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Abstract

Large infrastructure projects frequently require the removal of the fertile topsoil layer
during construction activities. Although this material represents a valuable natural resource, it
is often treated as a temporary by-product and remains unused for long periods, resulting in
quality degradation and economic losses. This study evaluates the volume, quality, and
management potential of stockpiled topsoil accumulated during the construction of the
Akhuryan Reservoir in Armenia.

The research combines UAV-based topographic surveying, cadastral data analysis, soil
sampling, laboratory determination of humus content using the Tyurin method, and assessment
of legal demand for fertile soil. The results indicate that approximately 212,532 m? of topsoil
has been accumulated within a designated storage area. Laboratory analyses revealed an
average humus content of 3.54%, corresponding to high-quality agricultural soil. Comparative
analysis showed a significant imbalance between the accumulated stockpile volume and the
officially recorded demand for fertile soil.

The findings demonstrate that long-term storage of topsoil may lead to gradual
degradation of soil quality and reduction of its agricultural value. The study proposes a strategic
resource-management approach in which stockpiled topsoil generated by large infrastructure
projects is considered a strategic environmental resource requiring systematic inventory,
monitoring, and controlled redistribution.
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The proposed approach may contribute to improved soil conservation, reduction of
illegal soil extraction, and more efficient utilization of valuable land resources in Armenia and
other countries facing similar challenges.

Keywords: topsoil management; fertile soil; soil conservation; infrastructure projects;
humus content; resource management; Akhuryan Reservoir; Armenia.

Introduction

Topsoil, the fertile upper layer of soil, is one of the most valuable natural resources
within terrestrial ecosystems. Formed over thousands of years through complex physical,
chemical, and biological processes, it provides the foundation for plant growth, biodiversity
conservation, carbon sequestration, water regulation, and sustainable agricultural production.
Unlike many other natural resources, fertile topsoil is renewed extremely slowly; therefore, its
degradation or loss may result in long-term environmental, social, and economic consequences.

During recent decades, the implementation of large-scale infrastructure projects—
including reservoirs, highways, industrial facilities, residential developments, mining
operations, and energy infrastructure—has accelerated worldwide. Construction of such
projects typically requires the removal of the fertile topsoil layer during site preparation. This
material is generally stockpiled in designated storage areas for future reclamation or reuse
following project completion.

Despite existing environmental regulations and engineering practices, stockpiled topsoil
frequently remains unused for extended periods. Prolonged storage may lead to gradual
deterioration of soil structure, reduction in biological activity, loss of active organic matter,
compaction, and increased susceptibility to erosion, ultimately decreasing its agricultural and
ecological value. At the same time, many regions continue to experience substantial demand
for fertile soil for agricultural production, land reclamation, landscaping, and urban greening
projects. This contradiction indicates that the principal challenge is not the availability of fertile
soil itself, but the effectiveness of its management.

International scientific literature has devoted considerable attention to soil conservation,
land degradation, and sustainable soil-resource management. However, the assessment and
management of stockpiled topsoil generated by large infrastructure projects have received
comparatively limited attention. Existing studies primarily focus on reclamation techniques,
erosion control, and restoration practices, whereas relatively little emphasis has been placed on
systematic inventory, quantitative assessment, quality preservation, demand-supply analysis,
and strategic redistribution of accumulated topsoil resources. Consequently, significant
methodological gaps remain regarding the integration of these aspects into a comprehensive
resource-management framework.

In the Republic of Armenia, numerous large-scale water infrastructure, transportation,
industrial, and urban development projects have generated substantial volumes of stockpiled
topsoil. Simultaneously, both legal demand for fertile soil and cases of illegal soil extraction
have been recorded, indicating deficiencies in existing management, accounting, and regulatory
mechanisms. Under these conditions, accumulated topsoil should no longer be regarded merely
as temporarily stored excavated material, but rather as a strategic environmental resource whose
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effective management can simultaneously contribute to soil conservation, sustainable
agriculture, environmental protection, and more efficient utilization of national land resources.

The objective of this study is to evaluate the volume, quality characteristics, and
management potential of the stockpiled topsoil accumulated during the construction of the
Akhuryan Reservoir in Armenia by integrating UAV-based topographic surveying, cadastral
analysis, laboratory soil testing, and demand assessment. Based on the obtained results, the
study proposes a strategic management approach for stockpiled topsoil that may support
sustainable resource utilization in Armenia and provide a practical framework applicable to
other countries implementing large infrastructure projects.

Literature Review

Topsoil as a Strategic Natural Resource

Topsoil represents one of the fundamental components of terrestrial ecosystems, formed
through long-term interactions among physical, chemical, and biological processes. Classical
soil formation theory demonstrates that soil development depends on the combined influence
of parent material, climate, topography, biota, and time, making fertile topsoil a slowly
renewable and highly vulnerable natural resource [40]. Contemporary soil science further
recognizes topsoil not only as the foundation of agricultural production but also as a provider
of essential ecosystem services, including water regulation, carbon sequestration, nutrient
cycling, and biodiversity conservation [35,39].

During the last decade, soil conservation has become a global priority. Assessments
published by the United Nations Convention to Combat Desertification (UNCCD), the Food
and Agriculture Organization (FAO), the Intergovernmental Panel on Climate Change (IPCC),
and the Intergovernmental Science—Policy Platform on Biodiversity and Ecosystem Services
(IPBES) consistently identify soil degradation as one of the major threats to food security,
climate resilience, and ecosystem restoration [1,10,32,33]. The loss of fertile soil or
deterioration of its quality is particularly critical in countries with limited land resources, where
agriculture continues to play a significant socio-economic role. Consequently, the conservation
of topsoil should be regarded not only as an environmental issue but also as a strategic resource-
management challenge.

