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Introduction: 
The concept of underground hydrogen storage (UHS) in the subsurface has gained traction as a means to combat global carbon emissions and fulfil global energy demands. The subsurface sequestration of carbon dioxide through 
carbon capture and storage (CCS) can effectively mitigate its release into the atmosphere, while UHS holds the potential to enable the utilization of carbon-free energy derived from renewable processes or from natural sources. 
Depleted oil and gas reservoirs have emerged as potential sites for UHS and CCS. 
Ensuring the safety and efficacy of UHS and CCS heavily relies on maintaining the integrity of the caprock—a critical sealing layer. Such layers are often composed of low-permeability, fine-grained siliciclastic rocks like mudstones 
and shale, which act as sealing units (“top seals”) that prevent buoyant pore fluids, including gases, from escaping the subsurface. The sealing capacity of these caprock units, particularly their porosity and permeability, is crucial 
for UHS and CCS. Injecting gases into the subsurface alters pore pressure and potentially induces thermoelastic stress, making the geomechanical characteristics of caprock integrity equally important.
With renewed interest in depleted oil and gas reservoirs for secondary storage purposes, previously obtained core material from earlier oil and gas exploration activities may be revisited. However, the physical properties of these 
unpreserved core samples, typically rich in clay minerals, may have changed over time due to moisture variations. Balancing the utility of readily available old core material, which may have undergone physical alterations, with 
the costs associated with drilling campaigns to obtain new core samples may pose technical and economic considerations in the early stages of underground storage projects. Therefore, the potential usefulness of old caprock
core data becomes significant in guiding decisions during the repurposing of depleted oil and gas reservoirs. Our aim is to determine the suitability of unpreserved, long-stored core material in new studies assessing caprock
integrity for low-carbon projects, which could help to greatly reduce exploration costs related to future storage operations in hydrocarbon basins. 

Conclusions:
Based on the results of this work comparing properties of old, unpreserved caprock core with similar new, preserved core, the old core may be suitable for porosity studies, but not for 
geomechanical characterisation. Despite some geologic variation, porosity data from various methods provide relatively consistent data between old and new core, with old core in this study 
having slightly lower porosity due to the finer-grained nature of the old samples, as well as possible reduction in pore volume due to capillary suction-induced shrinkage during drying. In the 
absence of new or well-preserved core, old core, if macroscopically intact, is suitable for pore characterisation, with the understanding that the porosity may be slightly underestimated due to 
matrix drying effects. The results from geomechanical tests indicate that old core material is unlikely to provide reliable mechanical properties. Shifts in the data between the old and new core are 
non-systematic and unlikely to be easily correctable. This reinforces the importance of properly preserved and saturated core for geomechanical testing of caprock samples. 

Geomechanical Characterisation:
In general, the samples from the old core are stronger, stiffer and 
have a larger spread in the measured geomechanical properties 
than the samples taken from the new core. UCS and Young’s 
modulus data, which are typically positively correlated, as seen in 
the new core data, are not correlated in the old core data. This is 
an indication that the data for the old core samples are 
unreliable. The old core samples also have a very low Poisson’s 
ratio compared to the new core. The larger spread in the old core 
data and the very low Poisson’s ratio relative to the tightly 
clustered data from the new core implies a non-systematic shift in 
the data that cannot be corrected.

Methods and Sample Material:
In total, 27 Upper Miocene caprock samples from the Vienna Basin, Austria were analysed. Samples 
from an old core drilled in 1970 and subsequently stored under atmospheric conditions were 
compared to samples from recently acquired core, which was preserved to modern standards in 
order to maintain the saturation of the material.

General observations and grain size measurements of the samples were made using broad ion 
beam – scanning electron microscopy (BIB-SEM). Samples were analysed for porosity by helium 
pycnometry, mercury intrusion, SEM image-based pore segmentation and nitrogen adsorption. 
Geomechanical characterisation was undertaken by multistage triaxial compressive strength tests.

Petrographic Observations and Grain Size:
Old samples show varying amounts of desiccation cracking and 
are finer-grained than the new samples.

Porosity Data:
The porosity data from the old core for each method, except for the nitrogen adsorption, is lower than the porosity 
measured by the same method for the samples from the new core. As noted by the grain size analysis, the old core is 
finer grained than the new core. Pore size distributions also show a shift to smaller pore sizes in the old core than the 
new core. Geologic variation, particularly grain size, between the cores is believed to contribute to the systematically 
lower porosity measured in the old core samples. 

Drying effects may also affect the pore size of the old core samples. Cracking observed in old core samples is attributed to 
desiccation shrinkage, whereby drying leads to the decrease in volume of the clay matrix required to open cracks. As 
such, the lower porosity in the old core may be also related to the loss of pore volume upon drying of the old core 
samples. 

Despite the systematically lower porosity values obtained from the old core, the differences are relatively small, and it is 
likely that in the absence of new or preserved caprock core, old, yet macroscopically intact core may provide some 
relevant porosity data.
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INTRODUCTION

Energy sectors are looking at hydrogen as best option as a zero-carbon emission and
environmentally friendly fuel. Hydrogen will play an important role in energy supply in
the future. There is insufficient research data about storage facilities for hydrogen and
transportation of hydrogen. Since the oil and gas industry wants to replace the gas with
hydrogen in storages (salt caverns). Many oil and gas companies are working on
hydrogen gas storage projects. Sustainability of carbon Steels in Underground
Hydrogen Gas Storage Facilities‘ is one of those projects on which our team is working.
.

Schematic view of salt caverns for hydrogen storage and sites in Europe

EXPERIMENTAL METHODS

Materials

• Carbon Steels (API 5CT) and Welds

Following experimental methods and Environments are invested.
❑ Presence of sulphide reducing
bacteria and brine with Cl-

❑ H2+H2S+CO2+5% NaCl
brine

❑ pH = 4.0 to 6.5

Constant Load Testing (CLT)

❑ load at 90% of yield strength.
❑ RPM – 1cycle/1min
❑ Wet conditions at high partial pressure of

hydrogen
❑ Dry and wet
❑ -20 to 80 °C

Specimen for 
measurement of 

hydrogen 
uptake

Constant 
Load  
specimen

Hydrogen (H2) Hydrogen sulphide (H2S)

Carbon Di-oxide CO2 Brine (salted solution NaCl)

Conditions for Hydrogen 
storage in

Salt cavern  with 
different pH  

Fracture Mechanics Testing

❑ Standard -ASME B31.12
❑ Constant displacement Test
❑ CT- specimen with bolt
❑ K1H ˃ 55 MPa m1/2

❑ Pre- fatigue cyclic crack

Hydrogen Measurement 

➢ Pre-cooling after H-charging by liquid Nitrogen
➢ Thermal Desorption Spectroscopy (TDS)
➢ Testing with different temperature
➢ Desorption energy calculations
of Hydrogen traps

OBJECTIVES
✓ Cross verification of susceptibility of steel in hydrogen environment by three

methods
✓ susceptibility of welds and heat affected zones in hydrogen environment
✓ Characterization of steels in hydrogen
✓ Determine susceptibility of alloys to hydrogen
✓ Determine the hydrogen content and diffusivity
✓ Learn limits of applicability of steels
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Slow Strain Rate Testing with Hollow Probes
❑ Pressurised hydrogen flow
❑ Internal Pressure
❑ In-situ slow strain rate testing
❑ Fatigue tests with threshold

❑ Binding Energy
❑ Trapping Energy
❑ De-Trapping Energy
❑ Trapping Sites

Schematic View of trapping, de-trapping and diffusion energy of hydrogen at 
different trapping sites


