risk Description ‘ Category Possible Mitigation Measures Status
facilities, e.g. wellhead, causing quickly assess and repair any damage before
an incident). resuming operations.

34 I hi Ay GSNI OG A 2| Operational | Safety Pilotand I & § -réskstant cement and alloys in well Active ¢ Negligible impact over the-3
cement and materials (lorg Commercial| construction; perform regular well integrity tests | yearspilot. For the longer term,
term corrosion or degradation (cement bond logs, pressure tests) to check for g material selection and monitoring
of wellbore integrity). leaks. Monitor annulus pressure during injection | ensure any degradation is detected

for signs of casing/cement issues. Plug & abandq and managed.
well with proper materials after operation.

35 Accidental ovefilling (injecting | Operational | Safety Pilotand {GNROG | OO02dzyGAy 3 27F Al Activecrisk managed through
2NJ AG2NAYy 3 Y2N| Commercial| rates; automated control systems to prevent operational controls. No instances
planned, exceeding safe limits { overruns; training and procedures for operators t{ expected (pilot volume is well
surface or subsurface). stop injection at the approved volume. Any defined and limited by permit).

temporary surface storage is designed with safet
margins to preent overfill.

36 LYL2aaAoAtade Operational | Performance | Pilot Coordinate capture and injection rates to avoid th Active¢ To be addressed in pilot
d02NF 38 odzyl of need for longterm surface storage. Include a smg design (ensuring injection reliability
site if injection is interrupted, buffer storage capacity or divert route so that if | and contingency for any temporary
potentially causing venting or AyaS80iAazy &ai2Llasz [/ hi ( storagelventing requirements).
shutdown). safely vented in a controlled manner. Obtain

permits for emergency venting if needed and
design procedures to minimize environmental
impact.

37 NOXx deposition in natural areag Operational | Safety Pilotand Use modern, lowemission equipment and adhere| Active¢ Managed under
(emissions from drilling rigs or Commercial| to emission regulations. Time operations to environmental permitting (EIA
vessels depositing nitrogen minimize impact (avoid peak breeding seasons iff requirements). The short duration
oxides on sensitive habitats). nearby protected areas, if applicable). and offshore location of the pilot

Environmental monitoring (e.g. air quality) during| mean any NOx impact will be limited
operations to ensure comgalnce.

38 Restrictions to fishing activities| Social Stakeholder | Pilotand Clearly communicate and enforce the safety Active ¢ handled through stakeholde
around the well location Management | Commercial| €xclusion zone during operations; engage local | engagement (fishermen
(exclusion zone affecting local fishermen early to explain the pilot timeline and | representatives involved,
fisheries). restrictions. Consider compensation or alternativ¢ transparency about exclusion timing

arrangements if fishing grounds are temporarily
inaccessible.

39 Impact on touristic activities Social Stakeholder | Pilotand Inform local tourism operators about the project | Active¢ No significant impact
(e.g. charter fishing, diving, or Management | commercial| Schedule and any visible activities (such as drillin expected (offshore location, short
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RiskID Risk Description Category Possible Mitigation Measures Status
coastal tourism) due to the pilot rig presence). Ensure that onshore support duration), but maintaining
operations. operations avoid tourisheavy areas or seasons | communication with community to

when possible. Public outreach to emphasize thg address any concerns.
LINE2SO0GQa NBaSENOK ylIi
negative perceptions.

40 Loss of employment in other Social Stakeholder | Pilotand - Closedg Social risk monitoring. The
sectors (perceived negative Management | Commercial pilot and commercial phases are
economic impact on traditional expected to create jobs and lead to
AYRdzZA GNR S& RdzS no loss of jobs at all. Ongoing

stakeholder dialogue will ensure any
misconceptions are addressed.

41 Permeability degradation during Storage Cap.| Performance | Pilotand Laboratory corelood experiments to assess long | Active¢ modelling in WP3 indicates
injection due to Commercial| term mineral precipitation tendencies; monitor residual mineral precipitation in a
chemical/mineral precipitation reservoir pressure and injectivity for any gradual | silicicastic reservoir. Pilot will gather
in the reservoir (faffield effects RSOt AySd h@SNI LIAf 23 Q& | core and formation water data during
reducing reservoir effect expected. For commercial, adjust injection| pilot drilling to refine understanding
permeability). strategy €.g. periodic pressure fatiffs to dissolve | of any longterm precipitation

any precipitates). effects.

