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Executive Summary 

The second meeting of the IEAGHG International Research Network on CO2 Geological 
Storage Modelling was hosted by the University of Utah in Salt Lake City, on February 16th 
and 17th, 2010. The meeting comprised four technical sessions: Modelling Methodology and 
Recent Advances, Integrated Roles and Objectives of Modelling, Modelling of Real Storage 
Projects; Case Studies and International Efforts towards Best Practice and Modelling 
Protocols. The agenda was designed to provide ample time for discussions between 
participants, with breakout groups in sessions 1 and 2, and plenary discussions following 
sessions 3 and 4. 

Discussions following Session 1 focussed on recent advances in modelling. 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. However, there was a consensus that an increased number of 
large-scale storage projects are required to provide data with which modelling methods can 
be calibrated. 

Priorities for modelling R&D were discussed after the presentations in Session 2. Topics that 
participants felt were of pressing concern for modellers and in need of further research 
included: 

• Storage engineering options, e.g. brine extraction; 
• Wettability and relative permeability; 
• Rates of CO2 dissolution into formation brines; 
• Efficiency of capillary trapping; 
• Coupling of processes, and the merits of modelling processes separately to aid up-

scaling (the ‘divide and conquer’ approach); 
• Realistic boundary conditions for flow modelling. 

Session 3 included presentations on modelling of real projects by representatives from 
Statoil, Shell Australia, the US Regional Partnerships Programme, RITE and CO2CRC. This 
provided scope for a lively debate, and in summing up the presenters made the following 
concluding remarks: 

• Objectives of modelling and history matching need to be defined. Fluid models are 
often not critical to history matching, but heterogeneity is important. 

• Models need to provide a range of possible outcomes, which can be refined with time 
and experience. 

• Initial pilot/demonstration injection projects are vital to obtain data for predictive 
models. 

• Current models can give good estimations, despite existing knowledge gaps – the 
objectives of modelling need to be defined. 

• Quality of input data is vital for modelling and it is important to understand the 
limitations of simulations and associated outputs. 

 



 

The plenary discussion following Session 4 was intended to elicit opinion from the 
participants on the merits of formulating best practice guidelines or protocols for modelling, 
and possible involvement of the network in such projects. The care required to ensure 
guidelines are not overly prescriptive and recognise the site-specific nature of storage projects 
was emphasised by several participants. Many delegates also felt that the network could be 
more effective in providing recommendations for best practice rather than formal guidelines. 
The meeting concluded that protocols emerging from the US Regional Partnerships Program 
and other international efforts could be placed in an international context at future network 
meetings.  
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Introduction 

The second meeting of the IEAGHG International Research Network on CO2 Geological 
Storage Modelling was hosted by the University of Utah in Salt Lake City, on February 16th 
and 17th, 2010. The meeting was attended by 58 participants from 9 countries.  

Neil Wildgust of IEAGHG welcomed the delegates and the thanked the university for hosting 
the meeting, before introducing the agenda for the two days. Brian McPherson of the 
University of Utah, thanked the sponsors of the meeting; the US Department of Energy, 
Southwest Partnership CO2 Sequestration, NETL, EGI, USTAR, Headwaters Clean Carbon 
Services and The University of Utah, before describing outcomes of the previous network 
meeting hosted by BRGM in Orleans, France in February 2010. Brian proceeded to list some 
objectives for the 2010 meeting, these included: 

• Comparison of analytical to numerical approaches; 
• Evaluation of current efficacy of coupling of various processes; 
• Review of recent advances; 
• Review of pore-scale modelling and efficacy of up-scaling; 
• Review of regulators’ needs; 
• Review of storage capacity estimation methods; 
• Review of simulation for risk assessment; 
• Review of simulation for carbon credits evaluation; 
• Review of international case-studies; 

• Site characterisation 
• Model calibration 

• Review of Best Practices and Protocols; 
• DOE/NETL Effort 
• International Effort 
• Standards/Criteria? 

• Model comparison? 
• Development of a “Community” code? 

Brian also reminded the audience that the meeting agenda was designed with the aim of 
maximising discussion time and hoped that all delegates would be actively engaged. 

The following sections of this report outline the presentations given during the meeting and 
summarise discussions both in plenary and breakout sessions. Copies of the presentations 
(Appendix I) are also available on the network page at the IEAGHG website: 

www.ieaghg.org/index.php?/2009112536/modelling-network-members-area.html. 
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Session 1:  Modelling Methodology and Recent Advances 

1.1 Numerical versus Analytical Approaches,       
 Jan Nordbotten, Bergen University, Norway 

Jan described the complexities and uncertainties associated with predictive modelling and the 
associated mathematical challenges. The CO2 ‘problem’ can be framed with the following 
questions: how fast can we inject, where does it go, and how much may leak? Answers that 
can be derived will be a function of many factors including the expert user, model choices, 
data acquisition, scaling issues, choice of numerical methods and interpretation. 

Jan described model realisations ranging from ‘simple’ analytical approaches to full-physics, 
numerical simulations, and illustrated these with field examples of predicted leakage from old 
wells in Alberta and reservoir permeability in the Norwegian North Sea. Results of 
benchmarking exercises co-ordinated by the University of Stuttgart have shown that 
parameterisation of models is more important than choice of code. 

