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International Energy Agency 
The International Energy Agency (IEA) was established in 1974 within 
the framework of the Organisation for Economic Co-operation and 
Development (OECD) to implement an international energy programme.  
The IEA fosters co-operation amongst its 28 member countries and the 
European Commission, and with other countries, in order to increase 
energy security by improved efficiency of energy use, development of 
alternative energy sources and research, development and demonstration 
on matters of energy supply and use. This is achieved through a series 
of collaborative activities, organised under more than 40 Implementing 
Agreements.  These agreements cover more than 200 individual items 
of research, development and demonstration. The IEA Greenhouse Gas 
R&D Programme is one of these Implementing Agreements.
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Introduction
Background

The IEA Greenhouse Gas R&D Programme (IEAGHG) 
published a series of small booklets for GHGT-9 in 
Washington D.C. in 2008, outlining the activities of its 
storage based research networks on Wellbore Integrity 
(WBI), Risk Assessment (RA) and Monitoring. Since then, 
the range of networks coordinated by IEAGHG has grown, 
to incorporate Modelling of Geological Storage and Social 
Research as well as the 3 pre-existing networks.

The storage based networks that IEAGHG coordinate, aim to 
address various aspects of CO2 geological storage. The broad 
aims of the reseearch networks are to provide a platform for 
the expertise and experience of those organisations in the 
forefront of research, development and demonstration of 
greenhouse gas mitigation technologies to come together 
and share experiences and knowledge, to determine a way 
forward from research to reality.

This brochure will provide a short introduction to each of 
these storage based research networks, and outline the 
main achievements of each network over its existence, and 
the aims for the future.

Joint Network Meetings

Communication between the storage based research 
networks is considered extremely important especially 
with regard to the development and implementation of 
regulatory regimes. For this purpose the risk assessment 
network was considered to be in the best position to act as 
an overarching network for the modelling, monitoring and 
wellbore integrity networks and therefore be best placed as 
the appropriate forum for contact with regulators and other 
stakeholders.

In 2008, IEAGHG held the inaugural joint meeting of its 
storage based research networks. In 2008, these were the 
Risk Assessment Network, the Monitoring Network and the 
Wellbore Integrity Network.

The aims of the meeting were; 

• To ensure that the current networks are working in the 
most efficient way without duplication or gaps between 
the networks,

• To identify common areas that require the input from 
more than one network to see how this collaboration 
could be done in the most effective way,
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• To set the framework for the future direction of the 
storage networks, both individually and as components 
of the overall storage programme,

• To assess the merit of a Modelling network as a potential 
fourth IEAGHG storage network.

The discussions of the Joint Network meeting suggested 
that closer liaison between the networks was a good idea for 
the future, with links between the networks to accomodate 
questions and free-flowing information exchange between 
groups. It was determined that the process of bringing 
together the networks was a good idea, and would be 
repeated at some point in the future to further focus the 
activities of the network. Currently, it is planned to organise 
the 2nd Joint Network Meeting in 2012.

Times Square, New York

The 1st IEAGHG Joint NetworkMeeting 
was held in New York in June 2008
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Risk Assessment Network
Introduction

From early discussions on Risk Assessment it was clear that in order to gain 
public acceptance of CO2 Capture and Storage (CCS), two key areas would need 
to be demonstrated: that the technology is safe and that its environmental 
impact is limited.
Safety can be demonstrated to 
some extent through monitoring 
programmes at CO2 injection 
operations currently underway.  
However, whilst early results from 
these injection operations indicate 
leakage is not currently occurring; such 
programmes do not necessarily provide 
confidence in the long term (1000s of 
years after injection has ceased).  Risk 
assessment is standard practise to 
demonstrate the safety of technology 
for implementation, and can be used 
to estimate the likelihood of leakage 
and any potential environmental 
impact.  Confidence in risk assessment 
is pivotal for emerging regulations, 
public acceptance and to ensure 
environmentally sound CCS; and to 
gain such it is necessary to benchmark 
different approaches being used in an 
open and transparent manner.

Following two previous risk assessment 
meetings, the draft proposal for an 
international network was agreed, 
and the IEAGHG International Risk 
Assessment Network was launched at 
the first meeting in the Netherlands in 
August 2005.  

Aims and Objectives

The overall aim of the network is to 
bring together key groups working on 
risk assessment for CO2 storage from 
around the world to share knowledge 
and experiences, with an emphasis 
on potential regulatory requirements 
with regard to CCS safety and impact 
assessment.

