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TITLE: Monitoring requirements for CO2 storage sites on the Dutch Continental Shelf

KEM Quality review

Description of the scientific quality of the results (team, research method, research results, quality of the products, ...), if needed
external review result (project evaluation text website)

The overall objective of this project was to provide guidance to CO2 storage operators, the competent authority and
supervisory bodies regarding best practice monitoring plans for CO2 storage in offshore depleted gas fields and saline aquifers.

The project was contracted to DNV Netherlands B. V. The profiles of original team members, as provided in the DNV proposal,
show that the team has a broad expertise covering various areas relevant to the project: experience of offshore activities
including CO2 storage, knowledge of technologies used to monitor CO2 in the subsurface, and experience of risk management
procedures for CO2 storage. There were some changes to the project team later on, and the project manager was changed
twice . While this didn’t affect the quality of the team, it is believed it did have some influence on the continuity of the work
and the quality of final product; the wrap-up and submission of final report was significantly delayed after the formal ending of
the project.

The project started in September 2022 and the draft final report was submitted in November 2023. Based on comments from
EZK and KEM Panel, changes and additions to the report were made. The final report was submitted in early June 2024.

The work consisted of two main tasks:

1) A technical review of all available monitoring tools and techniques that are relevant to the off-shore storage of CO: in saline
aquifers or depleted gas fields.

2) Providing recommendations for developing monitoring plans for off-shore sites of CO2 storage in saline aquifers and depleted
gas fields using a risk-based approach, based on the findings from Task 1.

The approach for executing the project was: performing an extensive literature review, holding an industry workshop on
methodologies that can be employed to select an effective MMV plan. In that workshop, results of Task 1 study were presented
and discussed. Finally, a document was compiled on recommendations for the development of risk-based site specific monitor
plans, defining a hypothetical case that could illustrate how key site characteristics can be evaluated and considered in the
development of an MMV plan using bowtie methodology.

Results of the study were presented in two final reports: a Task 1 report of 73 pages on review of monitoring tools and
techniques, and a Task 2 report of 38 pages on “recommendations for monitoring plans”. Later, the two reports, with some
additions, were combined into a single report of 117 pages.

Task 1 report: Technical review of monitoring tools and techniques

This report provides a comprehensive list of monitoring tools and techniques, including market-ready and/or with high
Technology Readiness Level (2TRL6), that are potentially suitable for monitoring CO: strategies in depleted offshore
hydrocarbon fields and saline aquifers, with a specific focus on relevant applications in the Dutch North Sea. For each
tool/technique, its purpose, application, scope, special considerations for offshore Netherlands, costs, advantages, and
disadvantages are discussed. There is also a short section on data management considerations for data intensive techniques. A
relatively long list of references is also provided; so, relevant literature for each tool/technique can be consulted for additional
information.

Overall, the report is comprehensive and well structured, and all relevant tools are mentioned. It fulfils the objectives that were
delineated in the Request for Proposal.

Task 2 report: Recommendations for monitoring plans

This report provides information on principles of development of Monitoring, Measurement and Verification (MMV) plans, and
describes seven steps of MMV development: define the objectives, describe context, specify monitoring targets, screen
monitoring techniques, select monitoring techniques, plan monitoring activities, and evaluate completeness. There are also
three appendices. Appendix 1 provides a hypothetical example to illustrate how key site characteristics can be evaluated and
considered in the development of an MMV plan. The example is based on a depleted gas field located offshore in the Dutch
North Sea. In Appendix 2, a discussion of infrastructure challenges in the Dutch North Sea that affect the MMV development is
provided. This includes the influence of offshore wind farms and fishing activities on seismic monitoring and the vice versa. In
Appendix 3, the differences in MMV plans for depleted hydrocarbon fields vs. saline aquifers are discussed.

While Task 2 report is well written and contains the main ingredients for the development of an MMV plan, a concluding
section outlining explicit and relevant recommendations for the development of risk-based site-specific MMV plan is missing.
Instead, the application of MMV approach outlined in Task 2 is illustrated in an example in Appendix 4. The example is based on
a hypothetical storage operation typical of a Dutch off-shore site. The screening and selection of MMV tools and techniques are
illustrated with the help of a bow-tie diagram. While this example is useful, it remains generic.