He concluded his talk with the following points: 

• Mathematical model describing geological storage can only be solved approximately; 
• Analytical and numerical methods represent the end-members of a suite of 

approximation strategies; 
• The balance and value of either approach must be judged carefully for any given 

application, as not only quantitative, but qualitative errors may be introduced; 
• The uncertainty introduced in approximate solutions must be seen also in the context 

of uncertainties in the overall geological description. 

Questions from the audience related to up-scaling of heterogeneity and flow, from pore scale 
into modelling grids. Jan confirmed this as a challenging area for researchers, and also 
explained that analytical models can be usefully applied to check results from more complex 
approaches. 

1.2 Coupling of Processes, Karsten Pruess,      
 Lawrence Berkeley National Laboratory, USA 

Karsten described the significance of coupling processes and some of the challenges 
involved, by describing some potential interactions of processes as summarised in Table 1 
below. 

To illustrate potential thermal effects, Karsten described leakage through open wellbores and 
accumulations of CO2 at shallow depth. Chemical effects were considered in respect of 
water-rock interactions affecting caprocks, whilst mechanical effects were described in terms 
of pressure induced slipping of faults. Karsten also described how coupling of flow and 
chemical effects could be used to assess rates of CO2 dissolution into formation brines. 



 

 

Table 1. Examples of Process Interactions 
Coupling 
Aspects 

Thermal Effects Chemical Effects Mechanical Effects 

Flow Changes in: 

• Fluid density 
• Fluid viscosity 
• Surface tension 
• Capillary pressure 
• Relative permeability 

Changes in porosity, 
permeability; weakening 
of caprock capillary entry 
pressure 

Changes in porosity, 
permeability; 

Chemical Temperatures partly 
control fluid-rock reactions 
and associated kinetics 

 Stress concentrations along 
fractures and faults could 
promote leakage 

Mechanical Thermally induced stress Dissolution of minerals in 
fractures/faults could lead 
to shear failures and 
leakage; loss of well 
integrity due to cement 
degradation 

 

 

Karsten concluded his presentation with the following points for discussion: 

• Coupling of processes is most important in connection with failure scenarios (caprock 
and well integrity: leakage along fractures, faults, and wells; mediated by chemical 
and mechanical processes, accompanied by strong thermal effects; mobilisation of 
contaminants); 

• There is a need for mathematical process models and system parameters on 
appropriate scales (e.g., rates of fluid-rock reactions; in situ stresses and stiffness of 
joints; anisotropic conductivity of faults); 

• Observations must be made at appropriate scales (i.e. natural analogues, field tests); 
• The alternative approaches to F-T-C-M (Fluid-Thermal-Chemical-Mechanical) 

process modelling: full coupling vs. “divide and conquer” by tackling individual 
processes; 

• Effective modelling of multi-scale effects, such as convectively-enhanced dissolution 
of CO2, remains a difficult challenge. 

In answer to various questions and comments, Karsten agreed that CO2 could impact wetting 
properties and is a topic that requires better understanding, as long term trapping processes 
could be affected. Although coupling of processes could be regarded as less important for 
high quality reservoirs, an understanding of coupling processes is required for integrity 
aspects. Karsten also agreed that induced seismicity is an important area of research for 
public reassurance over storage safety. 

 



 

1.3  Advances in Modelling of Experiments, Mike Krause, Stanford University, USA 

Mike described core scale experimentation at Stanford University used to assess the ability of 
models to re-create experimental observations, and discussed the factors that affect this 
correlation.  

Mike concluded his talk by stating that the accuracy of modelling core-flood experiments can 
vary from poor to very good, depending on sample permeability and heterogeneity; that 
accurate permeability representation is critical; and that these studies can be used to further 
investigate other effects such as residual trapping and the influence of factors including 
relative permeability, capillary pressure and gravity. 

In response to various questions, Mike commented as follows: 

• Creating realistic experimental conditions was challenging;  
• Capillary pressure measurements were all converted to CO2-brine values;  
• Further research is focussing on gravitational effects; 
• Based on history matching and a homogeneous modelling grid, relative permeability 

curves showed an endpoint of 0.2; this will be further assessed using a heterogeneous 
grid. 

1.4  Pore Scale Processes, Thomas Dewers, Sandia National Laboratory, USA 

Thomas gave a detailed technical presentation, looking at modelling methodologies as 
applied to pore scale processes, with particular emphasis on caprock pore networks. 

The presentation was concluded with the following points for discussion: 

1. Where(or what?)  is best role/niche for pore scale modelling in CCS? 
2. To what extent is pore shape, pore-lining mineralogy, and organic content as or more 

important than pore throat size in predicting multiphase flow behaviour in reservoir 
and seal lithologies? 

3. How best to account for stress/pore pressure effects in stress-sensitive materials?  
4. How best to upscale (include in continuum scale) so as not to lose important dynamic 

information? 
5.  To what extent does the initial structure (arrangement of permeable and impermeable 

strata) control the flow pattern of a reactive perturbation?  
6. What other methods for pore network characterization can be brought to bear (e.g. 3D 

TEM, Neutron Scattering). 

Thomas explained that the alternative simulations shown were examples to illustrate that a 
variety of approaches are available. Research is being used to assess fracture structures in 
caprocks at a variety of scales. 



 

Session 2:  Integrated Roles and Objectives of Modelling 

2.1  Simulation for Capacity Analysis – Effects of Pressurisation,   
 Andrew Cavanagh, Permedia Research, Canada 

This presentation focussed on the topical issue of pressurisation of deep saline formations 
during CO2 injection, including research currently being undertaken for a study 
commissioned by IEAGHG. Limitations imposed by compressibility mean that efficient use 
of pore space for storage capacity requires displacement of pore fluids during injection. 