Recent international policy documents increasingly recognize soil as a form of natural
capital. The European Union Soil Strategy for 2030 emphasizes the importance of healthy soils
for climate-change mitigation, biodiversity conservation, and food security [2]. Similar
approaches are reflected in the strategic frameworks developed by FAO and the Global Soil
Partnership, which highlight the necessity of sustainable soil management, systematic
monitoring, and continuous assessment of soil quality [3,4,34]. These initiatives demonstrate a
transition from viewing soil conservation as a purely technical issue toward considering it an
integral component of national and international environmental policy.

Scientific research likewise emphasizes the need for integrated soil-health assessment.
Modern studies evaluate soil quality using not only physicochemical parameters but also
biological activity, soil organic carbon, microbial diversity, and ecosystem functionality [11—
13]. Such an integrated perspective is particularly relevant for topsoil because it contains the
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highest concentrations of humus, root biomass, microorganisms, and plant nutrients that
determine soil fertility and ecological performance.

Nevertheless, the majority of existing studies concentrate on agricultural soil
conservation, land degradation, erosion control, and ecological restoration. Comparatively little
attention has been devoted to fertile topsoil removed during the implementation of large-scale
infrastructure projects. Under such conditions, topsoil enters an intermediate state: it is no
longer functioning within its natural ecosystem while simultaneously remaining unused for
agricultural production, ecological restoration, or landscape rehabilitation. This transitional
condition creates a distinct resource-management challenge that has received limited attention
in the international scientific literature.

Topsoil Management in Infrastructure and Construction Projects

The implementation of large-scale infrastructure projects is frequently accompanied by
the removal of the fertile topsoil layer. During the construction of reservoirs, highways,
industrial facilities, mining operations, and urban developments, topsoil is stripped from the
construction site to facilitate engineering activities. International guidelines consistently
recommend that fertile topsoil should be removed separately from subsoil materials, stored in
designated stockpiles, and subsequently reused during land reclamation and ecological
restoration [25,26,31].

Technical guidance documents addressing sustainable soil use in construction projects
emphasize several key principles for topsoil preservation. These include preventing the mixing
of topsoil with underlying materials, limiting stockpile height, minimizing soil compaction, and
ensuring proper surface-water management during storage [25,27]. Although these
recommendations provide valuable technical guidance, they primarily focus on construction
practices and do not establish comprehensive long-term strategies for managing accumulated
topsoil resources.

Research conducted in mining and land-reclamation contexts demonstrates that
stockpiling may substantially influence the future usability of topsoil. Recent investigations
have shown that prolonged storage can alter soil geochemical properties, microbial community
composition, biological integrity, and restoration potential [17-23]. These findings are
particularly relevant because they indicate that stockpiled topsoil should not be regarded as a
stable resource whose quality remains unchanged throughout the storage period.

Despite these advances, the existing literature remains largely focused on mining and
post-mining reclamation. Considerably less attention has been devoted to the accumulated
topsoil generated during reservoir construction, transportation infrastructure, and urban
development projects. In particular, limited research has addressed the quantitative inventory
of accumulated topsoil, its legal circulation, demand assessment, and integration into long-term
resource-management systems. These shortcomings become especially significant in countries
where fertile soil resources are limited and where uncontrolled or illegal soil extraction creates
additional environmental and governance challenges.

Therefore, the international experience in topsoil management demonstrates that while
technical requirements for soil preservation are relatively well established, considerably less
progress has been achieved in developing systematic approaches for inventory, valuation,



Bulletin Of High Technology N 2 (38) 2026.-pp.3-26. WATER SYSTEMS

H.V. Tokmajyan, V.R. Grigoryan
STRATEGIC MANAGEMENT OF STOCKPILED TOPSOIL GENERATED BY LARGE INFRASTRUCTURE PROJECTS:
EVIDENCE FROM THE AKHURYAN RESERVOIR, ARMENIA
PERSPECTIVES OF AGRICULTURAL DIGITALIZATION IN THE REPUBLIC OF ARMENIA

monitoring, and controlled redistribution of accumulated topsoil as a strategic environmental
asset. This research seeks to address this gap by examining the stockpiled topsoil generated
during the construction of the Akhuryan Reservoir as a representative case of strategic topsoil
resource management.

Effects of Long-Term Topsoil Stockpiling on Soil Quality

The effectiveness of topsoil conservation depends not only on the removal and storage
of the fertile soil layer but also on the duration and conditions of storage. Numerous studies
published in recent years have demonstrated that even when stockpiles are established in
accordance with technical guidelines, prolonged storage may result in gradual deterioration of
the physical, chemical, and biological properties of topsoil, thereby reducing its suitability for
subsequent reuse [17-24].

Contemporary research indicates that the principal factors affecting the quality of
stockpiled topsoil include storage duration, stockpile height, soil compaction, restricted
aeration, and alterations in the soil moisture regime [19-23]. The combined influence of these
factors reduces soil porosity, disrupts gas exchange, suppresses aerobic biological processes,
and gradually decreases microbial activity. Simultaneously, changes occur in the mineralization
of organic matter, accompanied by losses of active humus fractions and reduced bioavailability
of essential plant nutrients [13,17,19]. These findings demonstrate that the quality of stockpiled
topsoil continuously evolves during storage rather than remaining constant over time.
Particular attention has recently been devoted to changes in soil microbial communities. Fischer
et al. demonstrated that increasing stockpile height significantly alters both the composition and
diversity of microbial communities, directly affecting soil functionality and ecological
resilience [21]. Similar conclusions were reported by Bordez et al., who observed substantial
modifications in microbial diversity, enzymatic activity, and biochemical processes even after
relatively short storage periods [23]. These studies suggest that evaluating topsoil quality should
extend beyond conventional physicochemical analyses to include biological indicators that
better reflect the functional condition of the soil ecosystem.

