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  Request from the IEAGHG For the risk scenario undesired CO 2 migration in the subsurface The state of knowledge of novel and standard mitigation and remediation practices and associated costs Review of mitigation plans in place on current/past/future CO 2 geological projects Context Less information in the public domain on this topic compared to other ones, but increasing interest Europe, Directive on GCS: the permit application shall include a corrective measures plan USA, U.S. Federal Requirements under the UIC Program for CGS Wells: the owner or operator must provide an emergency and remedial response plan as part of the permit application Australia, Offshore Petroleum and Greenhouse Gas Storage Act 2006: well operations management plan with explanations on how the risks can be dealt with Approach, three main questions Which are the current mitigation and remediation techniques contemplated in the literature? From an operational perspective which measure is achievable? how to distinguish/prioritize among various feasible measures? How is this measure incorporated/integrated in the intervention plan or set-up in case of a detected CO In the study, comprehensive state of knowledge of mitigation and remediation practices, standard and technically feasible or innovative and under development Considered measure types: 1. Interventions on wells 2. Fluid management techniques 3. Breakthrough technologies 4. Remediation measures on potential impacts Interventions on wells 6 After Randhol et al. 2007 Operations on: Wellhead (repair) Packers (replacement) Tubing (repair) Casing (squeeze cementing, casing patch, swaging) Well (well killing, relief well) Similar operations for managing abandoned wells Requirements for wells P&A to be followed for injection wells and leaking abandoned wells 7 th Trondheim CCS Conference, June 5 -6, 2013 Fluid management techniques Akervoll et al., 2009. as an alternative option for well cementing 2-Foams and gels for controlling fluids migration 3-Biofilms notably to decrease formation and pathways permeability Operational perspective: Costs Site-specificity, degree of maturity: difficulties in estimating the costs of mitigation and remediation In this study: Literature review on elements given to estimate the intervention costs Qualitative elements given for the described measures Quantitative elements only possible for mature techniques with different scenarios (onshore/offshore, for implementing mitigation and remediation plans Two public plans: Goldeneye project (UK), Gorgon project (Australia) In this study, survey sent to CO 2 storage projects (integrated to the risk assessment plan and to the monitoring plan (site specific) Designed by experts, reviewed by stakeholders Very diverse format depending on the regulations Which measure? Distinction man-made/natural pathways Mostly imply actions on wells Pressure management -considered as preventive rather than corrective measure Immature technologies are not contemplated Remediation measures based essentially on environmental clean-up experience Flexible plan, seen as a support for decisionmaking at the time of an irregularity detection 14 comprehensive portfolio of the remediation and mitigation technologies mentioned in literature 2-qualitative or quantitative criteria to enable a knowledgeable choice 3-methodologies for decision-making 4-best practices in terms of intervention plan set-up and implementation To go forward, some avenues for research: Migration processes understanding and consequences characterization Technologies development and adaptation to the CGS conditions Development of tools for the intervention optimization
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In the study, techniques for the remediation of : (Benson and Hepple, 2005;Rohmer et al., 2010;Zhang et al., 2004;and Sweatman et al., 2010) pH adjustment (spreading of alkaline supplements, irrigation and drainage) Highly site-specific and situation-dependent

In the study, generic elements:

On each measure, on the maturity and intervention specifications The possible methods and approaches for decisionmaking (CBA, CEA, MCA)