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Executive Summary 

This report summarises the major outcomes of the launch meeting of the Risk 

Assessment Network which was jointly organised by IEA GHG and TNO with the 

support of EPRI.  It was held at the TNO offices in Utrecht, Netherlands, 23-24 August 

2005.  This international meeting was attended by 40 delegates from industry and 

research institutes drawn from nine countries. 

Prior to this meeting a proposal for a new international research network had been 

developed by IEA GHG and circulated to interested parties.  The proposal aimed to 

explain the planned operation, tasks and structure of the network and the key tasks 

such a network could perform in developing an understanding of risk assessment 

activities underway worldwide and the results these assessments generate and how it 

could identify the gaps in understanding.  The proposal formed the basis of the launch 

meeting. 

The outcome of the launch meeting was the agreement of the creation of an 

International Risk Assessment Network under the terms stated in the draft proposal.  

It was also agreed that the research network should also aim to address what the 

regulators are expecting and whether risk assessment can provide the answers they 

require.  The scope of the Risk Assessment Network can be divided into a number of 

smaller and more specific subject areas, Data Management and Risk Analysis, 

Regulatory Engagement and Environmental Impacts.  To continue to promote the 

progress of the network, it was decided that subgroups should be created that focused 

on these more specific areas and could run alongside the operation of the network.  

The subgroups (referred to as working groups) would direct their own work, reporting 

back to the network at the annual meeting.  The subgroups are diverse in topic but 

allow participants in the network with special interest to focus on specific areas.  The 

working group sessions were an opportunity for participants to discuss the way 

forward.   

The establishment of the working groups also helps to highlight interest groups such 

as Regulatory bodies, NGO’s and scientific specialists that are missing from current 

Risk Assessment discussions and those who should be encouraged or approached to 

join in the future. 

• The next meeting of the Risk Assessment Network should be in 

September/October 2006 and held in North America.   
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1. Introduction 

This report summarises the major outcomes of the launch meeting of the Risk 

Assessment Network, which was jointly organised by IEA GHG and TNO with the 

support of EPRI.  It was held at the TNO offices in Utrecht, Netherlands, 23-24 August 

2005.  This international meeting was attended by 40 delegates from both industry 

and research institutes1. 

1.1 Workshop aims and objectives: 

The launch meeting of the Risk Assessment Network followed two previous meetings 

on Risk Assessment held in London, UK2, February 2004 and Vancouver, Canada, 

September 2005.  The London meeting aimed to assess the status of risk assessment 

tool and technique development ,and what further development work was required.  

The Vancouver meeting brought together the key groups working on risk assessment 

for CO2 storage from around the world to consider the need for an international 

network on this topic. 

The key message from the initial meetings was that to gain public acceptance of CO2 

capture and storage, two key areas will 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 that are 

currently underway.  However, whilst early results from these injection operations 

indicate leakage is not occurring, such programmes do not necessarily engender 

confidence in the long term i.e. 1000’s years after injection has ceased.  Risk 

assessment (RA) 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.  To gain public 

acceptance of CO2 capture and storage (CCS) the regulators and public will also need 

to have confidence in the predictions made by the risk assessment studies.  To gain 

such confidence it will be necessary to understand the different approaches being 

used and the assumptions underlying the results.  The results should be produced in 

an open and transparent manner, so that the results are understood and the 

implications for ecosystems and human health can be fully appreciated.   

                                                 
1 A full list of delegates is available at the back of this report in Appendix 1. 
2 IEA GHG Report PH4/31 
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Following the second risk assessment meeting held last year after GHGT-7 in 

Vancouver (September 2004), an outline proposal was developed to incorporate the 

needs and desires expressed by those who attended the meeting.  The draft proposal 

was circulated to all who attended the meeting at the beginning of 2005 with a 

request for comments by end of March 2005.  The final version of the proposal was 

circulated at the meeting.  The proposal aimed to explain the operation, tasks and 

structure of the network and how it will operate the benchmarking process and 

identify the gaps in understanding.  The proposal formed the basis of the launch 

meeting. 

The aim of the meeting was to launch the Risk Assessment Network, review the 

recent developments in risk assessment and to establish the working groups on key 

topic areas.  The meeting provided the first opportunity for the working groups to 

meet and to set their structure, agenda and technical scope. 

The objective of the meeting was to formalise the operations of the Risk Assessment 

Network and develop the plan for future activities. 

1.2 Workshop Outcomes: 

1) Establishment of the risk assessment network  

2) Establishment of key technical working groups and future network plans 

3) Determine timeline for network 

1.3 Workshop Programme 

The 2 day workshop programme enabled the developments since the first Risk 

Assessment Meeting in November 2004 to be presented and allowed breakout groups 

time to discuss the development of the Risk Assessment Network.  This was followed 

by open discussions and meeting close.  The full agenda is shown in Table 1. 

1.4 Network Aims and Objective 

Objective: 

• Develop an open and transparent process to allow different RA approaches and 

their results to be understood 

Aims: 

• Provide a forum to allow different RA approaches to be compared 
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• Determine what the results are telling us and how they differ 

• Provide an umbrella group for international collaboration on RA 

• Identify gaps in knowledge and make recommendations on how to close these 

gaps 

• Act as an informed body on RA for dialogue with regulators and NGOs. 

Timescale: 

• 5 years starting in August 2005 

 

 

 3



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
Table 1. Agenda of the Launch Meeting of the Risk Assessment Network: 23-24 

August 2005. 

Day 1 – Tuesday 23 August 2005 

08.30 – 09.00 Registration 

09.00 - 09.15 Opening with introductions 

09.15 - 09.30 Plan for the two days 

Session 1. Developments since last meeting 

09.30 - 10.00 Well bore integrity workshop findings BP 

10.00 - 10.30 Break 

10.30 - 11.00 Modelling workshop report US EPA 

11.00 - 11.30 RA studies in the CO2STORE project Statoil 

11.30 - 12.00 Weyburn II – plans for new RA activities PTRC 

12.00 - 12.30 Remediating leakage ARI 

12.30 - 13.30 Lunch 

Session 2. Network Development 

13.30 - 14.00 Outline proposal for network and introduction to working groups 

14.00 - 17.00 5/6 - Breakout groups under a nominated chair to address issues: 

• What group will consider (technical scope) 
• Agree composition 
• How it will be structured 
• Future plans 
• Appointment of working group leader (s) 

Break included 

 

 

Day 2 – Wednesday 24 August 2005 

09.00 - 09.15 Recap of day 1 

Session 2. Network Development Cont. 

09.15 - 10.30 Presentations by breakout groups on their proposals for each task area 

10.30 - 11.00 Break 

11.00 - 12.30 Continued... 

12.30 - 13.30 Lunch 

13.30 - 14.00 Review of proposed plans and network structure 

14.00 to 15.00 Open discussion on network plans 

15.00 -15.30 Break 

15.30 - 16.30 Discussion on way forward 

16.30 - 17.00 Wrap up and meeting close 
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2. Developments since the Risk Assessment Meeting in London, 
February 2004. 

 

2.1 Well Bore Integrity Workshop Findings – BP 

A report was presented on a workshop jointly organised by IEA GHG and BP on well 
bore integrity held in Houston, USA in April 20053.  The objective was to provide 
continuity between the risk assessment and other networks that are currently 
operating on related topics.  

The aim of the Well Bore Integrity Workshop was to: 

•  Assess the current state of knowledge on well bore integrity, 

•  To determine future research needs, 

•  To identify how significant, if at all, the effect of CO2 is on well bore cements, 

•  And to identify if there is significant risk of CO2 leakage from well bores in the 

future. 

A question that the workshop asked was what is the current state of knowledge? 

It is acknowledged that CO2 reacts rapidly with Portland cement.  However, results 

from wells in the USA, where production of CO2 from naturally reservoirs and its use 

in CO2-EOR4 has been in operation for 30 years, show that despite this period of 

contact with CO2 there are signs of corrosion but the well construction materials have 

not dissolved rapidly.  This is a result of the carbonic acid becoming neutralised by the 

cement and unless there is an influx of fresh acid, corrosion does not continue.  The 

key factor then becomes contacting of the cement with fresh fluid that can lead to 

further degradation. 

However, the industry only has 30 years of experience of well cements interaction 

with CO2 and has not had to design a leak free well over long timescales.  What would 

happen in 500 years is unknown and therefore it is not possible to promise a leak free 

well, although state of the art technology can be used to reduce risk.  Portland cement 

does react with CO2 and as a result there can be a loss in density and strength with an 

increase in porosity.  Whilst laboratory experiments have simulated what reactions 

occur in the well, the degree of the reactions is not comparable to in-situ reactions. 

