ASTRA* - An efficient workflow for assessing
carbon storage resources in saline aquifers
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1. Industry challenge
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Screening stage Feasability stage Detailed project stage

. Weeks Month(s)
Timing Short Deadlines Tight deadlines SSCELEE Al
Object Leads Prospect Prospect maturation
Objectives Ranking Confirm risk(s) and Ready to drill

Storage Potential

Feasability stage

« Exploration phase: to be efficient in term of cost and timing

» Fit for purpose study in order to assess Risking and Storage Potential of a selected target

* In position to decide GO/NOGO for « heavy » studies (Prospect Maturation/Conceptual Phase)

Need for a tool to assess quickly CO2 storage ressources in an acquifer

2 | SPE-Aberdeen 6-7t Oct 2026



2. ASTRA — The right tool at each step of evaluation

@ TotalEnergies
Probabilistic pressure constrained methods
1D Analytical - PASCAL 3D Conventional modeling - IX

st '

Feasability stage Detailed project stage

INPUTS 2b heterog.ene.o.us geomodel 3D heterogeneous geomodel
(simplified)
Flow simulator (Eclipse or Intersect)
ENGINE with explicit CO, injection
L e T B
ouTRUTS D e Dt eeouey | |+ Dol ressure la e
.................................. e e g ' .+..CO;saturationfield (3D)
IMPLEMENTA_-:_-:I(\)’I: 1 hour to few hours 1 day to few days Few weeks/months

Project maturation
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2. ASTRA Theory - Pressure Solver

@ TotalEnergies
CO2 Storage

—
—
Compressible Volume I Flux Outside of Injection
in Injection area area to Aquifer

Pressure Diffusion Equation

— Pressure gradient x Hydraulic
Increase (x,t — X Diffusivity (x

Injection Zone

Aquifer STorage Resources Assessment

Concept: Equivalence between mass of CO, and pressure distribution in
aquifer.

The equivalence is based on the replacement of water in the pore space by
CO, at reservoir P,T conditions under the applied injection overpressure.

Method: estimate injected CO, resources purely from pressure
s bars constraints (no explicit CO, injection modelling)

Pressure distribution map

Storage Resources range can be derived over a large set of geological model
realizations
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2. ASTRA Worflow
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PRESSURE CONSTRAINED RESOURCE EVALUATION WITH ASTRA

AStRA computes distribution of storage resources based on a 2D geomodel with uncertainties and a set of constraints/targets associated to the storage

p
AStRA inputs

Geometry (Top, Base, cell size)

2D geomodel with uncertainties
(ex: PHIL K, ...)

Built in Sismage-CIG (workflow
editor)

Multiple realizations '

AStRA engine

2D model // One layer
Mid point for Phi & K parameters

Top
- MietTell point

Base

Input:
* AP max in the injection area
* Injection duration

Quantity of injected CO2 to reach defined
constraints is computed
> Storage resources

AStRA outputs

Pressure realizations
(uncertainties) at end of
injection (model properties,
risk factors)

Wil m @ oW B omom W% ow k4w
Astra CO2 storage resources (MT)

Distribution of storage
resources (P90-P50-P10)
(histogram)
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[A fit for purpose workflow




FIRST RUN

3. Case Study - feasability study prior 3D model @ ——

INPUTS

Burial derived Porosity

Favored
injection area

Riskier legacy
well

¢

Cell size — 250m x 250m
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* 35 years of injection
*100 bars Geomech. constraint

310

620

T
@ \/, 1z Res. Top & Base depth map,
w1 C, virgin pressure (hydrostatic),

. Pore compressibility,

" Geomechanical constraints (100 bars)

2,170

foa 000
I

OUTPUTS

Apressure map @ End of Inj.

Open fault

Injector

legacy well [

1600 Mt CO2 stored over 35 Years
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3. Case Study - feasability study prior 3D model

ERUPTIVITY constraint
PRESSURE CONSTRAINT

Rho Fm water (kgim3)

1020 1030 1040 1050 106(
0

-
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OUTPUTS

Apressure map @ End of Inj.

Open fault

Q
<]
o

,..
]
=]
=]

Burial (m)

Injector

+ 35 years of injection

E)gosed on Rowe and Chou (1970) method o .
* Eruptivity constrain

sleq alnssal

A ﬁ
XN

-
6,3 Bars Eruptivity

220 Mt CO2 stored over 35 Years

Target reached with reduce pressure limit
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3. Case Study - feasability study prior 3D model @ -

ERUPTIVITY + SENSITIVITIES
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What if the faults are closed? What if there is a potential barrier?

Ap 6,1 bars

156 Mt CO2 stored over 35 Years

Ap 4,8 bars

87 Mt CO2 stored over 35 Years

[Target reached with clay plugged ]

[Target reached with closed faults ]
canyon
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3. Case Study - feasability study prior 3D model

ERUPTIVITY + SENSITIVITIES + 2" INJECTION ZONE

&

Mono parameter Sensitivities

Base Case Mt

-150 -100 -50
perm =5 Target reached | Target reached
Nig =2 with 1 injector | with 2 injectors
Perm +2
Canyon Plugged Pe rm/5 x X
Compressibility +3
Aquifer Limits th/2 x

Porosity -4% I

Perm/2 X

Open Eastern Fault I

—p Value of a second injector

= = = Target CO2 storage volume

\

* Identified main impacting parameters

» |dentified problematic scenarios

« Higlighted the value of a second well as a mitigation

= Astra confirmed the potential of this storage site, no show stopper was identified, the project moved on with

a conventional 3D model )

\_
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3 . Take away message
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Fast decision making & ranking of opportunities requires to be reactive & efficient

"ASTRA provides a rapid probabilistic estimate of storage resources during feasability project phase."

~N

J

Limits Benefits
* Does not provide CO2 plume extension » Easy to build (2D modelling)
» Does not capture 3D heterogeneities (horizontal barriers & * Very quick to run (<1mn for a deterministic case)

layering, vertical K profile, vertical pressure)

- Sensitivities (fault, petrophy...)

» Does not integrate well performance * Multi-realizations to provide a probabilistic range of resources

* Not sufficient to evaluate and design a project * Helps identify key parameters to derisk

« Confirm project feasibility before 3D modelling

* Can be used by all geoscientists
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