Structural changes within stockpiled topsoil have also been identified as an important
consequence of prolonged storage. Ledesma et al. reported that extended stockpiling leads to
pronounced vertical heterogeneity within soil piles, resulting in considerable differences in
moisture content, soil organic carbon, nutrient availability, and microbial activity between
upper and lower layers [20]. Such heterogeneity may substantially reduce the effectiveness of
subsequent reclamation activities and negatively influence vegetation establishment following
soil redistribution.

Similarly, Valliere et al. demonstrated that long-term stockpiling disrupts the biological
integrity of topsoil even when major physicochemical properties remain relatively stable [17].
Their findings indicate that the loss of biological integrity may become one of the principal
limiting factors affecting ecological restoration success. Comparable conclusions were reached
by D'Agui et al., who showed that different methods used to evaluate soil biological properties
exhibit varying sensitivity to storage-induced changes, emphasizing the importance of applying
comprehensive assessment approaches when evaluating stockpiled topsoil quality [18].
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Although considerable progress has been achieved in understanding the effects of
stockpiling on soil quality, the existing literature remains strongly focused on post-mining
reclamation and mine-site restoration [17-23]. Comparatively few studies have examined
topsoil stockpiles generated during reservoir construction, transportation infrastructure, or other
large-scale civil engineering projects. Furthermore, most available investigations concentrate
on individual physical, chemical, or biological indicators rather than integrating soil quality
changes with stockpile volume, storage duration, legal demand, and long-term management
strategies.

Consequently, the international scientific literature provides compelling evidence that
long-term topsoil stockpiling is not a neutral process. Rather, storage time itself should be
regarded as an independent factor influencing soil quality and, therefore, should be explicitly
considered in reclamation planning and resource management. Nevertheless, no comprehensive
methodological framework has yet been proposed to integrate stockpile-induced soil quality
changes with quantitative inventory, demand assessment, and strategic redistribution of
accumulated topsoil resources. Addressing this methodological gap constitutes one of the
principal objectives of the present study.

International Approaches to Topsoil Reuse and Resource Management

During the last two decades, international approaches to topsoil management have
evolved considerably. While earlier practices primarily focused on the technical aspects of
topsoil conservation and land reclamation, contemporary approaches increasingly emphasize
sustainable resource utilization, circular economy principles, and the efficient management of
natural capital [2-10, 27-36].

According to current international concepts, topsoil removed during the implementation
of large-scale infrastructure projects should not be regarded as waste or merely as temporarily
excavated material but rather as a valuable natural resource suitable for subsequent reuse. Policy
frameworks and technical guidelines developed by the European Union, the Food and
Agriculture Organization (FAQO), the United Nations Environment Programme (UNEP), and
the World Bank consistently recommend preserving fertile topsoil, preventing its degradation
during storage, and returning it to productive use through ecological restoration, land
reclamation, urban greening, and agricultural development whenever possible [2—
10,25,26,31,34].

The scientific literature identifies several principal directions for the reuse of stockpiled
topsoil, including post-mining reclamation, restoration of construction sites, landscape
rehabilitation along transportation corridors, urban green infrastructure development,
rehabilitation of degraded lands, and improvement of agricultural soil fertility [11-18,24,27].
Numerous studies further demonstrate that topsoil reuse not only reduces the need for extracting
fertile soil from undisturbed areas but also contributes to resource conservation, ecosystem
restoration, and the reduction of greenhouse gas emissions associated with land disturbance
[10-16,32,33].

Recent research has increasingly highlighted the importance of systematic soil
governance. The proposed European Soil Monitoring Law, together with initiatives developed
within the framework of the European Union Soil Observatory (EUSO) and the EJP SOIL
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programme, aims to establish harmonized systems for soil monitoring, quality assessment, and
long-term evaluation of soil health across Europe [5,28,29,36]. These initiatives demonstrate a
gradual transition from project-specific soil management toward integrated national and
regional strategies for sustainable soil governance.

Despite these advances, analysis of the international literature indicates that existing
approaches remain largely focused on technical preservation measures, soil quality monitoring,
and reclamation practices. Comparatively limited attention has been devoted to situations where
large volumes of fertile topsoil accumulate as a consequence of infrastructure development
projects and remain stockpiled for extended periods without systematic inventory, continuous
quality monitoring, or coordinated redistribution mechanisms. EXisting publications rarely
address accumulated topsoil stockpiles as resources requiring strategic management at regional
or national scales [21,25-31].

Another important limitation of current research is its predominant focus on individual
projects or specific restoration sites. Most investigations evaluate the condition of topsoil
removed from a particular mine, construction site, transportation project, or urban development
area, whereas considerably less attention has been paid to the integrated management of
accumulated topsoil originating from multiple infrastructure projects. Consequently, issues
such as quantitative inventory, assessment of legal demand, controlled redistribution, economic
utilization, and national coordination remain largely unexplored. As a result, accumulated
topsoil continues to be treated primarily as a project-specific engineering material rather than
as an integral component of national natural capital [2-10,25-36].

Therefore, the international experience demonstrates that although technical methods
for topsoil preservation and reuse have been developed to a relatively high level, considerably
less progress has been achieved in establishing comprehensive frameworks for the long-term
management of accumulated topsoil resources. Systematic inventory, continuous quality
assessment, demand analysis, and controlled redistribution remain insufficiently addressed in
the existing literature. These observations suggest that topsoil generated during large-scale
infrastructure projects should be regarded not merely as material intended for future reclamation
but as a strategic environmental asset whose effective management can substantially improve
the efficiency of national soil resource utilization while reducing the need for additional
extraction of fertile soils from natural landscapes.