                                                 
3 IEA GHG Report 2005/12 
4 CO2 Enhanced Oil Recovery 
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The other option is to build new wells that do not contain the risk, i.e. do not use 

Portland cement.  However, it is the existing and abandoned wells that remain the 

problem. 

The discussions continued to designing an experiment to test reactions.  These tests 

should answer some of the questions such as; how has it been attacked? What is the 

composition? And how often does it occur? 

The BP production well at Sheep Mountain in Colorado, USA could provide some 

frequency information.  It has been in contact with CO2 for 30 years.  However, it is 

always possible that the consequences of contact with CO2 could vary in different 

locations. 

Future research needs involve identifying: 

•  The frequency of well failure, 

•  The mechanisms of well failure, 

•  And the consequences of well failure. 

The next meeting of this network is planned for spring 2006.  The aims and objectives 

for this meeting are: 

•  To define well failure, 

•  Begin standardising testing procedures, 

•  Obtaining industrial and regulatory evidence for failure frequencies, although this 

information is likely to be sensitive, 

•  Design a R&D programme to gather information from existing CO2 EOR operations, 

•  Design monitoring procedures. 

 

In the following discussion, it was noted that laboratory experiments provide a far 

more corrosive environment due to the nature of the experiment.  Also it was felt that 

there would be a negative reaction, by operators, to a regulation requiring the use of 

new CO2 resistant cements that are more.  If it was necessary to go back and replug 

old wells with CO2 resistant cements then the cost could be prohibitive. 

 

 6



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
2.2 Modelling Workshop Report – US EPA 

The results of a USEPA organised workshop held in April 2004 were presented.  The 

US EPA described why, as an organisation, it is involved in Risk Assessment for CO2 

storage.  Risk Management helps them to better understand the processes and 

potential impacts in order to safely permit and to determine effective and efficient risk 

management techniques for CO2 storage.  The US EPA has established a working 

group with representatives from several offices (including Waste, Air, Solid Waste, 

International Affairs and General Council) with a key goal to integrate the goals of 

their Climate Change and the Underground Injection Control (UIC) programmes.  The 

UIC was created in 1980 as part of the Safe Drinking Water Act, to protect 

underground sources of drinking water from contamination by regulating the 

construction and operation of injection wells.  Enhanced oil recovery (EOR) is covered 

by the UIC programme. 

The US EPA currently uses models to ensure that permitting requirements are met, 

and to help bound the limits of the waste plume in terms of maximum pressure and 

horizontal and vertical extent of movement.  The US EPA uses 4 classes of wells; I, II, 

III and V.  Class I wells cover the most hazardous waste products and require that no 

migration from the “injection zone” can be demonstrated through modelling.  The 

parameters set for the hazardous waste are strict and require confidence over 

significant timescales (10, 000 years).  The US EPA has not yet classified CO2 storage 

wells (other than EOR which are classified as Class II wells) and there has been no 

decision on timeframe or amount of acceptable movement.  It is not easy to directly 

compare hazardous waste disposal with CO2 storage; firstly CO2 is not classed as a 

hazardous material, secondly, its nature and behaviour post-injection are more 

complicated or less well understood.  This makes setting the parameters for the 

models more complicated for CO2 storage.  At the moment it is only best estimates for 

specific parameters are used, but better experimental data is required to constrain 

parameter values. 

The US EPA arranged a workshop to look at the issue of modelling CO2 injection.  The 

objectives of the workshop were to see how the current models can be applied to CO2 

storage, to obtain state-of-the-art information on modelling CO2 storage, and to begin 

the dialogue between researchers, industry and US EPA (regulators).  

The outcome of the workshop was that the US EPA would like to be in a position to 

select the correct model(s) for CO2 storage.  Hopefully identifying the key parameters 
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for CO2 storage through thoughtful selection and then being able to complete 

uncertainty and sensitivity analyses will ensure they are modelled in the right way.  

The results of the model should then be compared to field observations.  

It will also be important that there is successful communication with the public, 

ensuring that the risk related to CO2 storage is shared in a way that will be 

understood.  Modelling of CO2 injection can provide confidence and assure the public 

that CO2 is not a hazardous waste.  For example, surface dispersion can reduce the 

risk of asphyxiation in certain circumstances.  However, it is important that the risk 

from storage is put into context with doing nothing and the impacts that could result 

from climate change. 

Although CO2 storage will be covered under the UIC programme it has not been 

decided whether it will be included as an existing well class or as a new class.  The 

UIC programme and other related experience will help in further developing and 

refining the Risk Assessment for CO2 storage. 

 

2.3 Risk Assessment studies in the CO2STORE project – Statoil 

CO2STORE is a follow up and extension of the SACS project.  The project is due to 

end in February 2006.  One part of the project is assessing the feasibility of four new 

prospective storage formations.  All four formations are deep saline aquifers.  The 

case studies under investigation are: offshore Norway, offshore UK, on shore 

Germany and on/offshore Denmark.  All four case studies are undertaking risk 

assessment studies 5  as part of the CO2STORE project.  The risk assessment 

component of the project is still on-going and so the results presented were 

preliminary.   

In the Norwegian case study, three prospective basins were identified but only one 

was considered as a realistic prospect for CO2 storage.  The preferred field was the 

Trøndelag platform off central Norway.  The storage potential was estimated as 1000 

Mt with the CO2 being trapped in structural traps.  Seismic data indicated no potential 

pathways for seepage.  Simulation runs, where 100 Mt was injected did not result in 

leakage over 5000 years. The assessment of the basin was based upon seismic 

                                                 
5 Each project is using a Feature, Events and Processes database to develop scenarios for 
possible leakage from the storage reservoirs being assessed. 
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surveying as no drilling has taken place.  It was concluded that there was insufficient 

data currently available for a detailed risk assessment study. 

The German case study was the most advanced in terms of its risk assessment work 

but the study was not fully complete.  An evaluation of 26 prospective onshore 

formations had been undertaken and one site, Schweinrich selected as the most 

suitable.  The site has a lot of geological data and geophysical survey already 

available from previous hydrocarbon/geothermal explorations and earlier assessments 

looking for nuclear waste repositories.  A scenario-based risk assessment approach, 

using TNO’s FEP database, has been undertaken, followed by reservoir modelling.  

Currently, there are no accepted criteria for safety/threshold levels for Risk 

Assessment, so the levels used were those above which no adverse effects have been 

detected.  Simulation studies are on going. 

In the UK case study, the Quintessa FEP database was used to assess the risks 

associated with CO2 storage.  There is a fault at the crest of the chosen storage 

structure but the permeability of the fault and the associated damage zone are 

uncertain.  The uncertainties of the storage site are difficult to resolve without drilling, 

which would be expensive and would also introduce additional risks.  The existing 

wells in the area have been plugged and abandoned to a high standard and there is 

no reason to consider that they might leak.  It may be possible to plug them again if 

this was not the case.  The reservoir cap rock consists of mudstones and lignite, the 

samples from the wells could not be used to test the permeability but it expected that 

it is adequate for storage.  There is also no reason to expect that the cap rock 

integrity would be modified by any geochemical reactions.  The basin has greater risks 

than a petroleum area because of the poor knowledge from very few wells.  The 

simulations of the CO2 once it has been injected into the reservoir all show that it ends 

up next to the fault at the crest of the structure.  Proving the integrity of the storage 

site could be very costly. 

The Danish case has not progressed to the risk assessment stage.   

In the following discussion, it was noted that to effectively assess any formation there 

needs to be a lot of data, if that is not already available then gaining that data can 

take a lot of time and be expensive. 

Also, both offshore and onshore sites need to take into account the future intrusion by 

man into a storage site.  Inadvertent intrusion could result in leakage of the stored 
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CO2 though current best practice often uses seismic data to identify shallow gas and 

other hazards ahead of drilling. 

 

2.4 Geological Storage of Carbon Dioxide: Risk Assessment Activities and 

Plans at Weyburn - PTRC 

Results from the Weyburn project showed that uncertainty increases with time and 

there are still gaps in the knowledge which require more work on existing data and 

the availability of new data.  Phase 1 of the Weyburn project gathered baseline and 

injection data and ran two types of risk assessment studies (deterministic and a 

probabilistic approach).  Risk assessment will continue to be a significant part of the 

Weyburn project and will be a major component of the final phase that will start in 

2006.  Goals for this project include the development of; new and better simulation 

models, transparent risk assessment tools, and effective screening and monitoring 

programmes.   