42 Undetected flow barriers in the | Storage Cap.| Performance | Pilotand Acquire highresolution 3D seismic to detect Active ¢ Uncertainty being reduced
reservoir (e.g. suiseismic faults Commercial| smaller faults and heterogeneities; incorporate | by new data. No major
or stratigraphic baffles reducing them into the static model. During pilot, closely | compartmentalization is evident in
effective storage volume). analyse pressure propagatiayif existing data (any minor barriers hay

compartmentalization exist, pressure builgh will | not posed a risk in simulations).
reveal them. Adjust field deslopment plan

(additional wells or pressure management) if

significant barriers are identified.

43 Low average permeability Storage Cap.| Performance | Pilotand Use pilot well core and test data to refine Active¢ To be confirmed with pilot
(reservoir wide permeability is Commercial| permeability estimates across the structure; results. Current models (with
at the low end of expectations, update dynamic models accordingly. If permeabil uncertainty range) indicate adequate
limiting injectivity and capacity) is lower, ensure injection period is sufficient or permeability to meet injection goals;

consider multiple injection points for commercial | risk is low and decreasing as more
scale. In the iot, injection volume is small enougl data are gathered.

that even lower perm would still allow completion

of injection (just at higher pressure).

45 Storage capacity below Storage Cap.| Performance | Commerciall [ S@S NI IS -MR A B4 WirRS a®ISL| Activeg Pilot results will confirm
expectations (target of 15 volumetric estimates with real data. Early actual capacity; mitigation plans
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RiskiD Risk Description Category  Type Possible Mitigation Measures Status
30 Mt for commercial phase engagement with stakeholders to manage (alternate sites or revised injection
cannot be met, undermining expectations about achievable storage volumes. | strategy) will be developed if
project economics). necessary.
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Appendix Z; Risk ofdakage through abandoned well and faults

1 - Introduction

¢CKS / hi LX dzY'S YA INI A 2WP5conbirinStheirob&syidss oDtheNdtin@e’ 2 dzi
injection strategy developed in WP3 for the PilotSTRATEGY Portuguese site. The final injection well
location and well trajectory were selected using coupled figgomechanical optimisation methods

to ensure that oprational pressures remain sufficiently below the minimum stress thresholds needed

to induce fracture propagation, caprock failure, or slip along any mapped fault structures.

The njection well is placed near the central part of the reservwiithin a highpermeability layer
identified during weHlocation optimization. It targets the deepest and most suitable reservoir interval
at around 1200 meters depth, where a-&eter perforation interval is included to ensure adequate
injectivity and pressure management. The closesicttiral boundaries to the wells afault F2 on

the eastside of the model anflault F5 on thevestside, which constrain the overall geometry of the
prospect (Figure 21).

450000
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Figure 21: Planview of the dynamic simulation grid (800 m x 800 m cell size) showing the locations of the injection well
(WINJ) and the legacy well (WPRD_Well-1D}R The map also displays the major interpreted faults F2 and F5.

To quantify uncertainty irthe longterm plume behaviour, the Round 2 analysis incorporated an
expanded stochastic workflow supported by a Bayesian uncertainty algorithm implemented via
AspenTec ENABLEoftware Thesamplingapproach updates prior geological and petrophysical
probability distributions using dynamic simulation outputs and propagated uncertainty behaviour. The
updated distributions reflect more realistic spatial variability in permeability, porosity, anisotropy,
structural connectivity, fault transmissibility and Corey parameters. This refined uncertainty
guantification results in a more accurate representation of plume geometry, storage trapping
behaviour, and longerm migration probability.

Because simulation of a 10Q@ar period requires computational efficiency, the reservoir grid
resolution wascoarsenedrom 250 x 250 x 10 m (usedHKmudhur et al. (2024pr optimisation) to
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¢ PilotSTRATEGY
800 x 800 x 10 m for the losigrm stochastic workflowfFigure 22). This coarser grid preserves the
f I NBESTaOlFtfS KE@RNBREYIYAO 0SKIF@A2dzNI NBalLRyaArot S -
stochastic realizations to be completed within feasible computation time. Each realization included 30
years of injection athe designed ratefollowed by 970 years of pogtjection modelling.