Research Gap and Conceptual Framework

A comprehensive analysis of the international scientific literature demonstrates that
substantial progress has been achieved in recent years regarding soil conservation, soil health
assessment, land reclamation technologies, sustainable soil management, and soil monitoring
systems [1-40]. Considerable advances have been made in the development of soil quality
assessment methods, technical standards for topsoil preservation, and scientific understanding
of soil ecosystem services and natural capital [2-10,13-18,25-36].

Despite these achievements, the comparative review reveals several fundamental
limitations that remain insufficiently addressed. First, the majority of published studies examine
topsoil within the context of individual construction or restoration projects without considering
accumulated topsoil generated by multiple infrastructure developments as an integrated
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resource system [17-24]. Consequently, existing approaches provide only project-specific
assessments and do not allow evaluation of the actual scale or strategic significance of
accumulated topsoil resources at regional or national levels.

A second important limitation concerns the predominant focus on the physical,
chemical, and biological characteristics of topsoil, whereas considerably less attention has been
devoted to the organizational, economic, and institutional dimensions of accumulated topsoil
management [17-31]. In particular, issues related to systematic inventory, legal demand
assessment, resource allocation, controlled redistribution, and long-term governance of
accumulated topsoil remain largely absent from the existing scientific literature.

The third limitation is associated with the scale of resource management. Most
international studies focus on local or project-level investigations, evaluating topsoil generated
during mining operations, transportation infrastructure, or urban development projects [17-31].
Comparatively little research has examined accumulated topsoil originating from multiple
infrastructure projects as interconnected strategic resources requiring coordinated management
at regional or national scales.

Furthermore, current scientific approaches are primarily designed to evaluate
reclamation performance or preserve soil quality during storage. To date, no comprehensive
methodological framework has been proposed that simultaneously integrates quantitative
inventory of accumulated topsoil, assessment of soil quality, evaluation of storage duration
effects, analysis of legal demand, and strategic resource management within a unified
conceptual framework [17-31].

These limitations indicate that the existing body of knowledge lacks an integrated
approach capable of evaluating accumulated topsoil generated during large-scale infrastructure
projects not merely as a by-product of construction activities but as a valuable long-term natural
resource. This observation highlights the necessity for a new conceptual perspective based on
systematic inventory, continuous quality monitoring, demand assessment, and coordinated
redistribution of accumulated topsoil resources.

The present study addresses this scientific gap by proposing an integrated resource-
management approach using the stockpiled topsoil generated during the construction of the
Akhuryan Reservoir as a representative case study. For the first time, quantitative assessment
of accumulated topsoil, laboratory soil analyses, soil quality characteristics, cadastral and
spatial information, and legal demand assessment are integrated within a single analytical
framework. This integrated methodology enables accumulated topsoil to be considered not as
temporarily excavated construction material but as a strategic environmental asset whose
systematic management can contribute to soil conservation, more efficient utilization of
national land resources, and the achievement of sustainable development objectives.

Accordingly, this study fills an important gap in the international scientific literature by
introducing the Strategic Topsoil Resource Management (STRM) framework, an integrated
resource-management framework for the systematic inventory, quality assessment, long-term
monitoring, demand analysis, and controlled redistribution of topsoil stockpiles generated
during large-scale infrastructure projects. Although demonstrated using the Akhuryan
Reservoir case study, the proposed framework has broader applicability and may serve as a
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methodological basis for sustainable topsoil resource management in other countries
implementing similar infrastructure projects.

Conflict Setting

Large-scale infrastructure projects require the removal of substantial volumes of fertile
topsoil during site preparation. Although environmental regulations generally require this
material to be separately stripped, preserved, and reused for reclamation or land restoration, in
practice accumulated topsoil frequently remains stockpiled for prolonged periods without
systematic inventory, continuous quality monitoring, or coordinated management. During long-
term storage, the physical, chemical, and biological properties of topsoil may gradually
deteriorate, reducing its agricultural and ecological value.

At the same time, many countries continue to experience increasing demand for fertile
soil for agricultural production, ecological restoration, urban greening, and rehabilitation of
degraded lands. Consequently, a practical contradiction arises: while significant quantities of
high-quality topsoil remain unused in storage areas, growing sectors of the economy
simultaneously face shortages of fertile soil resources. This imbalance indicates that the existing
challenge is not limited to soil conservation itself but extends to the absence of effective
mechanisms for managing accumulated topsoil resources.

Current management practices primarily address technical aspects of topsoil stripping,
storage, and reclamation within individual construction projects. However, they rarely consider
accumulated topsoil as a strategic resource requiring systematic inventory, quality assessment,
demand analysis, and controlled redistribution beyond the boundaries of a single project. As a
result, substantial environmental, economic, and resource-efficiency opportunities remain
unrealized.

The present study addresses this practical conflict by introducing the Strategic Topsoil
Resource Management (STRM) framework, which provides an integrated approach for the
systematic inventory, quality assessment, long-term monitoring, demand analysis, and
controlled redistribution of accumulated topsoil generated during large-scale infrastructure
projects.

Materials and Methods

The methodology developed in this study was designed to provide a comprehensive
framework for the assessment and strategic management of topsoil stockpiles generated during
large-scale infrastructure projects. Unlike conventional approaches, which primarily focus on
soil quality assessment or individual reclamation activities, the proposed methodology
integrates field investigations, unmanned aerial vehicle (UAV) surveys, digital terrain
modelling, laboratory soil analyses, spatial and cadastral data evaluation, and legal demand
assessment within a unified analytical framework.