Other projects that are planned include: 

•  Storage of 1300 ton/day of carbon dioxide from a refinery in Regina into a local 

saline aquifer 

•  Prospect of an integrated capture and storage project near Boundary Dam, 

Saskatchewan 

•  A collaborative project between PTRC, Sask Power, University of Regina, Federal 

and provincial government  

In the following discussion it was noted that although it can be agreed that 

uncertainty increases over time for geological storage, the situation for the well bores 

could get worse.  However, other aspects of storage, such as geochemical reactions 

could be a beneficial process.  Risk assessments need to evaluate these beneficial and 

detrimental processes over the long term.  
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2.5 EnergyINet6 

EnergyINet is developing an Integrated Geostorage Simulator (IGS) using a 

commercial multi-component reservoir simulator driven by geostatistical models. The 

reservoir simulator drives models that simulate the performance of advanced 

geophysical monitoring technologies. The integrated simulator will enable probabilistic 

predictions of CO2 flow within reservoirs, co-optimized storage and EOR, and 

monitoring reservoir performance using geophysical methods. 

As the plume ages and more of the CO2 dissolves, the risk of leakage decreases as the 

amount of free phase CO2 decreases, since the buoyancy decreases as the density of 

CO2-saturated saline porewaters increase.  Initial results show that it is possible to 

accelerate the dissolution of CO2 in brines by pumping undersaturated brine to the top 

of the CO2 plume. The rate of dissolution can be increased by more than a factor of 

ten at a cost that is less than 1% of the cost of capture and compression.  

EnergyINet is also involved in the comparison of models used for risk assessment and 

is involved in a variety of activities within Canada.  It is working towards integrating 

different models already used within industry to produce one that can look at risk 

assessment of the geological storage of CO2.  To date the models used in risk 

assessment are designed for other purposes and are chosen because they best fit the 

type of situation found for CO2 injection and storage but they are not ideal. 

 

2.6 Remediation of Leakage from CO2 Storage Reservoirs - ARI 

ARI presented their work on a study commissioned by IEA GHG7.  The aim was to 

develop a reference manual on prevention, monitoring, & remediation of leakage at 

various types of CO2 storage reservoirs.  The study would have a diverse target 

audience of technologists and policy specialists. 

The report reviewed 5 steps in assessing the risk of a site for the storage of CO2: 

1) Geological Leakage Pathways 

2) Manmade Leakage Pathways 

3) Screening Sites to Avoid Leakage 

                                                 
6 Followed on the end of the PTRC presentation. 
7 IEA/CON/04/108 Remediation of Leakage from CO2 Storage Reservoirs 
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4) Monitoring Technologies 

5) Remediation Technologies 

The study reconfirmed the 4 types of trapping within a storage site: 

•  Physical trapping by cap rock 

•  Solubility trapping in fluid phase 

•  Residual gas trapping in pore spaces 

•  Mineral trapping 

Of the 4 methods of trapping identified, physical trapping is the most susceptible to 

leakage and was the focus of the study.  However, it is acknowledged that overtime 

CO2 becomes increasingly trapped by the other methods, reducing the amount in free 

phase. 

The study identified the possible leakage pathways from a physical trap within a 

storage site, both geological and manmade, and looked at how these might be 

avoided or the possibilities for remediation.  The risks from geological pathways can 

be avoided by completing a thorough geologic survey at the project outset.  From 

manmade pathways the most hazardous and also most likely source of CO2 leakage is 

from well bores.  It should be emphasised that where transient releases from well 

bores have occurred, and these events are rare, remediation was quick. 

Geological pathways include faults, the study of which is an active area of research in 

hydrocarbon exploration.  However, fault-sealing mechanisms in relation to CO2 are 

still relatively unknown.  The study also identified case studies where old faults had 

been reactivated or new ones created following the fluid production or withdrawal.  

Once faulting has been induced, it may not be stopped by water injection or pressure 

maintenance programmes.  Therefore the study concludes that reservoirs should be 

avoided where stress and pore pressure data indicate active faulting under original or 

depleted conditions.   

An example of manmade leakage pathways reviewed in the study was Sheep 

Mountain in the USA.  The natural CO2 field (110 million t or 2 Tcf OGIP) is located in 

SE Colorado at 1km depth and supplies 3,000 t/day of CO2 (54 MMcfd) (down from 

15,000 t/day in 1987), which is used as an injectant for the Permian basin EOR 

operations.  The CO2 field is shallow, but has a complex topography and structure.  A 

blowout occurred early in field life when pressure was still high and the structure 
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poorly understood.  The blowout lasted 18 days and the quantity released was 

comparable in size (but not duration) to the CO2 release event at Lake Nyos.  The well 

was eventually controlled using dynamic kill technology8.   

The study looked at the implications that this might have on CO2 storage in the future. 

Fortunately there were no adverse environmental or health impacts, it is a sparsely 

populated area.  However, the incident demonstrated that the well control techniques 

developed by industry can be applied successfully to CO2 production and therefore, by 

analogy, to CO2 injection.  The location of the leak was identified, the cause of the 

leak was determined and a method to stop the leak was found.  It is possible that 

there will be a lot of information available on the field chosen if it is a depleted oil/gas 

field but those that are identified as structurally complex should be avoided. 

Another case assessed in the study was a natural gas storage site in Kansas, USA.  

The natural gas leaked from a salt cavern storage site and migrated updip until it 

reached a high permeability fractured dolomite and reached the surface through an 

abandoned brine well.   

The study showed the success in detecting the leakage and how it can be remediated. 

Insights into the geological storage of CO2 can be also gathered from Natural 

Analogue9 studies, underground injection sites10 and CO2-EOR11. 

In screening a site for geological storage there are a number of generalised criteria 

that can be selected, although it is acknowledged each site will potentially have 

unique geological features.  Some suggestions on these general criteria are: 

•  Proximity:  Urban areas will require more thorough vetting than remote areas. 

•  Geologic/Reservoir Data:  Existing logs, core, well testing (fluid comp, stress), 

seismic, etc. augmented by new data collection. 

                                                 
8 To stop a blowout, mud is injected to fill the well.  However, this may not be successful if the 
density of the injected mud is being reduced by the CO2 flowing into the bottom of the well.  It 
simply may not possible to inject enough “clean” dense mud to shut off the CO2 flowing in.   
Dynamic kill technology employs a friction reducer added to the mud to allow the mud to be 
pumped into the well fast enough to overcome the buoyancy of the CO2 entering the well, 
thereby “killing” the blowout. 
9 Natural storage sites of CO2, some which have contained CO2 for significant periods of 
geologic time 
10 Short-term injection and withdrawal 
11 Provides the most experience for CO2 injection 
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•  Reservoir Simulation: Where possible history match pre-CO2 operations or CO2-

injection data to ground truth the model.  Geochemical & reactive transport 

models. 

•  Analysis: Multiple cap rock traps with relevant natural or industrial analogs, 

injection experience and large data set preferred, but not always available. 

Looking at the case of natural gas storage, it is recorded that there has been 10 

migration events that have occurred, from a total of 600 operations, over a 90 year 

timescale.  The specific monitoring technologies, the suites of techniques and the 

remediation methods applied from natural gas storage, EOR, and hazardous waste 

storage provide some relevant experience for the geological storage of CO2.   

Key conclusions: 

1) Well bores most likely and most serious potential leakage path. 

2) Site screening method emerging from analogue studies; prevention always 

preferable to remediation. 

3) Well bore remediation technologies exist, but cap rock remediation remains 

difficult. 
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3. Working Groups 

The network should be able to address what the regulators are expecting and whether 

risk assessment can provide the answers.  The scope of the Risk Assessment Network 

can be divided into a number of smaller and more specific subject areas.  To continue 

to promote the progress of the network, it was decided that subgroups should be 

created that focus on these more specific areas and could run alongside the operation 

of the network.  The subgroups (referred to as working groups) would direct their own 

work, reporting back to the network at the annual meeting.  The subgroups are 

diverse in topic but allow participants in the network to focus on specific areas.  The 

working group sessions were an opportunity for participants to discuss the way 

forward.   

The establishment of the working groups also helps to highlight interest groups that 

are missing from Risk Assessment discussions and those who should be encouraged or 

approached to join. 

The meeting split into four working groups: 

•  Data Management and Risk Analysis (x2) 

•  Regulatory Engagement 

•  Environmental Impacts 

The list of working group participants in given in Appendix 2.  A summary from each 

of the groups is available below. 

