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Introduction

The emission of anthropogenic greenhouse gases, such
as carbon dioxide from fossil fuels, is a major driver
of the greenhouse effect and global warming in the
modern era. However, the growing population and the
increasing carbon dioxide emissions have compelled
the global economy to seek solutions to mitigate this
issue and its severe consequences, including climate
change, polar ice melt, and rising sea levels [ 1, 2].

In recent decades, extensive research has been
conducted on net-zero carbon strategies and the
transition to a hydrogen economy. Most studies have
focused on assessing the feasibility of hydrogen
storage in depleted oil and gas reservoirs, saline
aquifers, and salt caverns, as well as addressing the
challenges associated with simulation and real-world
implementation [3—6].

Table 1 Input data for the reservoir model.
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The primary goal of this study is to simulate and
optimize the hydrogen storage process in a depleted gas
reservoir. To achieve this, an artificial neural network
algorithm was employed to develop a surrogate model
and identify optimal solutions using a multi-objective
evolutionary optimization algorithm.

Research Method
Data Preparation

In this study, underground hydrogen storage in a
depleted gas reservoir was simulated using the input
data presented in Table 1. Additionally, the rock model
of the reservoir was assumed to be homogeneous. This
reservoir model served as the base case for design
of experiment simulations (see Fig. 1). The physics-
based simulations were performed with CMG-GEM.

Parameter Value Units
: Number of cells (Nx,Ny,Nz) (21,21,5) -
2 Size of grid cells (Ax, Ay, Az) (40,40,28) ft
3 Reservoir Top Depth 4500 ft
4 Reservoir Porosity 0.20 -
5 Reservoir Permeability (kx, ky, kz) (200,200,20) mD
6 Reservoir rock compressibility @ P=1000 psia 4.01110 1/psia
7 Initial Reservoir Pressure 1000 psia
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Fig. 1 Schematics of different design of experiment methods in 2D.

Simulation Methodology

Since the primary objective of this study was to
evaluate the potential and performance of data-
driven models in simulating hydrogen storage in an
underground reservoir, artificial intelligence methods
were employed as a smart proxy model to identify
optimal solutions.

The experiment table consists of decision variables—
the key controllable operational parameters in the gas
storage process—such as cushion gas and working case
injection flow rates, along with their corresponding
target variables. A comprehensive tabular dataset was
then generated to simulate various states of the base
model. This dataset was used to develop data-driven
proxy models, and ultimately, the most accurate
model was introduced as a smart proxy to replace

the commercial simulator for future simulations and
optimization. Simulation data was randomly divided
into two subsets: 70% for training and 30% for
validation.

Results and Discussion

As shown in Fig. 2, the storage operation begins with
the injection of cushion gas (CO,, N,, CH,, or a gas
mixture). Subsequently, working gas (hydrogen)
is injected and produced, with the well alternating
between shut-in and open states over the defined
periods during ten years of operation. This is followed
by a long-term hydrogen production phase lasting
three years. Throughout the well’s lifetime, hydrogen
purity and recovery factor are evaluated.
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Fig. 2 Hydrogen Recovery factor (right axis) and Purity (left axis) during injection and production cycles.

As previously mentioned, hydrogen purity and
recovery factor serve as key decision variables. Fig. 3
illustrates the performance of an artificial feed-forward
neural network, configured with 10 neurons in hidden
layers and a sigmoid transfer function, in predicting
hydrogen purity. The model achieved correlation
coefficients of R=0.93 for training and R=0.94 for

testing subsets.

Following training, the proxy model was employed
to identify optimal solutions based on these decision
variables. Fig. 4 presents the results of the multi-
objective genetic algorithm search, highlighting the
Pareto front (red dots) as the set of optimal solutions.
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Fig. 3 Cross plot of recovery factor for training and testing subsets.
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Fig. 4 Pareto-front for multi-objective genetic optimization algorithm.
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