The methodological structure consists of a sequence of interconnected stages that
collectively enable quantitative inventory of accumulated topsoil, comprehensive evaluation of
soil quality, assessment of storage-related impacts, and identification of opportunities for
subsequent resource utilization. To achieve these objectives, this study develops and applies
the Strategic Topsoil Resource Management (STRM) framework, an integrated
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methodological approach that considers accumulated topsoil not merely as a by-product of
construction activities but as a strategic natural resource requiring systematic inventory,
continuous monitoring, and science-based management. The overall research methodology is
presented in Fig. 2, while the individual methodological stages are described in the following
subsections.

Study Area

The present study was conducted within the accumulated topsoil stockpile area formed

during the construction of the Akhuryan Reservoir in Shirak Province, Republic of Armenia.
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Fig. 1 Location of the Study Area and the Accumulated Topsoil Stockpile

The study area was selected as a representative case study for evaluating the
accumulation, quality, and strategic management potential of topsoil generated during large-
scale infrastructure projects.
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Location of the Akhuryan Reservoir and the accumulated topsoil stockpile investigated
in the present study. The figure illustrates the geographical position of the study area within
Shirak Province, Republic of Armenia, and identifies the location of the accumulated topsoil
stockpile selected for detailed field investigation and subsequent implementation of the
Strategic Topsoil Resource Management (STRM) framework.
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Fig. 2 Overall Research Methodology and the
Strategic Topsoil Resource Management (STRM) Framework

Fig. 2 illustrates the overall methodological structure of the present study together with
the integrated Strategic Topsoil Resource Management (STRM) framework. The methodology
comprises five interconnected stages: (1) definition of the study area and accumulated topsoil
stockpile, (2) multi-source field data acquisition, including UAV surveys, GPS observations,
soil sampling, cadastral information, and field investigations, (3) integrated data processing
involving digital terrain modelling, volume estimation, laboratory soil analyses, spatial
analysis, soil quality assessment, and demand evaluation, (4) implementation of the Strategic
Topsoil Resource Management (STRM) framework based on systematic inventory, quality
assessment, long-term monitoring, demand analysis, and controlled redistribution of
accumulated topsoil resources, and (5) generation of strategic outputs supporting sustainable
topsoil management, environmental protection, evidence-based decision-making, and efficient
resource governance.

Data Acquisition

A comprehensive data acquisition strategy was adopted to collect field, unmanned aerial
vehicle (UAV), laboratory, and spatial information required for the quantitative and qualitative
assessment of accumulated topsoil stockpiles. The data acquisition process included field
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investigations, soil sampling, high-resolution UAV imagery, geographic positioning, and the
collection of cadastral and engineering documentation.

The UAV-derived imagery was used for digital terrain modelling, delineation of topsoil
stockpile boundaries, and subsequent volume estimation. Field investigations also included soil
sampling for laboratory analyses aimed at evaluating the principal physicochemical properties
of the accumulated topsoil. In addition to primary field data, spatial, cadastral, and engineering
datasets were incorporated to support the integrated analysis and implementation of the
Strategic Topsoil Resource Management (STRM) framework. The integrated data acquisition
strategy adopted in the present study and the relationships among the principal data sources are
illustrated in Fig. 3.
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Fig. 3 Integrated Data Acquisition Scheme Applied in the Present Study

Integrated data acquisition was performed through the combined use of unmanned aerial
vehicle (UAV) surveys, field investigations, and existing spatial and engineering datasets.
UAV-derived products included orthophotos, digital surface models (DSM), digital terrain
models (DTM), and three-dimensional spatial data. Field investigations comprised soil
sampling, GPS measurements, and visual site inspections, while secondary information was
obtained from cadastral maps, engineering documentation, and other spatial datasets. Following
quality verification, all datasets were integrated into a common spatial database and
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subsequently utilized for the implementation of the Strategic Topsoil Resource Management
(STRM) framework, supporting comprehensive analysis and evidence-based decision-making.

Research Results

Inventory and Spatial Characteristics of the Accumulated Topsoil Stockpile

The combined analysis of unmanned aerial vehicle (UAV) survey data, field
investigations, and spatial datasets enabled the comprehensive inventory of the accumulated
topsoil stockpile formed during the construction of the Akhuryan Reservoir. The inventory
established the spatial extent, distribution pattern, geometric characteristics, and current
condition of the accumulated topsoil stockpile. As shown in Fig. 1, the accumulated topsoil
stockpile occupies a clearly delineated area that served as the principal study object for
subsequent quantitative assessment, soil quality evaluation, and implementation of the Strategic
Topsoil Resource Management (STRM) framework.

Quantitative Assessment of the Accumulated Topsoil Stockpile

The quantitative assessment of the accumulated topsoil stockpile was carried out using
an integrated analysis of high-resolution unmanned aerial vehicle (UAV) imagery, digital
terrain models (DTM), and three-dimensional spatial data. Processing of the acquired datasets
enabled the determination of the geometric characteristics of the stockpile and the calculation
of its principal quantitative parameters, including occupied area, total volume, relative
elevation, and spatial distribution.

The application of digital terrain modelling minimized the influence of the surrounding
terrain and ensured a high level of accuracy in estimating the volume of the accumulated topsoil
stockpile. These results constitute the quantitative basis for determining the actual topsoil
resource available within the study area and evaluating its potential for subsequent strategic
management.

The accumulated topsoil stockpile occupies an area of 25,201 m2 (2.52 ha) and contains
212,532 m3 of accumulated topsoil.

