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Key questions

Whose confidence do we need?
What kind of logics and arguments do we need 
to enhance the confidence?
Do we have enough evidence to support those 
logics and arguments?
How do we communicate with the stakeholders?
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Background

A viable CCS project depends on confidence in long-term 
confinement on the part not only of technical specialists in 
implementing and regulatory organisations, but also of the wider
scientific community, political decision makers, and the general
public.
A wide range of stakeholders should have a broader role in the 
iterative process of confidence building. 
However, sharing confidence among individuals who have different
experience and value systems is not an easy task. 
In this respect, it is crucially important to have a framework in which 
we make use of various local ‘knowledge’ distributed among 
different disciplines and integrate them into a logical structure that 
strengthen arguments supporting long-term confinement.
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Outline

Confidence in CCS as social knowledge
Structured approach to building and sharing 
confidence
Some examples of application
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Confidence in CCS as Social Knowledge
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Objectives of Confidence Building

A number of arguments to 
support effectiveness of 
confinement.
A strategy for dealing with 
uncertainties that could 
compromise effectiveness. 
Assessment of our 
confidence in performance 
of the system in the 
presence of uncertainty.

Adequate level of 
confidence to support 
decision at hand (rather 
than a rigorous 
quantitative ‘proof’)

Adequate level of 
confidence to support 
decision at hand (rather 
than a rigorous 
quantitative ‘proof’)

Iterative process of 
decision making 
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Knowledge and Information

People interacting in a certain historical and social 
context share information from which they construct 
social knowledge, which in turn influences their 
judgment, behaviour, and attitude (Berger and Luckmann, 
1966).
Although the terms ‘knowledge’ and ‘information’ are 
often used interchangeably, there is a clear distinction:

knowledge, unlike information, is about belief and commitment;
knowledge, unlike information, is about action.



8

Confidence in CCS as Social Knowledge

To have confidence is to have reached a positive judgement that a 
given set of conclusions is well-supported. 
Clearly, what is required is not a simple collection of information. It 
provides arguments and evidence to support confidence on long-
term confinement, and is intended to provide ‘social knowledge’
that influences judgement, behaviour, and attitude of various 
stakeholders.
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Structured Approach to Building and 
Sharing Confidence
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Uncertainty and Confidence

Open uncertainty
e.g., unknown discrete 

features in a cap rock

Ignorance
e.g., ambiguity in 
average properties of a 
known discrete feature

Conflict (error)

Confidence

• ‘What if’ analysis to bound size of impact

• Evidence to maximize chance of realizing discrete features

• Defense in depth concept to minimize impact of unknown discrete
features

•Possibility theory, Fuzzy set theory, subjective probability

•Acquisition of new data / information

•Design change

•Verification / validation

Variety of imprecise 
and imperfect evidence

Confidence building / 
Uncertainty management

Uncertainty

Knowledge
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Efficient Use of Various Forms of Knowledge   
for Confidence Building

Safety 
assessment

Geological 
information

Natural 
analogues

Industrial 
analogues

Monitoring of 
system evolution

Risk prediction

Quantitative input to 
the assessment

Observation and qualitative 
information (not used directly)

Demonstration      
Experiments

Geological 
information

Natural 
analogues

Industrial 
analogues

Monitoring of 
system evolution

Cross reference and integration of 
independent evidence

Integrated arguments and evidence to 
support effectiveness of long-term storage

Safety 
assessment

Structured 
arguments
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Knowledge Creating (SECI) Spiral for Building
Confidence on Long-Term Confinement of CO2
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Sharing experiences relating to;

- Key processes

- Relevant technologies

- Natural / archaeological analogues
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- Concern Explicit knowledge
- Scenarios

- Evidence

- Analyses

- Arguments
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Individual  Group  Organisation Inter-Organisation

Explicit 

knowledge

Tacit

knowledge

Knowledge level
Individual  Group  Organisation Inter-Organisation

Explicit 

knowledge

Tacit

knowledge

Knowledge level

Explicit 

knowledge

Tacit

knowledge

Knowledge level

(Nonaka et.al., 1995)
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Scenario Development from a perspective 
of confidence building

A scenario is an assumed future evolution of the reservoir system.  A 
scenario is characterised by description of the main phenomena 
governing system evolution and potential release of CO2.
Scenario development can be regarded as a platform where various
stakeholders exchange their ideas about what could happen:

a wide range of stakeholders can provide input regarding the range of 
scenarios to be considered and the definition of reference biospheres
The ‘public’ and ‘experts’ may worry about different issues.
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Simulation and Safety Analysis from a 
perspective of confidence building

