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ABSTRACT

Rudakov L.M.Scientific and technical principles of environmental safety
management for hydraulic structures in the mining industryUnpublished
manuscript. Dissertation for the degree of Doctor of Technical Sciences in the specialt
21.06.017 Environmental Safetyi Dnipro University of Technology, Ministry of
Education an&cience of Ukraine, Dnipro, 2026.

This dissertation is a comprehensive research study that addresses gimg pres
scientific issue of establishing a methodology for ensuring the environmental safety o
hydraulic structures through the integration of nmstental diagnostic methods and
predictive modeling. Based on an analysis of global trends in the mining industry, it
has been established that disturbances in the hydrodynamic equilibrium of tailing:
ponds pose irreversible threats to the geological gndtec environments of industrial
regions. The work establishes that the progressiveadaipn of protective dams
within the mining and industrial complex of the Drupetrovsk region is caused by
the cumulative impact of anthropogenic wategimg and dynamic loads from
transportation routes. It is argued that existingtineumonitoring systems require
supplementation with methods for remote idcdtion of hidden areas of internal
erosion. A conceptual model for managing environmental risksdban developed,
based on the identification of zones of geodynamic instability and the assessment ¢
their impact on the migration of pollutants. As a result of the research, it has beer
proven that the intensification of filtration flows is a key indlicaof the transition of
t he fAsdmwictnaumment 0 system to a critica

Mathematical models of the strestsain state of soil masses have been developed,
which account for the anisotropy of the physical and mechanical properties of alluvial
depodgs. Patterns of transformation of natural electromagnetic field parameters undel
the influence of active suffusion and compaction of dam bodies have been establishe
New data on the correlation between the seismoacoustic emission of massifs and tf
probaility of emergency situations at hazardous waste storage facilities have beel
obtained.

Based on the analysis of a large array of statistical data on accident rates, the ma
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manmade causes of gas transmission system (GTS) failures in global practce hav
been identified. The methodology for the comprehensive use alesirnuctive remote
methods of environmental monitoring has been examined in detail. It has beer
established that t he met hod maghetic tfidlde E
(EPEMF) isthe most effective tool for rapid scanning of the condition of dams.
Optimal parameters of the measurement network for conductingéomgresearch at
large-scale facilities have been substantiated. A methodology for interpreting
geophysical signals to pally identify hidden zones of soil compaction has been
developed. As a result of the research, a correlation between the specific electrice
resistivity of soils and their current moisture content has been experimentally
determined. Mathematical modelsvieabeen developed that allow for the highly
accurate estimation of the dynamics of
Threshold values for the radiation intensity of the PIEMPS have been established
which indicate a critical risk of &@reach in the containment dam. Experimental
confirmation has been obtained of the high sensitivity of modern magnetometric
methods to the detection of corrosion wear of metal structural elements. Based on &
analysis of the complex geological structurehs areas where the storage facilities
are located, significant risks of seismic impact on their integrity have been identified.
The complex environment al situation
tailings pond in Kamyanske has been examined faildé has been established that
the radioactive legacy of former uranium production requires the implementation of
special engineering safety measures. The necessity of urgently reinforcing the
phosphogypsum protective layer to reliably prevent valavn dust formation and
the infiltration of atmospheric water into the tailings pond bed is substantiated. A
refined scheme of radionuclide migration in underground horizons toward the
Konoplyanka River channel has been developed, allowing the identificztiocal
areas of intense leachate discharge in thef@oliing section of the protective dams.
Mathematical models of uranium isotope adsorption by various types of foundation
soils and the tailings pond body were developed. It was established thaistirege

hydraulic connection between the storage facility and the Dnipro River poses a long
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term threat on a regional scale. Detailed maps of the spatial distribution of backgroun
radiation in the residential area adjacent to the facility were obtained.

Based on an analysis of the current condition of the Sukhachivske tailings pond
areas prone to dangerous surface and internal suffusion have been identified. Predictr
modeling in the Phase 2 program showed that for the Sukhachivske 1C dam, whe
water s#&uration and the vibrational impact of motor vehicles are combined, the
stability coefficient decreases to ks = 1.202, which is lower than the regulatory
requirements ([ks] = 1.25) and poses a risk of failure.

At VGMK in the Skazhena ravine, a rise in tlevels (on average by G.7
1.0m/year) of two anthropogenic aquifers has been observed; their convergence caus
waterlogging and soil creep. This process, combined with lateral pressure from slurn
masses, intensifies landslide formation, posing a threttetontegrity of retaining
structures. Seismic activity in the region has been identified as an additional
environmental risk, which, under conditions of significant waterlogging, could lead to
dam failure.

Aspects of environmental safety of hydraulic ieegring systems for civil and
land reclamation purposes are also considered. A connection has been establish
between the poor technical condition of irrigation canals and the processes o
secondary salinization of agricultural lands in the Dnipropekrowesgion. A
met hodol ogy for using the Earthoés natu
voids and leaks in the concrete lining of hydraulic structures has been substantiated.

This paper examines technical solutions for stabilizing the enveatah
condition of gas transmission systems. The high effectiveness of the combined use ¢
geosynthetic materials for reinforcing external slopes has been established. Th
feasibility of using jet grouting technology for the rapid creation of-ftittion
curtains has been substantiated. Scientific proposals have been developed for a pha:
transition to environmentally safe paste thickening of enrichment waste. As a result o
the research, optimal ratios of grouting mixtures for strengthening weakafiamsl
of structures have been determined. A functional structure of a digital early warning

system for the threat of environmental emergencies has been developed.
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It has been established that the implementation of comprehensive automate
monitoring reduce the overall risk of disasters by 30%. Positive results were obtained
from the industrial testing of the proposed solutions at the facilities of the State
Enterprise fABarrier. o Based on an ana
feasibility of widespread industrwide implementation of the research results has been
established.

Thorough examination of the study's general findings establishes that the
developed scientific and technical principles provide a methodological foundation for
managing tb environmental safety of gas transmission systems under conditions of
increasing anthropogenic pressure, which is of great importance for the sustainabl
development of industrial regions. The scientific novelty of the obtained results is
substantiated, kich lies in the development of a comprehensive approach to assessing
the condition of structures through the lens of their interaction with ecosystems. As ¢
result of the conducted research, a strategy for the environmental modernization of ga
transmisn systems has been formulated, aimed at minimizing risks to public health.
Mathematical and instrumental tools have been developed that enable a transition frol
reactive to proactive management of environmental safety. The full compliance of the
proposeds ol uti ons with the principles of
European Union directives has been established. A significant contribution has bee
made to the theory of forecasting maade emergencies under conditions of a
changing climate andeglogical environment. The technical implementation of the
di ssertationos resul ts ensures rel i at
contributes to strengthening the national security of the state.

Keywords:environmental safety, hydraulic struatsr tailings pond, irrigation
system, geophysical monitoring, geotectonics, filtration, migration, radionuclides,

hazard index.
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