The principal quantitative characteristics of the accumulated topsoil stockpile are
summarized in Tab. 1, while the three-dimensional spatial representation derived from digital
terrain modelling is presented in Fig. 4.

Table 1.
Principal Quantitative Characteristics of the Accumulated Topsoil Stockpile

Parameter Unit Value
Total stockpile area m?2 25,201
Total stockpile area ha 2.52
Total accumulated topsoil volume | m3 | 212,532

Three-dimensional digital terrain model illustrating the surface morphology, geometric
configuration, and elevation variability of the accumulated topsoil stockpile. The model served
as the basis for quantitative estimation of the stockpile area and accumulated topsoil volume.
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Fig. 4. Three-Dimensional Spatial Representation of the Accumulated Topsoil Stockpile

Soil Quality Assessment

The quality of the accumulated topsoil was evaluated through laboratory analysis of soil
samples collected from the stockpile and from undisturbed background locations surrounding
the study area. The assessment focused on the principal physicochemical properties that
determine soil fertility and its suitability for future agricultural, ecological, and land restoration
applications.

The laboratory analyses included determination of soil organic matter (humus), soil
reaction (pH), mechanical composition, bulk density, carbonate content, and other relevant soil
quality indicators. Comparative evaluation of stockpiled and background soils enabled
assessment of the degree to which long-term storage affected the physical and chemical
characteristics of the accumulated topsoil.

The analytical results indicate that, despite prolonged storage, the accumulated topsoil
generally retained the fundamental properties required for subsequent beneficial use. Variations
observed in several soil quality indicators remained within acceptable ranges and did not
significantly reduce the potential suitability of the material for future reclamation, landscaping,
or agricultural applications.

Table 2
Principal Soil Quality Characteristics of the Accumulated Topsoil and Background Soil

Parameter Unit | Accumulated Topsoil | Background Soil
Number of samples No. 12 3
Soil moisture % 17.21 17.91
Humus content % 3.54 4.54
Dry residue mg/| 113.22 126.97
Soil fertility classification | — High High
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The principal laboratory results and comparative soil quality indicators are summarized
in Tab. 2, while the spatial distribution of the investigated sampling locations is presented in
Fig. 5.

) Comparative Analysis of Soil Quality Indicators

Comparative analysis of the laboratory results demonstrated that the accumulated
topsoil generally preserved the principal physicochemical properties associated with soil
fertility during long-term storage. Differences were observed between the accumulated topsoil
and the undisturbed background soils; however, most of these variations remained within
ranges that do not substantially limit the future utilization of the accumulated material.

The comparative evaluation of humus content, soil moisture, and other investigated soil
quality indicators suggests that the observed changes primarily reflect natural physical and
biochemical processes occurring during storage rather than significant degradation of the
accumulated topsoil.

Interpretation of Laboratory Results

The integrated evaluation of the laboratory results indicates that, despite prolonged
storage, the accumulated topsoil has largely preserved the principal properties associated with
soil fertility. Although slight reductions in humus content and variations in several
physicochemical indicators were observed, these changes do not indicate substantial soil
degradation and remain within the range of natural variability.
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Fig. 5. Spatial Distribution of Soil Sampling Locations
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Comparison with the background soils demonstrates that the accumulated topsoil
continues to retain characteristics that make it suitable for subsequent beneficial utilization. The
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obtained results suggest that long-term stockpiling, when accompanied by appropriate storage
conditions, does not necessarily result in a significant loss of soil quality or fertility.

These findings provide scientific evidence supporting the consideration of accumulated
topsoil not as construction waste, but as a strategic natural resource that can be effectively
utilized in land reclamation, landscape restoration, agricultural development, and other
environmental management applications.

Spatial distribution of soil sampling locations established for laboratory assessment of
the accumulated topsoil stockpile. Twelve sampling points (S-001-S-012) were distributed
throughout the stockpile to characterize its physicochemical properties, whereas three
background reference samples (S-013-S-015) were collected from adjacent undisturbed soils
to provide comparative baseline conditions.

Strategic Evaluation of Accumulated Topsoil Resources

The integrated evaluation of the quantitative and qualitative results demonstrates that
the accumulated topsoil investigated in the present study represents a valuable natural resource
whose effective management may provide substantial environmental, economic, and social
benefits. The considerable volume of accumulated topsoil together with the preservation of its
principal soil fertility characteristics indicates that the material can substantially reduce the need
for extracting new topsoil resources for future reclamation, landscaping, and infrastructure
development projects.
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Fig. 6. Strategic Topsoil Resource Management (STRM) Framework

The framewodk Hlustrutes the integrated management cycle of accumulsted topsoil resowrces,
Inchuding inventory, guantitsive and qualitative assessment, preservation, monitoring,
and demand-onented redistnibution to support sustaimable land use and environmental restoration

The obtained findings demonstrate that accumulated topsoil should not be regarded
merely as temporarily stored material but rather as a strategic natural resource requiring long-
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term management. This concept is fully consistent with the proposed Strategic Topsoil
Resource Management (STRM) framework, which emphasizes systematic inventory,
continuous quality assessment, and demand-oriented redistribution of accumulated topsoil
resources.

Practical Application of the STRM Framework

Strategic Topsoil Resource Management (STRM) framework developed in the
present study was applied to the accumulated topsoil stockpile formed during the construction
of the Akhuryan Reservoir. The application of the STRM framework enabled the integration of
spatial information, quantitative assessment, laboratory analyses, and management-oriented
decision-making within a unified methodological system.

