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Abstract 

 

The demand for gas and energy storage, particularly for CO2 and hydrogen, is rapidly increasing as the global community reaches for net zero 

targets. However, the development of large-scale storage in depleted gas fields and saline aquifers is still in its infancy and requires a better 

understanding of the long-term geomechanical behaviour of these reservoirs, especially the mechanical response of reservoir rocks and faults in 

gas storage systems. This study presents a geomechanical workflow aimed at assessing potential risks from fluid injection in faulted reservoirs 

or aquifers. The objective was to develop a comprehensive methodology to first reconstruct the 3D geological history at the basin-scale to 

understand the pressure and stress history of the area, and then apply a 2D reservoir-scale model to evaluate fault behaviour and other 

geomechanical risks. This research assesses our new geomechanical workflow using a case study of the Rough field in the UK Southern North 

Sea. This is a depleted gas field planned to be the largest hydrogen storage site globally and could potentially be the first depleted gas field 

operational for pure hydrogen storage. The workflow consists of two key steps. The first involves the construction of a basin-scale 3D model, 

using OpenFlow Suite to simulate sedimentation, fluid pressure evolution, and temperature evolution. The model, which spans approximately 

200x200 km of the UK Southern North Sea, integrates seismic data, lithology data, and well data, and tracks the development of overpressure 

and stress state throughout the basin’s evolution. The second step utilises a 2D model at the reservoir or fault-scale, which uses the lithology 

data, pressure values and geomechanical properties calculated in the previous modelling stage. This model simulates displacement, strain and 

stress changes due to changes in pressure from fluid injection or depletion. This model utilises a finite element mesh and combines this with a 

novel Green’s function approach to calculate the far field stress change due to a change in pressure. Our modelling approach allows for use 

with fluid saturated, elastically heterogeneous media. The results of using this workflow on the Rough field and UK Southern North Sea region 

demonstrate that the 3D basin-scale model aligns and calibrates with observed pressures and temperatures in the region from existing well data, 

while the 2D reservoir-scale model reveals significant stress changes with high injection pressures, with stress concentrating at the fault 

intersections which could lead to potential fracture or fault reactivation under varying pressure conditions. In the case of Rough, the planned 

injection pressures will be low enough not to induce fracture or fault reactivation, but the cyclic changes stress and strain are still clear. These 

findings provide invaluable insights for assessing the geomechanical risks associated the Rough field for hydrogen storage, ultimately able to 

show high risk and low risk scenarios in terms of geomechanical impacts in the reservoir. Furthermore, this scenario of the Rough field has 

ensured the model works and calibrates with previous data. Ultimately, our novel workflow and modelling approach can be applied to future 

gas storage projects (CCS and hydrogen) and traditional oil and gas extraction in faulted reservoirs. It is an especially great tool for basin 

modellers to use to evaluate geomechanical risk on a specific field site. 