 

3.1 Data Management and Risk Analysis Working Group 1 

Summary breakout session: Risk assessment and data management – Group 1 

Launch meeting risk assessment Network, Utrecht, 23 August 2005 

Chair: Ton Wildenborg 

Reporter: Philip Stauffer 

Participants: Charles Christopher, Gabriel Marquette, Scott Stevens, Steven Benbow, 

Wei Zhou, Ziqiu Xue, Philip Stauffer, Rickard Svensson, Richard Rhudy, Yann Le Gallo, 

Wim C. Turkenburg, Koorosh Asghari, Hiroshi Suenaga, Ji-Quan Shi, Elizabeth 

Scheehle, Ton Wildenborg 
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The questions defined for the working group on risk assessment and data 

management were used as a guide for the discussion in this breakout session (see 

Appendix 3). The first group of questions was directed to the inventory of current and 

planned activities related to risk assessment and data sets (Question 1-5). The next 

set of questions dealt with the goals and organisation of the network (Question 6-8). 

The last question (no 9) on data gaps was not tackled by the RA/data Working Group 

1. 

 

Inventory of RA activities/datasets/methods 

A quick-scan of activities on risk assessment and data collection showed that a 

considerable level of activity already exists internationally both of generic and site-

specific nature (Table 2).  

 

Table 2 
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Several well-documented datasets12 are already available, e.g. for the Weyburn and 

the Sleipner sites (see also Table 3). The use of these data is in some cases restricted 

due to data confidentiality and for all of them the completeness is still questioned.  

 

Table 3 Overview of sites with risk assessment datasets 

Site Storage medium Country Institute Remark
In Salah Algeria BP planned
Gorgon Australia Chevron confidential
Weyburn oil field Canada PTRC
Apache Middale oil field Canada PTRC planned
Pennwest Canada (Alberta) planned
Montmiral CO2 field France
Ketzin aquifer Germany planned
Schweinrich Germany
Nagaoka Japan
K12-B gas field Netherlands (offshore)
Sleipner aquifer Norway (offshore) Statoil
Forties oil field UK (offshore) BP
SACROC oil field USA confidential
McElmo dome CO2 field USA
Frio aquifer USA
Mountaineer USA (West-Virginia)

aquifer RITE planned 

 

To date limited benchmarking activity has been going on or is planned (Table 4). 

 

Table 4 Overview of current and planned benchmarking activities 

Current
Weyburn Monitoring Sci Eclipse-GEM
Generic problems LBNL Injection performance

Planned
Weyburn- final phase PTRC Planned
CO2ReMoVe - Various sites EU consortium Planned

 

 

Because of time constraints, little attention was directed to the risk assessment 

techniques, which have been or will be used. Only high-level definitions of existing 

techniques were given: 

•  Modelling technique 

 17
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o Deterministic 

o Probabilistic 

o Hybrid 

•  Expert elicitation (ESL: introducing Bayesian uncertainty and weighting on the 

basis of expert opinion) 

•  Scenario approach (FEP analysis) 

 

The gaps question was not discussed in this Working Group. 

  

Network issues 

It was noted in the Working Group that the process in the network needs to be 

defined; this is still lacking. Neutral to positive terms should be used (evaluating 

instead of critiquing) in dealing with the comparison/benchmarking of methods and 

techniques for risk assessment. 

 

Terminology 

One of the items that the Network should deal with is the development of consistent 

and accepted terminology in the area of risk assessment, terms like dataset, risk 

assessment, performance assessment and benchmarking. Risk assessment calculates 

the risk, which is probability multiplied by consequence and compares this result to a 

risk metric. 

 

Datasets 

The Network provides standards for datasets both for results and input. Data can be 

divided in categories, e.g. site data, material properties, chemical data etc. The 

Network also compiles datasets for benchmarking. Preferably, it must be possible to 

start with small datasets, which can grow in time. The web-enabled Network Data 

Management must enable linking to site-specific databases. 

The Network does not function as a data clearing house; quality assurance and 

formatting of datasets is not an obligation of the Network. 
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A risk assessment dataset will consist of generic data and site-specific data. A 

generally valid definition of the minimum dataset which is required cannot be provided 

because these requirements depend on conditions differing from site to site (discussed 

in plenary discussion after breakout). 

 

Benchmarking 

The Network tasks are in defining the benchmarking protocol and in evaluating the 

benchmarking results. The risk assessment modelling itself or the development of risk 

assessment tools are out of the scope of the Network.  

Benchmarking contributes to confidence building, but in itself will not contribute to 

knowing the ‘right answer’. In benchmarking it is of prime importance to have a clear 

definition of the objective, which cannot be manipulated by the modellers: 

•  A way forward in benchmarking is to use different codes and evaluate to what 

degree the outcomes differ (SPE style), e.g. comparison of dynamic response (∂X/

∂t), starting from a pre-defined scenario. 

•  The benchmarking exercise could try to find consistent patterns in the RA results, 

and to share this experience without judgement. 

•  Alternatively, benchmarking could be focussed on the definition of the Conceptual 

Model. 

 

Dissemination 

The Network publishes results after approval by the members and provides means for 

internal communication (e.g. web site13). 

 

3.2 Data Management and Risk Analysis Working Group 2 

In its discussions addressing a number of questions raised at the meeting, the 

Breakout Group 2 on “Risk Assessment and Data Management” first focused on the 

terminology used and the scope of RA work currently applied/considered in CCS.  It 

was viewed essential that we had the ability to communicate well with groups outside 

the CCS research community. There was consensus that the definition and scope of 
                                                 
13 www.co2captureandstorage.info 
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“risk assessment” as applied to CO2 Storage needed to be clarified and a common 

terminology be established. The initial discussion was extended to point out the need 

to emphasise and consider: 

•  The importance of main drivers in risk assessment, such as the environment, 

economics and regulatory needs, as well as the technological aspects covered by 

the Network. 

•  The timescale of storage, the concentration and duration of (acceptable) leakage.  

•  The processes, pathways and consequences principle of risk assessment 

methodology commonly used in other fields. 

The general view was to include Environmental, Economic, Health and Social aspects 

of risk assessment in the methodological approach adopted.  Such holistic approach 

would require the engagement of expertise from these fields within the Network. 

In considering the current and/or planned RA activities the breakout group mainly 

referred to well established and publicised projects and sites such as Weyburn, 

CO2STORE (Sleipner), CASTOR (limited scope for RA), the US Regional Partnerships 

which plan to carry out RA in 14-15 planed projects, as well as CO2ReMoVe which is 

expected to start in January 2006.  It was also highlighted that, through some of 

these projects, as well as their own internal research, a number of institutions such as 

Quintessa, TNO, Imperial College, Los Alamos National Laboratory (LANL), Lawrence 

Berkeley National Laboratory (LBL) and Pacific Northwest National Laboratory (PNNL) 

are developing RA methodologies independent of site specific applications. 

FEPs and Scenario Analysis, as well as some deterministic and probabilistic 

approaches have been widely used in RA applications so far. Current research 

emphasis is extended to include risk and uncertainty quantification.  There are a 

number of well structured data sets which may be available to a certain group of 

researchers.  These include Weyburn, Sleipner and others that are being developed in 

current and new projects.  Cooperation between groups within the Network, and 

beyond the continental boundaries, is desirable, however, data availability to the 

wider Network community is likely to be subject to an agreement between the 

Network and the owners of the data. 

The question of Benchmarking attracted lengthy discussion on the definition of the 

term benchmarking and concern was raised about lack of sufficient and long-term 

field data to conduct a benchmarking study. The consensus decision was to use the 
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term Comparison of RA Methodologies rather than benchmarking.  It was essential 

that the main requirements for such comparison studies be established.  The Group 

was not sure that every institution involved in CCS RA was ready to meet the 

requirements of a full scale RA comparison study yet.  An indication of the timing of 

such a study was not forthcoming. 

The Network members attending the breakout group discussion were supportive of 

both Sharing of Data Sets and Results. It was felt that sharing of results could easily 

be achieved between the members. However, sharing of data owned primarily by the 

operators and/or a research consortium needed to be based on certain rules and 

agreement between the parties involved. It was felt that the request to access and 

share data in comparative RA activities would be most convincing if parties are able to 

demonstrate readiness and capability to utilise this data effectively and to the benefit 

of both the research and industrial communities. In this respect, the timing and 

funding for Network activities on comparison of RA methodologies was the main 

concern. 

The breakout group discussed the current projects which may already have included 

Benchmarking/Comparison of RA methodologies in their research agenda.  The EU 

Funded Project CO2ReMoVe, subject to successful negotiation and funding in 2006, 

and ZERT (Zero Emission Research & Technology) in the US were identified as having 

such objectives in their programme.  It was proposed that IEA GHG could/should lead 

the Network activities in providing wider access to these data sets and seek/provide 

additional funding for RA methodology comparison studies should this be necessary. 