Specific aims and objectives of the 
network are to:

• Develop an open and transparent 
process to allow different risk 
assessment approaches and 
associated results to be understood;

• Provide a forum where different 
approaches to risk assessment can 
be compared;

• Provide an ‘umbrella group’ for 
international collaboration;

• Identify knowledge gaps and 
determine actions required to close 
these gaps;

• Act as an informed body on risk 
assessment and to maintain 
dialogue with regulators and NGO’s

Research & Development

Research from active injection sites, 
experimental studies and natural 
CO2 field sites all provide important 
quantitative and qualitative information 
for risk assessment.  Risk assessment 
studies can assist the development of 
monitoring programmes for injection 
sites, relying on predictions of the 
long term fate of the injected CO2 and 
assessing the potential for leakage 
in both the short and long term.  In 
order to gain confidence in CCS, the 
public and regulators need to have 
trust in such predictions.  The results of 
studies must be transparent in nature 
and openly shared so they can be 
fully understood and so any potential 
implications can be appreciated.

IEAGHG have recently published 
a technical review addressing 
risk assessment guidelines and 

Figure 1:  The Risk Assessment, Management  
and Communication  Framework for CO2 
Storage Projects, from IEAGHG 2009-TR7.

terminology. Figure 1 is a proposed 
risk assessment, management and  
communication framework for CO2 
storage projects included in the report.

Regulatory Requirements

Regulations continue to be developed 
for CCS projects often by utilising 
existing requirements, and recent 
years have seen major advances 
in regulatory frameworks such as 
the EU CCS Directive 2009 which 
includes mandatory risk assessment 
and management with detailed risk 
assessment requirements such as a 
hazard characterisation, exposure 
assessment, effects assessment and 
risk characterisation; and the Victoria 
Greenhouse Gas Sequestration Act 
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Figure 2: Risk curve; showing the relationship between uncertainty and risk in a geological 
storage project.  This risk curve, presented at the Risk Assessment Network Meeting in 2010, 
differs from the more commonly referenced risk curve which plateaus during operation, 
and is now widely accepted.

2008 with the requirement for an 
injection testing plan before injection 
to include a risk management plan and 
details on preventative measures.  As 
knowledge and experience is gained 
it will be important to review the 
adequacy of regulatory frameworks as 
the need for adaptive approaches has 
to be recognised, and it is important 
to use consistent terminology to avoid 
confusion.  Maintaining dialogue 
between regulators, operators and 
researchers will be imperative for 
effective risk management and 
regulatory requirements.

Risk Communication 

When communicating risk to the 
public, it is important to use terms and 
images that can be easily understood 
and are not overly technical, especially 
given the trend toward increased 
public participation.  It will become 
necessary to learn to work with both 
print and electronic media to “get the 
story told” correctly, therefore the 
capacity to counter misinformation 
becomes critical. 

Long-Term Risk Management 

Risk assessment is an iterative process 
and has an important role in an 
operator’s long term liability.  There is 
a hierarchy of risk at different levels in 
operation.  The risk profile of a site can 
be shown through the risk curve (see 
Figure 2).

This shows how the risk changes 
over the life of the project from site 
characterisation to site closure. It is 
necessary to continuously reassess the 
risk profile and management plan as 
the project progresses and knowledge 
increases. Work still needs to be done 
to quantify the risk curve, which will 
help to give the regulators clarity. 

Both operational risk and long-term 
risk needs consideration, though there 
is differing opinions on the relative 
significance of each.

Public perception is important from 
the start and will help to define what 
an acceptable risk is as the public will 
demand monitoring.

Conclusions and Focus for the Future

At the last meeting in Golden, Colorado, 
May 2010, recurring learning points 
identified were the need to address 
the adequacy of existing and emerging 
regulations and for the network to 
take an active role in this. Public 
communication and the importance 
of building trust with public were also 
of concern, during which care needs to 
be taken over the use of terminology. 
It is necessary to define acceptable 
levels of risk and knowledge sharing 
has become more important as more 
demonstration projects come online.  
The data from these projects are 
needed to improve understanding of 
risk profiles.

Knowledge gaps identified in the 2010 
network meeting are:

• The need for more information on 
monitoring performance

• Interaction needed between 
Risk Assessment Network and 
Monitoring Network 

Recommendations decided upon are: 

• Important to avoid overlaps  
• Further work is needed on metrics 

for quantification of risk
• Benchmarking between projects is 

imperative and encouragement of 
open knowledge sharing

• Use analogues to understand 
processes in addition to models

• Define terminology and ensure 
there is consistency

• Encourage greater industrial 
representation at Risk Assessment 
Network workshops, and 
strengthen existing links.