Implementation of the framework provided a comprehensive inventory of the

accumulated topsoil resource, quantitative estimation of its volume, evaluation of soil quality,
and assessment of its potential for subsequent beneficial utilization. The integrated approach
demonstrated that accumulated topsoil should be regarded not merely as material generated
during construction activities but as a strategic natural resource requiring long-term
management.
Application of the STRM framework further demonstrated that systematic inventory,
continuous monitoring, and demand-oriented redistribution of accumulated topsoil resources
can substantially improve resource utilization efficiency, reduce environmental impacts, and
establish a scientifically justified system for the sustainable reuse of topsoil.

The obtained results indicate that the proposed STRM framework is applicable not only
to the Akhuryan Reservoir case study but also to large-scale infrastructure, mining,
transportation, and other engineering projects involving extensive earthworks and the
generation of significant quantities of accumulated topsoil.

Discussion

The results of the present study demonstrate that accumulated topsoil generated during
large-scale infrastructure projects should be regarded as a strategic natural resource rather than
merely as temporarily stored construction material. The combined evidence obtained from
guantitative assessment, laboratory soil analyses, and application of the Strategic Topsoil
Resource Management (STRM) framework demonstrates that accumulated topsoil can retain
its functional properties during long-term storage and can subsequently be utilized in a wide
range of environmental, agricultural, and infrastructure-related applications.

Previous studies have primarily focused on topsoil stripping techniques, stockpile
preservation, erosion control, or evaluation of individual soil quality parameters. In contrast,
the present study proposes an integrated management framework that combines resource
inventory, quantitative assessment, soil quality evaluation, continuous monitoring, demand
analysis, and redistribution mechanisms within a unified Strategic Topsoil Resource
Management (STRM) system.

This integrated approach enables accumulated topsoil to be considered as a form of
natural capital requiring long-term management rather than as surplus construction material.
Consequently, the proposed framework contributes to improved resource efficiency, reduced
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environmental impacts, and practical implementation of circular economy principles in large-
scale engineering projects.

Advantages of the STRM Framework Compared with Existing Approaches

Most existing approaches address topsoil management as a sequence of separate
activities, primarily focusing on topsoil stripping, storage, or subsequent reuse. Such
approaches generally do not provide comprehensive resource inventory, long-term monitoring,
or demand-oriented redistribution of accumulated topsoil resources.

In contrast, the Strategic Topsoil Resource Management (STRM) framework integrates
the entire process within a unified management system. The proposed framework combines
spatial inventory, quantitative assessment, soil quality evaluation, centralized database
management, continuous monitoring, and end-use planning into a single decision-support
framework. This integrated approach enables data-driven management decisions and promotes
more efficient utilization of accumulated topsoil resources.

The principal advantage of the STRM framework lies in its transformation of the
conventional perception of accumulated topsoil. Rather than considering it as temporarily
stored construction material, the framework recognizes accumulated topsoil as a strategic
natural resource whose value should be preserved and managed throughout its entire life cycle.

Practical Implications and Future Applications of the STRM Framework

The findings of the present study demonstrate that the proposed Strategic Topsoil
Resource Management (STRM) framework is applicable not only to the accumulated topsoil
stockpile investigated at the Akhuryan Reservoir but also to a wide range of large-scale
infrastructure projects involving extensive earthworks and the generation of substantial topsoil
stockpiles.

Implementation of the STRM framework enables the establishment of a centralized
system for topsoil inventory and management that integrates spatial mapping, continuous
quality assessment, demand evaluation, and efficient redistribution of accumulated topsoil
resources among different projects. Such an approach has the potential to reduce the need for
additional topsoil extraction, conserve natural soil resources, and improve the environmental
sustainability of infrastructure development.

Future research should focus on digital implementation of the STRM framework,
integration with Geographic Information Systems (GIS), development of national topsoil
inventory databases, and the application of artificial intelligence for demand forecasting and
optimized resource allocation. These developments could facilitate the establishment of next-
generation topsoil management systems and promote broader implementation of circular
economy principles in infrastructure development.

Conclusion
1. This study developed and applied, for the first time, the Strategic Topsoil Resource
Management (STRM) framework for the systematic inventory, assessment, preservation, and
beneficial utilization of accumulated topsoil generated during large-scale infrastructure
projects.
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2. Investigation of the accumulated topsoil stockpile formed during the construction of the
Akhuryan Reservoir demonstrated that it occupies 25,201 m? (2.52 ha) and contains 212,532
m3 of accumulated topsoil, indicating the formation of a substantial natural resource.

3. The integrated application of quantitative assessment, three-dimensional digital terrain
modelling, and laboratory soil analyses enabled comprehensive characterization of the
accumulated topsoil resource and established a reliable basis for evidence-based management.

4. Comparative soil quality assessment demonstrated that the accumulated topsoil largely
preserved the principal physicochemical properties associated with soil fertility during long-
term storage, confirming its suitability for future reclamation, environmental restoration, and
other beneficial applications.

5. The proposed STRM framework integrates spatial inventory, quantitative assessment,
soil quality evaluation, monitoring, and demand-oriented redistribution within a unified
management system, representing a substantial advancement over conventional fragmented
approaches.

6. The findings demonstrate that accumulated topsoil should be regarded not as a by-
product of construction activities but as a strategic natural resource requiring long-term
management throughout its entire life cycle.

