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At the current stage of economic development, considering Ukraine’s natural conditions, resource potential, and the goals outlined in the Strategy for Sustainable Development, greater attention should be given to dumps and tailings of so-called waste rocks. These formations create landscape and technical systems around all mining and quarrying facilities. Ukraine, as a country with intensive economic use, hosts numerous industrial enterprises engaged in mineral extraction.

This study explores the potential for recycling waste rock dumps at the Zavallivsk graphite deposit, which can contribute to Ukraine’s post-war reconstruction, both nationally and within the Zavallivsk settlement-territorial community. A radiation and hygienic assessment of the rocks in the planned mining area is provided. Additionally, the study presents the morphometric parameters of the waste dump from the overburden storage and tailings storage facility No. 2. The mineralogical and chemical composition of waste rocks accumulated in the dump and tailings pond were analyzed. Proposed industries for utilizing the accumulated materials are outlined, along with a specialization direction for the Zavallivsk settlement-territorial community in producing environmentally friendly materials. Furthermore, the volumes of garnet ore accumulated in the waste rock dump are specifically indicated. The current directions of their industrial application have been determined.
Introduction
The mining industry of Ukraine, which shapes local industrial landscapes, consists of complex landscape-technical systems. Its operations lead to significant transformations of the physical surface, causing a fundamental restructuring of the vertical landscape system and the development of both negative and positive human-made relief forms. The 20th century saw intensive mining activities, resulting in anthropogenic depressions that are clearly visible in satellite imagery. These features serve as key indicators of the Anthropocene.

In the 21st century, science prioritizes minimizing the environmental impact of economic activities and fostering ecologically balanced, sustainable anthropogenic systems. While minerals and rocks remain essential for economic development, modern technological advancements and the Sustainable Development Strategy urge us to reconsider the materials already extracted.

Significant volumes of mineral raw materials exist not only in current use but also within so-called "waste rock" dumps – a term that has become outdated, as modern technology reveals their potential for reuse based on mineral content and chemical composition. Additionally, tailings dams, whether active or reclaimed, contain valuable resources that should be reconsidered for processing.

Research into the utilization of rock accumulated in dumps and tailings ponds is a pressing scientific issue. It aligns with global trends in applied science and plays a crucial role in shaping Ukraine’s post-war reconstruction by ensuring the rational and sustainable use of raw materials already present within the country.

Method and Theory
The focus of scientific research on the potential for recycling mining waste is the Zavallivsk Graphite Plant, which operates using the natural mineral resources of the Zavallivsk graphite deposit. This deposit is located in the village of Zavallia, within the Zavallivsk settlement-territorial community, Holovanivskyi District, Kirovohrad Oblast. The plant has been the subject of long-term collaboration with the author's research team and serves as a key field site for anthropogenic and landscape studies.
To explore the potential use of waste from the Zavallivsk graphite deposit accumulated in dumps and tailings, both general and specific scientific research methods were applied. Analyzing literary sources helped identify priority areas for utilizing the accumulated rock waste and provided insight into foreign experience. Working with statistical data allowed for the determination of the predominant mineral components in the dump and tailings. A radiation and hygienic assessment of the planned mining site was conducted to classify the radiation safety of the facility and industrial waste. Additionally, a SWOT analysis was carried out to identify development directions and evaluate the potential economic and environmental impact of the facility on the local community.
Results
A detailed description and characteristics of the modern landscape structure of the Zavallivsk graphite deposit are presented in various publications (Palii, 2010; Yatsenko et al., 2020; Kravtsova et al., 2022; Kravtsova, 2024). This geographical object is recognized as having significant potential for continued productive economic use, particularly in the processing of mineral waste accumulated in dumps and tailings (both active and reclaimed). For reclaimed areas, additional calculations are required to assess the economic feasibility of reopening and utilizing the dump after reclamation measures have been completed.

Currently, mining operations are ongoing in the southeastern section of the Zavallivsk deposit. The planned activities focus on extracting graphite ores, garnet ores, calcifers, and charnockites. The quarry's production capacity for graphite ore reaches up to 600,000 tons per year. According to the official website of the enterprise, the plant has the capability to produce 30,000 tons of graphite annually. This business entity manufactures over 25 primary grades of graphite, with a carbon content ranging from 85% to 99.5% and particle sizes between 10 and 200 microns.

In accordance with Special Permit for Subsoil Use No. 430, issued on January 23, 1996, the southeastern Zavallivsk deposit covers an area of 108.6 hectares. However, based on the Act on the Grant of Mining Allotment No. 3429, dated March 19, 2019, the area has been expanded to 143.37 hectares.
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Figure 1 Map of the graphite-bearing areas of the Zavallia deposit: 1 – Graphite ore bodies; numbers in the circles – graphite-bearing areas: 1 – Khutir Andriivka; 2 – Promizhna; 3 – Pivdenno-Skhidna; 4 – Pravoberezhna; 5 – Pivdenna polosa; 6 – Zarichna (Yatsenko at al., 2020). 

