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The challenge

Coupled effects of high temperature and pore pressure have become a central concern
in the development of deep salt caverns [1].
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Therefore, ensuring long-term integrity and stability in deep salt caverns remains a
pressing technical challenge.
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Despite global reports of storage failures, the fundamental mechanisms driving these

events are not yet fully elucidated. Salt caverns are governed by intricate thermo-hydro-
mechanical (THM) couplings—driven by high in-situ stresses, thermal shifts, and osmotic
gradients—necessitating sophisticated numerical frameworks to assess long-term
structural integrity. Consequently, geo-mechanical laboratory characterization is vital to Technical challenges of hydrogen storage in layered evaporite rocks [4]
define the physical constants required to calibrate and refine these CFD models.
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Our VISION:
To undertake a multi-parametric analysis of host evaporites (salts), specifically regarding geo-mechanical integrity and
hydrogen’s unique fluid dynamics. This will be achieved through deriving laboratory data to be fitted into computational
fluid dynamics (CFD) modelling, using evaporite formations from the Central North Sea as a primary case study.

A fully coupled THM multi-physics model should incorporate the maximum tensile stress criterion, the
Mohr-Coulomb failure envelope, and a temperature-dependent evolution of the elastic modulus for the
salt formation. These can be measured in the lab through:
* Cyclic creep tests, where applied loads and temperatures are changed, to map long term
deformation;
 P-and S-waves tests for Poisson’s ratio and Young’s modulus, to accurately define the conceptual
model from seismic data interpretation;
 Permeability tests to assess the chemical-mechanical interactions and correlate porosity evolution
with sealing capacity;
= RYOEEn euagE PAlovaYs * Triaxial compression tests with strain gauges to precisely measure stress-strain curve/ test under
Wellbore failure _ H, diffusion different temperatures based on available well data and different stress/confining pressure to
evaluate the effect on mechanical stress response;
 Thermal conductivity tests to refine boundary conditions for thermal modelling (C-Therm kit to
measure at ambient and elevated Pc (2000 psi = 13.7 MPa, about 500 m depth).

The integrity of hydrogen storage in salt formations is

primarily threatened by five phenomena:
 mechanical wellbore compromise,

molecular diffusion,

chemical adsorption and dissolution,

seepage through non-salt interlayers, and

the development of fractures.
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