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Proposed CTSCo Surat 
CCS Demonstration Project

• Total of 180,000 tonnes CO2
captured from the Millmerran
Power Station in southeastern 
Queensland. 

• Stored over 3 years in the low 
salinity groundwater of the 
Precipice Sandstone

• Storage site 21 km SW of 
Wandoan, Queensland at 
Glenhaven

3

Millmerran Power Station 

Wandoan



Environmental 
Monitoring 
Infrastructure

Siller et al., 2018, Applied Geochemistry Volume 96, Pages 191-203

• 5 monitoring stations 
• 1 weather station
• 4 soil gas stations (1- & 

5-m depths)
• 4 groundwater stations 

(10- & 20-m depths)



BEG’s Process-Based Approach

• 4 simple coexisting soil gases: 
CO2, O2,CH4, N2

• Stoichiometry of reactions to 
identify key processes.

• No need for years of 
background CO2
measurements and weather 
data

• Universal leakage threshold
• Stakeholder friendly, simple, 

immediate
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Two Related Field Studies for Advancing a 
Process-based Approach

1. Optimizing a process-based 
approach for near-surface leakage 
assessment

2. Isotopic characterization of source 
CO2 and naturally occurring CO2, 
Glenhaven
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Two Parts to a Process Based Approach

• Most assessments will indicate no 
anomaly (on or left of the 
respiration trend)

• In the case where the respiration 
threshold is exceeded more 
assessment will be needed. 

#1

#2



Problem Statement and Objectives

• Avoid false positives for 
leakage 

• Respond to stakeholders 
concerns (e.g. Kerr Claim)

• Easily comply with 
regulation (e.g. Low 
Carbon Fuel Standard) 

Increase the ease and accuracy of environmental M&V to 
support the successful industrial deployment of CCS

2019 TCCS-10 Trondheim Norway
https://www.youtube.com/watch?v=D2gWTeAdXjY

Presenter
Presentation Notes
Great work but its showing us that we need to measure parameters like wind speed, water flux, Soil temperature, air pressure soil mositrue ….



First Project- 3 Main Deliverables
Optimizing a process-based approach for near-surface leakage 
assessment
1. Attribution: 

• Refine the process-based matrix for methane-rich sites. Current 
matrix fields are not rigorously tested in methane-rich soils.

2. Quantification: 
• A methodology for separating background surface emissions 

from leakage emissions will be tested. 
• 3. Sensing:

• Techno-economic assessment of currently available sensors 
and recommendations for advancements in real-time sensing.

Presenter
Presentation Notes
The current process-based matrix will be refined and updated for use in methane-rich sites. Currently the matrix fields have not been rigorously tested in methane-rich environments.
Factors that limit the precision of the quantitative method will be identified and used to define realistic constraints to the proposed approach. The potential for further development will be assessed. 
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Updated Process-Based Matrix
When significant 
methane is present
or when anaerobic 
process is indicated• No methane in soil gas at 

Glenhaven site 
• Mined data from 

literature + numerical 
modelling

• Anaerobic processes 
• Acetoclastic

methanogenesis : 
CH3COOH → CH4 + CO2



Process-Based Matrix Conclusions

• It is important to accurately 
measure CH4 

• Low O2 environments signal 
natural processes of 
methanogenesis

• Including a second set of PB 
ratios with CO2+CH4 in the 
place of CO2 will help 
distinguish and correctly 
attribute unexpected signals
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methanogenesis



Deliverable 2 : Integrating PB with Quantification -
Theoretical approach

EPA Flux chamber method

Eklund, B. 1992. Practical Guidance for Flux Chamber Measurements of 
Fugitive Volatile Organic Emission Rates. J. Air Waste Mange Assoc 42:1583-
1591.

