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Abstract

The current geopolitical landscape clearly demonstrates that a country's global
influence is significantly shaped by its energy resource reserves and the level of
development within its energy sector. The fuel and energy sector serves not only as a
cornerstone of economic growth but also as an effective instrument of domestic and
foreign policy. This sector ensures the continuous and sustainable functioning of all areas
of the national economy and has a substantial impact on the formation of key financial
and economic indicators of the country.

The gas sector stands out as one of the fundamental pillars of the national economy.
Its stable and efficient development is crucial for the operation of industrial infrastructure
and for the overall economic stability of society. A defining characteristic of the gas
industry is that it encompasses the entire value chain—from resource extraction to end-
use consumption. This includes resource expansion, extraction, transportation, storage,
processing, transit, distribution, and delivery.

Covering the full value chain necessitates a systemic and integrated approach to the
planning and development of the gas industry. This approach entails the harmonious
growth of all subsectors, as well as coordinated analysis and forecasting. It is also essential
to consider environmental factors such as gas consumption subsystems and hydrocarbon
reserves, which represent both financial resources and potential limitations in terms of
cash flow.

In Georgia, the growth of natural gas consumption is observed annually in parallel
with the growth of the economy. Given that up to 99% of the country's consumption is
satisfied with imported natural gas, it is important for Georgia to develop approaches to
energy security that will minimize the risks of ensuring supply during peak load periods.
For this, it is important to build a gas storage facility in Georgia and consider it a strategic
facility. The experience of various countries shows that gas storage helps to balance
demand-supply indicators. In addition, it provides an opportunity for the natural gas
stored in the gas storage facility to be used for both strategic and, if necessary and possible,
commercial purposes for economic efficiency. The state's interest in the construction of a
gas storage facility has been expressed repeatedly and a number of works have been
carried out for this purpose. In addition, international recommendations are important,
which confirm the existence of natural gas reservoirs in the country.

The primary objective of the gas industry is to ensure the reliable, efficient, and
uninterrupted supply of gas to consumers. Therefore, the development of a strategic plan
should be based on an analysis of both current and forecasted demand, encompassing both
active and prospective consumers. In this context, environmental factors are viewed
systematically as an "external environment" that interacts with the industry through
feedback loops. The industry is not only capable of responding to external demands but
can also influence their formation—ranging from resource planning and consumer
structure analysis to demand forecasting and recommendations for transitioning to
alternative fuels, all while considering economic efficiency.

Accordingly, the development strategy of the gas industry serves as a tool for
optimizing and synchronizing the growth processes of both suppliers and consumers.
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This, in turn, has a considerable impact on the infrastructural sustainability of the
countries or regions in which it operates.

This dissertation focuses on the safety assessment of underground gas storage
operations within water-bearing geological formations, particularly those located in
depleted fields. The primary goal of the research is to identify specific operational
challenges and develop effective methods for their prevention and resolution. These
challenges primarily relate to all forms of gas loss and leakage that occur within
underground containment zones.

Gas losses may result from its migration into other geological horizons, breaches in
upper sealing layers, deformation of dome structures, excessive expansion of the gas-
bearing contour, or the filling of semi-isolated voids with gas. Additionally, during the
cyclic operation of underground storage facilities, the risk of gas loss through dissolution
in water increases, adding further complications.

To identify and analyze these issues, the dissertation applies the methodology of
hysteresis diagrams, particularly through the modeling and theoretical analysis of
injection and withdrawal processes. It also presents techniques for constructing relevant
diagrams using modern so-called “smart” management systems and discusses their
application in monitoring processes. In addition, the paper focuses on the possibility of
using modern approaches, artificial intelligence, and the expected effectiveness in both
management and operation.

Furthermore, the study develops methods for determining volumes of working and
buffer gas, monitoring pressure levels within storage, and promptly detecting and
eliminating leakages. In addition, conclusions and recommendations have been developed
that will contribute to the safety of the operation of gas storage facilities located in
underground aquifers.
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