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Due to the intermittent nature of renewable energy resources like wind and solar, development of large-
scale (TWh) energy storage systems is essential. A feasible solution for this can be offered by Underground
Hydrogen Storage (UHS) in porous media. To ensure the safety of UHS, as well as to optimize injection and
withdrawal cycles, a good understanding of hydrogen (H2)/brine interfacial, thermodynamic, and transport
properties is needed [1]. More specifically, the diffusivities and solubilities of H2 in brine, and the interfacial
tensions of H2 gas in contact with brine are crucial properties for reservoir simulation.

Traditionally, these thermophysical properties are measured experimentally. Based on the available experi-
mental data, it is evident that only a limited range of the required interfacial tensions, solubilities, and self-
diffusivities of the H2/H2O/NaCl system has been measured, while in some cases, there are significant discrep-
ancies between the data reported from different sources. The reason for the scarcity of and deviation in the
data may be that experimental measurements are rather challenging and expensive to perform, especially at
high pressures and temperatures. To this end, molecular simulation is a widely used complementary approach
for obtaining thermophysical data [2,3], especially at conditions which are challenging for experimental mea-
surements.

In this work [4], force field-based Molecular Dynamics (MD) and Continuous Fractional Component Monte
Carlo (CFCMC) simulations are carried out in this work to cover this gap. Extensive new data sets are provided
for (a) Interfacial tensions of H2 gas in contact with aqueous NaCl solutions for temperatures of 298 - 523 K,
pressures of 1 - 600 bar, and molalities of 0 - 6 mol NaCl/kg H2O computed using MD, (b) self-diffusivities
of infinitely diluted H2 in aqueous NaCl solutions for temperatures of 298 - 723 K, pressures of 1 - 1000 bar,
and molalities of 0 - 6 mol NaCl/kg H2O computed using MD, and (c) solubilities of H2 in aqueous NaCl
solutions for temperatures of 298 - 363 K, pressures of 1 - 1000 bar, and molalities of 0 - 6 mol NaCl/kg H2O
computed using CFCMC simulations. The simulations for computing H2 self-diffusivities are also used to
yield predictions for densities and viscosities of the NaCl solutions.

Our results are validated against the available experimental data, models, and simulations. Excellent agree-
ment between the results and experimental data is found with deviations smaller than 10% for most of the
data points. The investigated properties depend on pressure, temperature, and salt concentration, with the
exception of interfacial tension where no significant dependence on pressure was found. The dependencies
were analysed and were in agreement with expectations based on theory and available literature. Using this
analysis, we were able to develop engineering equations for interfacial tension and self-diffusion capturing
the effect of pressure, temperature, and solution molality. These equations can be used in reservoir simulators
for calculating values at a specific combination of conditions in a fast and reliable way.
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