The combined single report, entitled “TASK 1 & 2 - Technical Review of Monitoring Tools & Techniques/Recommendations for
Monitoring Plans”, contains the same material as in the two individual reports with some small additions. In particular, the
Appendix on hypothetical example is a bit extended.




KEM Evaluation of the results

Evaluation whether the research questions are addressed adequately (questions answered, precision and uncertainties on
outcomes, potential consequences on current practice addressed, ..) (project evaluation text website)

There are three main results of this study:

1. A thorough and useful overview of available monitoring tools and techniques that are relevant to the off-shore storage of
COz in saline aquifers or depleted gas fields, including indications of costs and advantages and disadvantages for each
technique.

2. A concise description of principles and various steps of MMV plan development. An outline of basic steps for the
development of an MMV plan is provided. The hypothetical example is useful, although it is not evident that applied procedure
would provide a robust MMV plan.

3. It can be argued that there is no difference between storage sites in saline aquifers and depleted hydrocarbon fields as far as
the applicability of various monitoring tools and techniques is concerned. The key difference between these settings is in the
risk assessment.

These results and deliverables provide a valuable basis for formulating a site-specific MMV plan.

KEM interpretation of the outcome

The interpretation of the results (consequences on methods/data to be used in practice, con risk instrument modules, on
inspection procedures and operator procedures, ..) (project evaluation text website)

The overview of monitoring tools and techniques that are relevant to the off-shore storage of CO2 in saline aquifers or depleted
gas fields is very useful and does not need a follow up study.

While the generic objective, namely providing guidance to CO: storage operators, the competent authority and supervisory
bodies regarding best-practice monitoring plans for CO; storage in offshore depleted gas fields and saline aquifers, has been
achieved. Practical implementation should provide information to assess the remaining gaps.

Closure text for the website

A summary in simple terms of the goal, the outcome and impact on mining policies or toolboxes of the research project (project
evaluation text website)

The overall objective of this project was to provide guidance to CO2 storage operators, the competent authority and
supervisory bodies regarding best practice monitoring plans for CO2 storage in offshore depleted gas fields and saline aquifers.
The work consisted of two main tasks:

1) A technical review of all available monitoring tools and techniques that are relevant to the off-shore storage of CO2 in saline
aquifers or depleted gas fields.

2) Providing recommendations for developing monitoring plans for off-shore sites of CO2 storage in saline aquifers and depleted
gas fields using a risk-based approach, based on the findings from Task 1.

The literature review report provides a comprehensive list of monitoring tools and techniques that are potentially suitable for
monitoring CO; strategies in depleted offshore hydrocarbon fields and saline aquifers, with a specific focus on relevant
applications in the Dutch North Sea. For each tool/technique, its purpose, application, scope, special considerations for offshore
Netherlands, costs, advantages, and disadvantages are discussed. There is also a short section on data management
considerations for data intensive techniques. A relatively long list of references is also provided; so, relevant literature for each
tool/technique can be consulted for additional information.

The second phase report provides information on principles of development of Monitoring, Measurement and Verification
(MMV) plans, and describes seven steps of MMV development: define the objectives, describe context, specify monitoring
targets, screen monitoring techniques, select monitoring techniques, plan monitoring activities, and evaluate completeness.
The applicability of monitoring tools and the development of MMV plan for saline aquifers and depleted hydrocarbon fields are
discussed in an appendix.

There are three main results of this study:

1. A thorough and useful overview of available monitoring tools and techniques that are relevant to the off-shore storage of
COz in saline aquifers or depleted gas fields, including indications of costs and advantages and disadvantages for each
technique.

2. A concise description of principles and various steps of MMV plan development. An outline of basic steps for the
development of an MMV plan is provided. The hypothetical example is useful, although it is not evident that applied procedure
would provide a robust MMV plan.




3. It can be argued that there is no difference between storage sites in saline aquifers and depleted hydrocarbon fields as far as
the applicability of various monitoring tools and techniques is concerned. The key difference between these settings is in the
risk assessment.

These results are generic but provide a useful basis for developing a site-specific MMV plan for storage of CO. in depleted
offshore hydrocarbon fields and saline aquifers.