• Provide information for regulators. 
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Monitoring Network
Aims of the Monitoring Network

Further to the overriding network 
aims and objectives listed previously, 
each network has network specific 
aims and objectives. The aims of the 
monitoring network have evolved 
during successive meetings, but can 
be summarised as follows.

• To assess new technologies and 
techniques as they become 
available

• Determine the limitations, accuracy 
and applicability of monitoring 
techniques

• Disseminate information from 
research and pilot storage projects 
around the world

• Develop extensive monitoring 
guidelines for the different sub-
categories of geological storage; 
oil and gas fields, unmineable coal 
seams, and saline aquifers, covering 
the differing conditions and 
reservoir properties encountered 
globally

• Engage with relevant regulatory 
bodies 

In more recent meetings, there has 
been a more detailed discussion about 
regulatory issues and the influence 
of regulatory developments on CCS 
projects, and also the impact of 
dissemination of information resulting 
from a number of pilot projects.

Wide Range of Monitoring Tools and 
Technologies

At the first network meeting in 2004, it 
quickly became clear that the largest 
single asset available to operators of 
CCS projects was the large monitoring 
‘tool box’ at their disposal. Discussions 

swiftly moved to technological 
developments and the combination 
and integration of complementary 
techniques to create comprehensive 
monitoring programmes. 

The most obvious coupling of 3D and 
2D seismic surveys is an example of this 
synergistic effect. Seismic surveying 
technology has long been proven to be 
a very effective tool for the monitoring 
of underground gas storage, as is 
required for CCS. The negative aspect of 
3D seismic surveying is the potentially 
constraining expense associated with 
repeat surveys. However, it has been 
demonstrated that after an initial 3D 
seismic survey, repeat surveys can be 
performed as a series of 2D seismic 
surveys lines, and these have the ability 
to provide valuable information on the 
evolution of the subsurface plume, 
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while minimising costs as 2D surveying 
techniques are considerably cheaper 
than comparable 3D surveys.

Overall, the network has been able 
to build confidence that the costs 
related to monitoring programmes for 
geological storage project need not 
be prohibitive; indeed they should 
represent a minor part of the total costs 
of a CCS project.

New technologies are being developed 
and refined and evaluating these is 
extremely important. The network 
takes a role in this and it was found 
to be useful to compare the same 
technologies used at different sites, 
as this helps to show some of their 
limitations. In the most recent meeting 
an idea suggested was a master 
class or invited reviews for emerging 
technologies.

Seismic Surveying Vessel

Photo Courtesy of: Leif Berge / Statoil
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Monitoring Selection Tool

As previously mentioned, the 
monitoring network identified a large 
‘tool box’ of monitoring techniques, 
and as a result, it was determined that 
a database allowing users to stipulate 
certain CO2 storage scenarios and 
analyse the relevant tools should 
be established. To this end, IEAGHG 
contracted the British Geological 
Society (BGS) to design and maintain 
such a tool, and the result of this 
activity is the web based selection tool 
(Figure 3) which allows users to create 
monitoring programmes for any given 
scenario. The finished product, known 
as the Monitoring Selection Tool is 
available on the CCS Resources tab of 
the IEAGHG website (www.ieaghg.org). 

Monitoring Guidelines and Regulatory 
Requirements

The network meetings have devoted a 
certain amount of focus to what will be 
required of monitoring technologies 
under relevant regulations. These are 
constantly evolving and in many cases 
are developed in conjunction with CO2 
storage projects. Each meeting has 
shown the changes that have taken 
place.

Monitoring Network Continued

to enable CO2 flow across the CCS 
system to be tracked, but does not 
intend to prescribe specific monitoring 
techniques. An example of a project 
being developed alongside the 
regulations is the Aquistore project in 
Saskatchewan; Canada, where regular 
meetings with the regulators have 
taken place since project inception.

The importance of public 
communication is also emphasised 
especially in relation to monitoring as 
it can be used to demonstrate storage 
security.

Long-Term Monitoring Plans

Monitoring of a storage site is needed 
throughout injection and also post-
injection, though the length and 
amount of monitoring is still to be 
determined and is likely to be site-
specific.