250m x 250m 800m x 800m

"

L TN T AR

3

Figure22Y / 2YLI NAazy 2F 3INRAR NBa2 tmindehirg) The lelzio8dR(250 vh x BSO silx YOAN® / hi A
corresponds to th&hudhur et al. (2024)onfiguration. The right model (800 m x 800 m x 10 m) adopts coarser grid cells to

reduce computational time while maintaining representative floahaviourduring the 1,008/ear stochastic variation

analysis.

2 - Implementing uncertainties

Geological uncertainties encompassed spatial trends in porosity, permeability, facies proportions,
structural dip variation, shale fraction, sand connectivity and vertical layering continuity. These were
parameterized using variogratvased geostatisticalepresentations, with horizontal correlation
ranges varying between 3000 and 7000 m, vertical correlation ranges betwaesn850 m, and
facies proportion limits bounded by minimum, maximum, and Mik&ly values derived from WP2

and WP3 datasets.

Petrophysical uncertainties included porosity, permeability, vertical anisotropy ratios, irreducible
water saturation, residual gas saturation, and relative permeabil@iaviours Table 21 lists all
parameters included in the stochastic variation, the associated distributions, and the ranges used.
Each parameter was sampled with eitHeertor triangular distributions depending on the certainty

and availability of supporting data. All 1100 realizations were generated by sampling from these
distributions,allowingfor adjustments during iterative simulation.

Corey parameters for gas and water were varied to generate a range of relative permeability curves
(kg and k). These curves governed key flow behaviours, including saturftort movement,
mobility ratios, viscouduoyancy balanceand residual trapping. Normalized relative permeability
was calculated from water saturation, irreducible water saturation, and residual gas saturation. Gas
saturation followed from the same fixed endpoints. The Corey equations were then applied to

4

compue kgandky® wSaARdzrf 3IFa alddz2NF A2y O2yiNRffSR K24
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{2 PilotSTRATEGY

Corey exponent shaped theykurve. Cases with weaker residual trapping or highgoroduced the
gARS&G IyR f2y3Sad /hi LI dzyS F220LINRY (A

Table 21: Summary of geological and petrophysical parameters used for stochastic variatiomiodieding

Description Active Min Max Most = Distribution
Likely

Azimuth Orientation of the main structural Yes 30 60 45 Triangle
trend guiding facies continuity.

krg /' hi NBfIGABS LISNN VYes | 015 | 0.83| 0.35 Triangle
endpoint, influencing gas mobility.

maximum_sand Upper sand proportion limit defining Yes 0.3 0.44 | 0.35 PERT
facies heterogeneity.

maximum_shale Upper shale proportion within Yes 0.05 0.1 | 0.08 PERT
stratigraphic units.

mean_sand Average sand proportion used in Yes 0.13 | 0.23 | 0.18 PERT
geostatistical realizations.

mean_shale Average shale content defining fine Yes 0.03 | 0.07 | 0.05 PERT
grained heterogeneity.

minimum_sand Lower sand fraction limit in lithological Yes 0.05 0.1 | 0.08 PERT
mix.

minimum_shale Lower shale proportion defining base| Yes | 0.001 | 0.05 | 0.03 PERT
facies input.

ng /| 2NB& SELRYSY(d T2/ Yes 2 5 3 Triangle
relative permeability curvature.

nw Corey exponent for water phase. Yes 3 7 5 Triangle

R_Max Maximum horizontal correlation range| Yes 3000 | 7000 | 5000 PERT
in variogram model.

R_Min Minimum horizontal range defining Yes 1500 | 6500 | 2000 PERT
heterogeneity continuity.

R_Vertical Vertical correlation range for Yes 5 50 35 PERT
geostatistical layering.

R_Vertical facies Vertical range used in facies simulatio Yes 5 50 35 PERT

R_Vertical_permeability | Vertical anisotropy ratio for Yes 5 15 10 PERT
permeability.