In this context, Andy showed how assumed boundary conditions become critical for 
estimation of storage capacity and predictive modelling. Examining empirical relationships 
between threshold pressure, permeability, porosity and depth, Andy discussed the validity of 
closed (impermeable) conditions for modelling. Such assumptions would be at odds with, for 
example, field observations of hydrocarbon accumulations in the North Sea. 

The talk concluded that: closed boundaries for predictive models are only valid for extreme 
low-permeability caprocks (in the order of nanodarcies, or 10-21 m2) ; rock matrix porosity is 
unlikely to be the dominant flow medium in shales and consequently, micro- or meso-scale 
measurements may not provide valid constraints for macroscopic flow simulations. 

2.2  Simulation for Regulators, Gregory Schnaar, DB Stephens and Associates, USA 

This talk focussed on how modelling can be used to support protection of potable aquifers, 
and posed the question as to whether regulations can ensure that modelling is performed 
‘correctly’. 

The presentation concluded with the following challenges for future permitting: 

• Reducing and characterizing model sensitivity and resulting uncertainty; 
• Incorporating data from disparate scales and of varying quality; 
• Demonstration of model comparison to monitoring data and calibration; 
• Modelling pressure dynamics, including dissipation; 
• Development of integrated platforms. 

2.3  Simulation for Risk Assessment (RA), Mike Stenhouse, INTERA, USA 

This presentation outlined a broad overview of risk assessment frameworks for CO2 storage, 
modelling tools available and uncertainty. 

Mike’s talk covered the following themes: 

• Frameworks for the RA process – these already exist, so no development work is 
needed in this area; 

• RA, including treatment of uncertainties, is likely to be an important and necessary 
component of submission to regulators; 

• Risk management is also important – this effectively means the inclusion of 
remediation plans to gain regulator and public confidence; 

• Natural analogues can provide useful fields of study; 



 

• Biosphere potential impacts are currently an active area of research’ 

Mike concluded his talk by posing the question – would public domain simulation codes help 
build confidence in storage assessment? 

2.4  Performance Targets and Storage Site Closure, Marius Lunde, DNV, Norway 

This talk was based on work undertaken in the CO2QUALSTORE project, with emphasis on 
reservoir simulations for performance targets (PT) and the assessment of uncertainty and risk 
for site closures. 

Marius described how PT’s are determined within the context of risk management 
frameworks, and how this process can be used to unify industry approaches, facilitate 
effective regulations, and accelerate CCS deployment by increased confidence in the safety 
of the technology. Governmental requirements from the EU and US were cited as examples 
of how PT’s form an integral part of regulation. 

Closing remarks in the presentation were as follows: 

 PT’s create project-specific ways to help demonstrate fulfilment of qualification 
goals; 

 PT’s enable regulators to present and assess their concerns along with the project 
developers, and developers to know within which frameworks they need to operate all 
the way from the initial stage; 

 PT’s that are closure-oriented assist transfer of liability by providing provable targets 
that are set and agreed upon by all parties; 

 Use of reservoir simulations helps demonstrate control of the uncertainties in the 
prediction of capacity, injectivity and containment, i.e. effective control of site 
operations. 

2.5  Breakout Groups from Sessions 1 and 2: Discussion of Recent Advances; Where 
Should R&D Efforts Focus to Improve Modelling Results? 

Delegates were divided into 3 breakout groups for discussion sessions at the end of sessions 1 
and 2 on Day 1. The groups provided feedback from their discussions on the morning of Day 
2 (Appendix A). The following provides a brief account of common themes that emerged 
from the breakout group’s feedback. 

Recent Advances 

Since the number and scale of operational CO2 storage projects around the world has not 
increased significantly since the first network meeting of 12 months previous, some of the 
debates queried whether major advances have been made. There was also discussion on the 
value of laboratory scale research in the context of the need to implement CCS on an 
industrial scale, for example the IEA 2009 CCS Roadmap stipulates that 100 commercial 
scale storage projects need to be in operation by 2020. 

Despite the problems associated with up-scaling of properties to predictive site modelling, 
research at the laboratory/core scale still advances scientific understanding, which is 
particularly relevant to caprock studies and potential leakage mechanisms. 



 

Nevertheless, there was also recognition that large scale storage demonstration projects are 
urgently required to provide new learnings and insights into storage, in the context of 
widespread industrial development. The linked issues of pressurisation and brine 
displacement in deep saline formation storage are key to widespread deployment. Whilst 
several modelling efforts are looking at these topics and other related issues including risks to 
groundwater and induced seismicity, demonstration projects again are required to really 
demonstrate the capacity, injectivity and integrity of deep saline formations for CO2 storage. 

Future R&D Focus 

The discussions on priority issues for R&D inevitably threw up some of the knowledge gaps 
highlighted by the discussion sessions in the first network meeting in Orleans (Appendix B), 
and reference should be made to the summary report of that meeting, (IEAGHG Report 
2009/05) 

Discussions in the breakout groups again emphasised the urgent need for large scale 
demonstration projects, plus research/pilot scale work for particular topics, e.g. controlled 
leakage, or unconventional storage media such as basalts and shales. 