As projects develop there has been the 
opportunity to carry out an increased 
level of post-injection monitoring, 
which increases the knowledge of the 
processes occurring in the subsurface. 
An example of this is the post-injection 
monitoring results from the Nagaoka 
site in Japan. The 2009 meeting showed 
results of induction logging, which 

During the 2009 meeting in Tokyo there 
was an analysis of CCS monitoring and 
the requirements from regulations 
in different countries. Regulations 
are developing, largely driven by 
the Directive on CO2 Storage and 
ETS requirements within Europe, 
and mainly evolving in parallel with 
pilot projects elsewhere. Different 
regulations state different levels 
of requirements although all are 
generally non-prescriptive regarding 
monitoring. This allows projects the 
flexibility necessary to develop and 
‘learn-by-doing’. The ability of current 
monitoring techniques to perform 
the tasks required by regulations was 
also addressed, and in general it was 
concluded that available methods can 
be deemed ‘fit-for-purpose’ for projects 
to proceed. Many of the recurring 
questions relating to the post-
operational closure of sites are thought 
likely to be answered by the approach 
taken by the first few projects, and that 
these projects will set the precedent.

As part of the 2010 meeting in Natchez, 
Mississippi, USA, a session was devoted 
to monitoring in an evolving regulatory 
and political environment. The US EPA 
has developed a new reporting rule 

Figure 3: Monitoring 
Selection Tool

This online tool 
can be used to 
suggest monitoring 
programmes for 
different storage 
scenarios
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gives resistivity readings. Resistivity is 
sensitive to dissolved CO2 due to the 
increased number of ions present in 
the formation water. The time-lapse 
results show a decrease in resistivity 
over time within the plume, which 
gives evidence of solubility trapping. 
Further results were shown at the 
2010 meeting, which showed that the 
amount of solubility trapping of CO2 
has increased over time, which shows 
increased storage security over time. 

One of the main questions being 
addressed is when stabilisation has been 
reached. One way is to compare the 
monitoring results with the predictive 
model and if there is a mismatch, then 
it will need to be determined if this 
difference is significant.

Conclusions

Monitoring is an essential component 
in order to enable us to build public and 
regulatory confidence in CCS projects. 
The IEAGHG monitoring network 
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A strategy to deal with monitoring 
over a prolonged period of time is 
imperative, and if it is needed for a 
long period of time, then it needs 
to be effective and economical, to 
ensure viability of projects. One 
option to achieve this would be by 
a permanent installation of passive 
seismic technologies. The length of 
time which will be required for post-
injection monitoring at commercial 
sites also needs to be addressed as well 
as the issues surrounding the eventual 
transfer of ownership of the site to a 
national authority.

Some of the key areas needing further 
research identified by the network are 
the data integration of geochemical 
and geophysical and modelling work, 
as well as more research on permanent 
installations and microseismics.

provides a unique forum within which 
experts from around the world are able 
to share knowledge and work towards 
the improvement of monitoring tool 
selection and application. The network 
has made considerable progress since 
inception, including the development 
of the online selection tool. 

The most recent meeting has seen that 
the breadth and quality of monitoring 
has increased as there are many more 
‘real’ projects which can be learnt from, 
including what does and does not work 
for particular sites. These will be used 
to identify the best monitoring plan for 
future projects.

As projects develop there has been the 
opportunity to carry out an increased 
level of post-injection monitoring, 
which increases the knowledge of the 
processes occurring in the subsurface 
and allows numerical models to be 
further refined and verified. It also leads 
to the question of what long-term post-
injection monitoring is necessary. 

Modelling Network
Introduction to Modelling

Modelling is an essential part of the 
process to determine an injection 
and long-term storage plan, and the 
discussions around the objectives of 
modelling and advances in knowledge 
related to this have been an important 
part of each meeting.

Some of the main areas that need to 
be assessed, and for which predictive 
modelling is essential before injection 
can start, are the storage capacity, 
injectivity, likely plume evolution, 
trapping phases and caprock integrity.

The storage capacity predicted is 
largely determined by the conceptual 
model used, which needs to include 

a sufficient volume of the subsurface 
beyond the predicted CO2 plume, that 
may be affected by leakage scenarios, 
pressurisation and brine displacement. 
Research has highlighted that 
pressurisation effects can have a large 
impact on capacity. The evolution of 
the injected CO2 plume and trapping 
phases are especially important when 
looking at long-term storage, and can 
affect subsequent injectivity due to 
changing parameters in the storage 
formation. Caprock integrity must 
be modelled as this will determine 
the storage security as well as the 
maximum pressure allowed during 
injection. Injectivity plays a vital role 

in the site selection process, as this 
will determine the number of wells 
required and possible rate of injection.

