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Where We are Now?
• Since 2006 IPCC Guidelines we have two decades of operational 

CCS experience with Monitoring Measurement and Verification
• Currently 41 Projects storing ~ 41 MMTPA
• No environmental impacts or reversal of storage 
• A new understanding of how to implement environmental 

monitoring
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First Accounting Protocol for CCS
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Accounting for Full-Chain Emissions

4

Tiers 1 and 2  emissions factors

No emissions factors
MUST monitor for leakage



The Seed that 
Grew CO2 
Storage 
Regulations 
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Safe and Secure CO2 Storage Regulations 

Dixon and Romanak, 2015, International Journal of Greenhouse Gas Control

ISO TC-265 – standards on Capture 
Performance, Pipeline Transport, Geological 
Storage, Storage in EOR, Vocabulary  

Slight differences but the general workflow is similar among regulations



In summary - Protocols for Leakage 
Monitoring:

Monitoring to assess CO2 storage performance in the reservoir
Monitoring to acquire baseline measurements 
Monitoring to detect leakage at the surface

 and, if leakage is detected or suspected, then

Monitoring to quantify for leakage amounts  
and 

Monitoring to assess impacts of leakage



CO2 Variability
• CO2 is naturally everywhere
• Dominant source is biological 

respiration
• Dynamic over space and time 

(temperature, rainfall, pressure…)
• CO2 is reactive
• Very difficult to discern leakage from 

natural variability. 
• Difficult to determine what is 

anomalous
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Source: DOE, 1999: Carbon Sequestration Research and Development



Determining Anomalies Using Baselines

• Measure “baseline” CO2 for 1 
year before project starts to 
document seasonal variability.

• Monitor CO2 during project and 
compare to baseline.

• Significant increase from 
baseline during a project 
signals a leak
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http://www.sustaenable.eu/?page_id=932
anomalous CO2

• Did the storage project cause the anomaly?
• “Attribution” is a missing step



But….
“Baselines” 
in Soils are 
Shifting 
Upwards
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“Baselines” in Groundwater are Shifting Upwards

Katherine Romanak



“Baselines” in Seawater are Shifting 
Upwards

Katherine Romanak

Time series of surface seawater CO2 level near Japan. Source data by Japan 
Meteorological Agency, Courtesy of Jun Kita, RITE



Learning #1

• Naturally produced CO2 in the biosphere is 
increasing due to climate change 

• Use of “concentration-based” or “baseline” 
methods will result in false positives for leakage

• The risk of false positives is greater than the 
risk of actual leakage

• False positives put projects at unnecessary risk



Tomakomai Project
• Tomakomai Offshore demonstration project Hokkaido Japan
• Derived leakage thresholds from 1 year of baseline data 
• Injection began April 2016 with routine environmental monitoring plan
• May, 2016, operations were halted after 7,163 ton CO2 was injected 
• High CO2 levels observed in the routine monitoring 
• February 2017 operations resumed

Slide courtesy of Jun Kita, MERI

Shifting baselines cause false positives and project shutdowns



Learning #2
• If we actively look for “leakage” (e.g. via 

routine monitoring) we will find an 
abundance of natural anomalies

•  We will need to attribute the source of 
these anomalies.

• Baseline methods are not effective or 
accurate.

• So how do we adequately assure 
environmental safety?



Process-Based Attribution
Approach in Soil Gas

• Uses simple gas 
relationships to identify 
processes.

• Biologic respiration
• Methane oxidation
• Dissolution
• Leakage

• No need for years of 
background

• One time characterization
• Method can be applied in 

any environment 
regardless of variability

Romanak et al., 2014, International Journal of Greenhouse Gas Control, 30, 42-57
Romanak et al., 2012, Geophysical Research Letters, 39 (15).



Process-Based Attribution Example 

• Uses geochemical 
relationships to identify 
key processes rather 
than concentration 
comparisons 
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Leakage



Application to a Leakage Allegation
• IEAGHG Weyburn CO2 Monitoring 

and Storage project, Saskatchewan 
Canada

• Farmers perceived environmental 
change and blamed on the CO2 
storage project

• Attribution protocols for responding 
to stakeholder concerns were not 
in place

• Unexperienced consultant wrongly 
attributed the anomaly to leakage.
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Wrong Attribution-
Negative Media Storm



Process-Based Attribution Data
 from the Kerr Farm
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Natural Signal



Leakage Allegation Discounted

“the Kerrs, accepted the 
IPAC-CO2 study’s findings 
while emphasizing its 
necessity, saying that 
“without a full scale 
investigation, it has been 
impossible until now to rule 
out CO2 contamination.”



Learning #3

• Environmental change resulting from 
climate change will cause stakeholders 
to question the storage project

• When CCS is fully deployed, 
responding to stakeholders concerns 
may be our main activity. 

• Need fast accurate stakeholder-
friendly methods with clear thresholds 

• Methods that are easily communicated 
to stakeholders are needed



Attribution Methods

Dixon and 
Romanak, 2015 
recommended 
methods that:
Rely on a one-time 
“characterization” 
rather than 
“baseline” methods



Revised Protocols for Leakage Monitoring

Monitoring to acquire background measurements
Monitoring to assess CO2 storage performance in the reservoir
Monitoring to detect leakage 

          and, if leakage detected or suspected, then

Monitoring for CO2 attribution

         and only if CO2 attributed to injected CO2, then

Monitoring to quantify leakage amounts  
and

Monitoring to assess impacts of leakage

Most of the time 
will  not be 
needed at all 



Gap in the Global Regulations
Dixon and Romanak, 
2015, Improving 
monitoring protocols for 
CO2 geological storage 
with technical advances 
in CO2 attribution 
monitoring
International Journal of 
Greenhouse Gas Control, 
41, 29-40.

Recommend 
attribution 
be added as 
a step to the 
regulations.



Conclusion and Implications
• Due to growing confidence in new monitoring techniques, we propose 

additional stage in monitoring protocols which will…
Increase monitoring efficiency
Respond to stakeholder concerns
Avoid false positives for leakage
Avoid unnecessary leakage quantification and impacts monitoring
Avoid significant unnecessary  monitoring costs

Propose to be explicitly included for new protocols or when existing 
protocols are updated
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2023 Updates Adding Attribution
to the EU CCS Directive 
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