Topics that participants felt were of pressing concern for modellers and in need of further 
research included: 

• Storage engineering options, e.g. brine extraction; 
• Wettability and relative permeability; 
• Rates of CO2 dissolution into formation brines; 
• Efficiency of capillary trapping; 
• Coupling of processes, and the merits of modelling processes separately to aid up-

scaling (the ‘divide and conquer’ approach); 
• Realistic boundary conditions for flow modelling. 

Session 3:  Modelling of Real Storage Projects: Case Studies 

Calibration with Monitoring Results 

3.1  Sleipner and In-Salah, Varun Singh, Statoil, Norway 

Varun described modelling work undertaken for the Sleipner and In Salah projects. He 
described the key insights that Statoil have gained from their experience of injection projects: 

1. The Sleipner data (time-lapse seismic) implies a CO2 plume where gravity is 
dominant and plume dispersion is significantly less than initially supposed; 

2. The In Salah plume (well observations and InSAR data) is strongly influenced by 
fracture flow and geo-mechanical response. 

Both projects are showing that detailed specification of reservoir simulation input data is key 
to any meaningful long-term forecasting. 

In answer to a question, Varun stated that Statoil had used non-standard, migration modelling 
as dictated by monitoring data. 



 

3.2  Otway, Jonathan Ennis-King, CO2CRC, Australia 

Jonathan presented a comprehensive summary of modelling efforts for the Otway project. 
Key aspects presented can be summarised as follows: 

• Calibrated numerical models can reproduce the key features of the monitoring data 
e.g. breakthrough curves, seismic amplitude difference. But there are always 
surprises!  

• The objective should be a suite of history matches, so that model uncertainties can be 
estimated.  

• Comparison of field sampling data and simulation requires a detailed understanding 
of the physics of the sampling. 

• Downhole gauge data (pressure and temperature) are very valuable for calibrating the 
geological model. 

• Heterogeneity has an important influence on breakthrough curves, and needs careful 
characterisation. 

• Tracer simulation needs improvement. Do other couplings matter here?  

In answer to a question from the audience, Jonathan confirmed that history matching was 
computed manually to allow the best possible fit of modelling with monitoring data. 

3.3  Nagaoka, Saeko Mito-Adachi, RITE, Japan 

After giving an overview of the Nagaoka pilot project, Saeko described history matching of 
modelling with the monitoring results of the injection and post-injection phases. The 
presentation concluded with the following important points: 

• Anisotropy of permeability in the reservoir is a critical parameter to fit simulation 
results to monitoring results in the Nagaoka case; 

• Feedback of monitoring results is necessary to improve long-term prediction of CO2 
behaviour by allowing calibration of predictive models with real-world data; 

• The project will provide the first field data set of residual gas saturation and dissolved 
CO2, although it needs to be stressed that the salinity of the formation brine is 
relatively low (measured as 10,000ppm at the injection point), thus increasing 
potential for dissolution compared to many saline formation storage prospects which 
may have salinity an order of magnitude higher. 

Saeko confirmed that the permeability of the storage formation was relatively low, with a 
measured permeability of 7mD, common to many Japanese storage prospects. 

Simulation for Site Characterisation 

3.4  Mount Simon Sandstone, Scott Frailey, ISGS and MGSC, USA 

This presentation was based on experiences gained during the Illinois Basin Decatur Project. 
The storage unit is present within a thick sequence of Cambrian sandstones at depths of 
between 5,405’ (1,647m) and 7165’ (2,184m), with measured horizontal permeability in the 
injection zone of 26mD. 



 

Scott gave a detailed description of experiences and insights gained from site investigation 
and associated laboratory testing programmes, with the focus very much on establishing a 
sound geological model with realistic representations of geological heterogeneity and 
associated permeability anisotropy. Scott summarised the key messages from his talk as 
follows: 

• Water injection in the well had been used to validate the geologic model of injection 
zone; very good agreement had been established between the results of core analysis, 
logging and pressure tests; 

• The project had established a unique method used to transform core porosity to well 
log porosity; 

• Vertical permeability is very important to plume distribution, and is extremely 
sensitive to scale (grid size issues for modelling); 

• The project has produced a non-unique geologic site model for layer heterogeneity. 
 
Scott concluded by emphasising that significant model uncertainty can be expected for 
reservoir characterization in thick, porous and permeable formations, due to the difficulty of 
upscaling data from core analysis and field testing of limited intervals.  

In response to questions, Scott was unable to comment on possible fractal relationships 
illustrated by graphical plots, and confirmed that vertical pore scale index had not been taken 
into account in work to date. 

3.5  Shell Australia Methodology, Aman Chauhan, Shell, Australia 

This talk described the Shell workflow for site selection, evaluation and modelling, before 
outlining some lessons learnt from dynamic modelling to date. The basic workflow for 
storage assessment involves establishment of geological setting (containment), pore volume 
(capacity), injectivity and then dynamic modelling, the latter being sensitive to grid sizes, 
capillary pressures and vertical heterogeneity. 

Aman firstly showed how choice of grid size in numerical models can have a dramatic impact 
on results. Coarse grid block sizes, often used for initial assessments can distort results, e.g. 
showing slower vertical migration, or leading to faster breakthrough times but with 
corresponding longer periods to achieving high saturation. Grid size sensitivity should always 
be assessed. 

The talk then focussed on relative permeability curves, examining some of the experimental 
effects such as solubility issues, mobility ratios and fluid compressibility that can create 
difficulty in interpreting test results. Aman posed the questions – can pH reduction alter 
wettability, and what is the effect of capillary trapping? 

