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PHD OFFER

ANALYSIS OF LINED ROCK CAVERNS BEHAVIOUR UNDER CYCLIC LOADS AND
NATURAL HAZARDS : APPLICATION TO RISK CONTROL FOR GASEOUS
HYDROGEN STORAGE

Type of contract : Doctoral contract

Start date : October 2025

Location : Verneuil-en-Halatte (60), 40 mn north of Paris.

Access : A free private bus ensures the connection between the Creil station and the Ineris site.
Telework : 100 days/year

Contacts for more information : hippolyte.djizanne®@ineris.fr - Tel: +33 (0) 3 44 55 65 61

CONTEXT

The French National Institute for Industrial Environment and Risks (Ineris) is an industrial and
commercial public establishment under the aegis of the Ministry of the Environment. The
Institute’s mission is to contribute to the prevention of risks caused by economic activities to
health, environment, and the safety of people and goods.

CONTEXT AND OBJECTIVES OF THE THESIS

The increasing demand for large-scale hydrogen storage to support the energy transition
requires innovative underground storage solutions. Lined rock caverns (LRC) represent a
promising option for gaseous hydrogen storage. However, ensuring the safety and integrity of
these storage facilities requires a thorough understanding of the geomechanical behaviour of
the surrounding rock under cyclic pressure and temperature conditions, as well as natural
hazards like earthquakes and others major industrial risk scenarios.

This PhD research aims to investigate the geomechanical behaviour of the surrounding rock in
LRCs, model stress distributions within the steel liner and surrounding rock and assess
associated risks to improve the safety and efficiency of hydrogen storage.

The research work consists of a theoretical and numerical modeling of the processes. After the
inventory of the different Thermo-Hydro-Mechanical phenomena that may occur around the
LRC and in its lining components (concrete and steel layers), bibliographic studies will be
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conducted to determine the constitutive laws of these phenomena and their coupling models.
Preliminary analyses should make it possible to determine the dominant phenomena that have
a determining effect on the cracking, damage, and fatigue of the different components and,
more generally, on the integrity of the storage.

The numerical modeling will take into account these dominant phenomena in the
characterization of the rock surrounding the cavern and of the lining components. The
numerical modeling can be carried out by the Disroc software which is a FEM calculation code
for coupled THM processes occurring in materials and structures and which can integrate the
presence of discontinuities such as cracks, fractures and interfaces in the processes. Numerical
analysis must determine the risks incurred by the LRC and its short- and long-term integrity for
different THM solicitations LRC undergoes during hydrogen storage operations as well as
dynamic solicitations dues to earthquakes.

The research work will involve in particular:

»= Characterizing the rock mass response to cyclic loading and thermal fluctuations.

* |nvestigating the impact of water pressure presence in the rock mass.

= Considering different geometries, lithologies, and loading scenarios using the FEM
software Disroc to model stresses in the steel liner.

» Simulating crack propagation in the steel liner under cyclic pressure and temperature
loads, accounting for varying levels of hydrogen embrittlement (based on external
expertise).

* Modeling fatigue and crack propagation in the concrete liner and adjacent rock
formation.

= Assessing risks posed by earthquakes, particularly on connecting lines and wellbores.

* Proposing design improvements and operational guidelines to minimize risk
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Figure 1. Essential components of a Lined Rock Caverns system designed for hydrogen storage (Masoudi et al., 2024)
EXPECTED CONTRIBUTION
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Cracking of the concrete \’

Enhanced understanding of rock mass behaviour under cyclic hydrogen storage
conditions.

Quantification of risks associated with hydrogen embrittlement, crack propagation, and
seismic events.

Recommendations for safer and more efficient MLRC designs for hydrogen storage.
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Figure 2. Schematics of possible cracks propagation on LRC (Masoudi et al., 2024)
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PROFILE

The candidate should have a strong background in geomechanics, rock mechanics, or a
related field.

Proficiency in numerical modelling and simulation tools, particularly for thermo-hydro-
mechanical (THM) analyses, is essential.

Familiarity with hydrogen storage concepts and fracture mechanics will be
advantageous.
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GENERAL INFORMATION
Supervisor : Pr. Amade POUYA (Gustave Eiffel University (UGE))

Co-supervisors: Dr. Hippolyte Djizanne (Ineris) and Pr Christophe Proust (Ineris, Université de
Technologie de Compiégne)

31 paid leave days and 18 « RTT » days off per year
Flexible hours
Company restaurant
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