Once injection is started on a 
project, more information can be 
gained, which will be fed back into 
the conceptual model, so that the 
predictive model may become more 
accurate throughout the lifetime of the 
project. All of this information can be 
used to help determine performance 
targets, which will be needed for any 
commercial project and the accuracy of 
the long-term predictive model can be 
used to ascertain the uncertainty and 
risk for site closures.
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determine their relative significance to 
potential leakage. There are also issues 
with up-scaling of properties and 
processes from pore to field scale and 
modelling heterogeneity in geological 
systems. 

Best Practices

One of the aims of the modelling 
network determined in the first meeting 
was the importance of defining best 
practice guidelines, and in the second 
meeting a session was dedicated 
to some of the international efforts 
towards this, and discussions addressed 
what the role of the network should be 
in this process. The presentations in this 
session highlighted the importance 
of the conceptual model as the basis 
of the numerical model as well as 
identifying the subject processes. This 
would then be used to carry out pre-
injection, injection and post-injection 
modelling. 

One of the main issues emphasized 
was that care would need to be taken 
to ensure that any guidelines were 
not overly prescriptive and recognised 
the site specific nature of storage 
projects. It was generally agreed that 
the network could be more effective in 
providing recommendations for best 
practice rather than formal guidelines. 

Learning from Current Projects

A problem highlighted in the first 
meeting of the modelling network was 
the lack of available data from real life 
projects rather than an understanding 
of the relevant processes. However, it 
was suggested that as more projects 
commence injection over the next few 
years, there will be more large scale and 
possibly commercial projects providing 
real-field data to allow calibration of 
processes and models.  In the second 
meeting a session was devoted to case 
studies to facilitate discussion on what 
can be learned from these projects.
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Processes that can be Modelled 

A large part of the predictive models is determining which processes have 
the greatest effect and need to be included into the model. The first meeting 
dedicated a session to discussing this and the focus was on listing the key 
processes and parameters required to model storage, and identifying the most 
significant knowledge gaps.

Significant knowledge gaps that were identified at this stage included the 
coupling of processes into models. An example of this could be coupling 
geochemical and geomechanical processes when modelling caprock integrity, as 
these processes may sometimes have opposing effects, and it can be difficult to 

Crystal Geyser, 
Utah, USA

Delegates of the 2nd 
Modelling network 
paid a visit to this CO2 
geyser
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Some of the main ideas highlighted 
by the network were that initial pilot 
and demonstration injection projects 
are vital in order to obtain data 
for predictive models and that the 
objectives of modelling and history 
matching need to be clearly defined. 
Fluid models are often not critical to 
history matching, but heterogeneity is 
important. The quality of the input data 
is vital for modelling and it is important 
to understand the limitations of 
simulations and associated outputs 
(see figure 4). Models need to provide a 
range of possible outcomes, which can 
be refined with time and experience. 
Also noted was that current models 
are capable of providing realistic 
estimations, despite existing 
knowledge gaps.

Conclusions and Focus for the Future

Modelling is recognised as an 
essential part of the site selection 
and characterisation process and is 
a required element throughout the 
injection and post injection phases. 
Models are likely to be used by 
regulators and decision makers alike 
to decide on the progress of a project 
and so accuracy is likely to become a 
more important point. The model may 
continue to be refined throughout the 
injection process and towards the end 
of the project and site closure. 

An important part of the modelling 
network is to review advances. Current 
theoretical and laboratory scale 
research has continued to advance our 
understanding of the processes which 
will control the behaviour of stored 
CO2 in the subsurface and govern 
potential leakage mechanisms, though 
an increased number of large-scale 
storage projects are required to provide 
data with which modelling methods 
can be calibrated.

Figure 4: There is a strong, 2-way link between monitoring and modelling. Monitoring 
technologies can be used in collaboration with 3D visualisation which allows comparisons to 
be made with models and refinements and adjustments to be made accordingly. 
Image shows In Salah subsurface, courtesy of BP

A main conclusion from the most recent 
meeting regarding best practices was 
that protocols emerging from the US 
Regional Partnerships Program and 
other international efforts could be 
placed in an international context at 
future network meetings.

In the near future, there are 2 related 
tasks that will be executed to run 
alongside the Modelling network on 
the IEAGHG website. 