The effects of capillary pressures for shale layers were also discussed. Aman concluded that 
modelling of the lateral continuity, frequency and orientation of shale layers is critical and 
needs to be explicitly modelled. 

In wrapping up his talk, Aman posed some technical discussion points for the meeting, 
including the need for experimentation to capture: three phase mutual solubility; the effects 
of wettability alteration on hysteresis; better understanding of relative permeability; and 
upscaling issues for core scale capillary trapping results due to gravity override. 



 

3.6  Panel Debate on Modelling from Real Projects 

The panel debate for the 5 presenters in Session 3 took the form of a question and answer 
session. The panel members Aman Chauhan (AC), Varun Singh (VS), Jonathan Ennis-King 
(JEK), Saeko Mito-Adachi (SMA) and Scott Frailey (SF) gave the following responses to 
questions and comments from the audience. 

Q: Could AC confirm that he does not consider critical gas saturation to be an important 
parameter? 

AC: Critical gas saturation is not an important consideration in comparison to capillary 
threshold pressure. 

Q: Could AC give some further comment on up-scaling issues? 

AC: Up-scaling from coarse to fine grids was performed using ‘pseudo’ properties, but not 
for dynamic up-scaling. 

Q: How successful was the use of tracers for the Otway project – the presentation 
mentioned a need for improvement. 

JEK: Tracer data at Otway was considered to be good, some scattering was observed and 
this may be due to some sticking to seals. 

Q: Can VS comment on which wells were used to inform the In-Salah model? 

VS: Modelling realisations were based on 2 wells, with further borehole control available 
if needed. 

Q: Can VS comment on the permeability of the storage formation at In-Salah, is the low 
permeability a problem? 

VS: Seismic data used to populate the pre-injection fracture model suggested a low 
permeability, whilst actual injection revealed a slightly higher permeability. Actual 
data will always result in changes to initial models. It is definitely not the case that 
200mD is too impermeable for injection projects; permeability must be considered in 
relation to other site-specific factors. 

Q: Can SMA comment further on the earthquakes that occurred at Nagaoka? 

SMA: There is no evidence that the two earthquakes that occurred in the Nagaoka region 
were either caused by the injection project, or resulted in damage to the storage site. 

Q: Capillary pressure effects are strongest at the interface between CO2 and brine and 
therefore less significant at reservoir scale? 

AC: Capillary pressure effects will become more significant in reservoirs with marked 
heterogeneity, which can be anticipated in most real geological situations. 

Q: Can AC comment if solubility be changed to reduce the effects of model grid size? 



 

AC: The effect of grid size on modelling results can be reduced by assuming solubility 
equal to zero, but this is not considered to be realistic. 

Q: Is the water injection testing in the Decatur project widely practised? 

SF: Water injection testing as used to validate the Mount Simon Sandstone model is not 
‘standard’ practice, but was based on practical considerations of not damaging the 
reservoir and this technique has been used by the oil and gas industry in the past. 

Bert van der Meer, who chaired the debate, then asked the panel what lessons they had learnt 
from their projects. The responses were: 

• Objectives of modelling and history matching need to be defined. Fluid models are 
often not critical to history matching, but heterogeneity is important. 

• Models need to provide a range of possible outcomes, which can be refined with time 
and experience. 

• Initial pilot/demonstration injection projects are vital to obtain data for predictive 
models. 

• Current models can give good estimations, despite existing knowledge gaps – the 
objectives of modelling need to be defined. 

• Quality of input data is vital for modelling and it is important to understand the 
limitations of simulations and associated outputs. 

Bert wrapped up the debate by reminding the meeting of the importance of a conservative 
approach to modelling, as CCS timescales are long and potential impacts could be long 
lasting. Good data are also essential to meaningful modelling. 



 

Session 4: International Efforts towards Best Practice and   
  Modelling Protocols 

4.1  SACS/CO2Store Aquifer Storage, Bert van der Meer, TNO, Netherlands 

Bert presented work resulting from modelling work on the Sleipner injection scheme that 
formed part of the SACS/CO2Store best practice manuals (BPM). A basic description of the 
geological setting of the Sleipner storage site was given, and Bert emphasised that available 
data is essentially restricted to that derived from regional well logging and seismic surveys. 

Two alternative modelling approaches had underpinned the BPM, based on differing methods 
employed by SINTEF (Norway) and TNO. The resulting models are however in broad 
agreement and provide a reasonable match to seismic monitoring of the plume development. 
One key difference in the model assumptions was that TNO assumed shale layers within the 
Utsira Sand storage formation were continuous with breakthrough governed by capillary 
entry pressure, whilst SINTEF assumed the presence of randomly distributed ‘holes’. 

Bert stated that there were many misconceptions concerning storage in the scientific 
community, and finished his talk with the following questions: 

• Do we have the responsibility to come up with realistic estimations? 
• What (type of) data do we need? 
• Are available simulators capable of predicting performance (both in the short and long 

term, noting CO2 dissolution is not yet validated in the field)? 

4.2  US DOE/NETL Regional Partnerships,      
Brian McPherson, University of Utah, USA 

The US Regional Partnerships Programme aims to achieve a modelling practice comparison 
by evaluating model development practices of different groups within the regional 
partnerships. This special project initiative for US DOE/NETL, ‘Sim-Seq’, will utilise 
measured site characterisation data from one or more locations to provide the basis for a 
benchmarking exercise. A GS3 software platform will be used to facilitate common data 
management and modelling systems. 

