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Objectives

Regular deployment of CCS technology requires:

• Understanding of potential migration pathways

• Means to determine the fate of injected CO2 (short-
and long-term storage)

• Knowledge of geochemical baseline conditions prior to 
injection and how these might change post-injection

• Assessment of the effectiveness of inherent tracers to 
track the migration of injected CO2

Developing and testing methods to verify secure CO2

storage



Site background - Study area
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Site background – Geology and sampling
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‘Fingerprinting’ CH4 allows identification of its origin

‘Fingerprinting’ injected CO2 can track migration and fate
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Stable isotopes of methane

• All samples show a mixing 
between biogenic and 
thermogenic CH4

• Sample C1 shows a 100%  
thermogenic source, while 
GPV1 also towards this 
range

• Majority show a biogenic 
CH4 source, with a hint 
trending towards the 
thermogenic range
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• Isotope date indicates mixed 
biogenic source between biogenic 
CO2 reduction and fermentation

• CH4 oxidation could also explain 
the variation in source

• GPV1 sample shows mixing 
between biogenic and 
thermogenic source
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From Ballentine et al. 2002

Magmatic Component

3He

Aquifer Recharge

‘air’ gases

20Ne
36Ar
84Kr

Formation Water
Radiogenic

Component

In-situ 

production

4He
21Ne
40Ar

Accumulate in 

formation water

Atmospheric Component

Noble gases in crustal fluids



Noble gas results

Increasing 4He input

Shallow 
groundwater in 

contact with 
atmosphere

• Above atmospheric levels 
of helium in all samples 
(bar GCW5)

• Trend of radiogenic 
sourced 4He mixing with 
air (up to ~80%)

• GCW1 & GPV2 also show 
excess 4He (> 40% 
contribution)

• 4He excess also seen in all 
of the sampled waters



Excess helium in groundwaters

• Using U and Th 
concentrations of FRS rocks, 
we can calculate if excess 
4He is produced in-situ or 
from an external source

• Samples from Domestic 
water well show higher 4He 
than can be produced in-situ

= external 4He source
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Sample variability
• Significant differences in the 

same sample types over time

o GPV samples range from 
nearly 80% to < 5% He/Ne

o GCW samples also variable

• Duplicated data shows most 
reliable samples are those from 
deep wellbores

• Due to variable atmospheric 
contamination 

• Need for consistent sampling 
protocol for casing vents
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Monitoring CO2 at the FRS site
• Injected CO2

geochemically different 
to baseline CH4

• Baseline values -
significantly low in CO2

• CO2 enriched in 84Kr 
and 132Xe (heavier 
noble gases) relative to 
36Ar by up to 1 and 5 
orders of magnitude

• Injected CO2 has a 
distinctive inherent 
fingerprint, which can 
be used for tracing
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Implications for monitoring: FRS injection zone

• Mixing calculations between Injected CO2 and sample GCW1 (chosen as a reliable gas sample)

• Use as a tool to estimate content of injected CO2 in free gas within the injection zone



• Assuming gas phase CO2 migration without significant diffusion or advection

• Detection of change in 84Kr/36Ar would require >20% CO2, but 132Xe/36Ar <5% CO2

Implications for monitoring: FRS overburden



Summary

• Stable isotopes indicate a predominantly biogenic CH4 source, but with evidence of a 
contribution from a thermogenic source.

• Noble gases show a consistent and clear excess of radiogenic derived 4He in all samples

• Excess 4He values are observed in all groundwaters at the FRS, especially in the Domestic 
Well and cannot be explained by in-situ generation – indicate an external 4He contribution

• Elevated 4He values in Domestic Water Well can be attributed to the Lethbridge coals 
acting as a helium trap and aiding the accumulation

• Future sampling protocols from casing vents are required to ensure sample consistency

• Noble gases (Kr, Xe) can provide high resolution monitoring tools for tracking CO2 in the 
injection zone and gas phase migration to the overburden at the FRS


