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Geological CO2 Leakage

 Define the storage complex

➢ Primary/secondary seals

 Wells

➢ Injection, Monitoring, Legacy?

 Matrix leakage

➢ Slow, likely irrelevant

➢ Geochemistry diffusion-

controlled, likely irrelevant

 Fault leakage

➢ Leakage over relevant time 

scales?

➢ Induced seismicity

➢ Temperature effects?



The Storage Complex

 Important to distinguish 

between Storage Site and 

Storage Complex, 

conceptually and legally

 Storage Complex more 

difficult to understand in 

terms of coupled THMC 

processes

3
Ringrose - How to Store CO2 Underground: Insights from early-mover 

CCS Projects, 2020



What matters and what we monitor

4Shoulders and Hodgkinson, Geoenergy, 2024



Saline Aquifer vs Depleted Reservoir
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Pressure gradient



Pressure evolution in saline aquifers
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Pressure evolution in depleted reservoirs
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A thorough Risk Assessment is key!



ALARP

 CO2 Leakage rates should be ALARP – 

As Low As Reasonably Practical

 Leakage is legally defined, and rates 

should be zero

 Realistic? No! What are monitoring 

detection limits?

 What is a fraction of injected CO2 that 

would be tolerable to leak? 0.01%, 0.1%, 

1%....?

9
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From Li and Liu, 2016 after Schlumberger



Bowtie risk assessment
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Bowties - Barriers

Barriers

➢ Inherent / Natural 

Feature

➢Geological Properties

➢Operational Strategies

➢Engineering (Design, 

Equipment)

➢Monitoring

➢Corrective Action

➢ Public Consultation
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Geological leakage
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Source: DETECT project



TESLA - Technical Evidence Support Logic Assessment

14Shoulders, S., Hodgkinson, J., 2024. Geoenergy 2.



TESLA for Clay Swelling

 Example: Clay swelling in 

CO2 stores can reactivate 

faults 

 One of the major geological 

risks for the planned 

Peterhead CCS project by 

Shell

Busch et al..2020. Int J Greenhouse Gas Control 94, 102924



Summary and Conclusion

 Geological risks relate to reservoir conformance and seal 

containment

➢Prediction of CO2 plume migration in subsurface means 

understanding reservoir structure and heterogeneity

➢Prediction of leakage risks requires understanding of fault and 

(legacy) well location, number and condition

 Risk assessment is key in any CO2 storage project and needs 

to be conducted at several stages of the project, involving all 

subsurface disciplines and key experts
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THANK YOU!
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Clay swelling and fault reactivation
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Busch et al. 2020, Int J GHGC
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