The group discussed Gaps in Data for RA studies next.  Relative lack of detailed 

knowledge and data on a number of areas were pointed out as follows: 

•  Data on structures between the reservoir and the surface 

•  Fault properties 

•  Well and caprock integrity 

•  Supercritical CO2 behaviour 

•  Residual trapping 

•  Geochemical and geomechanical processes 

•  Environmental, health and safety impacts 
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At the end of the discussions, it was recommended that the Network could/should 

consider and: 

1. Establish the certification requirements which may form the basis to RA studies, 

2. Establish the nature of data to be used in the RA comparison studies (real; part 

real - part assumed), 

3. Establish the minimum requirements for an organised data set (availability), 

4. Decide on the RA terminology to be used (such as benchmarking or comparison 

of methodologies), 

5. Decide on the timing of such studies (are the Network partners ready to utilise 

and make maximum use of available data sets?), 

6. Explore and identify/set up mechanisms to raise additional funding for some 

additional work the Network may carry out, and 

7. Decide on a procedure or a mechanism to approach groups/owners to request 

data (US DOE, Research Consortia, and Industry). 

Finally, it was felt that there may be the need to set up Task Groups/Working Parties 

to address some of these questions in the first instance. 

 

3.3 Regulatory Engagement Working Group 

Introduction: 

The policy/regulatory subgroup was tasked with looking at the interrelationships 

between the needs of the policy makers and regulators and the ability of the risk 

assessment community to deliver on these needs. In short, how would risk 

assessment be designed to meet the needs of regulators and how would these needs 

be determined? 

Group composition: 

The subgroup was comprised of: 

Malcolm Wilson 

Tony Espie 

John Gale 
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Wolfgang Heidug 

Tore Torp 

Discussions: 

The early part of the sub-group discussion was an identification of the questions risk 

assessment would be required to answer. 

 

Risk can be broken out into two areas of interest – Global and Local: 

Global risk refers to the impacts of CO2 re-entering the atmosphere and creating 

climate change problems – the issue to be resolved here is the monetizing of the risk 

(quantification in monetary terms). 

Local risk refers to the local HSE issues and how these may be quantified in terms of 

potential damage to ecosystem health, risk of injury or death in humans, damage to 

potable water supplies etc. 

There is also an issue of timing to be considered – the global risk is time constrained 

by the life-time of fossil fuels and the time required for greenhouse gas concentrations 

in the atmosphere to decline. The local HSE risk is constrained by the time it takes to 

reduce the risk of leakage to essentially zero, probably the time for CO2 to be 

dissolved in fluids in the reservoir and for buoyancy to be eliminated. 

 

The discussion then moved to messaging – it was recognized that there must be a 

consistency of messaging coming from the risk assessment community – this does not 

mean in any way a restriction in models, techniques, approaches etc, rather a way of 

describing the results that come from models in a consistent manner so that 

differences from the models can be adequately explained. 

 

What are the criteria required to define a good regulatory framework? In other words, 

what are the informational requirements for an adequate risk assessment to be able 

to meet the needs of screening, performance assessment etc for regulatory purposes. 

What is involved in Integrated Risk assessment when applied to the geological storage 

of CO2?  This will be key to industry requirements for geological storage. 
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What are the “levers” for changing the risk profile? Are these regulatory levers, 

development of mitigation plans, changing public perception? 

 

What will regulations look like – prescriptive versus performance based standards or 

some combination of the two? How will the outputs of RA meet these regulatory 

needs? 

 

How will RA help to determine the monitoring requirements? What will be the 

monitoring requirements based on different levels of risk assessed for the site for 

storage? 

 

There will be a need for ongoing critiquing of RA work14. What kind of exercise will this 

be? How would an expert “panel” (used very loosely here to mean expert reviews) be 

created to look the creation of assumptions for risk assessment work in order to 

ensure comparability of outputs?  

 

Outcomes/Recommendations: 

1. The group saw the benefit of having an informed group to provide advice to 

regulators and to the “risk assessment community”: 

a. An informal peer review process 

b. Consistency of messaging 

c. Testing of messaging, not an advocacy group or exercise. 

2. Commentary on the impacts of regulatory standards – not an attempt to get 

universal standards, rather a practical understanding of the consequences of different 

regulatory structures. 

3. The RA focus should be on local HSE issues, local enforcement of regulations. In 

the case of climate and ocean impacts, there is likely to be regional or international 

enforcement of regulations and a different regulatory framework. 

                                                 
14 “Critiquing” of RA work is likely to occur in the same way as any other part of the science – 
through peer-review literature, supported by discussions in conferences and workshops. 
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4. Assistance/advice in the creation of RA methodology: 

a. What is the RA intended to do, what are the expected outcomes from the risk 

assessment work? This will help determine the appropriate methodology, approach etc. 

b. Looking at short-term HSE issues – site license requirements, developing 

monitoring plans, site planning etc – what are appropriate risk assessment 

requirements to meet these needs? 

c. Looking at long-term issues, particularly the reversion of the site and liability 

back to the public. What are the risk assessment requirements to assure confidence in 

the level of risk to make this happen in a timely and orderly fashion? How long is 

monitoring required? 

5. There is a need to undertake a collection of regulations to determine what is 

currently out there and how the risk assessment might fit into this. The IEA GHG has 

a tender out for the collection of this information; the outcomes of the study could be 

passed through the regulatory sub-group to evaluate the implications of the current 

national frameworks from the perspective of risk assessment and the need for 

modification of regulations to meet storage needs. This would help the group develop 

an informed base to help provide advice on the development of regulatory 

frameworks/modification of existing frameworks. 

6. How will the regulatory sub-group operate? There was no real consensus 

around this except that there was a need to develop a better interface between the 

risk assessment community and the regulatory community as regulations are being 

developed. The ultimate goal is the try to assist in the development of regulations that 

meet the needs of both the regulatory community and the industry that will be 

undertaking storage. The group agreed to try to set up a workshop or two to bring 

regulators together to allow for a discussion of their needs, the ability for risk 

assessment to respond and how the groups could work together. In short, the group 

saw the need for an interface between the regulator and the risk assessment 

community to be developed and for the group to act as “informed translators” 

between the two communities. 

7. The other requirement was around timescales and the need to marshal 

arguments around different timescales for FEPs, model runs, monitoring etc. 

Explanations of why the RA timescales are chosen and for what purpose will be 

essential to a broad understanding of the results. 
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Miscellaneous comments: 

There are a number of reports in the public domain that may be of value. These 

include the Canadian and US reports for 2004-05 to the UNFCCC and an 

understanding of how the reporting of emissions/injection occurs. 

 

The sub-group would be proactive to the extent of inviting regulators to informal 

meetings to discuss risk assessment and the development of regulations. IEA GHG to 

look at opportunities on the backs of other meetings. 

 

Work with other IEA groups such as WPFF or the use of IEA/CSLF forum. 

 

There will be an attempt to initiate a meeting as early as February. 

 

Specific tasks: 

IEA GHG to look at opportunities to bring together regulators with the sub-group – 

perhaps one European and one North American meeting. 

 

IEA GHG to move ahead with relevant studies that will be of value to the risk 

assessment group and the regulatory sub-group – underway. 
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3.4 Environmental Impacts Working Group 

Group members: 

Jonathan Pearce (chair) 

Hans Aksel Haugen (reporter) 

Sara Eriksson 

Angela Manancourt 

Joris Koornneef 

Anna Korre 

Chris Karman 

Mike Stenhouse 

 

Eight questions were given to the group for consideration. The questions are dealt 

with one by one below, and thereafter general comments and thoughts from the 

group discussions are presented.  

 

Q 1: Should this group compile available data on leakage and environmental impacts 

for use in RA studies? 

A 1: Group answered yes to this question, but terrestrial and marine ecosystems 

should be looked at separately. Within these ecosystems it was recognised that 

different environments will have different responses (e.g. soil, urban, agricultural etc). 

Human health responses were also considered important. Important to identify gaps 

in datasets. 

 

Q 2: Should the group develop specific data sets for use in all RA studies or just 

advise which reference data to use? 

A 2: Definitions of environmental impacts are needed. We need criteria for what 

makes up a good dataset. Datasets develop all the time. The group suggested an 

expert group should be given the task to review datasets. Experts in toxicology, 

ecotoxicology, marine biology, etc. should be engaged. 
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Q 3: Is there data available for all environmental impacts (human health, marine 

systems, land based ecosystems)? 

A 3: The group was not able to give a definite answer to this question. There is some 

information, but the group simply does not have the full overview. Clearly, this 

question can be better answered once environmental data have been compiled per Q1. 