According to the Public Cadastral Map of Ukraine, the quarry, dump, and tailings storage facility are situated on land designated for the placement and operation of the enterprise’s main infrastructure, including auxiliary buildings and structures necessary for production. The total land area is 636.4186 hectares. The quarry development covers 108.6 hectares, where overburden removal is carried out without requiring additional land. Land reclamation involves stacking the overburden rock into a dump, allowing for natural vegetation recovery.

As stated in the annual report on the radiation and hygienic assessment of the planned mining area of the Zavallivsk deposit (South-Eastern section) – which includes graphite ores, garnet ores, calcifers, and charnockites in Holovanivskyi District, Kirovohrad Oblast – the deposit falls under Radiation Safety Class 1 (up to 370 Bq/kg). This classification means that raw materials and products from the deposit can be used across all industries without restrictions. The planned mining activities are not expected to generate sources of radiation contamination, and the accumulated so-called "waste rock" does not contain radioactive contamination.
At the detailed exploration stage, gamma-ray imaging revealed that carbonate rocks exhibit the lowest radioactivity levels, ranging from 3–5 to 10 μR/h. These rocks are well-mapped using radiometric imaging. Other rock types display less differentiation in radioactivity, with activity levels ranging from 1–2 to 40 μR/h (Report on the Results of Post-Project Monitoring of PJSC "Zavallivskyi Graphite Plant" for 2022, 2023).

The waste generated during mineral extraction at the Zavallivskyi deposit is stored in dumps and tailings facilities. Overburden storage has been ongoing since 1956, with a design volume of removed waste amounting to 171,500,000 tons. The dump, located on the southern side of the "South-Eastern" quarry, southeast of Zavallia village, has a height of 120–130 meters and covers an area of 1,100,000 m². The total actual volume of removed waste is 144,837,948 tons.

The waste classification is as follows:

· Name: Waste (rocks, soil) generated during overburden works in the process of creating mines and quarries

· Waste code: 1450.2.9.32

· Human health hazard class: IV

· Waste type: Mineral

· Aggregate state: Solid

(Report on the Inventory of Mining and Processing Waste – Overburden Dump of PJSC "Zavallivskyi Graphite Plant," 2015).
Tailings Facility No. 2 has been in operation since 1989, with a design volume of removed waste amounting to 13,800,000 tons. It is located southeast of Zavallia village and has a width ranging from 560 to 1,120 meters and a length of 1,300 meters. The total actual volume of removed waste is 6,918,446 tons.

The waste classification is as follows:

· Name: Sludge and "tails" from beneficiation plants

· Waste code: 1450.2.6.07

· Human health hazard class: IV

· Waste type: Mineral

· Aggregate state: Sludge or pasty

An analysis of the mineral composition of the accumulated waste in the tailings storage facility indicates a high content of quartz (52.2%) and feldspars (23.2%) (Report on the Inventory of Mining and Processing Waste at the Tailings Storage Facility of the Beneficiation Plant of LLC "Zavallivskyi Graphite," 2015).
Recycling rocks accumulated in dumps (calcites, dolomites, forsterites, serpentine, diopside, phlogopite) offers significant environmental, economic, and industrial benefits for the region. Through proper assessment and processing, these materials can be effectively integrated into various industries, reducing waste accumulation and minimizing environmental impact. They are: Construction Industry – Crushed stone from dumps can be used as aggregate in road construction, concrete production, and building materials, reducing the need for extracting natural resources. According to the Passport of the Zavallivska Settlement Community (Holovanivkyi District, Kirovohrad Oblast), the total length of the community's roads is 142 km (42 km – state roads, 50 km – local roads, 50 km – municipal streets and roads); Reclamation and Landscaping;  Metallurgical and Chemical Applications; Production of Eco-Friendly Materials; Infrastructure Development. 
We place special emphasis on garnet ore, given its significant industrial potential. Preliminary estimates indicate that approximately 1,739,200 tons of garnet ore (containing 271,800 tons of garnet) have accumulated in the dump. This abrasive garnet is a valuable natural mineral with a wide range of industrial and commercial applications, including: Abrasive Applications; Waterjet Cutting; Filtration Media; Grinding and Polishing; Manufacturing of Abrasive Tools; Wear-Resistant Materials; Construction Industry; Advanced Flooring Solutions. 
Conclusions
Currently, waste generated during the extraction of minerals from the Zavallivsk graphite deposit (including dust, chips, and debris) is used in production processes, such as road filling. However, waste (such as rocks and soil) produced during stripping operations is stored in a dump. By prioritizing the reuse of these dumps in the production of environmentally friendly materials, the facility can significantly reduce waste, lower carbon emissions, and contribute to sustainable development. The implementation of innovative processing technologies and the promotion of cooperation between industry and research institutions will further enhance the effectiveness of these efforts. By adopting these technologies and sustainable management practices, the effective use of rock from landfills can support environmental conservation, resource efficiency, and economic development within the Zavallivsk settlement-territorial community.
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