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The EU Directive aims at establishing a legal framework for
the environmentally safe storage of CO,

= Article 41 Selection of storage sites : A geological
formation shall only be selected as a storage site, if
under the proposed conditions of use there is no
significant risk of leakage, and if no significant
environmental or health risks exist

= Article 7- Applications for storage permits
shall include:
an assessment of the expected security of the storage
A a description of measures to prevent significant irregularities
A a proposed monitoring plan
A a proposed corrective measures plan

| Art. 16: The operator immediately takes the necessary corrective
measures, including measures related to the protection of human
health
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Closure and post-closure, transfer of liablility

= Article 18: 1. Where a storage site has been closed
é al | | egal obligations,
competent authority ..., if the following conditions are
met:

A(a) all available evidences indicate that the stored CO,

wi || be completely and per ma

>2. The operator shall pre

demonstrate, at least:

A(a) the conformity of the actual behaviour of the
Injected CO, with the modelled behaviour;

(b) the absence of any detectable leakage;

(c) that the storage site is evolving towards a situation
of long-term stability.
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Annex | - Criteria for the characterisation and

assessment of the potential storage complex and

surrounding area

= Data collection
= 3D static geological earth model

= Storage behaviour

A Characterisation of the storage dynamic behaviour
A Sensitivity characterisation

A Risk assessment

Hazard characterisation

Exposure assessment

i
:
| Effects assessment
:

Risk characterisation
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Fundamental concerns of safety

> Gas containment

> Reservoir and cap-rock integrity
(conservation of physical properties)

=Well integrity

= Control brine displacement

= Composition of the injected gas stream

(i.e. CO, + other substances: SOx, NOx, O,, N, A@
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The bases to ensure CO, storage safety

1. Proper site selection and characterisation

N

. Appropriate safety and risk assessment

3. Correct operations (i.e. during injection,

closure and post-closure) using the BAT
4. careful monitoring
5. Adequate remediation actions

Built on existing know-how from the industry
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Risk management during the storage lifecycle

N
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Key point: storage duration

= Duration

CO, atmospheric content
evolution (from IPCC, 2005)

Atmospheric C0» concentration

Long term

Madium
term

Short term

Fresent

Very long term

Yaar

= Global impact: performance requirement to

mitigate greenhouse gases emissions

A At least 1000 years containment

= Local impacts: consider short term as well as

very long term risks
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Risk management elements

Models
Complete/Simplified

Time scales

- Occurrence
- Duration

Risk
scenarios
identification

Corrective measures

Monitoring

Vulnerable elements &
Potential impacts

Safety criteria

@ bﬁéls: eeeee pour une Terre durable

3eme Collogue International, Paris@onovembre 2009

>11


D:/Travail/diaporamas/CSCO2/SP/Evenements_CRISCO2.swf

Risk assessment

Qualitative (FEPs, Features events and processes, expert panel)
Quantitative (deterministic/probabilistic risk assessment)

= OSPAR guidelines (FRAM : framework for risk
az\sessment and management)
A

> Dgferent approaches for RA:
A

Problem Formulation i define bounds, scenarios etc
Site Selection and Characterisation

A Exposure Assessment i processes and pathways for environmental
exposure

A Effects Assessment i of exposure on marine environmental
A Risk Characterisation i integrates exposure with effects and likelihood
A Risk Management T monitoring and mitigation
= Certification Framework : develop a single framework for evaluating
leakage risk for certifying operation and decommissioning of CO, storage
systems ( LBNL and UT Austin)
> US EPA Vulnerability Evaluation Framework for geologic
sequestration of carbon dioxyde

> Define a list of scenarios:

Base (or reference) scenario => normal behaviour @ G
A Alternate scenarios => Leakage b
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Events related to the operational design and management

ﬁ Freshwater aquifer _900m
to be protacted
Deep aquifer 3 300m
(reservoir)

Plant emitting c0o; Farmer oil
and capturing injection Observation ; E preduction Potable water Geological
) cOz well well F well catchment fault

o% 8° Leakage via operational wells
CO2 plume o%ﬁ‘g oz o g pe
2 2 in the reservoir o n'ugrat_lon
scenarios (2} Local over-pressurisation

around the injection well
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Risk management elements

Models
Complete/Simplified

Time scales

- Occurrence
- Duration

Risk
scenarios
identification

Corrective measures

Monitoring

Vulnerable elements &
Potential impacts

Safety criteria
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Modelling needs for risk assessment

= Reservoir behaviour
A CO, plume extension
A Pressure field at different scale (up to regional scale)
= CO, leakage towards overlaying aquifers and
elements at stake at the surface
A Through a well
A Through a porous medium
= Geomechanical integrity
A Overburden fracturing

A Exposure to an earthquake
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Hazard (simplified) models

= Once risk scenarios are identified, simplified models allow
a flexible approach to assess magnitude of potential risk
events and uncertainties

= Simplified models
A Analytical, semi-analytical

A (Reasonably) conservative assumptions

A Time-efficient computation
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Uncertainty assessment

> 2 types of uncertainty
A Stochastic
Epistemic
> Correct mathematical
representation
A Avoid introducing
subjectivity a priori
= Assess uncertainty
propagation
A Provide an unbiased
information

To support an informed
decision

Probability (CO2 plume extension < distance)
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Risk management elements

Models
Complete/Simplified

Time scales

- Occurrence
- Duration

Risk
scenarios
identification

Corrective measures

Monitoring

Vulnerable elements &
Potential impacts

Safety criteria
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Impacts at surface

> Drinkable water aquifers
A First target to impiging CO,
A Geochemical modelling to quantify impact of:
I co,
I Impurities
A Effects of pressure perturbations

> Effects on human health

A Regulatory thresholds (case of France)
| Occupational exposure limit: 0.5%,,,
| Short-term exposure limit: 5% wol)
| First lethal effects threshold: 10% 0y
| significant lethal effects threshold: 20%,,

A Knowledge of CO, consequences for healthy adults!
= Environmental effects
A High variability in species responses

A Very poor knowledge of subsoil and marine effects

A Need for more research
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Freshwater aquifers impacts

3 ‘EfJ = Simulate CO, entry into a
FESGASN ARG L freshwater aquifer
> Effects of impurities

= Work based on published
_ Injection data from the Paris Basin

Superficial aquifgr:'l"

A

Leaky well
800 m

\ 4

Storage aquifer

> Compare
geochemical
results with quality
limits
A Potable water
regulation

Chemical profiles after
7 years leakage at 1

/s
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