R_Vertical_porosity Vertical anisotropy ratio for porosity. Yes 5 50 20 PERT

sorg Residual gas saturation, representing| Yes | 0.0029| 0.15 | 0.05 Triangle
AYY20AES /hi FTNIQ

standard_deviation_sand| Variability in sand proportion across Yes 0.03 | 0.08 | 0.05 PERT
realizations.

standard_deviation_shale| Variability in shale proportion across Yes 0.01 | 0.05| 0.02 PERT
realizations.

SWC Connate (irreducible) water saturation| Yes 0.1 0.3 | 0.15 Triangle

The Bayesian algorithm used in this phase enabled integration of prior probabilities derived from
WP2/WP3 data with the model outputs of the 1,100 simulations. The algorithm updated parameter
weights dynamically to avoid unlikely parameter combinations amfthrce convergence across the
ensemble.Parameter combinations are consideredlikely when they are inconsistent with the
geological and dynamic behaviour of the system. During the iterative stochastic workflow, such
combinations aradown-weighted, as they do not reproduce physically plausible plume or pressure
responses, leading to convergence toward realistic parameter $&is. dynamic updating feature
provides a foundation for later integration of pilot monitoring data into the uncertainty framework.
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3-Results

The ensemble of 1100 simulations produced a broad distribution of plume footprints, pressure
KA&dG2NARSaY FyR /hi Ylaa olftlryOSad ¢KS LI d2y¥S S@2f
year simulation periodHigh-mobility cases exhibited broader lateral spread but remained confined

within the structural limits of the reservoir. Lemobility cases showed more compact pluncesitred

near the injection location.

wSIFEtAAlIGAZ2Y HdMo Aa ( KSesghslegady wekl DACKABer Y000iyears &f 3 NI G A 2
migration and stabilization, the plume front advanced to within approximately 800 meters of the
legacy well, as indicated Iigee-phaseCQ saturation footprint shown irFigure 23.
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Figure 23:GasLJK I &S / hi &l { dzNJ { fe@ligation23{ISt\andvrealisation 168 &rihiEotafof4Mnillion
tons was injected over 30 years, and the plume migrated northward toward the legacy well WPRD_V/€l| ep@roaching

to within approximately 800 m. The injection well WINJ lies between bounding faults F5 and F2, which constein plu
movement within the reservoir compartment.

A

ThegadJKI &S al GdzNF GA2y F220LINAYy G aK2¢a GKFG GKS [/ h
and upward within the reservoir. This movement is strongly influenced by the underlying geological
structure: the prospect is characterized by an anticlieergetry that dips southward and rises toward

GKS y2NIK® !'a | NBadzZ G odz2zelyd /hi GSyRa G2 | OC
Across all 1100 realizations, no scenario shows the plume reaching the legacy W€l @ahe

bounding faults F2 and Fbigure 26). Furthermore, in the extremely conservative realizations where

0KS LJ dz¥YS I R@FyO0Sa FdzNIKS&adxX /hi &akFddzaN»¥GA2y NBY
even if the plume were to reach dise areas, the probability of effective leakage is extrerteely and

the potential impact would be minimal. This is due to saturatil@pendent relative permeability
STFFSOGA yR LINB&aadaNE RSOFez 020K 2F gKAOK A0GNRY:

The PilotSTRATEGY project has received funding fron @.P"OISTRATEGY
. N o www.pilotstrategy.eu
9dzNRB LISIY | YyAZ2YyQa | 2NAI 2y Pageo1

programme under grant agreement No. 101022664
— [ = [ [ —_— = = — -




{%} PilotSTRATEGY

4163500

£

Gas phase saturation at 1000 years

o0 0.10 020 030 0 050

Figure 26: Freephase/ hi &k (dzNJ (A 2 y realsdtiéhRI3 (left) and redliZatioNE78 (fightskown here from
a different viewing angle, illustrating the case in which the plume migrates closest to the lega@yWRRID_Well_DaC),
but still at more than 800 m distance

¢tKSaS 2dzid2YySa RSY2yaidN}raGS GkKId GKS fA]1StEAK22R
structures is extremely low. Even in theoretitiaiit cases where the plume might migrate beyond
typical boundaries, its saturation would be very oW Yy RA OF G Ay 3 YAYAYI f odz2 el
phasa thus making any potential impact negligible from both a safety and regulatory standpoint.

