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The depleted gas fields are considered one of the low-risk locations for underground hydrogen storage purposes to balance seasonal fluctuations in hydrogen supply and demand. The objective of this study is to
identify any significant risk of hydrogen leakages stored in depleted gas fields. The capability of the storage area in terms of sealing efficiency varies with parameters such as rate of diffusion, solubility, thickness,
and capillary threshold pressure of the caprock. The most common caprock are shales, which contain organic material. The solubility of hydrogen into organic material and possibly many other interactions between
diffusive hydrogen and the caprock could change rocks’ petrophysical properties such as porosity and permeability. Any changes in rock’s petrophysical characteristics can reduce the capillary threshold pressure

thus reducing the cap rock efficiency for the safe storage of hydrogen.

There is about more than 20% of the remaining gas volume in the depleted gas field, which helps to prevent brine from entering the production streamlines and maintain reservoir pressure. The characteristic data
of hydrogen at different high pressure and temperature have been evaluated and imported into the simple finite element model. The modelling code has written in the Python programming language using all related
python packages for visualisation and solving partial differential equations of fluid flow in porous media. Most of the parameters that influence reducing the strength of the caprock are identified. Crucial parameters
are the rate of diffusion, the solubility of hydrogen in Kerogen, geomechanical deformation, threshold capillary pressure, long period of injection, and withdrawing of hydrogen. The model shows that the native gas
production with hydrogen is low due to significant density variation and mobility ratio between methane and hydrogen. Finally, a wide range of parameters and reservoir conditions has been considered for
minimizing the potential risks of possible leakages.
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Modelling of hydrogen solubility and diffusion in CapRock

The model simulates the interaction between kerogen invaded porous media and hydrogen during injecting and withdrawing of hydrogen from the reservoir. We used FlexPDE rnyjzziienn/jvt.ir:?ﬁ:vir::ci?;l:\:)a\:gtaprock

(the software used to perform numerical calculations) and FreeFEM (mesh generation) to generalized flux boundary condition between the hydrogen storage area and caprock (brown).
with considering the solubility and diffusion phenomenon (flexpde).

According to the general nature of diffusion and solubility between two systems, the model can be easily specialized to describe different domains, e.g storage in an area which
fluid is flowing from injection toward production wells and seals which always is contacted with hydrogen . In this case study, Walyering depleted gas field was selected as a
suitable field for hydrogen storage for the following reasons:

e Small scale project

e Low permeability formation which causes slow injection to get more stability
e Preventing premature gas spillage
e Having enough remaining gas which can act as a cushion gas

Available infrastructure (pipeline) close to the gas field

The role of caprock in the preventing upward flow of hydrogen from the underground storage is Pressure and temperature have a direct impact on the solubility of hydrogen into hydrocarbon

considerable. In this study, we focused on the solubility of hydrogen into kerogen that may exist in the phases including kerogen within the shale. In this study, the reservoir pressure of 5000 Psia and
shaly caprocks. The modelling shows the thickness of the caprock is most important to prevent hydrogen temperature of 102 °C have been considered. Results (left) shows the variation of hydrogen
to move up within the seal. We tested three different thicknesses 20, 30, and 40 meters to see the injection saturation with native methane in the storage area. Modelling results show the caprock
variation of hydrogen concentration within the seal zone. Results shows that thickness above 30 meters pressure has not been significantly impacted by injection pressure (right). The caprock pressure
will tend to keep most of the hydrogen in the stored area. Diffusion and solubility of hydrogen into kerogen takes a long time to be impacted by hydrogen diffusion at 30 meter thickness above (green
results in the extrusion of kerogen or organic materials from caprock making it permeable to gas. This section).
process can ultimately lead to the leakage of hydrogen quickly due to its high mobility of hydrogen.
Diffusion of hydrogen into the caprock is creased due to the high solubility of hydrogen into residual hydrogen saturation and pressure variation during the injection period in the storage area.
kerogen in the caprock. e W
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Conclusion:
The results of this modelling show that the Walyering depleted gas field can be one of the suitable candidates for the hydrogen storage project. Available Infrastructure near the field and reservoir characteristics of
storage area and high thickness of the caprock are supporting this depleted gas field at a small scale of hydrogen project.

Modelling results show that the optimum caprock thickness required for safe storage of hydrogen in the North Perth basin should be more than 30 meters. The required caprock thickness depends on initial reservoir
pressure and also the storage pressure and temperature. The kerogen content within the shale formation also has a significant impact on possible leakage from caprock due to solubility and diffusion phenomenon.
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