The main differentiation should be between marine and land ecosystems, maybe with 

a further subdivision for specific ecosystems/habitats (such as wetlands). Indicator or 

key species need to be identified, but the group suspect that data may be lacking. 

However, it was also recognised that regulators need to protect the whole ecosystem, 

not just specific species. 

 

Q 4: How extensive is the available data? 

A 4: With reference to A 3, the group would say the amount of data is probably 

extensive for humans, there is for instance a report by Susan Rice. Otherwise data 

availability is variable. 

It was noted that Susan Rice Associates produced a comprehensive review for EPRI 

(US Electric Power Research Institute) on published data on CO2 impacts on humans. 

Conclusions from this study were presented at the Risk Assessment meeting in 

London, 2004. Health Canada [1989], NIOSH [1997] and Snodgrass ([1992, cited in 

Rice [2003])(?) also produced some information on human responses to elevated CO2. 

 

Q 5: Do we know what leakage rates will cause local hazards, can this be generalised 

or is it site specific? 

A 5: We do not know, but generic approaches and data may give us a concentration 

level for CO2 on which local studies can be based. There are dose/response based 

guidelines (SSD: Species Sensitivity Distributions) in EU for protecting species from 

chemical exposure (the EU-TGD: Technical Guidance Document). It is suggested to 

follow these guidelines where possible. This means that, for instance, an exposure 

concentration could be derived at which 95% of the species would be protected.  
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The four previous questions and answers indicate that generic information can be 

extracted, but we still have to rely to a large extent on modelling and thus need to 

work very closely with risk assessment group.  

There is also a need to remind ourselves of the hazard of doing nothing. What CCS 

actually implies with regard to risk assessment is the reduction of very likely global 

impacts but at the same time introducing possible local impacts. Finding the right 

balance of emphasis on either of these is a challenge. 

 

Q 6: What information do we need to determine environmental impacts (footprint of 

leak, duration of leak, prevailing wind conditions etc.,)? 

A 6: The question is much about modelling, for instance dispersion rates, pathway 

modelling, rate modelling. Leaking may be episodic, may depend on season (frost 

may reduce leaking) etc. Modelling should look at a worst case scenario; include 

fluxes, time (duration of leak), rates. 

CO2 and reduced pH may bring other contaminants with it; heavy metals, other gases, 

hydrocarbons. It is important to have good knowledge of the specific sites.  

An open question is what about leakages that happen in 1000 years or more from now 

– we cannot for instance trust conditions are the same as they are now. 

With respect to the amount of data needed it might be necessary to distinguish 

between environmental hazard assessment (a generic approach) and environmental 

risk assessment (a site specific approach, requiring detailed information). 

At this point the group had a lengthy discussion. Our preliminary conclusion was to 

emphasize the need of a closure plan in order to avoid questions about monitoring 

forever. 

 

Q 7: Are there any ongoing or planned relevant experimental activities addressing 

impacts on marine and/or land based ecosystems? 

A 7: Norwegian University of Science and Technology is preparing to build a pressure 

tank to simulate marine bottom conditions at depths up to 300 meters. 

CO2Geonet have started experiments, both land based and marine. 

TNO is working on an idea to do small to medium scale experiments. 
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Plymouth Marine Lab: Experiments on CO2 and effects in the marine environment 

In addition the research proposal for the PhD. of Joris Koornneef (Utrecht University) 

contains a plan for constructing a report on the environmental impact of CO2.  

However, the full scope and approach are not established yet as this proposal is still 

under construction. 

 

Q 8: Are safety criteria for local HSE needed and should/can this group define them? 

A 8: The group could possibly advise regulators on how they can define criteria and on 

what information is needed to do this. The dose/response curve approach should be 

adopted. Monitoring will also be needed. Some criteria exist in many countries, e.g. 

indoor air CO2 concentration or drinking water standards (trace metals), although 

some modelling needs to be done to derive numbers for comparison with such criteria. 

It was commented that minimum requirements of datasets for regulators to give a 

permit, or minimum requirements of datasets to do benchmarking, are two different 

things. 

 

General comments: 

Group composition: Currently there is only one biologist in the group. More biologists, 

toxicologists and people who have done real work on CO2 effects should be brought in. 

Funding: Quite a lot of work is ahead of us. A very important task is to define what 

needs to be done in broad terms and bring up the need for funding. In addition the 

working group should help identify scientific groups working with these issues. 

Suggestions: There is a need for two state of the art reports: one on terrestrial and 

one on marine environment. These reports should also identify knowledge gaps. 

People/groups who may produce these reports should be identified.  
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4. Discussions 

This section provides the major points of discussion from the meeting. 

•  Identifying the missing groups in the network. Regulators are not well represented, 

neither are specialists or NGO’s.  The working group looking at Environmental 

Impacts would benefit from more biologists and toxicologists being involved.  

NGO’s should be approached to join the network, it was suggested that the 

network provides them a more neutral contact to the subject rather than having to 

be linked to specific projects. 

•  Before any measure of comparing datasets, access to data by a wider audience 

needs to be facilitated.  This could be a role for the network, specifically for IEA 

GHG. 

•  Terminology was a common point for discussion.  Commonly referred to as 

benchmarking there was a consensus from the data management working group 

that a more suitable term could be ‘Comparison of RA Methodologies’. 

•  In order to begin comparing the datasets, the first step should be to establish a 

protocol of what data is wanted.  It needs to be clear and concise. 

•  Comparing RA models on a case that was rejected might be less sensitive than 

using the data available from operating projects. 

•  It could be a role for the network to show the reliability of predictive tools.  If there 

are differences then it should be explained why. 

•  In the models that are available at the moment, the codes are not written with CO2 

injection in mind.  Rather than cobble together existing codes, which were not 

designed for this purpose, could it be a role of the network to develop a model 

together writing a new code?  It might not be the time yet but within 2-3 years of 

CO2ReMoVe an agreement could be achieved. 

•  Comparisons between the models and codes used for RA would be useful and 

problems could be developed that each model works on individually.  The 

weaknesses in the code could be identified and improved through this type of 

collaboration. 

•  Comparing models could become a dominate part of the network but it should not 

dominate other important questions raised by the other groups (Regulatory 

Interactions and Environmental Impacts).  Comparison will be very time consuming.  
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There could be a forum to discuss the comparisons, and others in the group go 

away and get external funding to do the code comparison. 

•  Risk assessment is not new.  The regulator in the Netherlands has had to look at 

codes and came up with a list of codes/models that were accepted.  The regulators 

will say which codes/models are allowed to undertake risk assessment.  However, 

they could go to the model with gives the lowest risk. 

•  The regulators should be kept informed of the different techniques and the current 

status.  It could be the networks role to communicate this. 

•  If you were to choose a dataset based on current models in what format should the 

data set be in? What size of dataset should be made? And where would it be 

stored? 

•  By stating what is in a dataset you are influencing risk assessment.  But it is 

important to use what ever data is available.  The amount of data will vary 

between different sites.  There will be some generic data such as how CO2 behaves 

but there will be a lot of information that is site specific.  

•  It could be possible to define a set of parameters for modelling; therefore, can we 

define what is needed for risk assessment. 

•  At this stage it is not possible to quantify the bare minimum requirements for data.  

Each model requires generalised data and specific data.  Unless there is 

comparison between the models it will be difficult to increase confidence.   One 

solution suggested was to have access to the most comprehensive dataset 

available and then test it with different models.  Not all models will use all available 

data.  The results will then show how close they compare.  Until there has been 

this type of comparison it will not be possible to suggest a minimum.  This type of 

comparison may still not provide us with a minimum but it is a start and may 

provide a direction for future developments. 

•  It was suggested that the current status of risk assessment allows a definition of a 

good dataset. 

•  All available models should be identified and an inventory should be produced. 

•  A question raised was when should the modelling stop and a more practical aspect 

start?  Practical could be in the next few years but is everyone on the same 

timescale? 
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•  Is it possible to use the tools currently available and compare how the various 

projects perform?  This would certainly help to identify any gaps. 

•  Regulators can permit but at this time it is not possible to guarantee security of 

storage.  However, the risk will decrease with time as the models improve. 

•  It was suggested that there were two steps that were important.  The first is that it 

was important to identify the minimum codes that were required to provide 

information to the regulator in order to give sufficient confidence.  The second step 

is to set the codes for the models themselves. 

•  The urgency could be underlined by Otway Basin Project.  It was clear the progress 

of the project was decided by regulatory and liability issues.  Authorities are afraid 

of setting an example that becomes binding for the future.  There is an urgent 

need for progress in this area. 

