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Figure 5: XCT image analysis in Avizo (Taylor & Ma, 2021).
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• The bulk mineralogy of relatively inert quartz and K-
feldspar suggests any reactions that do occur will be 
minor and unlikely to affect hydrogen storage ability of 
the Chester Formation. 

• Potential for some carbonate cement dissolution, as the 
pore fluid becomes more acidic when saturated with 
hydrogen. This could lead to major microstructural 
changes of the reservoir depending on reaction speed.

• Some reduction of iron-oxides such as hematite, as 
hydrogen promotes reducing conditions. As this is a minor 
phase of the mineralogy it is unlikely to cause major 
changes to intrinsic reservoir properties.

• Further pore and grain analysis of SEM, XCT, and XRD 
data.

• Improve accuracy of XCT segmentation and develop 
permeability simulations (Figure 5).

• Repeat the characterization post-experiment and 
compare the results.

• Repeat similar workflow with caprock samples.

Materials & Methods:

Figure 2: Multiscale imaging techniques(Ma et al, 2019).

Introduction:
Large-scale energy storage is essential for complete 
integration of renewables into the energy mix, hydrogen is 
considered the first viable option (Figure 1; Tarkowski, 2019). 
Most feasible storage option is in void spaces of 
sedimentary rocks (e.g. saline aquifers), as used today for 
natural gas storage.

Figure 1: Envisioned green hydrogen economy.

Interactions between H2 and heterogeneous microstructure 
of reservoir rocks under subsurface conditions are complex, 
hence lab-study is essential prior to field implementation.
Reactions between H2 and rock minerals could alter the 
intrinsic properties of the reservoir, potentially affecting its 
storage capacity and/or efficiency.

• Mineral dissolution leading to gas leakage
• Mineral precipitation leading to pore blockages
• Degrade the stored gas quality (H2S production)

This project characterizes reservoir rock samples pre- and 
post- H2 exposure in pressure vessel experiments. 
Reservoir rocks investigated come from the Triassic Chester 
Formation (Sherwood Sandstone). 

Characterisation was achieved through x-ray diffraction (XRD), 
scanning electron microscopy (SEM), and x-ray computed 
tomography (XCT) (Figure 2). Providing both qualitative 
textural information as well as quantitative mineralogical data.

Experimental Set-Up:
The pressure-vessel experimental setup is shown in Figure 3. A separate batch-reactor was used 
for each sample, and the fluid was in equilibrium prior to H2 introduction.

Samples were left under increased temperature and pressure for a duration of ~3 months.

Figure 3: Pressure-
vessel experimental 
setup.

From the array of techniques used, the mineralogy and texture of the reservoir samples could be 
determined.

XRD: Samples are primarily composed of quartz and K-feldspar. There are minor amounts of 
muscovite, calcite, hematite and Fe2+ bearing clinochlore.

SEM: Images in Figure 4 show major compositions of quartz and feldspar, also present are minor 
amounts of carbonates (often as cement) and iron-rich minerals (often as grain coatings).

Figure 4: SEM (secondary electron and energy dispersive x-ray maps) and XCT (processed using Avizo) pre-experiment 
characterization results.
XCT: Samples contain well-connected pore networks with significant variations in porosity due to 
segmentation and resolution limitations. The average pore size varies from 0.01-0.05 indicating 
different sedimentary textures and amounts of cementation are present between the samples. 
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