Reservoir simulation and safety analysis provide the 
principal means to gain understanding of the future 
behaviour of a reservoir system to assure that no 
significant releases of CO2 is likely to occur.
These analyses require integration of a variety of 
knowledge that has been accumulated in different 
scientific disciplines.
From the point of view of communicating confidence, 
these analyses require the facilitation of various views of 
stakeholders.
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Argumentation from a perspective of 
confidence building

Multiple lines of evidence may demonstrate stable 
confinement in different ways, with respect to a variety of 
evidence, arguments and analyses, and may contribute 
to increasing overall confidence by giving ‘strength in 
depth’. 
Different stakeholders find different arguments 
compelling:

the level of understanding may vary between audiences;
the level of belief in each strand varies among different people.

A set of arguments is uniquely defined, but it should be 
presented in different ways depending on the audience 
and the objectives.
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Evidential Support Logic (ESL)

A generic mathematical concept to evaluate confidence in 
a decision based on the evidence theory and consists of 
the following key components (Hall, 1994).
First task of ESL is to unfold “top” proposition iteratively 
to form an inverted tree-like structure (Process Model). 
The subdivision is continued until the proposition 
becomes sufficiently specific and evidence to judge its 
adequacy becomes available.
Level of confidence is evaluated based upon “self-
estimation” of plausibility in the support for each lowest-
level proposition from corresponding information (i.e. 
evidence).
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Where ESL fits?
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- Arguments

Explicit knowledge
- Presentation of the 
argument

Tacit knowledge
- Insight into reservoir 
system and its behaviour

ESL can be used to 
integrate explicit local 

knowledge and structure 
the arguments
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Result of expert elicitation 1 
ESL model developed through expert deliberation
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Result of expert elicitation 2 
Expert judgment on “sufficiency” input and its variance

Temperature change during CO2
injection is small

Degradation of cement seal during the next 1000 years is not
significant

Deformation of casing is not significant

Sufficiency for

Mechanical degradation is not significant

Cement Evaluation Log at a regular interval
(10years)

Chemical degradation is not significant

Dense layer of calcite at the interface inhibits
further degradation of cement

Temperature and pressure monitoring by in-situ
sensors

Archaeological analogues
(Old industrial concrete, <100 Ys)
Archaeological analogues
(Greece, >1000 Ys)

Reactive solute transport simulation

Long-term lab. Experiment

Use of cement that is chemically less active
with CO2 prevents degradation

Monitoring during and after CO2 injection confirms that
change of cement properties is not significant

Sufficiency against

0.3 - 0.7 0.5 - 0.7

1.0

0.3 - 0.7 0.9 -

0.9 - 0.5 - 0.7

0.3 - 0.9

0.7 - 0.9

0.5 - 0.7

0.1 - 0.5

0.7 - 0.9

0.9 -

0.9 -

0.7 - 0.9

0.7 - 0.9 0.9 -

0.3 - 0.7 0.3 - 0.7

0.3 - 0.7 0.3 - 0.7

0.3 - 0.7 0.3 - 0.7

0.3 - 0.5

0.3 - 0.7 0.9 -
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Dialogue model for legal argumentation

A proponent puts forward a 
claim and then back it up with 
an argument that is supposed 
to represent evidence.
At the next move in the 
dialogue, the respondent 
expresses doubt about the 
claim either by raising critical 
questions about the argument 
or by putting forward an 
opposed argument

refutation

Argument by 
proponent

Argument by 
respondent

(Walton, 1997)
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Example of Argumentation Schemes (1/2)
from a list given in (Walton, 2005)

Critical questions
CQ1: Is A true in C1?
CQ2: Are C1 and C2 similar, in the 

respects cited?
CQ3: Are there important 

differences between C1 and 
C2?

CQ4: Is there some other case C3 
that is also similar to C1 
except that A is false in C3?

Argument from Analogy
Major Premise:                                
Case C1 is similar to Case C2

Minor Premise:                        
Proposition A is true in Case C1

Conclusion:                              
Proposition A is true in Case C2

e.g.

C1: Confinement of natural gas within 
a reservoir                                           
C2: Confinement of CO2 in an aquifer 
in the same area                                                
A: Confinement is stable for time 
scale > 1,000 a
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Example of Argumentation Schemes (2/2)
from a list given in (Walton, 2005)

Critical questions
CQ1: How far along has the search 

for evidence progressed?
- variety of monitoring methods, 
geophysical investigations

CQ2: Which side has the burden of 
proof in the dialogue as a 
whole?
- e.g., persuasion, debate, 
deliberation

CQ3:How strong does the proof 
need to be in order for this 
party to be successful in 
fulfilling the burden? 
- How thorough is thorough 
enough? => ”Epistemic closure”

Argument from Ignorance
argumentum ad ignorantiam

Major Premise:                                
If A were true, A would be known 
to be true.