7. The proposed STRM framework is applicable not only to reservoir construction projects
but also to transportation infrastructure, mining operations, and other large-scale engineering
projects, thereby supporting natural resource conservation, circular economy implementation,
and environmentally sustainable infrastructure development.
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CTPATEI'MYECKOE YIIPABJIEHUE HAKOIIVIEHHBIM IIVIOJJOPO/JHBIM
ITHOYBEHHBIM CJIOEM, OBPA3YIOHIUMCH I1PU PEAJIM3ALIUN
KPYIIHBIX THO®PACTPYKTYPHBIX ITPOEKTOB: OIIBIT
AXYPAHCKOI'O BOOJOXPAHUJINIIIA B APMEHUHU

O.B. Toxkmaxxksu, B.P. I'puropsin
Hucmumym 600HbIx npobiem u cuopomexnuku um. axao. U.B.Ecuazaposa

[Ipn peanuszanuu KpynHBIX HHPPACTPYKTYPHBIX IPOEKTOB 4YacTO BO3HUKAET
HEO0OXOJUMOCTh CHATHUS IJIOJIOPOJHOIO BEPXHEro cios nouBbl. HecMOTps Ha TO, UTO JaHHBIN
CJIOM mpencTaBiseT coOOM LEHHBIH TPUPOAHBIM pecypc, Ha NpPAaKTUKE OH HEPEeaKo
paccMaTpUBaeTCsl KaK BPEMEHHO HM3bIMAEMBIM MaTepuall U JUIMTEIBHOE BPEMS OCTAETCS
HEBOCTPEOOBAaHHBIM, YTO NPUBOIUT K YXYIUIEHUIO €ro KayeCTBEHHBIX XapaKTEPUCTUK U
CHI)KCHHIO XO34HCTBEHHOM LIEHHOCTH. Llenbl0 HACTOSIEro Uccie10BaHus SBISETCS OLIEHKA
o0bema, KauecTBa M MOTEHIMaNa YyIpaBJIEHUs 3amacamu IUIOJOPOAHOrO MOYBEHHOTO CIIOf,
HAKOIUIEHHOTO B MPOLIECCE CTPOUTENHCTBA AXYpPSHCKOrOo BojoXpaHwiviia B PecmyOnuke
ApmeHust.

B pamkax uccnenoBaHus ObUIM HMCIIOJIB30BaHbl JaHHbIE TOMOTPapUUECKONl CHEMKHU C
PUMEHEHHEM OECTIMIIOTHOTO JIETaTeNIbHOTO ammapara, pe3yJbTaThl KaJacTpOBOTO aHajIH3a,
MaTepHalIbl TOYBEHHOTO OMpo0oBaHuUs, TAOOPAaTOPHBIE UCCIIEI0OBAHUS COIEPIKAaHUs T'yMyca 0
MeTony TropuHa, a Takke CBEIEHUS O CYIIECTBYIOIIEM CIIPOCE HA IUIOJAOPOAHBIN TOYBEHHBIN
cioil. Pe3ynbraThl mokaszaiau, 4YTo 00beM HAKOIUIEHHOTO MOYBEHHOI'O MaTepuaia COCTaBIIsSeT
okojo 212 532 M. JIabopaTopHble HCCIeI0BaHNsl YCTAHOBUIIM CPEHEE CO/epKaHue rymyca
Ha ypoBHe 3,54 %, UYTO  COOTBETCTBYET KaTE€ropuM  BBICOKOKAUYECTBEHHBIX
CEJIbCKOXO03SUCTBEHHBIX 1MOYB. CpaBHUTEIbHBIA aHAN3 BBISIBUJI CYIIECTBEHHBIN nucOanaHc
MEXJy 00bEMOM HAKOIUIEHHBIX 3allacoB M O(UIIMAIBHO 3apErMCTPUPOBAHHBIM CIIPOCOM Ha
IUIOJOPOIHYIO TIOYBY.

IlosnydyeHHbIE pe3ysbTaThl CBUAETENBCTBYIOT O TOM, 4YTO JJIUTEIBHOE XPaHEHUE
IJIOOPOIHOTO MIOYBEHHOIO €101 MOXKET MIPUBOJUTH K TOCTENIEHHOM Jerpajaly ero CBOMNCTB
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U CHIDKEHHMIO CEJbCKOXO3SIHCTBEHHOM IIeHHOCTH. B pabore mpemnaraercss moaxox K
CTPAaTErn4eCKOMY YIIPABICHUIO JAaHHBIM PECYpPCOM, COTJIaCHO KOTOPOMY IOYBEHHBIH CIIOH,
oOpasyrommiicss NpU pealu3alud KPYMHBIX HHPPACTPYKTYPHBIX MPOEKTOB, JIOJDKEH
paccMaTrpuBaTbCcs ~— KaK  CTPATErMYeCKMd  SKOJIOTHYECKMH  pecype,  MOUIekalui
CHCTEMaTHYECKOMY Y4eTy, MOHUTOPHHTY H KOHTPOJIUPYEMOMY IepepacipeIesICHHUIO.

[TpennaraemMslii MOAX0] MOKET CIOCOOCTBOBATH MOBBIIICHUIO A(PPEKTUBHOCTH OXPAaHBI
I0YB, COKpAIIEHHUIO CIIy4yaeB HE3aKOHHOI'O IEpPEMEIEHMs IUIOOPOJHOrO IpyHTa M Oosee
palMoHaTFHOMY HCIIOJB30BAHUIO LIEHHBIX 3€MEJIBHBIX PECYpCOB Kak B APMEHHUH, TaK U B
IPYTUX CTpaHaX, CTAIKUBAIOIIUXCS C AaHATIOTUIHBIMH ITPOOJIEMaMHU.

Knroueswie cnoea: nnonopoaHbIi MOYBEHHBIN CIIOH; TyMyC; OXpaHa MOYB; yIPaBIeHUE
MOYBEHHBIMH  pecypcamMH; HH(PPACTPYKTYpPHbIE TPOEKTHI; HKOJIOTMYECKHUE PECypCHI;
AXypsSIHCKOE BOJIOXpaHHUIIUIIE; ApMEHUSI.
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