The first idea is to establish a series 
of discussion forums. It was rapidly 
recognised that the subject of 
geological storage modelling is a very 
technical subject, and as such the 
IEAGHG staff are not the best placed 
to evaluate which modelling codes 
work best for certain circumstances, 
and what the individual limitations of 
these codes are. To remedy this, it was 
decided to establish these discussion 

forums in order to provide a platform 
for the experts who are involved 
with the network to discuss on a 
technical level the relative benefits and 
disadvantages of each code, and of 
each model. The discussion will then 
be used to determine the best way for 
the modelling network to contribute 
to the topic, and allow IEAGHG to 
communicate this highly technical 
topic in as best way as possible. 

The second task is the communication 
and dissemination of an activity 
undertaken by Statoil in collaboration 
with Permedia Research looking at the 
Sleipner field, specifically modelling 2 
of the formation layers. 

The activity encompasses a study of the 
sensitivities involved, without history 
matching, and the primary focus is 
on modelling of enhanced gravity 
segregation
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Origins of the Wellbore Integrity 
Research Network

The Wellbore Integrity Network 
(WBI) was established as a result of 
discussions during a meeting of the 
Risk Assessment Network, where WBI 
was identified as a potential long term 
risk to the security of CO2 storage. WBI 
was recognised as a topic worthy of a 
separate research network, such was 
the scope of the research conducted 
on this topic.

WBI Specific Objectives

The network aims to: 

• Determine and define the impact 
of CO2 interactions with wellbore 
materials on long term security of 
geological storage, 

• Collect, assess and develop field 
experience of CO2-wellbore 
interactions including enhanced 
oil recovery (EOR) sites and natural 
CO2 reservoirs,

• Provide recommendations on 
field monitoring and evaluation 
methods for wellbore integrity,

• Evaluate and provide 
recommendations on remediation 
methodologies for wellbores,

• Provide guidance on the 
development of policies 
and regulations for wellbore 
performance in CCS.

The WBI network has held 6 meetings 
since its inception, and over that time, 
there has been a move from largely 
focussing on laboratory studies, to 
increased results from field experiences, 
and the background of the delegates 
has expanded to incorporate more 
operators and industry representatives, 
which demonstrates the status 
attached to the network, and the value 
of the research carried out by the 
delegates and presenters.

Age, Quantity, and Quality of Wells

There is a range of wellbore integrity issues associated with CCS projects. 
For saline aquifers, the main issue may be that purpose-built injection and 
monitoring wells require the adoption of best practices to ensure a CO2-resistant 
wellbore system. Many storage projects in deep saline formations may encounter 
fewer wellbores than storage projects targetting oil and gas fields and therefore 
detailed monitoring of both new and, where present, old wellbores could be 
possible. However where the formation lies above explored oil and gas fields, the 
presence of wellbore penetrations is more likely, and will therefore require more 
detailed risk assessments.

Where projects are located in depleted oil and gas fields, large numbers of 
existing wells in some fields may pose a threat to secure storage. It is known that 
there are over 1 million existing wells in Texas; many of them up to 100 years 
old, and the precise location and abandonment status may be uncertain. A clear 
distinction should be made between new, purpose-built wells and older wells; 
and between fields containing a few wells that can be monitored and those with 
wells too numerous for individual monitoring. In these cases, risk assessments 
would be used to determine the suitability for CCS.

Three conditions must be met for leakage to occur: there needs to be a source 
(injected CO2); a driving force (head differential or buoyancy); and a leakage 
pathway (suspect wellbore integrity). The pathway can take several forms. It 
may result from a poorly cemented or uncemented wellbore system, failure of 
the casing, or failure of the abandonment method. Many factors can affect the 
likelihood of these conditions existing in a wellbore. 

Studies undertaken by the Mineral Management Service and the Alberta Energy 
and Utilities Board have shown that improper completion and subsequent 
abandonment methods can cause problems if the reservoir is then chosen for 
CCS. Faulty completion practices have led to the development of sustained 
casing pressure (SCP) which is a build-up of gas within the wellbore system. 
These events can cause gas leakage. As such, the occurrence of sustained casing 
pressure can be a potential analogue of CO2 leakage.

Figure 5:  Schematic map of Alberta, Canada, 
illustrating the high well density in the area.

Legislation plays a part here as well, 
as historic drilling legislation was 
designed primarily to manage drilling 
and extraction processes. CCS was 
an unknown concept, and the long-
term containment of buoyant CO2 was 
therefore not a concern. Wells drilled 
for the purposes of CO2 injection 
and storage will be subject to more 
stringent controls regarding methods 
of completion, and well abandonment 
procedures should be enhanced to 
generate greater confidence in CCS 

Wellbore Integrity Network
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operations. Many areas around the 
world are pioneering legislation and 
regulations to control these activities 
to maximise wellbore integrity and 
subsequent security of storage.