•  IGCC plants with CO2 capture technology are close to being finalised.  There are a 

lot of projects ready to go ahead.  Some are close to oil reservoirs where there is 

money to be made.  Others are located close to saline aquifers were there is little 

known about the structures and information will be required, soon! 

 33



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
5. Progress to be made before next meeting 

Tasks to progress before next meeting 

• Inventory of RA models/tools and status 

• CO2GEONET on RA framework and terminology 

• Inventory of data sets 

• Cross link to RA tool group on model needs 

• State of Art on Environmental Impacts 

• IEA GHG study 

• Regulatory interactions 

•  IEA GHG study 

• Preliminary meeting in February 2006? 

Next Meeting 

• September/October 2006? 

• North America? 

• Outline Agenda 

• Feedback from next step activities 

• Start discussion on data set requirements 

• Links modellers and data set providers 

• Working section of meeting 

• First RA methodology comparisons? 

• Weyburn, CO2STORE, CO2CRC?? 

 34



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
Appendix 1 

Delegate List 

Charles Christopher 
CO2 Program Manager - Americas 
BP 
501 Westlake Park Blvd 
Houston 
TX 77079 
USA 
Tel: (281) 366-2273  
Fax: (281) 366-5717 
E-mail: christca@bp.com 

Gabriel Marquette 
European Affairs Director 
Schlumberger 
1 rue Henri Becquerel 
Clamart 
 92140 
France 
Tel: +33 1 45 37 29 00  
Fax: +33 1 45 37 29 75 
E-mail: marquette@slb.com 

Tony Espie 
CO2 Storage Technology Manager 
BP 
Sunbury Business Park, Chertsey Road 
Sunbury-on-Thames 
Middlesex TW16 7LN 
UK 
Tel: +44 1932 763 780  
Fax: +44 1932 738 410 
E-mail: tony.espie@uk.bp.com 

Wolf Heidug 
Principal Scientist - GHG Mitigation 
Shell International E&P 
Kesslerpark 1 
Rijswijk 
 2288GS 
NL 
Tel: 070-4472785  
Fax:  
E-mail: wolfgang.heidug@shell.com 

Hans Aksel Haugen 
Coordinator 
Statoil 
Arkitekt Ebbels vei 10, Rotvoll 
Trondheim 
Norway 
Tel: 4799167176  
Fax: 4735574010 
E-mail: hakha@statoil.com 

Scott H. Stevens 
Vice President 
Advanced Resources International, Inc. 
4501 Fairfax Drive, Suite 910 
Arlington 
Virginia 22031 
USA 
Tel: 1-703-528-8420  
Fax: 1-703-528-0439 
E-mail: sstevens@adv-res.com 

Steven Benbow 
Principal Consultant 
Quintessa Ltd 
Dalton House, Newtown Road 
Henley-on-Thames 
OXON RG9 1HG 
UK 
Tel: 01491 630051  
Fax: 01491 636247 
E-mail: stevenbenbow@quintessa.org 

David Savage 
Quintessa Limited 
24 Trevor Road, West Bridgford 
Nottingham 
 NG2 6FS 
United Kingdom 
Tel: +44 115 9232767  
Fax: +44 115 9232767 
E-mail: davidsavage@quintessa.org 

 35



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 

Prasad Saripalli 
Senior Research Scientist 
Pacific Northwest National lab 
1318 Sigma V 
Richland 
WA 99336 
USA 
Tel: (509) 376-1667  
Fax: (509) 376-5368 
E-mail: prasad.saripalli@pnl.gov 

Lars Ingolf Eide 
Chief Engineer 
Norsk Hydro 
Oslo 
 N-0246 
Norway 
Tel: +47 2253 8380  
Fax: +47 2253 7350 
E-mail: lars.ingolf.eide@hydro.com 

Mike Stenhouse 
Principal Consultant 
Monitor Scientific 
3900 S. Wadsworth Blvd., Suite 3555 
DENVER 
CO 80235 
USA 
Tel: +1 (303) 985-0005  
Fax: +1 (303) 980-5900 
E-mail: mstenhouse@monitorsci.com 

Wei Zhou 
Sr. Consultant 
Monitor Scientific, LLC 
3900 S. Wadsworth Blvd., Suite 555 
Denver 
CO 80235 
USA 
Tel: 001-303-985-0005  
Fax: 001-303-980-5900 
E-mail: wzhou@monitorsci.com 

Hans Peter Rohner 
Vice President Europe - CO2 Services- 
Schlumberger 
1, cours du Triangle 
Paris La Défense 
 92936 
France 
Tel: +33 (0)1 71 12 20 98  
Fax: +33 (0)1 71 12 21 29 
E-mail: hrohner@slb.com 

Jitsopa Suebsiri (Noony) 
Student 
University of Regina 
3737 Wascana Parkway 
Regina 
Saskatchewan S4S 0A2 
Canada 
Tel: 306-596-4924  
Fax:  
E-mail: suebsirj@uregina.ca 

Ziqiu Xue 
Senior Researcher 
RITE (Research Institute of Innovative 
Tech the Earth) 
9-2 Kizugawadai, Kizu-cho 
Soraku-gun 
Kyoto 619-0292 
Japan 
Tel: +81 774 75 2312  
Fax: +81 774 75 2313 
E-mail: xue@rite.or.jp 

Ton Wildenborg 
Geoscientist 
TNO 
P.O. Box 80.015 
UTRECHT 
 3762 VC 
The Netherlands 
Tel: ++31 30 2564636  
Fax: ++31 30 2564605 
E-mail: ton.wildenborg@tno.nl 

 36



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 

Angela Manancourt 
Research Officer 
IEA Greenhouse Gas R&D Programme 
Orchard Business Centre 
Cheltenham 
Gloucestershire GL52 7RZ 
UK 
Tel: 01242 680753  
Fax: 01242 680758 
E-mail: angela@ieaghg.org 

John Gale 
Manager 
IEA Greenhouse Gas R&D Programme 
Orchard Business Centre 
Cheltenham 
Gloucestershire GL52 7RZ 
UK 
Tel: 01242 680753  
Fax: 01242 680758 
E-mail: johng@ieaghg.org 

Arie Obdam 
reservoir engineer 
TNO 
6 Princetonlaan 
Utrecht 
The Netherlands  
Tel: +31 30 256 4649  
Fax: +31 30 256 4605 
E-mail: arie.obdam@tno.nl 

Philip Stauffer 
Technical Staff Member 
Los Alamos National Laboratory 
Mail Stop T-003 
Los Alamos 
NM 87545 
USA 
Tel: 505 665 4638  
Fax: 505 665 6459 
E-mail: stauffer@lanl.gov 

Tore A TORP 
Advisor CO2 Storage 
Statoil 
TRONDHEIM 
NO-7005 
Norway 
Tel: +47 9010 3354  
Fax: +47 7358 4325 
E-mail: tat@statoil.com 

Richard Rhudy 
Manager, Environmental Control Projects 
EPRI 
3412 Hillview Ave. 
Palo Alto 
California 94304-1395 
USA 
Tel: 650-855-2421  
Fax: 650-855-8759 
E-mail: rrhudy@epri.com 

Sara Eriksson 
Research engineer 
Vattenfall Utveckling AB 
Vattenfall Utveckling AB 
Älvkarleby 
814 26 
Sweden 
Tel: 462683587  
Fax:  
E-mail: sara.eriksson@vattenfall.com 

Rickard Svensson 
Research engineer 
Vattenfall Utveckling AB 
Vattenfall Utveckling AB 
Älvkarleby 
814 26 
Sweden 
Tel: +46 26 83672  
Fax:  
E-mail: rickard.svensson@vattenfall.com 

 37



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 

Kaoru KOYAMA 
Senior Researcher 
RITE 
9-2 Kizugawadai,Kizu-cho 
Soraku-gun 
Kyoto 619-0292 
Japan 
Tel: -3072  
Fax: -3085 
E-mail: k-koyama@rite.or.jp 

Rajesh Pawar 
Technical Staff Member 
Los Alamos National Laboratory 
MS T003 
Los Alamos 
New Mexico 87545 
USA 
Tel: 001-505-665-6929  
Fax: 001-505-665-8737 
E-mail: rajesh@lanl.gov 

Koji Yamamoto 
Consultant 
Mizuho Information and Research 
Corporation 
3-1 Kanda Nishikicho 
Chiyoda-ku 
Tokyo 1010054 
Japan 
Tel: 81-3-5281-5329  
Fax: 81-3-5281-5466 
E-mail: yamamoto-koji@jogmec.go.jp 

