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Context

Estimated that offshore sites represent ~66% of the potential CO2 storage capacity in Europe 

Robust strategies for leakage detection and management needed to comply with international 

marine legislation; EU CCS Directive (2009) monitoring requirements include:

• Comparison between actual and modelled behavior of CO2 and formation water in the storage site

• Detecting significant irregularities

• Detecting leakage of CO2

• Detecting significant adverse effects for the surrounding environment

• Assessing effectiveness of any corrective measures taken (in event of leakage)

• Updating the assessment of the safety and integrity of the storage complex short 

and long timescales 

Precursor projects (ECO2, QICS, ETI) advanced our ability to detect CO2

at the seafloor, but many of those techniques were yet to be tested under 

realistic leakage conditions and enhanced models were needed to predict  

the pathways and impacts of CO2 migration through the reservoir overburden
ETI MMV Project
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The first controlled sub-seafloor release of CO2 to be 

carried out under real life conditions

Establish accurate environmental baseline techniques

Better understanding of fluid flow pathways in the sub-

seafloor and their implications for reservoir integrity

Develop methodologies for detecting, tracing and 

quantifying CO2 leakage in the marine environment

Assess technologies that can enable cost-effective 

Measurement, Monitoring and Verification (MMV) of 

marine CCS operations

Approach

RRS James Cook and RV Poseidon at the 

Goldeneye Platform, May 2019



National Oceanography Centre

Active acoustics

• Single beam echosounders

• Multibeam echosounders

• Sub-bottom profilers

Passive acoustics

• Hydrophones

Optical

• Seafloor imaging

• Water column imaging

Biological

• Community structure mapping

MMV technologies/techniques tested

Geochemical

• pH/TA/DIC

• Salinity/Temperature/Pressure (CTD)

• O2 and metal concentrations

• Sediment/porewater profilers

• Benthic chambers

• Gas tracers

Computational

• C-Seep

• ROC Models

• MEIA

Launching AUV at the 

Goldeneye Platform, May 2019
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Baseline monitoring and site characterisation

Connelly et al. (In Review) Renewable and Sustainable Energy Reviews
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CO2 tanks

Tracer tanks
Batteries (4 x 12V 
160 Ah lead acid gel)

Gas control unitHose reels

Engineering solutions for controlled CO2 release

STEMM-CCS Controlled CO2 release experiment, April-May 2019
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Schematic 
of site and 
deployed 
equipment
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MMV technologies/approaches in-situ

STEMM-CCS Controlled CO2 release experiment, April-May 2019
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Sensor Type Precision Accuracy Range
Measurement 

Period

Deployment 

Duration
Lander AUV

Lab on Chip 0.003 0.005 7.5-8.5 10 minutes 6 months Yes Yes

Microsensors 0.010 0.010 0-12 5 seconds 1-3 days Yes

Eddy Covariance 0.002 6.5-9.0 0.2 seconds 3 days Yes

Optodes 0.010 0.050 7.0-9.0 10 seconds 2 months Yes

SeaFET 0.004 0.050 6.5-9.0 1 second 1 year Yes Yes

Schaap et al. (2021) International Journal of Greenhouse Gas Control v110, 103427

Lichtschlag et al. (2021) International Journal of Greenhouse Gas Control v112, 103510

Comparison of pH sensor capabilities
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Suitability analysis
http://stemm-ccs.eu/monitoring-tool/
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Model simulations of hypothetical leaks, coupled 

with machine-learning techniques can identify 

optimal deployment of both fixed and mobile sensors

Blackford et al. (2021) International Journal of Greenhouse Gas Control v109, 103388 

Survey optimization
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Implementation of project outcomes 

Supporting the development and 

application of marine sensors for 

offshore MMV of the storage complex

Technology assessment for remote 

seabed environmental monitoring, 

informing development 

of the monitoring plan



Making Sense of Changing Seas
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