Minor Premise:                                
A is not known to be true.

Conclusion:                                         
A is false.
e.g.

A: There is a conductive fault in the 
cap rock

A’: There is a CO2 leak through the 
cap rock 
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Three pillars of confidence building

Comprehensiveness
Variety of physicochemical processes;
Multidisciplinary nature;
Spectrum of concerns of various stakeholders.

Distinction between knowledge and information is critical.
Optimizing way of generating, communicating and using multidisciplinary 
knowledge is required.

Logical structure consisting of mutually supportive 
evidence

Rule-base containing argumentation schemes, ESL logic building blocks
Knowledge-base of potentially useful evidence
Evaluation of confidence in terms of its “plausibility” (e.g., ESL) and/or 
robustness against refutation (e.g., Dialogue Model) is necessary.
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Some examples of application
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Systems approach to structure assessments

System definition

FEP database

Scenario & conceptual 
model development

Mathematical  
model development

Calculations and analysis

System 
Boundary

Interacting 
Features, Events 
and Processes 

(FEPs)

External FEPs
generate scenarios
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FEPs, scenarios, and confidence building

FEPs aid the development of 
scenarios through a transparent 
process accessible to all 
stakeholders;
they ensure thoroughness and 
comprehensiveness of assessments;
they provide an audit trail for the 
scrutiny of experts, regulators, and 
public alike;
comparisons of assessments of 
different sites are aided;
they provide a knowledge base for 
storage studies accessible to all 
stakeholders.
FEPs should not be a ‘black box’ for 
scenario development and assignment 
of event probabilities.

from IEA FEP database
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A systems-level model, QPAC-CO2

Quintessa Performance Assessment Code for 
CO2

multi-physics code can represent coupled non-
linear processes, e.g. thermal (T), hydraulic (H), 
mechanical (M), chemical (C),  and biological (B).
solves multiphase flow equations with time-
dependent phenomena, e.g. start/stop of 
injection, well failure, earthquakes, human 
intrusion.
incorporates sensitivity analysis. 
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QPAC-CO2 model structure

System

Subsystem Subsystem

C
om
partm

ent

C
om
partm

ent

Interface

Joiner

C
om
partm

ent

C
om
partm

ent

Interface

Boundary geometry flexibly defined –
Not necessarily planar; compartments not regular shapes

• User-defined models simulate a range of processes 
– simple user-defined transfers from one compartment to another
– complex processes, such as mineral-water reactions.
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QPAC-CO2 - graphical output of relative compartment sizes of whole-
system model

Reservoir 
layers

Position of 
leaky well 
interface

Injection point

Position of undetected 
feature

Sand layer
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Sample Output: CO2 saturation at different locations
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Injection point
Above injection point
Sand above injection point

Time of well
failure 

End of injection
period 

Initial injection phase, all CO2
moves out of injection compartment into
reservoir into compartment above

Injection compartment starts
to fill as compartment
above becomes more 
saturated

Slow CO2 migration across
inter-bedded shale into sand
before well failure
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Multiple lines of reasoning give strength in depth

(quantitative) assessment calculations may suggest no 
significant release over 104 year timescales.
analogous natural systems illustrate (qualitative) 
confinement over 106-108 year periods.
injection projects can demonstrate confidence in 
engineering integrity and approach.
monitoring can verify the efficiency and integrity of the 
storage process over 10-100 year periods.
natural systems can provide benchmarks for potential 
leakage rates (an alternative performance measure).
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Natural systems evidence

Provide different levels/strands of knowledge:
‘hard’ data (e.g. permeabilities, porosities) for input to 
quantitative assessments.
‘soft’ data for qualitative assessments of the integrity of the 
storage system, e.g. preservation of hydrocarbons for millions 
of years.
‘contextual’ data regarding potential leakages.

May constitute more appropriate performance measures 
for non-technical stakeholders.
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Collection of biosphere impact data (Latera, Italy)

Courtesy of BGS and CO2GEONET
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Collection of biosphere impact data (Latera, Italy)

Courtesy of BGS and CO2GEONET
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Contextual data from natural systems

0.01 % per year leakage rate from a 50 Mt CO2 storage 
reservoir = 5000 t CO2/year.

from Aeschbach-Hertig et al. (1996) Quantification of gas fluxes from the sub-
continental mantle: the example of Laacher See, a maar lake in Germany, GCA, 60, 31-41

Champagne Pool, Waiotapu thermal area, New Zealand
CO2 flux = 60 000 t/year