Potential Problems for Wells in CO2-
rich Environments

Research continues to provide 
improvements to wellbore 
performance models, but differences 
still remain between the laboratory 
based results and field observations. In 
many situations, cements and wellbore 
systems studied in laboratories perform 
to a lesser degree than those in the field. 
Resolution of these differences is a vital 
part of developing high-confidence 
models of wellbore performance. 
The Network has identified several 
contributory factors. They include: the 
availability and flow of water; the initial 
condition and curing of the cement 
in both the experiments and field; 
and the quality of well completion. A 
reliable model should account for these 
differences and provide predictions 
that match both laboratory and field 
data. 

The development and increased usage 
of CO2 resistant cements is another 
consideration. Although they are more 
expensive than standard Portland 
cements, CO2 resistant cements 
provide improvements in wellbore 
integrity and subsequent reductions 
in wellbore failure, both of which are 
strong arguments for their future 
utilisation. Further development of 
resistant cements is expected to reduce 
their costs, facilitating their wider use.

Solving the Wellbore Integrity Issue

Field studies can demonstrate the 
wellbore response to CO2 in analogues 
such as EOR schemes and natural 
CO2 reservoirs. Field and industry 
observations can be coupled with on-

going experiments on cement-CO2 
reactivity that provide quantitative 
measures, such as rates of carbonation 
and changes in effective permeability. 
Ultimately, field and experimental 
observations could be integrated in a 
predictive model to allow calculation 
of long-term wellbore integrity as 
a function of completion methods 
and wellbore environment. Such 
calculations could inform realistic risk 
assessments. 

The Network has also identified 
the need for enhanced monitoring 
capabilities for wellbore systems. This 
includes more accurate assessment of 
cements and casings as barriers to fluid 
flow and the ability to detect leakage 
behind the casing. The Network is also 
seeking more effective and efficient 
methods of remediation in the event of 
leakage.    

Conclusions

Recent meetings of the WBI network 
have shown more focus on the 
input that industry can have on the 
technologies used. Although there are 
significant differences in approaches 

due to the different objectives, there 
are learnings that can be taken from 
industrial experience. At the fifth 
meeting of the network, there were 
some discussions around the use of 
alternative materials, replacing the 
cement aspect of well completion with 
alternative compounds and materials, 
and this is an area that is still worthy of 
further investigation in the future.

As a result of ongoing research 
around the world, we have a greater 
understanding of processes in the 
wellbore environment, and can predict 
relationships between stored CO2, the 
wellbore, caprock and formation water. 
This understanding is key to future well 
design that will enable the safe and 
secure storage of CO2.

Following the 6th meeting of the 
network, it was suggested that until 
further demonstration projects are 
generating wellbore data to present, 
the network should focus on other 
areas, with cross-over topics to other 
networks. It is proposed to hold a 
combined meeting with the modelling 
network in 2011.

Figure 6:  
Schematic demonstrating the 
most secure method of cased 
hole abandonment. This is 
injection of a cement into the 
retainer and application of 
pressure to squeeze the cement 
to form a seal at the sand face, 
perforations and wellbore. This 
ensures that the seals between 
the various elements of the 
wellbore are sealed against 
CO2 ingress as effectively and 
securely as possible, without 
the wellbore being cemented 
to the surface. Image source: TL 
Watson & Associates, 2007.
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Social Research Network
Social Research: Context in CCS

As CCS moves towards real large-
scale demonstration projects around 
the world, it is important to recognise 
that from a regulatory, commercial 
and ethical perspective, consultation 
and communication with local 
stakeholder populations will be an 
essential part of any project.

There already existed a growing body of 
knowledge, expertise and experience 
in this area; specifically  the Carbon 
Capture and Storage Social Research 
Network (C2S2RN), formally organised 
after a meeting of researchers took 
place in London in January 2006.

In 2009, the members of C2S2RN 
concluded that IEAGHG would provide 
an appropriate home for it to grow, 
develop and deliver wider benefits to 
all concerned and that IEAGHG would 
utilise its expertise to provide support 
for the Social Research Network. This 
support is part of an agreement with 
GCCSI in Australia. As a result of this, 
the first meeting of the IEAGHG Social 
Research Network (SRN) took place in 
Paris in November 2009.

Aims & Objectives

Differing slightly from the other 
IEAGHG research networks, the 
overarching aim of this network is to 
foster the conduct and dissemination 
of social science research related to CCS 
in order to improve understanding of 
public concerns, as well as to improve 
the understanding of the processes 
required for deployment of projects 
(see figure 7). 

