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Hydrogen has recently gained attention because it is a clean and versatile energy carrier.
As an energy carrier, it is produced and stored during surplus energy periods and used
during deficit periods. Underground porous reservoirs represent a good option for its
long-term storage as they assure good capacity and containment. Still, technical
questions surround their ability to retain and retrieve high purity hydrogen through
injection-withdrawal cycles. Experimental studies reproducing the interactions among
hydrogen, in situ fluids, and host rock, are essential to better understand and design
Underground Hydrogen Storage facilities.

INTRODUCTION

• To describe what is the state of art of experimental studies applied to Underground 
Hydrogen Storage in porous media

• To emphasize the importance of hydrogen hydrodynamics experimental work
• To highlight my research plan regarding experimental studies to determine hydrogen 

mixing with cushion gas

OBJECTIVES

MATERIALS & METHODS FURTHER WORK
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Experimental studies applied to Underground Hydrogen Storage in 
Porous Media
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Stable Displacement

Viscous Fingering

Capillary Fingering

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Sgi

0

0.1

0.2

0.3

0.4

0.5

0.6

Sg
r

Thaysen et al. (2023) - lower Ca - C1

Thaysen et al. (2023) - higher Ca - C2

Jangda et al. (2023) - equil. brine - C1

Jangda et al. (2023) - non-equil. brine - C2

Jha et al. (2021)

Zhang et al. (2023)

Goodarzi et al. (2023) - lower Ca drain - C3

Goodarzi et al. (2023) - higher Ca drain - C1

Al-yaseri et al. (2022)

Lysyy et al. (2022) - lower Ca - C2

Lysyy et al. (2022) - higher Ca - C4

Boon and Hajibeygi (2023) - outside finger

Boon and Hajibeygi (2023) - average

Boon and Hajibeygi (2023) - inside finger

Hydrodynamics experimental studies
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Unstable displacement prevails 
during hydrogen injection

Saline aquifer Depleted gas reservoir

Capillary fingering prevails during 
hydrogen withdrawal

Capillary fingering increases 
hydrogen residual trapping and 

decreases recovery

Dispersion coefficient of hydrogen – 
cushion gas decreases with 

increasing pressures

Hydrogen injection-withdrawal cycles 
improves hydrogen recovery

Dispersion (and mixing) increases 
with increasing interstitial velocity

Viscous fingering and gravity 
segregation effects in mixing need 

further investigation

Injection-withdrawal cycling effects in 
mixing need further investigation 

Multiphase flow regimes plot

Initial – residual gas saturation plot
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Miscible core flooding experiment H2 – scCO2

Longitudinal dispersion coefficient of H2 and scCO2 from breakthrough curve and 
mixing front advancement characteristics 

Influence of viscous fingering in dispersion (and mixing) of hydrogen 

Expected results
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