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Do fluids flow in connected pathways?
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Hinges on…

… do fluids flow in continuously connected pathways?

Subsurface fluid flow in CO2 storage 
We use reservoir models to 
predict flow and trapping

Key inputs

Pc



No! Fluid flow isn’t that simple!

Lots of complex dynamics observed:

~100 µm~5000 µm

Avraam, Payatakes (1995) Flow regimes and relative 
permeabilities during steady-state two-phase flow in 
porous media, J. Fluid Mech.

Reynolds et al. (2017) Dynamic fluid 
connectivity during steady-state 
multiphase flow in a sandstone, PNAS

Ganglion dynamics Intermittent pathways

• What are the controlling 
mechanisms?

• How is it relevant to 
CCS?
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Exploring the parameter space in the lab
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Observations at a range of fluid viscosity and density

• Bioclastic carbonate initially saturated with brine

• Fluids injected simultaneously at steady-state

• Range of capillary numbers (injection rate)

• X-ray imaging during flow

Fluid Viscosity (Pa.s) Density  (kg/m3)

Nitrogen 2.08 x 10-5 110

Decane 83.8 x 10-5 730

Hexadecane 345  x 10-5 773

Brine 82.0 x 10-5 1263



Non-destructive 3D imaging 

51 mm

µm resolution!



1 mm 6

Intermittent pathways imaged



When does intermittency occur?
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Controlled by:

• The ratio of capillary to viscous forces

 more intermittency at higher  
flow rates

• The ratio of fluids’ viscosities 

 more intermittency when 
the non-wetting phase is less 
viscous 

Injection rate Salinity 
Temperature 



Prevalence in subsurface
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Prevalence in subsurface
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Shallow  
warm basin

Deep cold 
basin

Polymer 
flooding 

1. CO2 storage and 
natural gas 
production

2. Conventional oil 
production

3. Heavy oil production1 2 3



Impact on subsurface flow
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• Intermittency has a significant impact on connectivity, even when it constitutes a small % of the 
pore space

• Further research is needed on trapping and larger scale impact (known to occur in key locations of 
the pore space)

• The force balance leading to intermittent requires the pathways to be fully resolved in time



Experiments at the synchrotron
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Intermittent pathways resolved
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1. Scan 50 
2. Scan 70 
3. Scan 90 
4. Scan 110 
5. Scan 130

1 scan = 1 second



Intermittent pathways resolved
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200 microns



Time characteristics 
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Conclusions

• Intermittent pathways are important in CO2 storage

• They can be described by the capillary number and viscosity ratio

• They play a key role in fluid flow and connectivity, and may also influence trapping

• Synchrotron imaging we give us further insight into energy dissipation and trapping
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Further information 
The work on the micro-Ct experiments is published online:

DOI: https://doi.org/10.1103/PhysRevE.100.043103

DOI: 10.31223/osf.io/nm362


