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Study of Bentheimer Sandstone using a
Range of Tracer Techniques
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MOTIVATION
Understanding & being able to predict solute transport within the
subsurface is important for a number of applications:

Key considerations:
• Interaction between injected CO2 and in-situ groundwater
• Influence of subsurface heterogeneity on spreading and dilution

• Groundwater contamination

DILUTION – increases the
volume occupied by the
solute. Reduces
concentration contrasts < >
FICKIAN MIXING

• Enhanced oil recovery
• CARBON SEQUESTRATION
?
Figure 1. Illustration of mechanisms governing
carbon sequestration [1]

SPREADING – stretches &
deforms the tracer plume.
Enhances concentration
contrasts < >
PERMEABILITY
HETEROGENEITY

Figure 2. Snap-shot of tracer plume, highlighting
the difference between dilution and spreading

SAMPLE CHARACTERISTICS

EXPERIMENTAL SET-UP

Bentheimer Sandstone – the relatively
homogeneous structure makes it an ideal system
to test a range of tracers:

Versatile set-up allows for different types of tracers & imaging (x-ray CT and
Positron Emission Tomography (PET)) techniques to be used
a)
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• Particle tracers >> DNA / fluorescent
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Figure 3. Porosity map of Bentheimer sandstone, average
porosity is 25.5 ± 0.2% and a permeability of roughly 1600mD
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Figure 4. Schematic of experimental set-up for conventional pulse-tracer tests
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Figure 5. a) Snapshot of PET pulse-tracer experiment with a ‘streamtube’ highlighted in green b) corresponding
reactor ratios for entire system as a function of pore volume
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Figure 6. Change in the centre of mass with
time for one streamtube
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Experimental Parameters:
• Tracer: 11C Volume: 1mL Flow rate: 10 mL/min
• Confining pressure: 30 bar
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One possible analysis method is collapsing the data from 3D into multiple 2D ‘streamtubes’
which are comprised of voxels along the entire length of the core
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PET imaging can be used to observe both the SPATIAL & TEMPORAL progress of the tracer
plume as this imaging process continually collects data providing a rich data set to analyse

From the centre of mass, multiple parameters can be derived
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PARTICLE TRACER

GAS TRACER

Initial investigation: the effect of particle size, surface functionalisation and
concentration on tracer recover and breakthrough times

Preliminary STEP INJECTION tracer tests were conducted to probe lower
Péclet numbers >> diffusion dominated regime
• Experiments conducted switching from steady stream of CO2 to He
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Figure 7. Breakthrough profiles for a range of 45nm particles with different
functionalities. Note: SB, GLYMO and GA have a concentration of 2000ppm,
whilst Naked particle concentration is

Next steps include a more systematic investigation using a flow through
fluorescent meter vs a plate reader
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Figure 8. a) He concentration vs time breakthrough curves across a range of flowrates: 10 – 100ml/min. b) RTD
function (E(t)) vs time plots for a range of flow rates: 5 – 300ml/min

Validated framework to study gas tracer breakthroughs
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