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Abstract

The function of debris-flow (mudflow) regulation structures is complex in nature and
encompasses such domains as ecological balance, landscape infrastructure, the safety of
settlements, and others. For a territorially small and mountainous country like Georgia, the
sustainability and reliability of protective structures against debris-flow hazards are of vital
importance from an economic perspective. According to the recent history of operation and
ranking, the majority of these structures are outdated or virtually nonexistent, which results
in a low level of effectiveness of environmental protection measures.

Statistical data indicate numerous cases of disruption of ecological balance, leading to adverse
socio-economic consequences for settlements. This impact is particularly acute in mountainous
regions where geological conditions are characterized by easily disintegrating rocks and
intensive erosion processes. In zones of anomalous activity, large-scale research efforts are
required. Accordingly, among the objects of study, special attention is drawn to the Aragvi
River, which represents a sensitive hydrological system in Georgia, especially in high-
mountain regions. The geomorphological characteristics of its catchment basin create a specific
hydrological regime. Energy-laden flows within the river channel trigger active erosion
processes, channel deformation, and localized debris-flow formation. Flow intensity is directly
dependent on slope gradients, channel sinuosity, soil structure, and the spatial distribution of
precipitation within the basin. The river regularly undergoes hydrological changes caused by
variations in temperature and precipitation, which increase the dynamics of solid and liquid
material transport within the channels.

Climate change significantly intensifies debris-flow activity. Abundant and intense rainfall
during summer and spring increases water volumes in the channel, accelerates erosion, and
promotes debris-flow generation. Rising temperatures during winter and spring enhance snow
and glacier melt, increasing flow energy and accelerating the movement of solid material
within channels. Uneven precipitation distribution and variations in melt intensity lead to
hydro-potential imbalances in flows, increasing channel instability and the severity of debris-
flow processes.

Field studies have shown that debris-flow materials formed within the Aragvi River channels
differ in size, physic-mechanical properties, and morphology. The obtained data also improve
the accuracy of river management models, particularly under conditions of climate change.
Given the increase in debris-flow transport capacity and the wide variability of rheological
properties within the Aragvi River catchment—especially under conditions where such flows
are characterized by self-formation and exert significant impacts on the river’s ecological
environment—the existing calculation methodologies require differentiation, refinement, and
further specification.

-Predictive equations describing the temporal variation of the factors governing debris-flow
formation, stability failure, movement, and the regulation of their interaction with opposing
resistances within the debris-flow channels of the study area, as well as their transport capacity
potential, have been evaluated. Based on the characteristics of the tributary transit zones and
the catchment area of the Aragvi River, predictive equations have been established for the
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variations in the energy characteristics and transport capacity of debris flows formed in the
transit zone, according to their types. Accordingly, using the analog of soil mechanics and
qualitative functions, corresponding assessment models have been developed.

- The criteria for assessing the disruption of stationarity and transport capacity in the
transit zone have been established. In addition, based on studies conducted on samples
of debris flow deposits in individual channels, the limits of changes in the physical-
mechanical properties and constituent components have been determined, and the
weight composition of the colloidal fraction of the debris flow mass within the solid
material has been investigated.

- The potential for the formation of diverse types of debris flows within channels is
determined by the ratio between the constituent solid mass and water. Accordingly,
based on the research data, the relationship between the solid mass and water, with
respect to the magnitude of the runoff, is qualitatively presented. On the basis of
approximation, a predictive model for the ratio of solid mass to water runoff has been
established.

The models developed as a result of the research make it possible to determine the level of
hydrological, rheological, and geomorphological resilience of the Aragvi River catchment
basin; to forecast the dynamics of environmental conditions under various climatic and
hydrological scenarios; and to provide a solid scientific basis for the development of an
integrated environmental management system for the river basin. This, in turn, supports the
optimization of engineering solutions, the formulation of data-driven strategies, and the
application of integrated approaches in the management of the Aragvi River basin.
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