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Conclusion :

The goal of this work is to investigate the mechanical and hydraulic properties 

of salt rock under deviatoric stresses. Salt cavern 

excavation

Samples were taken from MDPa salt, at the Stocamine site 

(Alsace, France) at a depth of 530m. Permeability was 

measured at different levels of the deviatoric stress.

Mechanical behavior Permeability evolution

Ultrasonic wave Measurements

Pores orientation and distribution into the sample 

according to Euler angle. 

Approximation of a salt pore by an ellipsoid fit  

Image of an intact sample by 

X-ray tomography at 

reconstructed by Vg studio

For a resolution of 126 μm, 

porosity is very low in samples 

before damage. Pores are 

randomly distributed and 

oriented. Pores have the shape 

of cracks. They result probably 

from in-situ excavation.

ϕ = 0.1%
calculated from X-ray 

tomography

Salt caverns are the most efficient solution for hydrogen storage at large scale. This is because of the reservoir capacity but mostly because

of the sealing integrity of salt (k<10-21 m2 in undisturbed zones). Sealing is due to variable-size halite crystals tightly deposited. The

mechanical behavior under deviatoric stress is elastoplastic with strain hardening. During compaction, cracks can heal. However, if the

stress state is in the dilatant domain, damage occurs and permeability can increase. This might happen in the low confinement areas near

the cavern walls, i.e. in the excavation damaged zone. The risk of severe gas leakage increases then.

Stress-strain curves for a salt sample during a cycling triaxial

compression test.

Evolution of static Young modulus with 

deviatoric stress 

Permeability of rock salt shows a slippage effect that should be corrected in order to calculate 

intrinsic permeability. Initial permeability is very low because of its very low porosity and crack 

density. When micro-cracking damage develops (at dilatancy threshold), it starts to increase 

because of the development of a cracks network. However, the strain hardening process and 

the confining pressure induce self-healing of material damage, thus decreasing the 

permeability. This is confirmed by the evolution of elastic moduli.

• Study of the influence of thermal and mechanical 

fatigue on permeability

• Results to be confirmed with further analysis of X-ray 

tomography and data and ultrasonic wave velocities. 

Perspectives:

Experimental approach:

Introduction

Measurements of P and S wave velocities 

were performed in several directions to 

calculate dynamic elastic moduli. First results 

showed:

- A slight decrease in Young moduli at 

moderate deviatoric stress due to the 

development of microcracks

- A slight increase in axial Young modulus at 

high deviatoric stress due to the strain 

hardening process.
Position of strain gages 

and piezoceramic

transducers on samples

Evolution of Elastic Moduli with respect to deviatoric stress 

Results :

Evolution of permeability after correction of 

Slippage effect at low confinement pressure

Salt permeability decreases with confining pressure due to the 

progressive closure of cracks. Pores diameter is small and 

permeability measurement was performed at low pore pressure. 

Thus, the flow exhibits a slippage effect especially at low 

confining pressure. Therefore, apparent permeability should be 

corrected according to Klinkenberg models to calculate the real 

intrinsic permeability. 

Intrinsic permeability evolution depends on the changes in salt 

rheological behavior. Permeability is small at low levels of 

deviatoric stress. It increases at the dilatancy threshold, up to 

two orders of magnitude. In the strain hardening domain, it 

decreases because stress induced cracks are squeezed.

Evolution of permeability with confinement pressure 

before and after deviatoric loading at 25 MPa

Evolution of permeability with pore pressure 

before and after deviatoric loading at 25 MPa

Slippage effect