The ‘Sim-Seq’ initiative will encourage new approaches, improve model development and 
shed further light on modelling uncertainties. A key underlying aim of ‘Sim-Seq’ is to 
demonstrate that storage system behaviour can be demonstrated with confidence. 

The results of the project will be utilised to feed into Best Practice Protocols for predictive 
modelling of the main storage scenarios – deep saline, enhanced oil recovery and enhanced 
coal bed methane. The accompanying Best Practice Manual will contain the following 
sections for each scenario: 

1. Subject Processes (T-H-M-C-B, i.e., thermo-hydraulic-mechanical-chemical-
biological processes) 

2. Pre-Injection Simulation Analyses 
3. During-Injection Simulation Analyses 
4. Post-Injection Simulation Analyses 



 

5. Collaboration, Technology Transfer Among Project Tasks (Site Characterization, 
MVA, Risk Assessment) 

6. Integration with Surface Analyses 
7. Code Standards and Selection 
8. Modelling Practice Comparison  

4.3  IEAGHG Weyburn-Midale Phase II, Ben Rostron, University of Alberta, Canada 

After giving a brief overview of the CO2-EOR operations in the Weyburn and Midale fields 
and the associated IEAGHG Weyburn-Midale Monitoring Project (Phase II), Ben gave the 
following conclusions about best practices early in his presentation: 

• Simulation studies are critical in integrating activities to form a coherent project; 
• Geological storage needs different types of simulations; 
• All simulations must honour geological and conceptual models; 
• There is still a ‘long way to go’ in the development of simulation tools and 

techniques. 

Ben went on to justify these statements by showing experiences and results derived from 
Weyburn. Key issues experienced had included: putting adequate geological representations 
into simulators (e.g. upscaling issues); incorporating realistic boundary conditions (e.g. initial 
conditions and pressure evolution; and matching numerical and conceptual models. 

Phase II of the project will deliver a Best Practice Manual on utilizing CO2-EOR operations 
for geological storage, and guidelines for modeling will form a core part of that deliverable. 

4.4  Plenary Discussion Session on Best Practice and Protocols 

This plenary discussion session was designed to elicit opinion from the participants on the 
merits of formulating best practice guidelines or protocols for modelling, and possible 
involvement of the network in such projects. 

The first comment from the audience warned that care needed to be taken in formulating 
guidelines, in not creating future problems. An example is the often quoted 1% leakage target 
over 1,000 years given in the IPCC Special Report on CCS – an arbitrary goal that has no 
scientific basis and that has been picked up by regulators. Notwithstanding this note of 
caution, project operators would perhaps welcome guidelines, provided that over-prescription 
was avoided. The site-specific aspects of predictive modelling should always be emphasised. 

Some debate followed on semantics – for example, whether ‘recommendations’ would be 
more appropriate than ‘guidelines’, especially in relation to work that could be done under 
the umbrella of the network. 

A suggestion was made that members of the network could come together to write a synthesis 
paper on a voluntary basis. However, it was pointed out that the IEAGHG wellbore integrity 
network had held similar ambitions, but in reality the constraints on members’ time meant 
that the objective had never been achieved. ‘Writing by committee’ is a difficult task to co-
ordinate. 



 

Another suggestion was that the network could look to provide training materials, for 
example for professional development courses. However, a consensus view emerged that this 
would be straying into the territory of academia and consultancies.  

There was a lively debate as to the growing tendency for industry to guard intellectual 
property rights, at the expense of knowledge sharing which is vital in the early deployment of 
CCS. A more optimistic note was struck by the example of industry and researchers working 
together in the Netherlands. 

In summing up the discussion on best practice and protocols, Neil Wildgust thanked all the 
participants for engaging in this debate. IEAGHG would consider some of the comments and 
suggestions made, however Neil reminded the audience that the network has no formal 
resources and so work undertaken outside of meetings would rely on time donated by 
members or would require resources to be sanctioned by the IEAGHG Executive Committee 
(e.g. proposed studies arising from network suggestions). 

Neil also pointed out that it could be a sensible strategy for the network to look at best 
practice guidelines and protocols emerging from the US Regional Partnerships Program and 
other regional efforts, before placing an international context on these projects at network 
meetings. There was also scope to gather specific modelling information as part of the ‘What 
Have We Learnt’ work activity, undertaken on a cyclical basis by IEAGHG on behalf of the 
GCCSI (Global CCS Institute). 

Concluding Remarks at the Meeting 

Neil Wildgust and Brian McPherson concluded the meeting by offering thanks to the hosts 
and sponsors for enabling the event to take place, to volunteers on the steering committee 
who had worked hard to set the agenda, to the excellent set of speakers and to all participants 
for their valued contributions in the meeting. 

Neil also reminded the audience that presentations from the meeting would be posted on the 
network page of the IEAGHG website (www.ieaghg.org), and that a summary report of the 
meeting proceedings would follow. There is also an intention to launch a web-based 
discussion forum for the network in the near future. 

Meeting Conclusions 

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. However, there was a consensus that an increased number of 
large-scale storage projects are required to provide data with which modelling methods can 
be calibrated. 

Priority topics identified for further research by the meeting included: 

• Storage engineering options, e.g. brine extraction; 
• Wettability and relative permeability; 
• Rates of CO2 dissolution into formation brines; 
• Efficiency of capillary trapping; 

http://www.ieaghg.org/�


 

• Coupling of processes, and the merits of modelling processes separately to aid up-
scaling (the ‘divide and conquer’ approach); 

• Realistic boundary conditions for flow modelling. 

