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Context of the presentation

The study is part of the European DYNAMIS project
which goal is :

We focuses on the possibility of injecting this amount of
CO into an offshore saline aquifer.
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Plan

Construction of a Geological model
Up-scale the Geological model to a Reservoir model
Define unknown parameters

Make several injection scenarios and simulate with IFP
reservoir simulator COORES

Make a sensitivity analysis on uncertain reservoir
parameters with a statistical method




Construction of a Geological model

Geological model was constructed by GEUS from
available public domain data

Geological Model composition: &
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Original vs Up-scaled Model - Permeabilit
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Assumptions of the reservoir model

Saline aquifer with sea water
Injection of pure CO at 3.3 Mt/y for 30 years

West, South, North, East boundaries at constant hydrostatic
pressure

Model allows CO dissolution into water
Reservoir temperature: constant (60°C)
Petrophysical properties: 2 rock types (sand and shale)




Description of simulations scenarios

Several scenarios have been simulated with I[FP CO
storage simulator COORES

Focus particularly on free CO plume extension area
and overpressure involved by CO injection




Description of simulations scenarios
scenario #1 — 1 vertical well

scenario #2 - 4 vertical wells

scenario #3 — 1 vertical well
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Time: 10950 days Time: 10950 days

Free CO, saturation Pressure increase (>5bar) from :
static conditions
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Time: 36500 days Time: 36500 days

Free CO, saturation Pressure increase (>5bar) from :
static conditions
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Conclusions of scenario #1

CO stays within the model.

Maximum increase of pressure is 23.5 bar on the well
axis (above 18.6 bar maximum allowed over pressure)

Complementary simulations show that only 2.6 Mt/y can
be injected with one well on the top of the structure to
avoid cap rock failure.




Description of scenarios cases

H..

scenario #1 — 1 vertical well

scenario #2 - 4 vertical wells

scenario #3 — 1 vertical well
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Conclusions of scenario #2

The CO stays within the model.

Maximum increase of pressure is 13.2 bar on the well
axis (below 18.6 bar maximum allowed over pressure)

However, 4 wells needs to be drilled
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Description of scenarios cases

H..

scenario #1 — 1 vertical well

scenario #2 - 4 vertical wells

scenario #3 — 1 vertical well
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Free CO, saturation Pressure increase _g_>5bar) from :
static conditions
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Conclusions of scenario #3

The CO stays within the model.

Maximum increase of pressure is 18.4 bar on the well
axis (slightly below 18.6 bar maximum allowed over
pressure)
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Sensitivity analysis with COUGAR
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Experimental design Lau_nch reservoir simulations
Define the response(s): Prod
Poros Perm Prod
1 1 1 0.58
* » 1 1 0.36
T 1 1 0.70
-1 -1 0.51
0 0 0.96
1 0 0.24
N simulations 1 0 0.29

Compute Response Surface
Model: Prod = f(Poros, Perm)

RSM

(Least square regression)

Prod = a +aX + a&X+ &Xs e .
+ ApX X + AraXeXet BoaXoXa Probabilistic production
+auX” t AnX” T AnX’ forecasts
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Uncertain parameters on simulation #3

Range of uncertain parameters variation:

A normal distribution centered on original value was
considered '
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Relative contribution of uncertain pararhet
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combined effect of Permeability and Sand relative permeability

Sand relative permeability

Permeability

Parameters relative contribution (%)

Time (Years)
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Free CO, extention area (km?)

The possible (P10-P90) free CO, extension varies
between 86 km? and 113 km?,

The probable (P50) free CO, extension is 100 km?

Time (Years)

The free CO, extension on
simulation # 3 was 109 km?
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Probabilistic maximum overpressure =

The possible (P10-P90) maximum overpressure varies
between 15 bar and 24 bar after 1 year of injection.

The probable (P50) maximum overpressure is 19 bar.

maximum allowed increase of pressure of 18.6 bar

The maximum overpr
simulation # 3 was 18.4

ure on

It is recommended to increase gradually
the injection rate during the first years to
reach 3.3 Mt/y in order to minimize the
risk factors regarding cap rock integrity.

overpressure in well (bar)
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Conclusions
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The required amount of CO (99Mt at a rate of 3.3Mt/y)
can be stored securely for long term in this saline
aquifer while remaining confined within the structure.

For a given injection rate, the number of wells (and
associated cost) can be optimized by carefully
selecting the injection location.

The influence of uncertain reservoir parameters
(absolute and relative permeability, porosity, capillary
pressure) can be assessed with the proposed
statistical method.

To account for uncertain parameter distributions the
sensitivity analysis implies that injection strategy
should be adapted.




© IFP

Merci de votre attention

Thank you for your attention
Gracias por su atencion

Danke fur lhre Aufmerksamkeit
brnarogapto Bac 3a Balle BHMMaHUE
BE IRRY OF
CEEEHYNESTTVERLE
pSolod| le oS Sl