Presenter
Presentation Notes
The open flux chamber method (Klenbusch, 1986; Eklund, 1992; Erno and Schmitz, 1996) allows measurement of all the gases of interest for a PB method. According to the flux equations shown on the right, concentration relationships measured in soil gas should theoretically translate to flux measurements. If so, then PB ratios may be useful for separating natural CO2 from leaked CO2, delineating the spatial extent of leakage for quantification and for monitoring leakage remediation efforts. This is an area for further work.  




Deliverable 2 : Integrating PB with 
Quantification - Theoretical approach
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• Assuming 100% CO2 is being approached

• Regressions of trends calculated from various data point configurations all give accurate 
results for real background CO2 of 3.43%

• Suggests assumption is valid and leakage could be separated accurately from background 
with minimal information. 

CO2 = 3.47 CO2 = 3.42 CO2 = 3.60 CO2= 3.44



Quantification Conclusions

• Process-based methods shows 
promise for integration with flux

• Assumption that leakage trends 
towards 100% CO2 appears valid

• At the ZERT site, one early or one late 
leakage data point combined with 
100% leakage gave background CO2
concentration within 0.01% absolute 
error

• Analysis of field test results are 
ongoing 
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Sensor Testing
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• Sensors installed by CTSCo
• Maintained by ALS Geochemistry
• 3 years of process-based data 

collection
• Technical and economic assessment 

of sensing systems



Un-useable Data
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Un-useable data defined as error. 
0.7 % error is acceptable

• The percentage of data that are useable is variable 
between sensors and among locations

• Because both sensors are required to function at the 
same time for PB analysis, the propagated “error” 
increases the number of un-useable results



False positives

• The percentage of data that 
are useable (95 to 40%) is 
variable between sensors and 
among locations

• Because both sensors are 
required to function at the 
same time for PB analysis, 
the propagated “error” 
increases the number of un-
useable results

• Much of the data represent 
false positives for leakage

• CO2 sensor looses accuracy at 
high concentrations and O2 at 
lower concentrations. 

Paul Jensen maintains the sensors 

Presenter
Presentation Notes
The Region II data alone plotted with the slope -1 line.  Although much of the data appear to fall on a line that is shallower than the -1 slope, I am reluctant to draw a definitive conclusion because so much of the rest of the data set is unreliable (particularly the region III  results).  



Potential for Raman?

• Raman spectra show 
simultaneous 
detection of all four 
gases.

• Raman shows good 
linear response to 
changes in N2 and O2
at constant pressures

David Bomse, 
Mesa Photonics



Conclusions Sensor Data
• Much of the data are unusable with a loss of accuracy 

over certain ranges
• Artifacts result in data slopes that give the potential for 

false positives.
• Effort intensive- Need to calibrate multiple sensors 

often
• Cost of ownership – low up front high on the back end. 

Sensor fits budget but then you have to maintain it. 
• Recommendations for Raman development



Characterization Results
• Focus on 14C versus δ13C of CO2
• Which aquifers have enough gas to impact a signal?
• Assess the CO2 formed by CH4 oxidation 
• Look for isotopic overlap



Potential for 14C versus δ13C of CO2 to be 
useful at Glenhaven

• Gas from CSG will not be 
confused with CO2 injectate.

• Influx from the Springbok 
Formation may be mistaken for 
a leakage signal

• Helium may be diagnostic



Conclusions Characterization
• A new data set represents the first full pre-project characterization 

for a process-based attribution method.
• It is important to have an attribution plan before a project starts to 

avoid stakeholder doubt (e.g. Kerr leakage claim at Weyburn).
• Assessing gas concentrations, aquifer permeability and 

interconnectivity can be used to simplify attribution by excluding 
certain aquifers as potential signals. 

• Covariation of 14C versus δ13C of CO2 shows promise for the 
second stage of process-based assessment. 



Questions?

Katherine Romanak
Gulf Coast Carbon Center

Bureau of Economic Geology
The University of Texas at Austin

katherine.romanak@beg.utexas.edu
http://www.beg.utexas.edu/gccc/
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