Yann Le Gallo 
project leader 
Intitut Français du Pétrole 
R032, 1&4 ave. de Bois Préau 
Rueil Malmaison 
 92852 
France 
Tel: +33 1 47526745  
Fax: +33 1 47527072 
E-mail: Yann.Le-Gallo@ifp.fr 

Francois KALAYDJIAN 
Deputy Director - Sustainable Growth 
Division 
IFP 
1-4, avenue de Bois-Préau 
Rueil-Malmaison 
92852 
France 
Tel: 33.1.47.52.64.40  
Fax: 33.1.47.52.70.49 
E-mail: francois.kalaydjian@ifp.fr 

Jonathan Pearce 
Principal researcher 
British Geological Survey 
Keyworth 
Nottingham 
Nottinghamshire NG12 5GG 
United Kingdom 
Tel: +44 (0)115 9363222  
Fax: +44 (0)1159363352 
E-mail: jmpe@bgs.ac.uk 

Larry Myer 
Staff Scientist 
Lawrence Berkeley National Lab 
Mailstop 90-1116 
Berkeley 
CA 94510 
USA 
Tel: 510-486-6456  
Fax: 510-486-5686 
E-mail: lrmyer@lbl.gov 

Wim C. Turkenburg 
Professor 
Copernicus Institute - Utrecht University 
Heidelberglaan 2 
Utrecht 
3584 CS 
The Netherlands 
Tel: -252.76  
Fax: -252.7601 
E-mail: w.c.turkenburg@chem.uu.nl 

 38



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 

Jeroen P. van der Sluijs 
assistant professor 
Copernicus Institute, Utrecht University 
Heidelberglaan 2 
Utrecht 
3584 CS 
The Netherlands 
Tel: +31 30 2537631  
Fax: +31 30 2537601 
E-mail: j.p.vandersluijs@chem.uu.nl 

Joris Koornneef 
PhD student CATO project - Impact Analysis 
Copernicus institute, Utrecht University 
Heidelberglaan 2 
Utrecht 
3584 CS 
Netherlands 
Tel: +31 (30) 253 7600  
Fax: +31 (30) 253 7601 
E-mail: j.m.koornneef@chem.uu.nl 

Koorosh Asghari 
Associate Professor 
PTRC 
3737 Wascana Parkway 
Regina 
Saskatchewan S4S0A2 
Canada 
Tel: 1-306-5854612  
Fax: 1-306-5854855 
E-mail: koorosh.asghari@uregina.ca 

Dr. Malcolm Wilson 
Director 
CO2 Management Energy INet 
6 Research Drive 
Regina 
Saskatechewan S4S 7J7 
Canada 
Tel: 306-337-2287  
Fax: 306-337-2301 
E-mail: malcolm.wilson@uregina.ca 

Hiroshi SUENAGA 
Research Geohydrologist 
CRIEPI 
Abiko 1646 
Abiko 
Chiba 270-1194 
JAPAN 
Tel: +81 4 7182 1181 
Fax: +81 4 7183 3182 
E-mail: suenaga@criepi.denken.or.jp 

Elizabeth A. Scheehle 
Senior Analyst 
U.S. Environmental Protection Agency 
1200 Pennsylvania Ave NW (6207J) 
Washington 
DC 20460 
United States 
Tel: 1-202-343-9758  
Fax: 1-202-343-2202 
E-mail: scheehle.elizabeth@epa.gov 

Dr Anna Korre 
Senior Lecturer in Environmental 
Engineering 
Imperial College London 
South Kensington Campus 
London 
SW7 2AZ 
UK 
Tel: +44(0)2075947372  
Fax: +44(0)2075947354 
E-mail: a.korre@imperial.ac.uk 

Professor Sevket Durucan 
Professor of Mining and Environmental 
Engineering 
Imperial College London 
South Kensington Campus 
London 
SW7 2AZ 
UK 
Tel: +44(0)2075947354  
Fax: +44(0)2075947354 
E-mail: s.durucan@imperial.ac.uk 

 39



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 

Ji-Quan Shi 
Research Fellow 
Imperial College London 
Exhibition Road 
London 
SW7 2AZ 
UK 
Tel: 020 7594 7374  
Fax: 020 7594 7354 
E-mail: j.q.shi@imperial.ac.uk 

Irina Gaus 
Hydrological and hydrochemical modeller 
BRGM 
3, avenue C Guillemin BP6009 
Orléans 
45060 
France 
Tel: 0033 2 38 64 46 77  
Fax: 0033 2 38 64 34 46 
E-mail: i.gaus@brgm.fr 

Rob van Eijs 
Geomechanical Engineer / Geologist 
TNO – Built Environment and Geosciences 
Business unit Geo-Energy, P.O. Box 80015   
Utrecht 
3508 TA 
The Netherlands 
Tel: +31(0)30 25 64 511  
Fax: +31(0)30 25 64 605 
E-mail: Rob.vanEijs@tno.nl 

Chris Karman 
TNO  Environment and Geosciences 
PO Box 57 
Den Helder 
1780 AB 
The Netherlands 
Tel: +31 223 638811  
Fax: +31 223 630687 
E-mail: C.Karman@mep.tno.nl 

 40



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
Appendix 2 

Working Groups 

Data Management and Risk 
Analysis 

Risk Analysis 

Chair: Ton Wildenborg 
Reporter: TBC 

Chair: Sevket Durucan 
Reporter: TBC 

Charles Christopher Dave Savage 
Gabrielle? Marquette Jitsopa Suebsiri (Noony) 
Scott Stevens Lars Ingolf Eide 
Steven Benbow Prasad Saripalli 
Wei Zhou Hans Peter Rohner 
Ziqiu Xue Arie Obdam 
Philip Stauffer Kaoru Koyama 
Rickard Svensson Rajesh Pawar 
Richard Rhudy Koji Yamamoto 
Yann Le Gallo Francois Kalaydjian 
Wim C. Turkenburg  Jeroen P. van der Sluijs 
Koorosh Asghari Kay Damen  
Hiroshi Suenaga Irina Gaus 
Ji-Quan Shi Larry Myer 
Elizabeth Scheehle Rob Eijs 
 
Regulatory Engagement Environmental Impacts 
Chair: Malcolm Wilson 
Reporter: Tony Espie 

Chair: Jonathan Pearce 
Reporter: Hans Askel Haugen 

Wolf Heidug Sara Eriksson 
Tore A TORP Walther van Kesteren 
John  Gale Joris Koornneef 
 Anna Korre 
 Angela Manancourt 
 Chris Karman 
 Mike Stenhouse 
 

 

 

 41



Launch Meeting of the Risk Assessment Network 
TNO Offices, Utrecht, Netherlands 
23-24 August 2005 

 
Appendix 3 

Questions for Working Groups 
 
 
Data management and risk assessment – 2 groups 
 
1. What risk assessment activities are currently underway or planned? 
 
2. What data sets are currently available for use in RA activities? 
 
3. What data sets are being developed and when will these be available for 

review/benchmarking? 
 
4. What RA techniques are currently being used and will be used in planned 

projects? 
 
5. Do any current or planned projects include benchmarking activities? 
 
6. How could groups undertaking RA activities be best organised to undertake a 

benchmarking activities and is it practical to do so? 
 
7. Is it more effective to share data or results through these forums?  
 
8. Should this network focus on presenting and reviewing results rather than 

establishing benchmarking procedures on its own? 
 
9. What are the gaps in data needed for better RA? 
 
 
 
Regulatory Interactions 
 
1. What regulatory groups should be engaged? 
 
2. What sort of messages should this RA network be looking to convey to the 

regulators? 
 
3. How best to engage the regulatory groups? 
 
4. Do we know what the regulatory groups expect from RA studies? 
 
5. Do we know which countries plan to include RA studies within their regulatory 

processes and which don’t and why not? 
 
6. Do we know what RA techniques they are considering? 
7. Do we think they are aware of the strengths and weaknesses/limitations of 

different approaches? 
 
8. How will they use the results of risk assessment studies? 
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Environmental Impacts 
 
1. Should this group compile available data on leakage and environmental impacts 

for use in RA studies? 
 
2. Should the group develop specific data sets for use in all RA studies or just 

advise which reference data to use? 
 
3. Is there data available for all environmental impacts (human health, marine 

systems, land based ecosystems)? 
 
4. How extensive is the available data? 
 
5. Do we know what leakage rates will cause local hazards, can this be generalised 

or is it site specific? 
 
6. What information do we need to determine environmental impacts (footprint of 

leak, duration of leak, prevailing wing conditions etc.,) 
 
7. Are there any ongoing or planned relevant experimental activities addressing 

impacts on marine and/or land based ecosystems? 
 

Are safety criteria for local HSE needed and should/can this group 
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