Nevertheless, because the physical condition of the legacy well remains uncertain, it is recommended
that a full wellbore integrity assessment be undertaken, including ultrasonic scanning, cement bond
logging and verification of annular isolation. Thig ersure that the final risk classification of legacy

well leakage hazards is consistent with both modelling outcomes and the actual subsurface condition.
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Appendix I Risk of natural and induced seismicity

1 - Introduction

Capture of C@and its subsequent storage in suitable geological repositories can be a key technology
for meeting net zero targets. However, the injection of large volumes gfrf@®the subsurface can

lead to largescale pressurization and carry the risk of induced seismicity events. This can raise safety
concerns,so that induced seismicity risk must be properly managed to ensure the successful
development of geologic carbon sequestration projects.

A potential target site for a geologic carbon sequestration pilot project is under study in the offshore
of Figueira da Foz (Portugal). The fact that the arealsamallnumber of natural seismic events and
that the carbon storage operations are being planned in the offshore significantly reduces the
potential risks. Nevertheless, analysangd communicatingatural andinduced seismicity risks key

for technical robustness and social acceptance

The objective of this study is fourfold) a probabilistic analysis of natural seismic risk is carried out
in order to understand the probability of natural seismic events of a certain magnitude occurring over
a given perid; 2) a probabilistic analysis of the slip tendency of psésting and hypothetical
undetected faults is performed to understand if the planned injection fluid pressure will activate those
structures and cause injectienduced seismicity3) a probability seismic hazard assessment is done
considering linear and areal sourcesagsess induced seismicity riskd 4)it is proposed a potential
Traffic Light System to help the decisimraking process related to injection operations ahefine
guidelines to C&injection operation in the target site.

2 - Analysis of the natural seismicity and seismic hazard

The Operational Forecasting of Induced Seismicity (ORION) toolkit was used in this study to carry out
an analysis of the natural seismicity and seismic hazard in the region around the prospect site for
geologic carbon sequestration in the offshore of Figuiea Foz (Portugal). ORION is an epeurce

toolkit developed by Lawrence Livermore National Laboratory and Lawrence Berkely National
Laboratory to support decision making on seismic hazard analysis and risk management for geologic
carbon sequestratiofKroll et al., 2024a, b). ORION is based on an Adaptive Traffic Light System where
decisions are based on a forward looking probabilistic and adaptive framework. In contrast with the
first-generation Traffic Light Systems (commonly included in the reguk®f different countries;

Figure 3la), these secongdeneration systems are fully probabilistic, adaptive (in the sense that new
data is integrated on the fly to update geomechanical and seismicity forecasting models) and risk
based, integrating hazardxposure, and vulnerability-{gure 3Lb; Grigoli et al., 2017).

As illustrated in the workflowHigure 31), one key component of ORION is a seigraialoguesince

this toolkit uses a datdriven forecasting methodology (Kroll et al., 2024a). Therefore, to answer the
first objective of this work, two datasets were used. This first is a compilation of the seismic events
from the IPMA Ipstituto Portugués do Mar e da Atmosfgrarchives and the other is seismic data
acquired within the scope of the PilotSTRATEGY project.
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Figure 31. a) Classical Traffic Light System. In Classical Traffic Light Systems decisions are based on magnitudes and ground
motions. Thresholds are defined in a static way taking geomechanical information into account. b) Adaptive Traffic Light
System. In Adapté Traffic Light System decisions are based on a forward looking, probabilistic, and adaptive framework
(Grigoli et al., 2017). THe#uesquare highlights ORION workflow and derived products (Kroll et al., 2024b).

2.1-IPMA database

The IPMA databassontainsrecordsof seismic eventBom 1961 to 2024. However, as in ORION date

and time need to be transform in Unix epoch (i.e., number of seconds since January 1, 1970), seismic
data older than January 1, 1970, was not considered. This corresponds to 31 data entries from a total
of 3,426events recorded within latitudes of 38 to 4and longitudes o8 to-11°.

The seismicataloguefrom IPMA comprises 54 years of earthquake records and the number of events
as a function of their magnitude, the GutenbeRichter parameters and the variation of the
GutenbergRichterb-value over time are illustrated iRigure . ORION estimates thevalue based
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