Presentation and discussion of modelling experiences from real projects in Session 3 
provided the scope for debate and the following concluding remarks were made by the 
presenters: 

• Objectives of modelling and history matching need to be defined. Fluid models are 
often not critical to history matching, but heterogeneity is important. 

• Models need to provide a range of possible outcomes, which can be refined with time 
and experience. 

• Initial pilot/demonstration injection projects are vital to obtain data for predictive 
models. 

• Current models can give good estimations, despite existing knowledge gaps – the 
objectives of modelling need to be defined. 

• Quality of input data is vital for modelling and it is important to understand the 
limitations of simulations and associated outputs. 

Session 4 provided details on some of the current international efforts to provide best practice 
guidelines and protocols on modelling. A consensus view emerged that the network could 
best contribute to these efforts by encouraging collaboration and using future meetings to 
build towards recommendations for best practice, rather than formal guidelines. 



2nd CO2 Geological Storage 
Modelling Network Meeting 

16th—17th February 2010 
University of Utah, Salt Lake City, USA 

Organised by 
 

IEAGHG and University of Utah 
 
 
 

Hosted by 
 

University of Utah 

Salt Lake City 



Session 1: Modelling Methodology and Recent Developments Chair: Karsten Pruess and  Pascal Audigane  

09.30 to 09.40 
 

09.40 to 10.00 
 

10.00 to 10.20 
 

10.20 to 10.40 
 

10.40 to 11.00 

11.00 to 11.30 Coffee Break  Sponsored by Headwaters 

14.00 to  14.10  
 

14.10 to 14.30 
 

14.30 to 14.50 
 

14.50 to 15.10 
 

15.10 to 15.30 

09.00 to 09.15 
 

09.15 to 09.30  

Welcome and Outline of agenda : Neil Wildgust; IEAGHG 
 

Orleans workshop outcomes and objectives of this meeting: Brian McPherson; University of Utah 

Introduction 
 

Numerical Versus Analytical Aproaches:  Jan Nordbotten; Bergen University 
 

Coupling of Processes: Karsten Pruess; LBNL 
 

Advances in Modelling of Experiments:  Mike Krause; Stanford University 
 

Pore Scale Processes: Grant Bromhall; NETL and Thomas  Dewers; Sandia National Laboratory  

13.00 to 14.00 Lunch  

Introduction 
 

Simulation for Capacity Analysis: Effects of Pressurisation: Andrew Cavanagh; Permedia 
 

Simulation for Regulators: Gregory Schnaar; DB Stephens & Associates 
 

Simulation for Risk Assessment: Mike Stenhouse; INTERA 
 

Simulation for Carbon Credits: Marius Lunde; DNV 

15.30 to 16.00 Coffee Break  Sponsored by Headwaters 

Session 2: Integrated Roles and Objectives of Modelling Chair: Brian McPherson and Neil Wildgust 

16.00 to 17.30 Breakout discussion groups. Theme: Where Should R&D Efforts Focus to Improve Modelling Result? 

16th February 2010 Day 1 
08.00 to 09.00 Registration  



08.00 to 09.30 Collated feedback from session 1 and 2 

Session 3 Modelling of Real Storage Projects: Case Studies Chair: Anthony Michel and Bert van der Meer 

17th February 2010 Day 2 

13.00 to 14.00 Lunch  

 
 

11.15 to 11.40 
 

11.40 to 12.10 
 

12.10 to 13.00 

Simulation for Site Characterisation 
 

Mount Simon Sandstone: Scott Frailey ; ISGS and MGSC 
 

Shell Australia Methodology: Aman Chauhan; Shell 
 

Panel Discussion: Lessons Learnt from Modelling of Real Storage Projects 

14.00 to 14.10  
 

14.10 to 14.30 
 

14.30 to 14.50 
 

14.50 to 15.10 

15.30 to 16.30 
 
 

16.30 to 17.00 

Breakout discussion groups. Theme: Optimising Best Practices and Protocols to Maximise Confidence in 
Modelling as a CCS Tool: Potential Contribution of the Network 
 

Final Discussion session and wrap up of meeting: Neil Wildgust; IEAGHG, Isabelle Czernichowski-Lauriol; 

15.10 to 15.30 Coffee Break Sponsored by Headwaters 

Session 4 International Effort Towards Best Practice and Modelling Protocols Chair: Brian McPherson 
and Stefan Bachu  

Introduction 
 

SACS/CO2Store Aquifer Storage: Bert van der Meer; TNO 
 

Sim-Seq: Jens Birkholzer; LBNL and Brian McPherson; University of Utah 
 

Weyburn-Midale Phase 2: Ben Rostron; University of Alberta 

09.30 to 09.35 
 
 
 

09.35 to 10.00 
 

10.00 to 10.25 
 

10.25 to 10.50 

Introduction 
 

Calibration with Monitoring Results 
 

Sleipner and In Salah: Varun Singh; Statoil 
 

Otway: Jonathan Ennis-King; CO2CRC 
 

Nagaoka: Saeko Mito-Adachi; RITE 

10.50 to 11.15 Coffee Break  Sponsored by Headwaters 

Close Day 2 



18th February 2010 Day 3 

07.00  Bus leaves from the University Guest House. Lunch will be provided 
 
Crystal Geezer provides an excellent analogue for CO2 geological storage and potential leakage mechanisms. 
Participants will need to bring suitable sturdy footwear (e.g. hiking boots) and warm outdoor clothing.  

