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UNDERGROUND HYDROGEN STORAGE

Hydrogen Is being considered globally as a key future low-carbon energy carrier. The United Nations Industrial Development Organisation [1], has
defined hydrogen as a true paradigm shift in the area of more efficient energy storage, especially for renewable energy on an industrial scale. Renewable
energy sources are greatly dependent on seasonally fluctuating atmospheric events, which can give rise to excesses or deficits. Therefore, for a successful
energy transition, a storage system is essential. Underground storage systems are advantageous in many regards. They provide large storage capacity and
can be smoothly integrated with the urban plan of cities with the least modifications.

The experience of underground natural gas storage can be incorporated | Hydrogeology fg%j;y pressure Goomechanics
while studying underground hydrogen storage, yet the behaviour of hydrogen | Multi-phase fluid flow {  Stress changes
stored underground 1Is complex and several aspects must be taken Into
consideration.  From a mechanical point of view, the seasonal Injections and ' ; l
withdrawals create cyclic loading on caprocks. The rate of reservoir deformation Migration of fines .C)./Ch(.:al H2 . Mechanical strength
is controlled by the rate of stress change (the rate of pore pressure cycling). Microbial Clogfgmg injection/production

The objective of the study Is to obtain a suitable workflow for the
geomechanical characterization and modelling of underground hydrogen storage. | Microbial Activity { Geochemistry
As an initial step, current work focuses on numerical modelling of the cyclic | Microbial growth Biotic &abiotic gas | Chemical disequilibria
behaviour of cap rocks. production

Figure 1: Aspects involved in the underground hydrogen storage in porous media, [2]

CONSTITUTIVE MODEL NUMERICAL MODELING
In the literature review on constitutive models for cyclic loadings: Clay 11000
Hypoplasticity model, PMA4Silt, Bounding Cam Clay, and Saniclay-B are
Identified as potential models to reproduce the cyclic behavior of caprocks.
Considering feasibility and simplicity in the model, Saniclay-B [3] Is adopted 9000 L /
through OpenSees. = ' —Experiment
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N e e triaxial test performed on the reconstituted Figure 3:Comparison of experiment and simulation for undrained triaxial test, OCR =1.5
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Figure 2: Schematic illustration of the OpenSees and the influence of parameters is 17000
loading, bounding, and plastic potential ' -
surfaces, [3] being studied.
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The cap rock behavior under cyclic deviatoric loading will be studied with 2 11000 | Simulation
Saniclay-B [3] and with more advanced constitutive models. The simulations will =
be extended to the reservolir scale, accounting for realistic geometries of reservoir 2000 L
and caprocks, and the actual stress path in the rock will be evaluated. The
knowledge obtained will be applied to cases of interest to Eni E&P.
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