Specifically, the objectives agreed by 
the network included to:

Ensure high quality social science 
research by: 
• Elevating the reputation and 

acceptance of social science 
research to help people understand 
the potential benefits, 

• Ensure the consistency of the 
research carried out, 

• Identify and attempt to fill the 
knowledge gaps,

• Develop a greater understanding 
of the value of social processes, 

• Engage alternative theoretical 
approaches and raise awareness of 
alternatives.

Promote a learning environment by:

• Learning from the expertise within 
the group,

• Provide a platform for peer review 
and give feedback on individual 
research projects,

• Facilitate the exchange of ideas 
and information,

• Attempt to minimise overlap - 
especially among planned research 
projects.

Building capacity within the social 
research network by:

• Promoting student and researcher 
exchanges.

Translate the information gleaned from 
studies into tools or applied lessons in 
order to:

• Apply insights gained to actual CCS 
projects,

• Interact with technical experts,
• Address technical communication 

challenges,
• Communicate results to policy 

makers,
• Facilitate collaboration between 

social science researchers and 
technical experts, 

• Ensure that the application of 
social science findings is grounded 
in theory. 

Create a database of social science 
research – a clearing house of tools in 
order to:

• Build objective and accessible 
information

Public Awareness

A great deal of research has been 
carried out to determine the state 
of awareness of CCS in the general 
public through surveys, questionnaires 

Figure 7: This graph shows the  public perception of CCS, quite clearly skewed towards 
unacceptance. This demonstrates the need for further work in the Social Research field with 
specific regard to CCS activities. Source: www.cooretec.de/index.php?index=17
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and focus groups. This research 
has highlighted the overall lack of 
awareness and understanding of CCS, 
along with common misconceptions. 
Public surveys are still useful to 
the establishment and assessment 
of changes in public opinion and 
periodical assessment of public attitude 
toward greenhouse gas mitigation 
technologies, although it can be costly 
if done to a high level. 

Focus groups and interviews for the 
local public provide insights of local 
perspectives on the issues, as well 
working as a part of an outreach 
program. 

Research has also shown that 
uninformed opinions can be moderately 
to highly unstable, whereas informed 
opinions are stable and resistant to 
vivid information on alleged risks of 
CCS. People are also better able to 
judge CCS, if it is shown in the context 
of portfolios with information on all 
dimensions and the resulting opinions 
formed are more stable

Affect of Public Opinion on Projects

Previous project experience has shown 
that a negative public perception of 
a CCS project can have an extremely 
detrimental effect, delaying injection 
or possibly stopping it altogether, 
as evidenced in the Barendrecht 
experience. 

Project experiences are therefore seen 
as an aid to understanding firsthand 
public perceptions, particularly when 
discussions are focussed not only on 
projects that have failed or presented 
challenges, but also on projects that 
are on-track, in order to see what works. 

As this is a new area, it has been 
recognised that public opinions and 
actions are currently fluid concerning 
CCS. It is important to focus on 

understanding the turning points 
and catalysts, to see what causes the 
shift from a neutral to an opposing 
standpoint. An important point is 
framing CCS as a global or local issue 
and the focus on context may change 
depending on the community. 

Conclusions

The overall conclusions drawn from 
the meeting involved discovering ways 
to bridge the gaps between basic and 
applied research, and facilitating the 
use of insights from social science 
research by decision-makers. 

Two insights gleaned from the 
workshop were that social science 
should play an integral part of the 
process of setting up a site for storage, 
and that it cannot be too early to 
commence with public engagement at 
a potential storage site.

Focus for the Future

As more projects come online it has 
become clearer that public perception 
is an extremely important issue. 

After discussion the network came 
up with some suggested research 
questions:

• How should we consider the 
broader social context? 

• What is the link to other policy 
positions?

• What social factors affect 
perspectives on risk/benefit; 
how does this impact on the 
technical risks?

• How can one assess and/or 
develop social relationships at 
the proposed host site?

• How stable or valid are public 
opinions identified through 
social science research?

• Is a social characterisation 
needed? If so, how and when?

• How can we address the “what if 
things go wrong” concerns?

• What is the most effective 
way to communicate (in the 
broadest sense) with various 
stakeholders? 

• What is the impact of the social 
media on a complex policy 
issue? 

• How can we facilitate the use of 
our social science knowledge 
by decision makers and policy 
makers?

Delegates of the SRN 
discuss the future of the 
network
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