Crystal Geyser Tour Sponsored by USTAR, Utah Science, Technology and Research initiative  



               ATTENDEE LIST 
 

    2nd CO2 Geological Storage Modelling Network Meeting 
16th—17th February University of Utah, Salt lake City, Utah, USA 

Toby Aiken, IEAGHG Chitoshi Akasaka, J Power 

Pascal Audigane, BRGM Stefan Bachu, Alberta Innovates – Technology Futures 

Alfredo Battistelli, Saipem SpA Jens Birkholzer, LBNL 

Patrick Boisvert, CanmetENERGY Grant Bromhal, USDOE/NETL 

Andrew Cavanagh, Permedia Research Lu Chuan, Energy and GeoScience Institute 

Eddy Chui, CanmetENGERY Isabelle Chernichowski-Lauriol, BRGM 

James Damico, University of Utah Milind Deo, University of Utah 

Thomas Dewers, Sandia National Laboratory Sevket Durucan, Imperial College London 

Jonathan Ennis-King, CO2CRC/CSIRO Scott Frailey, Illinois State Geological Survey 

Charles Gorecki, Energy & Environment Center Weon Shik Han, Energy and GeoScience Institiute 

Cornelis Hofstee, TNO Venkata Pradeep Indrakanti, Leonardo Technologies 

Yuki Kano, Geological Survey of Japan/AIST Anna Korre, Imperial College London 

Michael Krause, Stanford University Si-Yong Lee, Energy and GeoScience Institiute 

Yann le Gallo, Geogreen Fue-Sang Lien, University of Waterloo 

Marius Lunde, Det Norske Veritas John Mavor, Headwaters Clean Carbon Services (HCCS) 

Eric May, University of Western Australia Brian McPherson, University of Utah 

Richard Metcalfe, Quintessa Limited Anthony Michel, IFP 

Saeko Mito-Adachi, RITE Emmanuel Mouche, CEA 

Jean-Philppe Nicot, texas Bureau of Economic Geology Yuiji Nishi, Geological Survey of Japan/AIST 

Jan Martin Nordbotten, University of Bergen Dan Palombi, Alberta innovates -  Technology Futures 

Karsten Pruess, LBNL Richard Rhudy, EPRI 

Ben Rostron, University of Alberta Dave Ryan, Natural resources Canada 

Gregory Schnaar, Daniel B. Stephens & Associates Inc. Darius Seyedi, BRGM 

Varunendra Singh, Statoil Joel Sminchak, Battelle 

Michael Stenhouse, INTERA Inc. Robert Trautz, EPRI 

Laurent Trenty, IFP Bert van der Meer, TNO 

Lingli Wei, Shell Klaus Udo Weyer, WDA Consultants Inc. 

Mark White, PNNL Neil Wildgust, IEAGHG 

Yitian Xiao, ExxonMobil upstream Research Company Qiang Xu, Chevron 


	Cover
	2010 Modelling Report - Revised
	Executive Summary
	Contents
	Introduction
	Session 1:  Modelling Methodology and Recent Advances
	1.1 Numerical versus Analytical Approaches,        Jan Nordbotten, Bergen University, Norway
	1.2 Coupling of Processes, Karsten Pruess,       Lawrence Berkeley National Laboratory, USA
	1.3  Advances in Modelling of Experiments, Mike Krause, Stanford University, USA
	1.4  Pore Scale Processes, Thomas Dewers, Sandia National Laboratory, USA

	Session 2:  Integrated Roles and Objectives of Modelling
	2.1  Simulation for Capacity Analysis – Effects of Pressurisation,    Andrew Cavanagh, Permedia Research, Canada
	2.2  Simulation for Regulators, Gregory Schnaar, DB Stephens and Associates, USA
	2.3  Simulation for Risk Assessment (RA), Mike Stenhouse, INTERA, USA
	2.4  Performance Targets and Storage Site Closure, Marius Lunde, DNV, Norway
	2.5  Breakout Groups from Sessions 1 and 2: Discussion of Recent Advances; Where Should R&D Efforts Focus to Improve Modelling Results?
	Recent Advances
	Future R&D Focus


	Session 3:  Modelling of Real Storage Projects: Case Studies
	Calibration with Monitoring Results
	3.1  Sleipner and In-Salah, Varun Singh, Statoil, Norway
	3.2  Otway, Jonathan Ennis-King, CO2CRC, Australia
	3.3  Nagaoka, Saeko Mito-Adachi, RITE, Japan

	Simulation for Site Characterisation
	3.4  Mount Simon Sandstone, Scott Frailey, ISGS and MGSC, USA
	3.5  Shell Australia Methodology, Aman Chauhan, Shell, Australia
	3.6  Panel Debate on Modelling from Real Projects


	Session 4: International Efforts towards Best Practice and     Modelling Protocols
	4.1  SACS/CO2Store Aquifer Storage, Bert van der Meer, TNO, Netherlands
	4.2  US DOE/NETL Regional Partnerships,
	Brian McPherson, University of Utah, USA
	4.3  IEAGHG Weyburn-Midale Phase II, Ben Rostron, University of Alberta, Canada
	4.4  Plenary Discussion Session on Best Practice and Protocols
	Concluding Remarks at the Meeting
	Meeting Conclusions


	Agenda
	2modAgenda
	2modAgenda2

	Delegate List

